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ABSTRACT

This study determined the optimal mixture of purple sweet potato powder and rice flour for preparing Zarakjuk. The
experiment was based on the central composite response surface methodology (RSM) design, and the independent variables
were purple sweet potato powder and rice flour. The experimental data on the physicochemical properties and sensory
evaluation were fitted to various models. Among the responses, the physicochemical properties of the moisture content
(»<0.001), pH (p<0.01), viscosity (p<0.001), L-value (p<0.001), a-value (p<0.001), b-value (p<0.001), the sensory properties
of taste (p<0.01), mouthfeel (p<0.01), and overall acceptability (p<0.01) showed significant correlations according to the
amounts of purple sweet potato powder and rice flour. The optimal formulation calculated using numerical and graphical
methods was 20.01 g of purple sweet potato powder and 99.64 g of rice flour. In conclusion, this study contributes to meeting
consumer preferences and enhancing Korean traditional porridge.
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S (Hwang ES & Kim SY 2022) 2FslAEg 2~ 7h4, Al
B3, 33AdY et A 3840 daFs v
= Bart glom, Az o] 7S E AT A
2249 715% 8393 Aog HuEUti(Llee JS 2012;
Seo ES & Ryu GC 2012; Liu YN %5 2013; Jang HH 5 2014;
Son WM -5 2015). B8k, Al m o= ol AR, vl e}
9, F71AE TR Ehsta ol YddSs neld AF
o] o] g% gl=tl(Lee NR 2020), A utul7bes
o] &g A= F(Lee JS 2012), M H(Park GS 5 2012),
F7](Liu YN 5 2013), S(Lee SM 2013), 2HA|A ] Z(Kim
JH & Lee KJ 2013), A(Kim YR & 2015), ZH<Z(Hwang
ES & Kim SY 2022) So| glout A m eyt 28 A7t
ElgtSol #et A= dEsich

e 2 AFe A nFeprhEer AR wijgt H]

° 1x

1 &
d

r K

4

s}

:
>

I A O

5 2Elehe BHEEe Azt 4 54 A48 H,
HES- A H(RSM: response surface method)S ©|&3f &

N 5SS BEAY 5 gt a9
%) 27 WS A B o Fal AvlA
& Az, o1 F HAchE4, 7]

=5 so] g 71

g 7k Seldet AEEe BN w6 el shast

Y
ol

oA oF BAETREAERS

S ERTET

= =]
2 AellA ARE-SF 2023 ALHE A ek o] g3
AP 11 ek (Edentown  F&b, Incheon, Korea)® <2491
£3E8S Ba FUski L, 2023d ArkE w8 (Haenam,
Korea)¥} -$-f-(Seoul Dairy Coop, Seoul, Korea), 222 (Chung-
jungone, Seoul, Korea)> A AU 3 vnlE|A] G sl
AHg-8E3 T

>

e
o -4 m

EE
ANE AN LFIREE UK g5 HA
i3 vl &S 43T H5Z OS2 Design Expert 11(State-Easy
Co., Mineapolis, MN, USA) Program= Al8-3le] WHS-3E
-2 H(response surface method; RSM)2] 413 Al &l
(central composite design; CCD)°ll whe} A 3-& A AT
SIS E AN RE Uk BlEEe] F46 93
S A F e 29L& 7|Fo 7 dfo] A LTUIR(X)
o MATFRX) R AR, 5HHAT] EFSHcode)=
—q, 1, 0, 1, +a®] tH3l TAIR A& THTable 1). SHH
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central point 3702, & 117]9] AdHoz AHsN oM, «
2 14142 3tk AT eprLEE Hrhe ek A
F vEe Table 29} Zth

SHUTe o FAWSIE goliy] fd THHTFE
F4 SAFR(Y), pH(Y2), FE(Y3), TE(Ys), FE(Ys),
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Table 1. Coded independent variables used in RSM design for Tarakjuk prepared with purple sweet potato powder and

rice flour
Coded-variables
Independent variable Symbol
—a -1 0 1 +a
Purple sweet potato powder (g) Xi 17.17 18 20 22 22.83
Rice flour (g) X2 85.86 90 100 110 114.14
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Table 2. Formulas for the manufacture of 7arakjuk prepared with different mixture ratio of purple sweet potato powder

and rice flour

Variables"
Sample No. Water (g) Milk (g) Salt (g)
X1 (8) X; (9

1 18 (—1) 90 (—1) 400 250 2

2 18 (—1) 110 (1) 400 250 2

3 22 (1) 90 (—1) 400 250 2

4 22 (1) 110 (1) 400 250 2

5 20 (0) 100 (0) 400 250 2

6 17.17 (—q) 100 (0) 400 250 2

7 22.83 (+a) 100 (0) 400 250 2

8 20 (0) 85.86 (—a) 400 250 2

9 20 (0) 114.14 (+a) 400 250 2

10 20 (0) 100 (0) 400 250 2

11 20 (0) 100 (0) 400 250 2
D X,: Purple sweet potato powder, Xo: Rice flour.
Gt o] F AFH-7](Samwooeng Co., Pocheon, Korea)= J) g 2 Ax EH

024 28] BT F 20 mesh AF FANA WAHEE AN TNT WL etRe FEg QR 47 AR

Tu] 3L, —20C WEIL(FR-B502EH, Daewoo, Seoul, 5 go] ZFH4 45 mLE o] #AsIet I 1A]3F H A8}
Korea)oll H¥staA ARg-stit. A i7tal7 L 7} E]ra Ao Asdor P GEA(PAL-1, ATAGO, Tokyo,
=¢] AlZE Hwang SJ(2020)9] WS Fsich AL Japan), 9%E I EA(PAL-03S, ATAGO, Tokyo, Japan)S
TubE, WAL, B2 94 glo] 4L F e XM olgalel 2. e A7 338 wEae] RS
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2) pH zm

AR el A2 eEEe] pHE AR 5 goll S/
45 mLE Y3 #Askgh 5 1A12F Bt AHAA AE5AES
8t pH meter(pH-200L, ISTEK, Korea)® =43ttt A
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4) 8z 58

A g el E 27 elErEe] AT = water bathS o] &
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3l A=A (DVIMLVTIO, Brookfield, USA)E ©]-&3f
Spindle No. 645 Al&-3le] 3|AEE 60 rpm o2 60%7F 2+
SAA SH6th BE AP 33 v S cto] Hd gk
< Fekich

5) M =M

AP ek 7 EEbe] e A (CM-2600d
Chroma Meter, Konika Minolta Inc., Osaka, Japan)E ©]-8-3}
o 7} Alge] Mg 5743 ¥ Hunter A7 <]
Z A % (redness), B E(yellowness)S A|AlGH= L, a, 2 b
o= YeRfQlT). 27} 33] whHE S5dste] 1 Hdato 2
YehSla, o] 3% wlIk(standard plate)®] L, a, bat
93.71, 0.27, 2.28°]2ith

™ = (lightness),
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A el Ao gErse] i 5823, 80.59~
83.41%2] W 9lolm, 2 Agk2 Sample 4(Xi: 22 g, Xo: 110 g),
Zigke Sample 8(X: 20 g, Xo: 85.86 g)oll A Vet =}
A 3 ey X) e WATHHX)7E TR Y )l PIR=
Gl tiste] s|ATMT Az}, SHHFrL 47 2Heetes
Linear Model® YERTE 3742 RXO] S 0.8671,
p-value= 0.00003 0.2 o] ZQl Z¥E Hlon, Aghdd
2% (lack of fit test)yAZ}F2] p-value: 0.8095% UER} 2dl
o] AgtAdo] QP E ). vke-FA A} Az}, A nnpst
F(X) e PATFRX) H7Ve] S71EE FRERHY)I
Fashe s Bon, FRGE vX e dgS A
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ol AN Aol NS FudHe] fojdos
723+ 272 B2 Lee CK & Yoon HH(2017)9] 27+ A
7hgol| & ks AT Az} T3 Aol
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AP e 7F BESe] pH S84, 7.07~7.16
o] M= Yebgt}. 225 Sample 10(X;: 20 g, X: 100
g), F 72 Sample 1(X;: 18 g, Xa: 90 g), Sample 9(X;: 20
g Xo: 114.14 g)olA] Yehdel ey A m el X))
oF JWE7HEHX,)7F pH(Y2)oll WA= Gkl thate] 3]7%

Mgk A, Syset FHUse] S A9E F e
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Table 3. Quality characteristics of Tarakjuk prepared with different mixture ratio of purple sweet potato powder and rice

flour at various conditions by RSM

Variables" Responses
Sample
1o. X X5 Moisture I Salinity ~ Sugar content  Viscosity Color
) (g)  content (%) P (%) (°Brix) (cP) L a b
| 8 %0 82.84:+ 7.16% 0.90+ 1.03+ 3,526.67+ 47.04+ 12.66+ —3.43+
0.347% 0.02° 0.10 0.15 50.33¢ 0.34° 0.11° 0.01%
5 18 1o 81.26+ 7.10+ 0.93+ 1.23+ 3,943.33+ 46.78+ 12.17+ —2.89+
0.16° 0.01% 0.06 0.06 80.21% 0.22° 0.06° 0.05"
3 2 % 81.91+ 7.13+ 0.96+ 1.07+ 2,860.00+= 44,57+ 12.65+ —3.73+
0.72% 0.04® 0.06 0.06 121.66° 0.17° 0.62° 0.04°
4 2 1o 80.59+ 7.12+ 0.83+ 1.10+ 3,726.67+ 44 42+ 12.89+ —336+
0.30° 0.01° 0.06 0.10 267.64% 0.41° 0.90* 0.02°
s 20 100 81.67+ 7.14% 1.00+ 1.17+ 3,753.33+ 45.90+ 12.92+ —3.57+
0.32¢ 0.01® 0.10 0.06 205.26>¢ 0.13¢ 0.12* 0.03¢
6 17 100 82.61+ 7.13+ 0.93+ 1.23+ 3,503.33+ 48.12+ 12.85+ —3.59+
: 0.02® 0.02® 0.06 0.06 212.21¢ 0.32° 0.13* 0.03¢
5 83 100 81.41+ 7.12+ 0.80+ 1.10+ 2,990.00+= 43 .85+ 13.01+ —338+
: 0.23% 0.02° 0.00 0.00 10.00° 0.38" 0.10° 0.04°
g 0 8586 83.35+ 711+ 1.03=+ 1.07+ 2,180.00+ 4536+ 12.33+ —3.86+
: 0.06* 0.01° 0.15 0.06 52.92f 0.20¢ 0.10° 0.06
0 0 11a1a 8096 7.16+ 0.87+ 1.23+ 4,276.67+ 4534+ 12.37+ —3.70+
i 0.21% 0.02° 0.06 0.06 147.42° 0.11¢ 0.22° 0.06°
0 20 100 82.04:+ 7.07+ 0.87+ 1.13+ 3,893.33+ 4522+ 12.17+ —3.48+
0.57% 0.04° 0.06 0.15 94.50% 0.14¢ 0.07¢ 0.08°
" 20 100 82.57+ 7.10+ 0.90+ 1.13+ 4,006.67+ 4531+ 12.25+ —341+
0.88 0.03% 0.10 0.10 23.09° 0.38¢ 0.93° 0.06>
F-value 11.64379 5.167" 2.227 2.150 56.921°" 62.082°° 24440  89.894™

Y X,: Purple sweet potato powder, Xp: Rice flour.
2 MeantS.D.

» 2T Values with different superscripts within the same column are significantly different by Duncan’s multiple range test.

4) sk

p<0.01, ™" p<0.001.

A rdlo] UehA] ¢Skt Hwang ES & Kim SY
(2022)¢] A nFupZFE 7] M2 AFE Ao A
% AR 3t pHE| zpol7} BAHOR folslA] @& Aor
HuEed £ APz 5U3t 275 Bk thE A
A< Choi EJ & Lee JH(2013)2] M 1tn} 5359
713t Aol pH S A= M7t e §2o] 3
ztol g Koz gkoked, sl AFolM e A an) F35
el Hrteko]l A S/ el vl A7) wjiZel pHel
FFE FA ¥ o Russdth B AFoiE A8
AR e LR Mt Al 3E Apol7h A7) wEel|
Eleh=e] pHoll d3Es 74 &S Zo® Bt

¢

ro o

3) Az

AR ngeizbe A7 BEse] d= SZ23, 0.80~
1.03%2] ®9lolm, HAF-E Sample 7(X;: 22.83 g, Xa: 100
g), FNgkS Sample 8(X;: 20 g, Xo: 85.86 g)ollA] Vel
AP R FR(X ) o AT FRX) 7 D E(Ys)Ol RIA= D
ahol| tiste] S|AEA S A¥, SHASE S A-ESh= 2F1
modele] A ATE 2t £ Aol RPFS 05553,
p-valuegt- 0.1103 2.2 fro]Ao]=] 7] witel] A +tuf
THHX) S WETHEHX)9 7M. dEo] 3 WA
e Zow Fekaiglnh
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Table 4. Analysis of predicted model equation for quality characteristics of 7arakjuk prepared with different mixture ratio

of purple sweet potato powder and rice flour

Responses Model R F-value p-value Lack of fit Polynomial equation”
Moisture content  Linear 0.8671 26.10"" 0.00003 0.8095  Y,=81.93—0.4121X; —0.7850X,
pH - - - - -
Salinity 2FP 0.5553 291 0.1103 0.7518  Y5=0.9118 —0.0267X; —0.0420X, —0.0425X, X,
Sugar content 2FI 0.8478 13.00™" 0.00003 03130  Y4=1.14—0.0342X,+0.0570X,—0.0425X, Xz
Viscosity Linear 0.6903 8.92" 0.0092 0.0812  Xs=3,514.55—201.16X,+531.06X,
. X¢=45.14—1.36X; —0.0548X,+0.0275X, Xo+
L Quadratic 0.9816 53.48 0.00002 0.4313 04296X,240.1121X,
. X7=12.45+0.1170X; — 0.0242X,+0.1825X, X+
a Quadratic 0.6269 1.68 0.2914 0.9593 0.2298X 2 —0.0602X,”
b Linear 0.25895 1.63 0.2548 0.0808  Xs=—3.49—0.0591X,+0.1420X,

D X,: Purple sweet potato powder, X»: Rice flour.
? Two-factor interaction.
3™ p<0.01, ™" p<0.001.

4) 2=

AN nAe b d7F S 9 2323 1.03~1.23
°Brix2] HAHN oM, HA27kS Sample 1(X;: 18 g, Xa: 90 g),
Z| 2k Sample 2(X;: 18 g, Xo: 110 g), Sample 6(X;: 17.17,
X5: 100 g), Sample 9(X;: 80 g, Xo: 114.14 g)oll A ERST]
A ek (X)) 9 HATHFRX) 7 BE(Y)Ol HIAE 9
ol tiste] 37t g A, SY¥RFrt FEA-8-she 2F1
Modele] AR Ao RS 0.8478, p-value: 0.00003.2
2 foA<l A9E etk A8A71% A2 p-value
0313002 mdlo] AdAo] QA T} vreFH Ae) 2
3, }*“E?UV}%XOE] A7Vl S7ETE FE(Yq) 7t
#ashe A3E Ba, AR X)e kel S
5 (Yl 7t ~7}'6}— 7AeE Bk wakA] A et
7HFHX)ET BATFRX) 7t Gl RlA= 93] o 2
Ao BQIth o] Kim SH 5(2015)2] &= 7} e}e}
= ATelA FAR H7bEe] S BTt Yol 1
ATVE A7Vl SIS BRUt mole Aol 22
Adtoltt. F, FAlsE UM #A e 2A7LFet FA4)
729 = AoldlA] 7IQlEh= AoR Azt

5) T

A nulr bR 7t bl A= 52943, 2,180.00~
4,276.37 cP2] LA oM, 2 Agke Sample 8(Xi: 20 g, Xo:
85.86 g), Athate Sample 9(X;: 20 g, Xy: 114.14 @)l A 1}
et A e bRX) e A7 ERX)7E A = (Ys)ell
n 2] ol st s|ARA e Ao, Sy 242 &

83} Linear Modelo] A ¥l om R*ZEE 0.6903, p-value
0.0092% F9# <1 A3E e, A Aoz ﬁﬂr
£ p-valueZl 0.08122 2dle] HgHAJo] AUt w3
A dE 2, AT RERX) e H7kEel St

AE(Ys)7F Ak an, WA7HHX,) A7l S7F
AE(Ys)7F S7bske A3s Btk 3, HAE(Ys)ol vl
FEFe AL X) BT A7 HRX) 7 B 2
2 Bhdt) Hwang SJ(2020)2] 271 Al 27} el
MM F9 HAErt Ao a3}, FARY 7, x8 A1,
2%, T b ol 9 wera ddste] FAset
FARS H7bEE AR als st A4S gt
At & AT E BEEY xS ﬁﬁr A gl A
A ppely ] Aol F7be W FAs] AVEE AUt
o] Zasksl] wiitell H7hgk FAE7F eErse] A Eo|
FEFE Pz Ao g Btk & Aoz dPAT-¢} vzt
7}74& ﬂ*“ﬂ?ﬂ%% A7 B Hmo] d¥Fe = 7

corr
w

rﬁ M ) o[
=~ 41 (o rr s 1:L1

A3 Folb s Gt o)

o] Atolel] FFE B Aoz ATk o] Tae MH 5
(2016)9] 247 He] RIS HA7HE EetE Aol 24

h=}
wure] Hrhge] 7184 Hwst Holdl Azt

A g el ZA7F gErEe] e 23 Ao o
(L= 43.85~48.12, A Z(a)= 12.17~13.01, ﬂ*“‘:(b)—4
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Fig. 1. Perturbation plot and response surface plot for quality characteristics of Tarakjuk prepared with different mixture

ratio of purple sweet potato powder (A) and rice flour (B).
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0.25895°]1%1 a1, p-value= Z}7}+ 0.00002, 0.2914, 0.2548=
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Aok vEg-E A A3 HE(Ye)E AR e X))
A7Vl T7HEFE volA] o Ff AS Yehll= AdS
Hoow, fMA7HR(X,) 9] Hrbee] SU1E vl sttt
A S7kske 23S UERQIth ofd WX, Rt
AP ek (X)) 7 HE(Y)oll PR Gl o & A
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dellA #4438 Serhe AEE Eien, [ATFHX)S
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£ B3tk AT nx= e HATFHX)ETE A
IFZFRX )7 B 2 Bo R BRItk SHE(X)E fro
2Rl Afol 5 YEhA] gkot A ek (X)) 9] H 7t

SRR LI

oA oF BAETREAERS

ol 27HE5% BAEX7F FEHAT, WAHRK)
o] FhU5% FAET} FolE AL ngom 2

2 3
ARTEHR(X) BT PATFR)7E B vHE o
% %

2. A0 MUt EfERO| 7|2 HAL

A el L 47t BrErEe] 715 AL A 3= Table
5, SH&EW 3| AEA AT Table 6, §H&EH FEHE U
ERY = perturbation plot¥} response surface plot< Fig. 29}
2t

1) <2

A ngu7 e H7E Bbersre] Al tigh 7S 5.26
~6.1173 2] Wejoln, HA2gkS Sample 3(Xi: 22 g, Xa: 90 @),
kS Sample 11(X;: 20 g, Xo: 100 g)ollA] Vebsith =}
A 17 FRX) 2 AT HRX)7E (Yool PIRE <
ol tiste] ARG A, HSYAGFTL noAEshe
Quadratic Modele] YEFITH R*ZE 0.74970]%1 21} p-value
£ 0.1269% fo] A9l Aol 5 VYERNA] sttt vhE3EH A
g Az, THYo)ell tigt 71E=E A e X)) <

Table 5. Sensory evaluation of Tarakjuk prepared with different mixture ratio of purple sweet potato powder and rice flour

at various conditions by RSM

Variables" Responses
Sample
no. (gl) (); Appearance Flavor Taste Color Mouthfeel aci;\)lzgﬂity
1 18 90 5.42+1.02? 5.32+0.75 4.79+0.92°Y 5.42+1.12 5.79+1.18% 5.42+1.20%
2 18 110 5.63+0.90 5.42+0.90 5.05+1.08° 5.68+1.06 5.37£1.07% 5.21+0.92°
3 22 90 5.2620.81 5.68+0.89 5.26+0.99® 5.53+0.96 5.2141.03¢ 5.1621.02¢
4 22 110 5.42+0.84 5.47+0.77 5.05+0.85" 5.47+0.91 5.32+1.00% 5.05+0.97¢
5 20 100 5.74+0.93 5.68+0.75 5.47+0.96" 5.84+0.90 6.00£0.82™ 5.74+0.99"
6 17.17 100 5.3240.75 5.68+0.95 5.47+1.02% 5.68+0.89 5.16+1.07° 5.42+1.07%
7 22.83 100 5.37+1.26 5.37+0.90 4.95+0.97° 521+1.13 5.47+1.12% 5.16+0.90°
8 20 85.86 5.53+0.70 5.74£1.04 5.1140.97° 5.37+0.90 5.2140.98° 5.37+0.90™
9 20 11414  5.58+0.84 5.42+0.90 4.89+0.81° 5.3240.95 5.16+0.96° 5.4240.96*
10 20 100 5.68+1.06 5.74+0.87 5.89+1.15° 6.05£1.13 6.0520.78° 6.16£0.77%
11 20 100 6.11£0.99 6.00+0.82 5.84+1.21° 5.95+0.91 6.05+0.78° 6.05+0.78°
F-value 1.261 1.084 2,663 1.427 2.701" 2.756™

Y X,: Purple sweet potato powder, Xp: Rice flour.
? Mean=S.D.

3 2~¢ Values with different superscripts within the same column are significantly different by Duncan’s multiple range test.

4) *x

p<0.01.
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Table 6. Analysis of predicted model equation for sensory evaluation of Tarakjuk prepared with different mixture ratio

of purple sweet potato powder and rice flour

Responses Model R F-value p-value Lack of fit Polynomial equation”
Appearance  Quadratic  0.7497 2.99 0.1269 0.8753 Y9:(5)§‘5‘ ;sgg?ifjf 8052(5; 1%~ 0.0125X: %,
Flavor Quadratic  0.5931 1.46 0.3447 0.4517 Ym:gf;;&?ﬁg?f;;)g§7°3x2*°~°775X1Xf
Taste Quadratic  0.7746 3.44 0.1009 0.4602 Yll:g:;i;&?f f %ﬁggﬁ 23226X2 ~OTSXiXe =
Color Quadratic 08568 598" 00359 02984 le=3:§i2;3;?29_ 362)2322221 627 0.0800%.%
Mouthfeel ~ Quadratic ~ 0.8472 5.54" 0.0417 0.0679 Y”:g:gigogfff %§‘8;8£;76X2+0'13 23X~
ac:z;zgﬂity Quadratic  0.8819 747 0.0228 0.9326 Y“‘:g‘gi;&?zg Ef)ﬁ&gguxzw.ozsoxlxz—

Y X,: Purple sweet potato powder, X, Rice flour.
2" p<0.05.
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Fig. 2. Perturbation plot and response surface plot for sensory evaluation of Tarakjuk prepared with different mixture ratio

of purple sweet potato powder (A) and rice flour (B).
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Table 7. Optimum constraint values using two numerical
methods in the object goal

. N ical
Constrains name Goal . L{merllca
optimization (g)

Independent X,V In range 20.01
variables X2 In range 99.64
YsY Minimize 3,494.83

Y,” Maximize 5.94

Responses

Yy5” Maximize 6.03

Yy,” Maximize 6.32

Y X,: Purple sweet potato powder.
2 X,: Rice flour.

) Ys: Viscosity.

9 Y Color.

 Y5: Mouthfeel.

9 ¥4 Overall acceptability.
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Fig. 3. Perturbation plot and response surface plot for the optimization mixture of 7arakjuk added with purple sweet potato

powder (A) and rice flour (B).
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