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Abstract

A study was conducted for optimization of the process for the manufacture of raw noodle added with leaf powder
of Cirsium setidens Nakai, which is rich in various minerals and dietary fibers along with intrinsic antioxidative
properties. The level of leaf powder, water content, and kneading time of the dough were selected as three major
factors affecting quality of the product. Quality parameters of the product such as color, texture, water absorption
ratio, volume, turbidity of cooking water, and sensory evaluation result were analyzed as dependent variables. D-
optimum design of the complete RSM analyses was adopted for designing the optimum noodle manufacturing pro-
cedure. Ranges of the independent variables as determined through preliminary experimental work were level of leaf
powder, 2-9% (w/w, wheat flour); moisture content, 40-50%; and kneading time, 7-20 min. Within the given ranges
of these independent variables, 18 experimental points included in four repetitive runs were obtained for the anal-
yses. The optimum conditions that together satisfy the quality parameters of the raw noodle, as based on the numer-
ical and graphical statistical analyses, were amount of leaf powder, 5.76%; water content, 42.52%; and kneading
time 13.86 min. The complete RSM analysis for manufacture of the high quality raw noodle with an added ingre-
dient is suitable for similar application to other products in the industry.
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7} etttk Abgsle o' oj2e Fe] itk
Ukl M= Aol met mE ol2& o]Fo] =,
Fgolgt gt} 2Ede FHOR FHFHW I
FHG7AAITE H-E Cirsium setidens(Dunn) Nakai ©]
oo 2EHTE ol wEd 22 R odd 2=
g oA ket ghoh(Lee & Kang, 2006).
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48g & gom Aoz A2 A BAY R4,
$o) g Yo 2T 5 Y, WA B
gPole) sol REG e Sdsh) A% Baow
o] &% 7%= 3}% tH(Gangwondo Agricultural Research and
Extension Services, 2014).

AH AT} A ARl Al FE SAF R
7] o] oz HAY, F2 A - § A4gete]
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el Fz=
S LS G A AR L BFE )
B ool Tule 191 ehd vhsk 210] Sisieh. 91,

[¢)

TP B, 2FE Aol Aol WY F, BE gl
Z7](K45SSWH, Hobart Co., Troy, OH USA)E Al-g-31]
A8 A7kset W H Hl”Oﬂ Aol A 147
¢ SAAZE A7 X1]‘347](13asta Machine,
Imperia, Torino, Italy)E ©]§ o}oq % AL 25mmE 2
date] HlE A4S F S Ho oA diE s
o 2 71748 2dste] TS HAF 2AaAA H s
PR, HFE T4 1 mm, UH| 5mmel WS Azt
o] 30cm AolZ e} B A AlEZ ARSI

MZEZx4o| =[MstE 2|6t ME ClXiel
IEYAEH L HF AL HA AFHIE 3] f15ko
EE 239 design, data B4 % FZA3l= Design Expert
7.1(Stat-Easy Co., Minneapolis, MN, USA)S A}-8-3}9 7,
A YAl vESERAEEAY 5 D-optimal design(Van &
Pauwels, 2003)°] w&} AAIEAT SHFEE A
Fdo TS ]Z]L IHPAEF L AU, R A0
i 3] ]-Oj]:]- stefo]l HA 9 F
‘l. 7‘1;@ /kl-cJoﬂ .leg_?ﬂ- /\gtﬂ,]
FE 500g0 = 75;‘3‘3}912“1, o] = 100%=E 3F3ts
2 7zt7t AARslgon, Adde] A8 £ 2ALS Table
o Z}zte] SR AHGEH £ A
}at(A) 2-9%, T H7FEHB) 40-45%, 2L Wk A7

Table 1. Experimental design form the wet noodles added with Cirsium setidens Nakai powder

Pseudo-component

Actual component

No Run
A B C A (%) B (%) C (min.)
1 10 1.000 1.000 -0.333 9.00 50.00 11.33
2 8 1.000 0.000 -1.000 9.00 45.00 7.00
3 13 -1.000 1.000 1.000 2.00 50.00 20.00
4 2 1.000 -1.000 1.000 9.00 40.00 20.00
5 18 0.333 1.000 -1.000 6.67 50.00 7.00
6 12 -1.000 -1.000 -1.000 2.00 40.00 7.00
7 9 -1.000 0.333 -0.333 2.00 46.67 11.33
8 3 0.333 0.333 1.000 6.67 46.67 20.00
9 15 0.333 -1.000 -0.333 6.67 40.00 11.33
10 1 -1.000 -1.000 1.000 2.00 40.00 20.00
11 14 0.000 0.000 0.000 5.50 45.00 13.50
12 4 -1.000 -1.000 0.000 2.00 40.00 13.50
13 6 0.000 -1.000 1.000 5.50 40.00 20.00
14 5 -1.000 0.000 1.000 2.00 45.00 20.00
15 11 -1.000 1.000 1.000 2.00 50.00 20.00
16 7 1.000 -1.000 1.000 9.00 40.00 20.00
17 17 -1.000 -1.000 -1.000 2.00 40.00 7.00
18 16 1.000 0.000 -1.000 9.00 45.00 7.00

YA: Cirsium setidens Nakai powder, B: water content, C: kneading times
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(C) 720 ¥ o]Ath WMSHFZ = MZ(CIE L*, CIE a*,
CIE b*), B]2=%], 4 B 28 H5AA
£ dAsidh

AR SRR FHAAA FEE
17] 9184 quadratic design modelS 28311 T}, Regression
model& YER = coefficient 52 A4 H 1% 3L, linears}
canonical Bl 9] quadratic model> modified least square
regression®l] &J3] THEo1X Tl o|wl] full quadratic model
stepwise regression'dH(o=0.1)2. 2 data A8 Z& Y
O™, I model} coefficient 7152 F-test® 1 524
< Ak 7 B4 wE AEE] S 1] 9

3}93 response surface plot} trace plotg ©]-83} ).
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< Texture Analyzer(TA XT-2, Stable Micro System Ltd,
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Canonical 23 ¢] 4% %% 3} (numerical optimization)
o} E3E B ¥4 A3} (graphical optimization)E
Fote] AE EFH Y HAsE AL, 2 e HE
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&J7]4] D= overall desirability(Derringer & Suich, 1980),
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she 7F wkgol ek & 52 Hof Al S
FEsA S o s A RlelA a2 2rt FHEE
2 F3tint.
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Table 2. Quality characteristics of the wet noodle by D-optimal design.
Hardn ringin hewin r lum Turbidi
No. CIEL*  CIEa*  CIEb* a(gffss °P v C(gef-vinffs abso\ypatlitgn (%) VE)muL)e (O.D.uaF :7gym)

1 65.37 -31.82 -13.21 2604.55 0.31 1180.17 65.18 55.36 0.22
2 50.38 -46.81 1.78 4694.55 0.64 1550.49 87.54 36.49 0.68
3 51.06 -40.91 1.10 4216.79 0.49 1380.31 77.01 39.45 0.49
4 66.45 -29.8 -14.29 2346.49 0.26 1160.76 64.78 56.08 0.20
5 63.24 -31.98 -11.08 2163.04 0.28 1100.69 66.49 54.97 0.21
6 57.41 -39.61 -5.25 3678.64 0.41 1300.22 75.24 45.24 0.29
7 50.54 -44.68 1.62 4667.12 0.66 1569.29 86.77 35.18 0.69
8 48.36 -47.89 3.80 4037.12 0.51 1430.24 85.06 34.78 0.74
9 62.07 -32.5 -9.91 2046.47 0.25 1030.40 67.65 49.46 0.21
10 56.78 -50.19 8.39 3650.16 0.48 1371.57 83.22 32.38 0.77
11 59.31 -43.55 -7.15 2434.32 0.23 1200.23 70.44 47.49 0.22
12 67.61 -29.68 -15.45 2118.12 0.22 1140.48 62.38 58.41 0.20
13 5947 -32.92 -7.31 2454.06 0.21 1190.32 71.15 47.24 0.21
14 58.17 -36.54 -6.01 3571.12 0.36 1290.18 72.06 43.09 0.31
15 5148 -40.91 0.68 4067.41 0.48 1390.64 79.46 40.44 0.46
16  48.24 -49.05 3.92 4090.16 0.50 1400.38 84.99 32.47 0.76
17 68.75 -25.21 -16.59 2104.06 0.24 1130.45 62.47 56.71 0.20
18 5244 -40.75 -0.28 3980.71 0.40 1330.36 76.24 37.65 0.50

Table 3. Analysis of predicted model equation for quality characteristics of the wet noodle

Response Model Prob.>F R? Equation on terms of pseudo-component
CIE L* Linear <0.0001 0.8388 56.67A-1.53B-1.11C

CIE a* Linear <0.0001 0.8660 39.78A-2.54B-1.28C

CIE b* Linear <0.0001 0.9627 8.09A+2.82B+0.86C

Hardness (g)) Linear <0.0001 0.9265 1063.12A-95.61B-209.76C
Springiness (mm) Linear <0.0001 0.9708 0.16A-0.036B+0.036C

Chewiness (g;cm) Linear <0.0001 0.9278 168.68A-25.23B+39.05C

Water absorption (%) Linear <0.0001 0.9468 9.62A+0.86B+1.66C

Volume (mL) Linear <0.0001 0.9710 -9.60A-3.20B-0.61C

Turbidity (O.D. at 675 nm) Linear <0.0001 0.9396 0.25A+0.02B-0.02C

23, A58 wgER wdsl oo Faes® B3 frol A

e AT Aot SHHESTTE An nXe aE A U225 =343 A= Table 294 7+3L, 7 =(hardness)
HE7] 8 3H2E Table 390, WHS-EHES} trace plot & 2,046.47-4,694.55 g, €2 A (springiness)< 0.21-0.66 mm,
< Fig. 19] YeERleh Hee 22949 9, 52, % A3/ (chewiness) 1,030.40-1,569.29 grem W 91 ] A=
% A7r] 2%, 40%, T OIS W 7MY B %S Bl BTk A=, 984 % WYY RE FEIA linear
IEPAT BE HUbol YEE A A vkt (R*=0.9265, 0.9708, 0.9278) Fdlo] A=, probability:=

B, AL ST BT Jinear 29(R?=0.8388, 0.8660,
0.9627)°] A B E A3, probability's p<0.00012.F 5% ©]
Well A freldel 1ol mde] A{do] 1=t
A A YERd Al F Az P & %S
e 1HYAF EEE el (Table 3) o]&
B7AF = Fo o] AT} FAEE v °
2 AZE QT Lk A B AU gElste] Al
%3} 4 (Park et al, 2010)9} S 2dE FE2ES
4(Park & Cho, 2004)2] Hx=el & ]
71EFo] WoldrE Hojg o e

S} Ak,

=1
T

e

A=

A=

p<0.00010-%F 5% oJfjollA] fre]/de] QI o] mdlo] 2%
gl A EAL s F4 e AFES AHE A IEY
A HUbEe] 92 o] JFS Fe ZoE BT
(Table 3).

AelE mdlo] sk w324 trace plot> Fig. 29} 7+
o} wHS-EH A trace plote] 71&7]S AW E Azt o

HYA B2 A7FHA-A A 9k AIZHC-C Aol =
7hehd A=, @83 Qe St 2 HUHE
(B-B Aol S7tslwl A=, &3 A2 sl
THFAF B Arre] SRR At Skl ol
e 297 FHE Hfd i RAeR HolH
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Fig. 1. Response surface and trace plot for the effect of Cirsium setidens Nakai powder content (A), water content (B), and kneading

time (C) on the Hunter's color values of the wet noodles.
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(Jeong, 1999) A #HF7dFl TH=e= AdFe

o & O oN

(o g
4o X

ADEHA = =eo] ® Ao g vekEn
AHSAO
T T =

FEZFFES =4S ZA3E Table 29 23, 62.38-

O

87.54% 9ol AAE B OH linear =d(R*=0.9468)°]
ZAA E AT}, Probability= p<0.000122 5% ool &
o)go] Q1A E o] mdle] Aol AAHIATE 3|72 ¢]
ATE Ao E 43 14T TETFFol FEFTE
JFS Wol] FE ACE K THTable 3).

Adeld mdo g RS- trace plot Fig. 33 2

=5 =434 trace plote] 712715 A9 23
HY9739 B HUHHA-A )3 2 H7FEEB-B ), 1
e AIZHC-C A)o] S7HdrE FEgTe&S 57
EETES AEYA st FFEAY AR
53] Aoz B3 =HUtKLee et al,
2000). 53+ vjAjo A7} = (Park et al., 2010), A}
It FREe 2 RE AZd Aol dfdS B
F=(Hong et al., 1993), W= |75 7} < (Hwang &
Jang, 2001)¢}% FrAMSH 232 WS S o 89A
ALl Aoldfret 7184 Held oa) Awe] RyEE A
Aoz ksl FiFo] Eowr] "ol vt A7ty

o] At
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Are Fy AZFEE SHT 2= Table 29F 23,
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Fig. 2. Response surface and trace plot for the effect of Cirsium setidens Nakai powder content (A), water content (B), and kneading

time (C) on the texture of the wet noodles.

3238-5841% 9] A7= B0 linear Z(R*=0.9710)
o] AA =Yt} Probability= p<0.00012.% 5% oJHolA
o]/go] QI H ol rele] Aol AGH ATt 3712 ¢
Aag A¥d 23 1Hg3F 22 7ol F3 o
S ol = Z1 92 H Y TtHTable 3).
Adeld 2de g RESEH I trace plot Fig. 33 7+
=413} trace plot®] 712715 A& A3} L
A7VHA-A ) 77 A7HHB-B ), 2
AIZHC-C Ad)el 7S Fae dasiith
et "R gl d S FElold ) R Hd
o] & FAA 32t ZERYY FFHE 3
(Delcour & Hoseney, 2010) 2] o] d-F7F
477 B W71l S8l met
H|-go] 7+Aste] Hu)7F 7HAe Z(Park et al, 2001)
FA Rtk B3 Wi ol 23hE 84 Tdo] 3

FZ7to] wel ol faEs o] sojvbia dojt 2
A= A= F diF ddS H7ksk A=t (Park &
Lee, 2005)o4 & ghefF F7fo] whe) gl do] Eof
S| Eo] Fu) WG] AasIATAL & Aot FARSH

Agolgith, @A wlge] BUE A7 F(Park ot al,
2010)] AN E wAe] Bel Hrieke] F71RSs
299 SRS, B3 FTdE ok Az
44 SRESY0] S71597] Hlielet sigom B A
Wk e A9E e

S

B & =%3F A= Table 29} 7431, optical absorbance™=
020-0.77 9] 2342 AW linear = 9(R*=0.9396)°]
A=Atk Probability= p<0.0001 2.2 5% o]tfoA] &
o] go] Q1A= o] mEe] Aol AP HATE 372 ¢]
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Fig. 3. Response surface and trace plot for the effect of Cirsium setidens Nakai powder content (A), water content (B), and kneading
time (C) on the water absorption, volume, and turbidity of the wet noodles.
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o
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Aol HAH Azz71e 913 7|15 A= Table 49}
23,938 S 71FEe g A 572-865, &F 5.22-8.86, 9t
5.10-8.74, B4 5.14-8.78, Yitol|Ae] =7 521-8.85, 1
23 WAl 7|5 %0 - 5.17-8.81 W9 HFE j
Attt BE 755 e w5289 JFS W= quadratic B
d2 A=A} Probabilitys A, &, o, €A, Yot
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Table 4. Sensory characteristics of the wet noodle according to
Cirsium setidens Nakai powder content, water content, and
kneading time by D-optimal design.

Sensory characteristic scores”

No. Color Smell Taste Springiness Mouthfeel Overall
acceptance
1 754 775 7.63 7.67 7.74 7.70
2 626 647 6.35 6.39 6.46 6.42
3 736 7.57 745 7.49 7.56 7.52
4 731 752 740 7.44 7.51 7.47
5 765 786 7.74 7.78 7.85 7.81
6 865 886 8.74 8.78 8.85 8.81
7 631 6,52 640 6.44 6.51 6.47
8 6.18 639 627 6.31 6.38 6.34
9 751 772 17.60 7.64 7.71 7.67
10 620 641 6.29 6.33 6.40 6.36
11 787 8.08 7.96 8.00 8.07 8.03
12 598 522 5.10 5.14 5.21 5.17
13 799 820 8.08 8.12 8.19 8.15
14 845 8.66 854 8.58 8.65 8.61
15 7.04 725 7.13 7.17 7.24 7.20
16 6.06 627 6.15 6.19 6.26 6.22
17 572 538 526 5.30 5.37 5.33
18 748 7.69 7.57 7.61 7.68 7.64

19: like extremely 1: dislike extremely

Mol w7 a3 AWkAel 7]a st ZhzE 0.9491, 0.9334,
0.9561, 0.9634, 0.9647, 0.9624% RE 3HZo 50, o|jo]
Al mdle] Aol AHH UK Table 5). FE &0l A
THYAT BT 550%, T HIFF 40.00%, WHE A
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Fig. 4. Response surface and trace plot for the effect of Cirsium
setidens Nakai powder content (A), water content (B), and
kneading time (C) on the Sensory characteristics of the wet
noodles.
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Table 5. Analysis of predicted model equation for quality characteristics of the wet noodle.

Response Model Prob>F R? Equation on terms of pseudo-component

Color Quadratic ~ 0.0030 0.9491 -0.66A+0.14B+0.28C-0.27AB-0.31AC-0.36BC-1.21A%-0.11B-0.35C>
Smell Quadratic  0.0001 0.9334 -0.63A+0.17B+0.36C-0.36AB-0.45AC-0.49BC-1.23A%-0.15B-0.57C>
Taste Quadratic  0.0001 0.9561 -0.61A+0.18B+0.36C-0.34AB-0.46AC-0.49BC-1.31A%-0.17B-0.54C>
Springiness Quadratic ~ 0.0001 0.9634 -0.62A+0.16B+0.38C-0.35AB-0.47AC-0.47BC-1.32A%-0.12B-0.54C>
Mouthfeel Quadratic  0.0001 0.9647 -0.61A+0.19B+0.34C-0.32AB-0.48 AC-0.46BC-1.21A%-0.16B>-0.58C>
Overall acceptance Quadratic  0.0001 0.9624 -0.64A+0.17B+0.35C-0.34AB-0.46AC-0.49BC-1.23A%-0.14B-0.52C>
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Table 6. Optimum constraint values using two analytical
methods in the object goal of the wet noodle

Numerical
Constraints name Goal optimization
solution
Cirsium setidens Nakai
max. 5.76
Independent powder (%)
variables Water content (%) min. 42.52
Kneading time (min) min. 13.86
Physical property
CIE L* max. 58.87
CIE a* min. -36.97
CIE b* min. -6.47
Hardness (g, min. 3184.49
Springiness (mm) max. 0.38
Chewiness (gscm) min. 1274.60
Water absorption (%) min. 73.01
Response Volume (mL) min.  49.60
variables . .
Turbidity (O.D. at 675 nm)  min. 0.38
Sensory characteristics
Color max. 8.18
Smell max. 8.46
Taste max. 8.34
Springiness max. 8.38
Mouthfeel max. 8.45
Overall acceptance max. 8.41
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