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Abstract

Noodle was made using a combination of yulmu, wheat and water through mixture design. Statistical models
of yulmu noodle were shown by analysing tensile stress and color (L*), and sensory evaluation with other
constraints. Analysing the linear and non-linear model, the linearity in the values of tensile stress, lightness (L*)
and sensory evaluation showed that each component worked separately without interactions. In studying the
component effect on the response by trace plot, the result indicated that the increase in the amount of yulmu
enhanced tensile stress of noodle while degrading L* value and sensory evaluation score. In the range of
satisfying the conditions of noodle in every tensile stress, L* value and sensory evaluation point, the optimum
mixture ratio of yulmu : wheat: water was 2.27% : 66.28% : 28.45% based on least cost linear programming.
In this calculation, the least cost was 9.924 and estimated potential results of the response for tensile stress
was 2.234 N and those for L* was 82.39. Finally, the potential response results affected by mixture ratio of

yulmu, wheat and water were screened using Excel.
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Table 1. Experimental points and response of noodles mixed with Yulmu
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Run Actual value Response

Ne- order Yulmu Wheat Water Tensile stress (N) L* Cost

1 2 0.1820 0.5000 0.2880 2.029 75.67 27.42

2 9 0.1820 0.5000 0.2880 1.852 75.72 27.42

3 5 0.1910 0.5000 0.2790 2.675 75.69 28.48

4 13 0.1910 0.5000 0.2790 2.528 75.84 28.48

5 8 0.0284 0.6628 0.2788 2.617 82.02 10.59

6 7 0.0284 0.6628 0.2788 2.460 81.62 10.59

7 1 0.0227 0.6628 0.2845 2.440 82.96 9.92

8 10 0.1870 0.5000 0.2830 2372 74.43 28.01

9 4 0.1870 0.5000 0.2830 2.293 77.09 28.01

10 3 0.1440 0.5410 0.2850 2.401 78.60 23.26

11 11 0.1490 0.5400 0.2810 2.450 77.63 23.84

12 12 0.0640 0.6210 0.2850 2.401 80.22 14.46

13 6 0.1060 0.5810 0.2830 2.391 79.51 19.10
Yulmu Wheat Water
Low limit 0.0227 0.5 0.279
High limit 0.191 0.663 0.288

*Multiconstraint of moisture contents of mixture

0.37<0.12Yulmu+0.14Wheat+Water < 0.38, Yulmu+Wheat+Water=0.97, Salt: 0.03

*The price; Yulmu: 120/%, Wheat: 10/% and Water: 2/%.

gh2e| 24 9 trace plot

29} zho] wIAdY AFPTRIQI A sl AAE
A¥Ae] A 0]43le] linear ¥ non-linear model
9 AAE SAscK(Table 2). AAEH, L*+=
linear model& *-8-A] §-21371 0.1% o]315 el
o] 7} A e Yehllo] IF Az Ao &5-1
7HE-% Alolell AT ARRo] AL EXEA] WS
g3l 4= 9ledth. 222} Yoon (1997b) Sol &3}
paste AFel2] yulmu-wheat-water E3-E<A= FHE
A} Z storage modulus, loss modulus, elastic component
9} viscous componentol] 4]+ interaction termo] &1}
= quadratic modele] A §H3He el i)

£, Wi} B EFEE BHE I &
AR50 F7E linear regression modelE Table 2¢]]
Yehligict. of 7)ol et 7t coefficient B2 7} A&
Eo| 7} responsed]| Plx]& F3E Vel activity©]
c}eD, o]9} Z¥o] linear model & A ZE 3] EgHE
dAle] 7+ AREe) 7 EE 7143sl] $)sled trace

plotg& o83} Fig. 1-3¢ “jelfigic). Reference
blendE YelE plot®] centere E3HE vertices?]
centroidol] 4] A} dledH o},

$52 Qo EE A6 positivedt 3 3-&
o)X= (Fig. 1) 2 717 EFF WA AiAal
719 =% Jehlled WoEo £7450 71€717k o
g L] 2L 4 F Ut A EF E
o] 71&77} 7V AR §R-UR-E £3HE)
A o] AAgHe 7Y & %S AL G 5 U

on] X Fo] A RA | -2 o] FH 84
& vt Uigit} ole FFE 4 BHE EAF
A FEol 71 F83H vehd o8 d7=Ed 2
—%ai',}-o]t:}(”-m"”,

&5 Fgla EEL ARe] Laghd "X 9
& A B (Fig. 2) 55 Fashes 8-S viAy
UrkFEe} B8 Fkshe d3%e VA 59 WE
£ A e Jehligit) & 58 Fl 37t
Al &F-9 A ko] FI1ERE A XJ I Yol

Table 2. The result of Anova test of models and regression models for noodles mixed with Yulmu

Source Linear Quadratic Full cubic Regression model
Tensile stress <0.001 0.096 0.707 Y,=2.5605A+2.6527B-6.5650C
L* <0.001 0.778 0.480 Y,=75.727A+82.389B+82.402C

Pseudo components A: Yulmu, B: Wheat, C: Water.
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Fig. 1. Trace plot describing the effects of each com-
ponent noodles mixed with yulmu on tensile stress.
Pseudo components A: Yulmu, B: Wheat, C: Water.
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Fig. 2. Trace plot describing the effects of each com-
ponent noodles mixed with yulmu on L*. Pseudo
components A: Yulmu, B: Wheat, C: Water.
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Fig. 3. Trace plot describing the effects of each com-
ponent noodles mixed with yulmu on sensory evaluation.
Pseudo components A: Yulmu, B: Wheat, C: Water.
Rating scale: 1 (very good), 9 (very bad).

Table 3. The least cost formulation of noodles mixed
with Yulmu from Derringer and Suich's method

a) The least cost formulation

Component Ratio (%)
Yulmu 2.27
Wheat 66.28
Water 28.45

b) Predicted response and cost

Response Predicted response
Tensile stress (N) 2342
L* 82.39
cost 9.924

costZ 2|42 4R 5}9]-S o linear programming?]
4 7HAE 9.9249] 71Ae] vskoer] 1 we] A vl
ol S5 2.27%, WoLRE 66.28%, B2 28.45%
2 A= o ) o] of 2A wigdu]el ale} €l AdEE
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Table 4. Sensory evaluation score for noodles mixed
with Yulmu

Table 5. Optimization with sensory evaluation test for
Yulmu mixture

Sample Taste Texture Acceptability case 1.
1 44 +1.76 4.681+1.70 4.8 +2.04 response Goal Function weight
2 5841160  592£191  6.16x221 cost. min. Objective 1
3 5.76+1.79 6.04+1.74 6.041+2.03 TS N/A Constraints
4 5.84+1.72 5.64+1.85 6.2 +2.08
5 536158  548+164 52 +198 Sensory test N/A  Constraints

6 4.96+1.54 4.72+1.43 5.16+1.60 result

7 3.76+1.39 3.68+1.55 4.0 +1.87 mixture ratio (%) desirabi]ity predicﬁon

9 512+1.99 5.12+1.39 5.364+2.06 Wheat : 66.28 D: 1.000 TS + 2342

10 592+191 5.68+1.65 5.81+2.04 water : 2845 sensory : 4.360

11 5.16x£1.77 4.64+1.44 524+1.94 case 2.

12 4.56+1.83 436+ 1.68 4.761+1.98 N -

13 568+157  496+124 5641180 fesponse Goal  Function  weight
Rating scale: 1 (very good), 9 (very bad). cost. min. Objective !
Score: mean score + standard deviation (p<0.05). T.S max Objective 1

Sensory test N/A Constraints
ot Z7te] HE HFE W o) E& oA modified result
least square linear regressionol| 2J3f FA|A o2 4 mixture ratio desirability prediction
8kt 2+ 2892 probability value v}ehd 23} linear Yulmu : 2.84 cost :10.59
model®] §-2}x}7} 0.001 ©]3}o] =, non-linear model-& Wheat : 66.28 D: 0.967 TS :2.650
0.392~0.342% }e}l)o] linear modele] 7}4 A&t water : 27.88 sensory : 4.081
Aoz wusigon olze A 2y o4 case 3.
canonical model 2 v}elgich. response Goal Function weight
Yl(sensory evaluation)=5.570A+4.014B+9.324C cost min. __ Objective !
T.S max Objective 1
Trace plot>.2 viebll ZA3(Fig. 3) &F7} F7H3tel Sensory evaluation max Objective 1
we} 7]-&717} F7 sk A& veliio] (high score) result
=8 edle A 42 %L RS E} mixture ratio desirability prediction
ql & & sl Wkt 015 wel d5AAl Yulmu : 2.84 cost  : 10.59
AL7t ZFAst=(low score) AL Jehfo] &5 Wheat : 66.28 D: 0.935 TS :2.650
4:9] FPAboll = F& oJ3ke u)A) L el 3 4 9) water _: 27.88 sensory : 4.081
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+ #]-8-0] 9.9240]11] QAL 2342 N, A A
= 4.360& JehIgl ). Case 2& E-Ag4-24] costi=
minimum 2.2, 142§ maximum, 57 ALE Aok
AR ¥aslgd o HY vz &5, WIE
2} Bo] 717} 2.84%, 66.28%, 27.88%= eligl.on
I w9 Rl AtEE uhe A2 E cost7}
10.59, 1A= o] 2.650 N, T57AL 47} 40812 )
Y} Case 32 EHFFEA] cost= HAZ, A
S8E I, F5HAE Hd2 w33E o A9
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Fig. 4. Prediction of the responses for optimum com-
position & least cost of noodles mixed with yulmu.
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