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ABSTRACT
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This study examined the optimal manufacturing conditions of dried noodles prepared with mealworm powder and wheat flour.
The experiment was based on a central composite design (CCD) of response surface methodology (RSM), and sensory
evaluations were fitted to various models. The experimental data on quality characteristics, 2,2-diphenyl-1-picrylhydrazyl (DPPH)
antioxidant activity, cooking characteristics, textural characteristics, and sensory evaluations were fitted to various models. Among
the responses, the quality characteristic (L-value (p<0.05), a-value (p<0.01), b-value (p<0.05)), DPPH (p<0.01), cooking
characteristics (weight (p<0.01), water absorption (p<0.01), volume (p<0.01), turbidity (p<0.01)), textural characteristics (hardness
(p<0.01)), sensory evaluation (appearance (p<0.001), color (p<0.001), flavor (p<0.01), taste (p<0.05), texture (p<0.05), and overall
acceptability (p<0.05)) showed significant correlations with mealworm powder and wheat flour. The optimal formulation,
determined using numerical and graphical methods, was 35.49 g of mealworm powder and 306.57 g of wheat flour. This
formulation can contribute to the development of dried noodles that could satisfy the health-oriented needs of consumers and

support the food development industry using insect-sourced food.
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Table 1. Coded independent variables used in RSM
design for dried noodles prepared with mealworm powder
and wheat flour

Coded-variables

Independent variable Symbol

-a -1 0 +1 +a

Mealworm powder (g) X 1586 20 30 40 44.14

Wheat flour (g) X, 271.72 280 300 320 328.28

Table 2. Formulas for the manufacture of dried noodles
prepared with different mixture ratio of mealworm powder
and wheat flour

Sample Variables” Water (g)  Salt (g)

No. Xi (2) X2 (2)

1 20(—1) 280(—1)

2 20(—1) 320(+1)

3 40(+1) 280(-1)

4 40(+1) 320(+)

5 15.86(—q) 300(0)

6 44.14(+q) 300(0) 170 5
7 30(0) 271.72(—q)

8 30(0) 328.28(+a)

9 30(0) 300(0)

10 30(0) 300(0)

11 30(0) 300(0)

Y X;: Mealworm powder, X,: Wheat flour.
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Table 3. Proximate composition of mealworm powder

Components Contents
Moisture (%) 6.74+0.38"
Crude protein (%) 72.96+0.03
Crude lipid (%) 9.56+0.06
Crude ash (%) 4.49+0.00
Carbohydrate (%) 6.25+0.38

D Mean+S.D.
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Table 4. Quality characteristics and DPPH of dried noodles prepared with different mixture ratio of mealworm powder
and wheat flour at various conditions by RSM

Variables" Responses
Sﬁfle X X 1\;[(‘))32‘:: Salinity Color DPPH
@ (@ %) (%) L . b %)
1 20 280  12.12+0.667%  0.60£0.00°  67.42+0.69" 1.58+0.05%" 8.35+0.26" 25.63+11.04¢
2 20 320 1229+0.66°  0.70+0.00°  67.88+1.79° 1.20£0.11%* 11.03+0.90" 22.92+13.12¢
3 40 280  12.69+0.12%  0.73x0.06"  64.62+1.24°¢ 2.08+0.23% 10.23+0.20% 55.93+0.48"
4 40 320 14.14+0.64"  0.67£0.06™  62.53+0.78" 2.23+0.14° 10.20+£0.57% 41.48+3.94%
5 1586 300  13.95£0.43®  0.70£0.00®  65.53+2.90"*¢ 1.47£0.25 10.57+1.29° 22.73+1.62¢
6 4414 300  14.60£0.11°  0.70£0.00°  64.06£0.22% 2.27+0.03° 10.68+0.47° 47.4141.45®
7 30 27172 14.16:0.49®  0.60£0.00°  66.30+0.36™ 1.4620.16 8.02:0.76" 34.03+6.85%
8 30 32828  13.40+0.33*  0.63+0.06™  62.58+1.17° 1.79£0.16" 8.56+0.20% 30.56+2.75¢
9 30 300 13.39+0.36™  0.67+0.06°  64.42+1.75% 1.7720.10%f 8.83+0.44% 29.61+0.77¢
10 30 300 12.65+0.49°  0.60+0.00°  65.49+0.33" 1.89+0.11%¢ 9.84+1.00° 29.92+3.46¢
11 30 300 12.83x0.45%  0.70£0.00®  63.61+2.75% 1.73+0.32°4 9.01£1.06™¢ 26.52+1.31¢
F-value 9.634™9 5.750™" 3.932" 8.120™" 6.012"" 9.781""

Y X;: Mealworm powder X,: Wheat flour.
? MeanzS.D.
9 2~ Values with different superscripts within the same column are significantly different by Duncan’s multiple range test.

4) xx ok

p<0.01, ** p<0.001.

Table 5. Analysis of predicted model equation for quality characteristics and DPPH of dried noodles prepared with different
mixture ratio of mealworm powder and wheat flour

Responses Model R F-value p-value Lack of fit Polynomial equation"
Moist
cgr‘lie‘:te Linear 02043  1.03 04008 590  Y=13.29+0.4175X,+0.0682X,

=0. . +0. —0. +0. ?
Salinity Quadratic  0.6908 223 0.1992 02358 12 0:0656+0.0125X,+0.0103X;~0.0400X,X>+0.0261X,

—0.0165X,”
L Linear 0.6020  6.05°  0.0251 2.02 Y3=64.95—1.28X,—0.8614X,
a Linear 0.7959  15.607  0.0017 517 Y=1.77+0.3327X,+0.0296X,
b Quadratic ~ 0.8537 584"  0.0377 1.19 {5; 242;;)2221 SOTXH04268% ~0.6775K: X+ 0.8232K,"
DPPH Linear 0.8260  18.99"2  0.0009 8.98 Y=33.34+10.47X,—2.76X,

D X,: Mealworm powder, X,: Wheat flour.
2" p<0.05, ™ p<0.01.

0.1992, R?ZHE 0.2043, 0.6908°.2 LFERET) 2k
Mo ww e A3 4E9 AR AlAE PSR AgEde) Al S1E5E 2asit) 93 25 ok
urhug Buol o 2 3o veton] Uy vl A7h R %
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Fig. 1. Perturbation plot and response surface plot for quality characteristics and DPPH of dried noodles prepared with
different mixture ratio of mealworm powder (A) and wheat flour (B).
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Table 6. Cooking characteristics of cooked noodles prepared with different mixture ratio of mealworm powder and wheat

flour at various conditions by RSM

Variables" Responses
sample X X, Weight Water absorption Volume s
e © @ @ %) (mL) Turbidity
1 20 280 54.860.562) 174.30+2.80° 158.33+0.58¢ 2.39+0.00°
2 20 320 51.81+0.03° 159.07+0.13° 158.67+0.58 1.38+0.012
3 40 280 54.47+0.21° 172.37+1.05° 159.00+1.00% 2.59+0.01
4 40 320 46.23+0.22" 131.1341.09" 158.00:£0.00¢ 2.17+£0.01%¢
5 15.86 300 52.46£0.20° 162.30+1.00° 158.33+0.58¢ 1.99+0.00°
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Table 6. Continued

Variables Responses
sample X X5 Weight Water absorption Volume -

e © @ ® %) (mL) Torbidity
6 44.14 300 48.47+0.168 142.33+0.802 158.67+0.58 2.07+0.01%

7 30 271.72 54.66+0.18° 173.30+0.88° 159.33+0.58" 2.37+0.01°

8 30 328.28 50.75+0.09° 153.75+0.45" 158.00:£0.00" 1.45+0.00¢

9 30 300 55.4240.14° 177.08+0.68° 160.00+0.00™ 1.79+0.01°

10 30 300 56.25+0.14° 181.23+.068" 160.67+0.58" 2.25+0.23¢
11 30 300 55.56+0.15" 177.78+0.75 160.00£0.00® 1.96+0.01¢

F-value 601.836™" 601.836™" 8.80™" 88.646™"

Y X|: Mealworm powder, X,: Wheat flour.
? Mean+SD.
» ah Values with different superscripts within the same column are significantly different by Duncan’s multiple range test.
4) ok
»<0.001.

Table 7. Analysis of predicted model equation for cooking characteristics of cooked noodles prepared with different mixture
ratio of mealworm powder and wheat flour

Responses Model R’ F-value  p-value Lack of fit Polynomial equation”
Weight Quadratic  0.9550 2120  0.0022 725 Y7=55.74—1.45X, —2.10X, — 1.30X, X, —2.58X,> — 145X,
Water absorption Quadratic  0.9549  21.17"  0.0022 7.26 Y=178.70—7.26X, —10.52%,—6.50X, X, —12.87X,> —7.26X*
. . . . 2
Volume Quadratic 09341  14.18™  0.0056 0.5095 le@'zzéo'%mxl 03176%,0.3350X,X,~0.8524X4
—0.7999X;
Turbidity Linear  0.7475  11.84"  0.0041 0.7952 Y =2.04+0.1379X,—0.3414X,
Y X;: Mealworm powder, X,: Wheat flour.
2" p<0.01.
o A= &S IH EAS AH T, FEETE, T 4 i Hrie] VR Srtske Ao vl
A EHM47F A5 2-8-5= Quadratic model®] A% =[S ot} 2o gre 3o &4 I E ddst= o]
om, p-valuew 247} 0.0022, 0.0022, 0.0056°.% 221 Tk Kim MH (2022)9] 2l&FolHAl £ A7} = AFolA
A2 YERN 2 RS 0.9500, 0.9549, 0.9341 2 & 2 T Bage] Hrleko] ZUIE4E grr) HolxE ATES

F| =5 Holw Ao JIFHUL Hre SHASTTE 7} HAed g dolre AR H7E= We] Aol 7
7} 2+-8-5}= Linear modelo] A E 0™, p-value 0.0041, 25k a1, ) oldl &5 = VA A 5
R'3% 074752 £ 2 =E Holu H3Ado] =T glale] Byl 2kt R ask

MSEW Y A3 B FEESE, P, 2o 8 AR WY £Re /bt AR A¥S 42 e
2o WA gge Wi Uy und o 2 Aoz 4 4¥o] §3HUL Jow Budh /ey 4¥ §3
Sebch ol R Witel TV FU AUE £ el W2 A T S e A
Ggol grasigon g wiel Aol IR Wt 3 A Zow AZuH Ave AYAS AY FE 44T F
%, FRESRO] FAGTL 9 FF olINH PaSE  sle AEE delew 754 Ave] FAL AL 4
Aow Uehdeh 3t 0e Bl wskRe Arkgel 5 9 Alelw

HE5E L 98 £F olgelA st Fu
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Fig. 2. Perturbation plot and response surface plot for cooking characteristics and textural characteristics of cooked noodles
prepared with different mixture ratio of mealworm powder (A) and wheat flour (B).
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Table 8. Textural characteristics of cooked noodles prepared with different mixture ratio of mealworm powder and wheat

flour at various conditions by RSM

Variables" Responses
Sigfle X1 Xz Hardness Adhesiveness Cohesiveness  Springiness Gumminess Brittleness
(2 (g) (gf/em?’) (gh (%) (%) (gD (gh
1 20 280  1,592.80+£108.427°% —6.60+2.30  74.56+£5.97°  94.04+4.20 118.56+11.22 111.58+12.65¢
2 20 320 2,465.20£196.03*  —7.80£1.79  35.90+1.97°  92.04+4.08  174.34+17.55™  160.75+21.22"°
3 40 280 1,761.00£67.39"¢  —6.20£1.92 46.08+10.25*°  94.00£21.33  159.09+£37.38"¢  154.55+70.41%
4 40 320 1,605.80+250.45"¢  —5.6043.05 44.30+8.72°  92.30£9.79  135.08+43.92°¢  123.23+39.57°
5 15.86 300 1,491.00+141.80°  —7.60+£3.29  47.88+7.52™  89.56+6.92  140.39+28.11°¢  126.55+30.64™
6 44.14 300 1,296.004247.34%  —6.40+1.52  43.86+429™  82.50+2.99 108.39+19.42¢ 88.74+17.45°
7 30 27172 1,547.20£127.46% —9.40+2.61 47.4243.38™  79.68+17.83  145.60+19.35%¢  116.57433.13°
8 30 32828  2,129.40+£307.33®°  —920+1.79 54.46+10.34° 102.86£20.51  220.65+21.09°  228.84+69.55%
9 30 300 2,021.40+691.92  —8.80+3.49 57.60+£19.15°  89.14+14.41  250.42+148.98"  232.02+156.03"
10 30 300 1,960.60+£539.07  —7.60+2.88 53.00+12.65"  78.86+4.32  217.48+91.72"  174.55+78.75%*
11 30 300 1,949.00+638.56™  —6.20£1.79 44.86+20.07* 76.58+19.13  176.10£118.00™  144.68+119.38"™
F-value 423179 1.174 41427 1.796 2.260" 2.098"

Y X|: Mealworm powder, X,: Wheat flour.
2 Mean+S.D.

» 24 yalues with different superscripts within the same column are significantly different by Duncan’s multiple range test.

sekok

D" p<0.05, ™ p<0.001.
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Table 9. Analysis of predicted model equation for textural characteristics of cooked noodles prepared with different mixture

ratio of mealworm powder and wheat flour

Responses Model R F-value p-value Lack of fit

Polynomial equation”

Hardness  Quadratic 0.8762  7.08"2  0.0255 30
Adhesiveness - - - -
Cohesiveness 2FI 0.5329 233 0.1291 1.

Springiness ~ Quadratic  0.5212 1.09 0.4641 1.
Gumminess  Quadratic  0.8134 4.36 0.0660 0.2
Brittleness Quadratic  0.6775 2.10 0.2173 0.4

.54
87
63
546
958

Y11=1,976.95—120.88X,+192.58X, —256.90X, X, —231.69X,> —9.23X,”

Y 15=49.99 —3.22X;—3.81X,19.22X X,

Y 14=81.53—1.22X,+3.64X,+0.0750X, X,+3.36X,+5.98X,”

Y5=214.67—5.50X,+17.24X, —19.95X, X, —46.90X,> —17.52X,*

Y16=183.75 —6.00X,+23.08X, —20.12X,X, —38.72X,>—6.18X,’

D X,: Mealworm powder, X,: Wheat flour.
2" p<0.01.
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e

Sample 5(X;: 15.86 g, Xu:
Sample 4(X;: 40 g, Xy: 320 g)ollA] el

O (p<0.001), A(color) (Yis) & 6.03~7.3582] M= A4
#2 Sample 5(X;: 15.86 g, Xy 300 g), &3S Sample
3(Xi: 40 g, Xp: 280 g), Sample 6(X: 44.14 g, Xp: 300 g)ollA]
e o)A Ql AfelE HAThH(p<0.001). & (flavor) (Yio)

£ 6.19~7.06%2] Ho=, F

A o
ENds—

Sample 1(X;: 20 g, Xa:

Table 10. Sensory evaluation of cooked noodles prepared with different mixture ratio of mealworm powder and wheat flour

at various conditions by RSM

Variables" Responses
Sample

No. ();) ();; Appearance Color Flavor Taste Texture acc(zgte:l?ﬁity
1 20 280 6.55+1.437"Y  6.231.41™ 6.19+1.68 6.10+1.42° 7.26+1.15° 6.61£1.20°¢
2 20 320 6.29+1.44° 6.13+1.59" 6.26+1.77 6.10+1.51° 6.19+2.30% 6.35+1.31
3 40 280 7.3241.45° 7.35+1.36° 6.74+1.46 6.77+1.18%° 6.61+1.54" 6.68+1.11°
4 40 320 7.45+1.29° 7.3241.49° 6.94+1.24 7.19+1.28° 7.06£1.15® 7.10£0.98%°
5 15.86 300 6.23+1.54° 6.03+1.49° 6.32+1.87 6.32+1.66™ 6.35+1.91% 6.58+1.48"4
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Table 10. Continued
Variables Responses
Sample
No. X X, A | il T T Overall
(2) (@) ppearance Color avor aste exture acceptability
6 44.14 300 7.35+1.48° 7.35+1.36% 7.06+1.48 6.39+1.36" 6.10+2.33° 6.52+1.36%
7 30 271.72 7.26+1.13%® 6.81+1.28% 6.84+1.24 6.87+1.15% 6.68+1.54% 7.00+1.21%¢
8 30 328.28 7.03+1.25%® 7.06+1.24° 6.45+1.46 7.061.15% 6.74+1.44* 7.16+1.21%¢
9 30 300 7.19+1.14% 7.06+1.12° 6.87+1.28 7.26+1.32° 7.23+1.54* 7.26+1.03%®
10 30 300 7.16+1.19® 7.10+1.12° 6.90+1.33 7.29+1.37° 7.29+1.49* 7.39+1.09°
11 30 300 7.06+1.32%® 7.10+1.33° 6.87+1.34 7.32+1.30° 7.26+1.53" 7.23+1.15%
F-value 3.2479 4268 1.354 4.015™ 2.246° 2722

Y X|: Mealworm powder, X,: Wheat flour.
Y MeantS.D.

9 274 yalues with different superscripts within the same column are significantly different by Duncan’s multiple range test.

sokk

Y " p<0.05. ™ p<0.01. ™" p<0.001.

Table 11. Analysis of predicted model equation for sensory evaluation of cooked noodles prepared with different mixture

ratio of mealworm powder and wheat flour

Responses Model R’ F-value p-value  Lack of fit Polynomial equation”
Y 7=7.14+0.4393X, —0.0569X,+0.0957X, X, —
: 2) 17 1 2 1X2
Appearance Quadratic 0.9799 48.70 0.0003 2.03 0.1896X,2—0.0121X,2
. - Y 5=7.09+0.5221X,+0.0279X,+0.0175X,X> -
Color Quadratic 0.9757 40.21 0.0005 37.36 0.2121X,2—0.0121%,2
Flavor Linear 0.6847 8.69” 0.0099 167.96 Y 15=8.68+0.2846X, —0.0352X,
. x Y10=7.29+0.2324X,+0.0861X,+0.1050X, X, —
Taste Quadratic 0.8373 5.15 0.0482 139.40 0.4976X 2—0.1925X,2
. * Y,1=7.26-0.0167X;+0.0669X,+0.3800X;, X, —
Texture Quadratic 0.8523 5.77 0.0386 110.66 0.4394X 2 —0.1968X,2
Overall . . Y,=7.29+0.0919X,+0.0483X,+0.1700X; X, —
acceptability Quadratic 0.8818 7.46 0.0229 6.29 0.4043X,2—0.1392X;2
D X,: Mealworm powder, X,: Wheat flour.
2" p<0.05, ™ p<0.01, ™ p<0.001.
280 g), HIAGE> Sample 6(X;: 44.14 g, Xo: 300 g) o= YER: 3 "AVMRI} 7S U el vl &l el 312
t}. "i(taste) (Yao) S 6.10~7.32732] W2, H45k Sample 1 A1gF A3} o) A uk WIA, Atz 735 oA =
(Xl' 20 g, X,: 280 g), Sample 2(X;: 20 g, X,: 320 g), G HHE7l s ZH8EHE Quadratic modelo] A% = 3oH
< Sample 11(X;: 30 g, Xp: 300 g)& VERHCH(p<0.001), % p-value -2 742} 0.0003, 0.0005, 0.0482, 0.0386, 0.0229=
A (texture) (Ya1)< 6.10~7.297% 2] W92 Z4=7h-S Sample 6 o)Al Axs Bk REe ZH 09799, 0.9757,

(Xi: 44.14 g, X5: 300 g), HAE-S Sample 10(X;: 30 g, Xo:
300 g)oll Al YEREI(p<0.05), HHEA 7] 5 %(overall accepta-
bility) (Yao)& 6.35~7.394 9] W= ZHE3ES Sample 2(Xi:
20 g Xy: 320 g), HAFE Sample 10(X;: 30 g Xy: 300 g)°ll A
Y A8 ZE FoZQl Afol & Hth(p<0.001). 29 2

0.8373, 0.8523, 0.8818% =& 2| == Holn Tdlo] A3}
go] IFEAT = SHSTE 242 2H8-8k= Linear
modelo] A AL, p-value 0.0099, R°%-2 0.6847= 23t
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Fig. 3. Perturbation plot and response surface plot for sensory evaluation of cooked noodles prepared with different

mixture ratio of mealworm powder (A) and wheat flour (B).
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Table 12. Optimum constraint values using two numerical
methods in the object goal

ical
Constrains name Goal Num er.lca
optimization (g)
Independent X,V In range 35.49
variables X, In range 306.54
Y, Maximize 7.32
Y Y Maximize 7.31
Y, Maximize 6.82
Responses
Yy Maximize 7.29
Y,” Maximize 7.14
Y, Maximize 7.25

Y X;: Mealworm powder, 2 X,: Wheat flour,

) Yy appearance, Y Y15 Color, ¥ Yio: Flavor. © Ya: Taste,
" Yy: Texture, ® Yy: Overall acceptability.
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Fig. 4. Perturbation plot and response surface plot for the optimization mixture of dried noodles prepared with different

mixture ratio of mealworm powder (A) and wheat flour (B).
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