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ABSTRACT

This study examined the optimal mixture quantities of mealworm powder, sugar, and skim milk powder for preparing
Sulgidduck. The experiment was based on the central composite response surface methodology (RSM) design. Accordingly,
mealworm powder, sugar, and skim milk powder were set as the independent variables. The experimental data on
physicochemical and textural properties and sensory evaluation were fitted to various models. Among the responses, moisture
content (p<0.05), sugar content (p<0.001), L-value (p<0.001), a-value (p<0.01), and b-value (p<0.01), textural properties of
hardness (p<0.001), adhesiveness (p<0.05), cohesiveness (p<0.05), gumminess (p<0.01), chewiness (p<0.01), and the sensory
properties of appearance (p<0.001), flavor (p<0.05), mouthfeel (p<0.01), and overall acceptability (p<0.01) showed significant
correlations with mealworm powder, sugar, and skim milk powder. From these results, the optimal formulation was calculated
by applying numerical and graphical methods, and was determined to be 5 g mealworm powder, 44.39 g sugar, and 18 g
skim milk powder. We believe Sulgidduck prepared with mealworm powder, sugar, and skim milk powder has the potential
to be a functional product that meets various consumer preferences and takes advantage of the increasing accessibility of edible
insects.
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Table 1. Coded independent variables used in RSM design for Sulgidduck prepared with mealworm powder, sugar, and

skim milk powder

Coded-variables
Independent variable Symbol
—a -1 0 1 a
Mealworm powder (g) X 5 8 12 16 19
Sugar (g) X, 40 44 50 56 60
Skim milk powder (g) X3 2 5 10 15 18




N

32(1): 21~33 (2022) U B AH7F A" e Az #HHg) 23

HjgHS Table 29} 2t}

Aol e FAWEtE Lot} o|shets 54
(Y1), B=(Y2), BE(Y3), AME(Y,), FHE(Ys)], B4
(Ye), F-2A(Y), S84 (Yy), BHA(Yo), A (Y1), %
A1), FSH7HATHY 1), F(Yis), BH(Y1s), Bl
of =Z(Yis), A 7S %(Y )5 T5HTE A8k

i

o~
T
%

1

H

3. A7|"Ho| XM=

718 o] A xS Jo EH & Kim MH(2013), Lee SH
(2019)¢] W& Fmste] v duAd S Skl 274 st
Ak A7 Ax2E Al Yo 53] FA F oA 12
A1ZE HAGE F Al 3023 718 Wl 2 FAY 1%
s 2AES D1 BV E 23] 28T 20 mesh
Aol 71 A7HE 500 goll T/ 50 g ¥ & 4o] oA

5 al
gk Ao Y = Uy By gxERE 9a o] gk

Table 2. Formulas for the manufacture of Sulgidduck
prepared with different mixture ratio of mealworm powder,
sugar, and skim milk powder

Variables” Rice

Sample Water Salt
. X (g X, (g X;(g four(® (9 (®
1 8(—1) 44(—-1) 5(—-1) 500 50 5
2 16(+1) 44(—1) 5(—1) 500 50 5
3 8(—1) 56(+1) 5(—1) 500 50 5
4 16(+1) 56(+1)  5(—1) 500 50 5
5 8(—1) 44(—1) 15(+1) 500 50 5
6 16(+1) 44(—1) 15(+1) 500 50 5
7 8(—1) 56(+1) 15(+1) 500 50 5
8 16(+1) 50(0)  15(+1) 500 50 5
9 5(—a) 50(0)  10(0) 500 50 5
10 19(@)  40(—a) 10(0) 500 50 5
11 12(0)  60(+a) 10(0) 500 50 5
12 12(0) 5000  10(0) 500 50 5
13 12(0)  50(0) 2(—a) 500 50 5
14 120) 50(0) 18(+a) 500 50 5
15 12(0)  50(0)  10(0) 500 50 5
16 12(0)  50(0)  10(0) 500 50 5
17 12(0)  50(0)  10(0) 500 50 5
18 12(0)  50(0)  10(0) 500 50 5

D X,: mealworm powder, X,: sugar, X,: skim milk powder.
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Fig. 1. Appearance of Sulgidduck prepared with mealworm powder and skim milk powder by central composite design.

Table 3. Measurement condition for texture analysis

Contents Conditions
Test mode and option TPA
Pre-test speed 1.00 mm/sec
Test speed 2.00 mm/sec
Post-test speed 10.00 mm/sec
Trigger load 68 g
Target value 5 mm

TA10 Cylinder

Probe (12.7 mmD, 35 mmL)
Sample rate 20 points/sec
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Table 4. Physicochemical properties of Sulgidduck prepared with different mixture ratio of mealworm powder, sugar, and
skim milk powder at various conditions by RSM

Variables" Responses
Sample
1o. 1 Xz X3 Moisture content ~ Sugar content Color
@ @ @O (7o) (°Brix) L a b
1 8 44 5 41.54+0.09” 1.10+0.00 73.84+0.36 —6.77£0.16 24.86+0.22
2 16 44 5 39.54+1.04 1.00+0.00 44.54+0.12 —11.81+0.22 22.37+0.22
3 8 56 5 38.10+0.04 1.40+0.00 77.02+0.18 —6.59+0.11 21.68+0.77
4 16 56 5 35.81+0.88 1.33£0.05 47.34+0.63 —12.56+0.15 24.62+0.65
5 8 44 15 38.20+1.13 1.23+0.05 73.87+0.48 —6.67+0.09 24.2440.41
6 16 44 15 36.96+0.30 1.17+0.05 45.17+0.58 —11.81+0.09 23.23+0.46
7 8 56 15 39.98+0.93 1.50+0.00 76.93+0.26 —6.95+0.05 23.124+0.28
8 16 56 15 36.37+0.50 1.40+0.00 47.52+0.25 —12.98+0.22 25.50+1.11
9 5 50 10 39.00+0.91 1.20+0.00 78.30+1.49 —6.94+0.19 23.51+0.26
10 19 50 10 38.09+1.15 1.23+0.05 47.19+0.91 —13.08+0.37 26.08+1.89
11 12 40 10 39.35+2.48 1.00+0.00 51.69+1.12 —11.58+0.25 24.2240.70
12 12 60 10 38.80+0.12 1.33+0.05 56.77+0.27 —13.38+0.07 28.37+0.41
13 12 50 2 39.49+1.26 0.97+0.05 57.03+£0.53 —13.32+0.30 28.07+1.24
14 12 50 18 38.76+0.49 1.13+0.05 55.87+0.86 —13.35+0.18 28.61+0.73
15 12 50 10 37.21+0.76 1.03+0.05 55.85+0.40 —13.18+0.14 28.2440.43
16 12 50 10 38.01+1.01 1.07+0.05 55.64+1.00 —13.26+0.21 28.52+0.68
17 12 50 10 40.97+1.47 1.03+0.05 56.29+1.58 —13.59+0.14 29.16+0.36
18 12 50 10 38.17+0.86 1.03+0.05 56.32+1.71 —13.25+0.29 28.27+0.89

D X,: mealworm powder, X,: sugar, Xj: skim milk powder.
2 Mean+S.D.

Table S. Analysis of predicted model equation for physicochemical properties of Sulgidduck prepared with different
mixture ratio of mealworm powder, sugar, and skim milk powder

Lack of . .
Responses ~ Model R F-value  p-value aiit © Polynomial equation”
Moisture 2 53
; 2F1 0.6935 4.15 0.0201 09845  Y;=38.58 —1.01X;—0.65X,—0.42X5—0.33X,X, —0.07X;X3+1.05X,X;3
conten
Sugar . - Y>=1.060—0.030X,+0.146X,+0.063X5—0.001 X, X,+0.001X, X5 —
. 4. .0001 .1082
content  Quadratic 0.9750 346500001 010824 ) 6 %+0.143X,2+0.093X2— 0.022X 2

Y5=84.41—-2.09X,+0.34X,+0.51X3+0.31X,;X, —0.28X, X3 —0.21X,X3

L tic 0.9691 27.84™  0.0001  0.6535
Quadratic  0.9691 27 —141X2H1.04X,2+1 84X52

: - Y,=0.69+0.49X; —0.02X; —0.01X; —0.06X Xo+0.06 X, X5+0.04X X+
a  Quadratic 08898 7187 00054 09619 0 LT e

b Linear  0.6370 819  0.0022  0.1459  Ys=7.54+0.60X,+0.14X,+0.45X5

Y X,: mealworm powder, X,: sugar, Xs: skim milk powder.
2 2FI: two factor interaction.
3 p<0.05, 7 p<0.01, 7 p<0.001.
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Table 6. Textural properties of Sulgidduck prepared with different mixture ratio of mealworm powder, sugar and skim
milk powder at various conditions by RSM

Variables" Responses

Sample

1o. X X5 Hardness Adhesiveness Cohesiveness Springiness Gumminess Chewiness

© @ © ®) (g5) (&/9) (mm) (&/s) ®)

1 8 44 5 1,505.70+158.72”  0.008+0.008 0.74+0.03 4.4840.15 1,109.44+89.41 0.58+0.20
2 16 44 5 1,295.10+75.96 0.006+0.009 0.73+0.01 4.4740.08 946.36+59.70 0.38+0.33
3 8 56 5 1,248.60+55.97 0.050+0.106 0.76+0.02 4.50+0.04 944.54+41.86 0.19+0.11
4 16 56 5 1,193.30+27.75 0.014+0.009 0.76+0.03 4.36+0.11 904.10+43.38 0.33+0.23
5 8 44 15  1,280.50+68.20 0.006:0.005 0.74+0.01 4.43+0.05 951.48+49.42 0.52+0.21
6 16 44 15  1,148.00£24.71 0.004=£0.005 0.65+0.04 4.4440.07 752.224+53.69 0.54+0.20
7 8 56 15  1,193.70+114.35 0.012+0.016 0.76+0.03 4.40£0.11 910.40+72.40 0.24+0.14
8 16 56 15 1,048.90+14.21 0.010+0.010 0.75+0.03 4.49+0.10 785.98+20.03 0.26+0.09
9 5 50 10  1,323.90+33.02 0.016+0.015 0.75+0.02 4.52+0.06 993.94+33.02 0.18+0.07
10 19 50 10  1,189.50+85.78 0.002+0.004 0.72+0.02 4.47+0.03 859.04+66.80 0.23+0.14
11 12 40 10 1,218.30+18.35 0.014+0.011 0.69+0.03 4.4140.09 842.28+40.83 0.30+£0.12
12 12 60 10 1,141.30+38.15 0.010+0.014 0.81+0.01 4.46+0.12 922.82+31.77 0.30+0.26
13 1250 2 1,20420+96.41 0.010+0.012 0.76+0.02 4.42+0.07 917.58+83.19 0.44+0.30
14 12 50 18  1,119.10+110.28 0.004:£0.005 0.76+0.03 4.44+0.08 846.16+113.89 0.25+0.18
15 1250 10  1,390.60+40.04 0.018+0.027 0.72+0.02 4.46+0.06 1,001.04+35.78 0.26+0.17
16 12 50 10 1,212.70+68.29 0.002+0.004 0.69+0.02 4.45+0.06 836.924+46.71 0.15+0.09
17 12 50 10  1,233.90+19.02 0.008+0.008 0.78+0.01 4.51+0.07 965.30+20.72 0.22+0.09
18 12 50 10  1,158.70+33.49 0.016+0.005 0.78+0.01 4.41+0.14 908.86+22.00 0.21+0.11

D X;: mealworm powder, Xy: sugar, X;: skim milk powder.
2 Mean£S.D.
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Table 7. Analysis of predicted model equation for textural properties of Sulgidduck prepared with different mixture ratio

of mealworm powder, sugar and skim milk powder

Responses ~ Model R F-value  p-value Lack of fit Polynomial equation”
Hardness  Linear  0.6797 9.90™®  0.0009  0.9499  Y=1,228.11—67.76X,—62.18X,—65.67X;
Adhesiveness Linear 04889  4.46 0.0213  0.6287  Y,=0.012—0.007X,+0.005X;—0.006X;
Cohesiveness Lincar 04610  3.99" 0.0301 09331  Yg=0.742—0.014X,+0.029X,—0.009X;
Springiness Quadratic 05501  1.09 04585  0.5411 3('9023‘;';??_70%0212%;:8:82%? 0.003X5~0.006XXz+0.031X X+
Gumminess Linear  0.6592  9.03”  0.0014 08576 Y,=911.03—66.21X,—13.39X,—57.58X;
Chewiness  Linear  0.6474 857"  0.0018  0.8545  Y;;=39.78—3.01X;—0.59X,—2.55X;

D X,: mealworm powder, X»: sugar, X3: skim milk powder.
27 p<0.05, 7 p<0.01, " p<0.001.
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Table 8. Sensory evaluation of Sulgidduck prepared with different mixture ratio of mealworm powder, sugar, and skim
milk powder at various conditions by RSM

Variables" Responses
Sample
no. él) (); (23) Appearance Flavor Taste Mouthfeel accoe;te:liﬁity
1 8 44 5 41.5440.09” 1.10+0.00 73.84+0.36 —6.77+0.16 24.86+0.22
2 16 44 5 39.54+1.04 1.00+0.00 44.54+0.12 —11.81+0.22 22.37+0.22
3 8 56 5 38.10+0.04 1.40+0.00 77.02+0.18 —6.59+0.11 21.68+0.77
4 16 56 5 35.81+0.88 1.33+0.05 47.34+0.63 —12.56+0.15 24.62+0.65
5 8 44 15 38.20+1.13 1.23+0.05 73.87+£0.48 —6.67+0.09 24.24+0.41
6 16 44 15 36.96+0.30 1.17+0.05 45.17+0.58 —11.81+0.09 23.234+0.46
7 8 56 15 39.98+0.93 1.50+0.00 76.93+0.26 —6.95+0.05 23.12+0.28
8 16 56 15 36.37+0.50 1.40+0.00 47.5240.25 —12.98+0.22 25.50+1.11
9 5 50 10 39.00+0.91 1.20+0.00 78.30+1.49 —6.94+0.19 23.51+0.26
10 19 50 10 38.09+1.15 1.23+0.05 47.19+0.91 —13.08+0.37 26.08+1.89
11 12 40 10 39.35+2.48 1.00+0.00 51.69+1.12 —11.58+0.25 24.2240.70
12 12 60 10 38.80+0.12 1.33+0.05 56.77+0.27 —13.38+0.07 28.37+0.41
13 12 50 2 39.49+1.26 0.97+0.05 57.03+£0.53 —13.32+0.30 28.07+1.24
14 12 50 18 38.76+0.49 1.13£0.05 55.87+0.86 —13.35+0.18 28.61+0.73
15 12 50 10 37.21+0.76 1.03+0.05 55.85+0.40 —13.18+0.14 28.24+0.43
16 12 50 10 38.01£1.01 1.07+0.05 55.64+1.00 —13.26+0.21 28.5240.68
17 12 50 10 40.97+1.47 1.03+0.05 56.29+1.58 —13.59+0.14 29.16+0.36
18 12 50 10 38.17+0.86 1.03+0.05 56.32+1.71 —13.25+0.29 28.27+0.89

Y X,: mealworm powder, X,: sugar, Xs: skim milk powder.

Y Mean+S.D.

Table 9. Analysis of predicted model equation for sensory evaluation
of mealworm powder, sugar, and skim milk powder

of Sulgidduck prepared with different mixture ratio

Responses Model R F-value p-value Lack of fit Polynomial equation”
Appearance Linear 0.8573 28.047 0.0001 0.1813 Y ,=5.55—1.06X, —0.14X,4+0.26X;
Flavor Linear 0.4201 3.38° 0.0486 0.5005 Y 13=5.68—0.20X, —0.01X,+0.14X3
Taste Linear 0.4106 3.25 0.0539 0.1806  Y14=5.75—0.16X,+0.14X,+0.32X;3
Mouthfeel Linear 0.6302 7.95™ 0.0024 03057  Y15=5.65—0.54X, —0.10X,+0.18X;
Overall acceptability Linear 0.5998 7.00” 0.0042 0.2259 Y =5.84—0.52X,+0.03X,+0.35X;
Y X,: mealworm powder, Xy: sugar, X3: skim milk powder.
2" p<0.05, ™ p<0.01, ™ p<0.001.
Eol 7V w2 A3=E Vehd 2ot fAkeh A gke] =2 ATt 22 FARE HUkstd AEFe o 71s
o} AnjabEe] Mg tigh /12 o] of] A ool e T7b Higkd F USS 2 AgelA ERlsknh wEbA g
T Hrbo] AAadesE ARkA 7|Sevh E3AINE & T dg B digh AnxEe] ARge dlds] Al
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Table 10. Optimum constraint values using two nume-
rical methods in the object goal

. Numerical
Constrains name Goal L
optimization (g)
X,V In range 5.00
I

ndePendent X? In range 44.39

variables
X;¥ In range 18.00
Y, Maximize 6.95
Y135) Maximize 6.02

Responses
Y50 Maximize 6.42
Yis” Maximize 6.69

D X;: mealworm powder, 2 X, sugar, 9 X5: skim milk powder,
Y Y, appearance, 9 Yis: flavor, 9 v, mouthfeel, " Yy: overall
acceptability.
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Fig. 2. Perturbation plot and response surface plot for the optimization mixture of Sulgidduck added with mealworm

powder (A), sugar (B), and skim milk powder (C).
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Overlay Plot

Overlay Plot
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Overlay Plot

B: Sugar (g)
C: Skim milk powder (g)

C: Skim milk powder (g)

A: Mealworm powder (g)

A: Mealworm powder (g)

B: Sugar (g)

Fig. 3. Overlay plots for the optimization mixture of Sulgidduck added with mealworm powder (A), sugar (B), and skim

milk powder (C).
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