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Abstract

Mealworm is the most widely used edible insect in Korean traditional food. In this study, the quality characteristics and antioxidant
activity of Garaedduk containing different proportions of powdered mealworm (0%, 3%, 6%, 9%, and 12%) were evaluated in order
to enhance the utilization of mealworm. The results revealed that moisture content decreased while pH and starch elution increased,
with increasing amount of mealworm. Furthermore, the amount of total amino acids, essential amino acids, and non-essential amino
acids increased with increasing amount of mealworm. Regarding chromaticity, the L value decreased while the a and b values
increased as the amount of mealworm increased. The addition of 6% mealworm showed slight differences in the pore size and surface
smoothness as compared to plain Garaedduk. Texture, hardness, chewiness, and gumminess increased, but cohesiveness decreased
with increasing amount of mealworm. The preference test evaluating the appearance, flavor, taste, texture, and overall preference
showed that 6% mealworm additive group had the highest preference. In addition, antioxidant activity of the newly developed
Garaedduk increased with increasing amount of mealworm. In conclusion, Garaedduk enriched with 6% mealworm showed promising
results for developing rice cake with improved nutrition and antioxidant activity and excellent overall preference and quality.
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of iks7tel de] BEsha vk @A '23AIe 54
2 kol et HE o whet -5 3 W 7heRt EFo R
T 14%0] 3o, 11 5 AE&ALF2 ZAAY /5, A
F9o] §5, ddo] 74 {5, ol 5°l AUrh(Korea
Law Information Center 2019).

LA AR 2 (Tenebrio molitory= 7 & AA 2 2o] L
B0 7 48} 42 A7I1ER 6% AF%o] 75l
o AFJeprt golgt Al8LF o2 QIA|o etk P &
QlE]o] A|ZojoFEobAA R RE] 20164 YHFAZARE 4]
F5R0| SEEo] Ut AEo AHEEHI UAtkYu F
2017). 53] ZAAA Y §3-2 AEYo] Uil JoF 14
Sk gho] WA ‘iAol el B0 R EE 1 YEH(Kim &
2016), ZAA A2+ threonine, valine, leucine, phenylalanine,
histidine, lysin 5-2] @<= ofu|leAt o] &2 Hut ofyz}
oleic acid®} linoleic acid 59 EX 3} A9t A< S
-2 Holth(Back 5 2017). o]2|3F ZMAA 9] 953
FH 7= g gol 83 & F &Y IAENA F
Ao ¥ B B AR T T AR I A
TS Sl EIEATHKIm 5 2016). A Z2HAAT F
52 E83to] TrAEKKim 5 2014a), HE|(Kim 5 2015a),
3 (Hwang & Choi 2015), F7|(Min 5 2016), %73(Jeon &
Chung 2018), Z'E1}o](Jeong 5 2018), A8 (Kim 5 2019), ¥7}
G4 2AIX|(Kim & Lee 2019), XHWoo - 2019) 52| THet 4
50| M=oY vt e 2= EE A=
7|9 (Shin SM 2019)2} S71737 (Lee 5 2019y A|<jstal A
o] H11% o] glof AE/Y BRAol|= Eotal = 24
AAE Y AHQJtE fIet AE-2A A FES AAolch

Y2 FHAHREE o]ojAE ARt HAES 7H 42
2 AL S|, A4, &9 Jdi4] 59 A"
o Qlo] B o]-&&= tHEAQl 4| 0= o]o]A LTH(Choi
EH 2013; Hyun 5 2014). 92|yt A8H Fof ARA =7} =
< 99| shel 7HEE HA T =] dFoE F40]
U Mo s £2 o]&EH ZF g8 RAYRE tegsHA
AMEE| oA rth(Park 5 2011). 1Lt 71 H S O E E &7
o} H|5HA o] ©psHE R o] FofA Qlof I A
Aol 1EFF YRS {8 4 Sl ?o] AthKim 5
2015b). o] gt 9o FAIE=S si2str] Yo 2L 501 &7t
5 Al oefet FARE 171 7HY B39 A5-5o] Bl
BT Ql=d], Eube A0 gl £ J7F 7Y (Lee
S 2009), A"|7} 7} 74" (Choi EH 2009), 14 &2 7t
H5ol& 7 H(Lee 5 2011), AFTF A7} HEO|E H(Lee
5 2012), % £ H2o] H(Kang 5 2012, BA] 0|7 H
7}eko] w2 7} " (Choi EH 2013), E1HA B4 H7} 7))
Y(Hyun 5 2014), 57| 7k " (Woo 5 2016), Z1] 71 ¢
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o)1 £8] AEZACE AlS - THA77] sl ZAAA
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1. A=

2 Ao F2 AAARES] 2NAAE f5 B2 2021
| 1] AR Aol AIRIRE A=At 5 A4 A
FuistAth. ZHE A2E 9t Alm= WA (Nonghyup,
Pyeongtaek, Korea)®} A~ (Sinan Solar salt Co., Ltd, Sinan, Korea)
o e A vhEolq Tste] AR AHEc

2. ZMIKE| RE BY MR 2

AN F5 EEY < = AE5 X (MFDS
202109] FEE Fushe] LU} SRS JAtRAx
Mo g 105Co|A EA519 1, FHMAL Kjeltec System
(Kjeltec Auto 2400/2460, Foss Tecator AB, Hoganas, Sweden)=
AF8:5}0] Kieldahl a8 0 2 BAaiict, ZAHS 22
ZZ7](Soxhlet Avanti 2050, FOSS Co., Hillerod, Denmark)z
Soxhlet F21& B83to] LATATL, 238 A 2)5hy
£ &-8sfo] 7| 3|82 (LEF-105S, Daihan LabTech, Namyangju,
Korea)= #AI5FAt. ghol=9] ohd A% Al ST
100 & 7| Z0.2 Slo] 48, g, A0, 2318 3

g FAksto] A&t

3. ZAMUNE| 75 22 &I} JIiHel M=

2AAAY §5 BT B7 U] HEHE Lee 5
(2012)2} Shin SM(2019)2] AP ATLE rarste] =219 9
H] A9lS &3 AHESHTH(Table 1). F2 33] S=Alsto] 4
204 8AIZE A7 tF Alof] &A 2087 E7]E L
roll mill(Dackwang machinery Co., Ltd, Hanam, Korea)Z 23]
BHstol JlY AxE W AFgakTh 297 A
G B 50 mesh(300 pm)Q] HEZYA|(Testing Sieve,
Chunggye Sanggongsa, Seoul, Korea)ol] S-I}A|7] Zof A 7}
2 3301 1,000 g 7|02 0%, 3%, 6%, 9%, 12% H|E&=
H7rstitt. of7]of 25 E2 1 A HYZ(Ssangma
machine Co., Ltd, Gyeongsan, Korea)S ©]-&5}] 735t A0

A 108 B9 A1 357 B8 5191 o 4= ¥ 7](Samwoo
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Table 1. Formula for the preparation of Garaedduk supplement with mealworm powder
) Mealworm powder addition ratio (%)
Ingredients

0 3 6 9 12

Mealworm powder 0 30 60 90 120

Wet rice powder 1,000 970 940 910 880

Salt 10 10 10 10 10

Water 300 300 300 300 300

Total 1,310 1,310 1,310 1,310 1,310

machinery Co., Ltd, Kinhae, Korea)S &85} 7IH-S A=
Sttt o] et IS Sl Al ERTE 7 EE A-2olA 10&
ZF YRk 2o 10 em Zo] = At et oy AU RR
A8 3Hetc.

4. BAPIRE RS BY A7) JlNeel BASA
1) F2 3

Fte o] S5 gk A o)Al 52 7](MB45 Moisture
Analyzer, Ohaus Co., Zurich, Switzerland)2 105 Co]|A &25}
Rk ZF A= 1 g AFSte] 33 ¥hEsto] a7 S 5
Aelsiet.

sz

I

2) pH =3

7t E 9] pH= AlRHERE 5 g ok 90 mLY| S/
37 homogenizer(PT-2100, Kinematica AG, Luzern, Switzer-
land)= 15,000 rpmo 4] 387F FA8HE A|7ic 245 34
2 AR AZHY AS5NHS 3] Whatman No. 2(Whatman
plc., Kent, UK)Z o 7}5}t TF2 o N2 pH meter(FiveEasy Plus
FP20, Mettler Toledo, Schwerzenbach, Switzerland)Z 33] W&
stol 24oi5ict. BB ZAAA 55 Rl piE 9o}
FYT Yo 259

3) OlO|cAb 24
opu| L AR A ZE T (MFDS 2021a)2] BFH-S 315t o]

£ 28 TRolE A PEo R BHAUT AR 03 el
6 N G4F 5 mLE 40j&F Tof AATIAE Yol 110TA
2N S RS ST Alee A9E ol 0.02
N @A 10 mLZ -39, AlEY-L2 0.45 um syringe filter
£ AREst] TS §F Fof ofu] A4l £ 7](L-8800, Hitachi,
Tokyo, Japan)o]] 211 QFo|2 W 3=X] ZFH(lon exchange 2622
PF column, 4.6x60 mm, Hitachi, Tokyo, Japan)2 ©]-&5}o] o}
oA BAS 59T o] A pH-1, 2, 3, 4, RG(Wako

Chemical, Osaka, Japan)@} ninhydrin reagent(Wako Chemical,
Osaka, Japan)& AM&5H] e FHIH 2 BASIFH. A&

O] FAFL 20 uL, ZHO 2= 57-62TC, 5hS ZU9] 2
= 135C, buffer?} reagent®] <42 04 mL/min?} 0.35
mL/min= 275 950 570 nme} 440 nm2] 7oA ofn
WAl 24 9 FES RS

4) ZA|IENM &H
G EEECERE
1:]

absorption ratio)@} 2

ot 7] isf E<5=E(water

& T (starch elution)S =743}t

A~Hd
T

$E 482 Kang 5(2012b)7} Shin 5(2016)9] 48 S
&5to] S5kt 7Y 20 g SHl SF2] B =olA

3831 715 ol Aol WH B2 AAT b8 2412 5
ot Lol 4 WA Wo| TAE 35 ¥HE 2sto] £
3 o) BA| 271 VR SR FHES 4B,

HE 82T L Cheon 5(2017) Jung S(20182)2] A<
$g3te] 24stelh 7hel 150 g% B 2 500 mLo] ¥
1B 3027 42 Fol BE AR FL Zel4g A
B33 A|(V-530, Jasco, Tokyo, Japan)Z 480 nmof| A S0 %=
33] ¥ S5t

<
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it r{

5) Mz =H

7}efw o] M= M2FA|(CR-400, Minolra Co., Osaka, Japan)
£ AR8oto] Lgk(lightness, ), agt(redness, M), bgk
(vellowness, TS A|2HEE 53] vHESlo] =31 S0
B 2R JeERQITh M2 24517] Aoj M
AA Y] BAE s EE WMES ARESH L, a, b
519, oldf L, a, b 93.94, -0.59, 3.730]90th. A&
o] ZtAA e & BEuto] ML o9} Zolgl ooz =
g5kt

6) EM DNI7= &H

7t Y EHO] mAF 2= FAPAAE R 7 (scanning electron
micrographs, S-4300, Hitachi, Tokyo, Japan)& ©]-&35}o =74
stleh 7Hi"2 1 mm FAR fHo= Fet 3AA%RE
AlZ] 30 coater(ion sputter, E-1030, Hitachi, Tokyo, Japan)Z
gold-palladium ZHE3}] 10 kve] 7}&5AQof| A s0u&=2 &
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A5} thPark S 2011).

7) AN =N &Y

el AAH 240 ZAL AP 2 om 2712 A2 7}
HE-S texture analyzer(TA-XT2 express, Stable Micro System
Ltd., Haslemere, UK)E A}&5lo] 7 (hardnees), H-ZH4
(adhesiveness), &F2]A](springiness), % %lA(chewinees), A4
(gumminess), -3-3 4 (cohesiveness) 52 &7 EA4S TPA
(texture profile analysis) test mode® 73] ¥HE- =7J5}9ict}. o]
o SAZXAL pre-test speed= 5.0 mnys, test speed= 1.7
mnys, post test speed 1.7 mmys, distances= 10.0 mm, trigger
forcex= 5.0 g, probex= P/35(stainless stee)Z 7] A4 224

=Astect.

8) 7|5 HEI}

Fge] F5E Wl Weuste] A43H0R Foig
bt Gl AEGUSE B et 4T chotUA 2552 o
goe Wl BRY WA WEH AR 4 g
FEF £AL AP Fo] BE5P7l] Folshes 519
5% WAL 95 2400] AHSIGL, 10 em 2719] A5G
Aol Z2te] AR Hob WASoA Agstect. ol #
57k AR Phat Hrdo] YES USE) A S5 th
A8 A7E 29 pEe Aol A ol AFHAL,

o] 7|5k Bt Fol Al T4 50 EFHA
LEE g AEE F7IRE 3o S0 At AL thA
Wk & dES 23} 2l A58 S AFSHAL.

7135 H7M= 7FE 9 @]3K(appearance), FF(flavor), Bt
(taste), & Zh(texture), AHZ Q] 7] S & (overall preference) <=
A2 Grtet £ JEE AFPstgon, 9F HrHoz 7|5
L7t =848 =0 HAE 2L E gt B 7|5 IU}
= Syolstn Ages Auslel 4o 2 59 BES
AR Fo $P5} tHApproval Number: SMWU-2001-HR-
150-01).

5. ZMIINE| RS 2Y M7t il Saks &y

0

1) gist FE= M=

74" 10 gol 99% ol 90 mLE AHzF ZekA 0| Hol
S3}st Zo] ultrasonic homogenizer(KUS-650, Ningbo Scientz
Biotechnology Co., Ltd, Ningbo, China)E ©]-8-5}] 25 kHz2}
300 WO FE270A 2k 25TRE W5o] 2083t F&5¢
At Z+ A2 FEE-2 Whatman No. 22 oJ3}5}0] 5T 0]
o} WAL (R-B141GD, LG Electronics, Seoul, Korea)o| 4] H3%
Shulx sk} by Ago] ALgasc.

AR 22 A7t 7ed 52 54 275

2) DPPH ZIC|Z A&

7€ 9] DPPH =tt]zk é\_ﬂ@f"é(DPPH radical scavenging
activity2 Blois MS(1958)2] WIS -3-&5lo] =4slHt. Z+
A& $&9 4 mLo| DPPH solut10n(1.5><10 M) 1 mLE 4]0}
& Foll A9 ol 3olA 3023t AR v 3=
AZ 517 oA B YL E 33 vrE =H5lo] A8 A7
7 537 719) FHES] Ao|S WEE(HZ S}o] DPPH 2
gz aAZYS A=l

3) SOD RAIRN EH

7FeR " o] SOD -3-AFEAJ(SOD-like activity)& Marklund &
Marklund(1974)2] W& 885t S5ttt 2t Alm &+
29 02 mLo| Tris-HCI buffer(pH 8.5) 3 mL®} 7.2 mM
pyrogallol 0.2 mLE 7}Fsko] 25T A 108 &2t ¥H-EA1X1
ol 1 NHCI 1 mLE 7Fste] ¥hg2 FAAZ v £
FEAE 420 nmof| 4] 33] RHESto] S35 S5
SOD -FAR S-S A2 F7HE FE7E 71 S8 = Aol
& HEE%E AE5IYT

4) Bi9lzy 2H
7121 E 9] -3 (reducing power)2 Yildirrm 5-(2001)2] wr
= &35t SAsIAh 24 Al 5K 25 mLE 02 M

sodium phosphate buffer(pH 6.6) 2.5 mL2} 1% potassium

ferricyanide 2.5 mL7} 75—__} Xo|xZ &3kl 3o 50C water
batho]| A} 208-7F vF2-2 AJ# T} of7]of 10% trichloroacetic
acid 2.5 mLE A7}stH .’gﬁ“ﬂ,‘ 5 mLE #5lo] 254 5 mLe}

0.1% ferric chloride 1 mLE ¥FSA|7] TR B4 A= 700

oA AR 38] WEstel THES 2ot
6. SHEAM
H Q319 vE A= SPSS for Window(ver 24.0, SPSS

Inc., Chicago, IL, USA) T2 1348 AREolo] Hyghy B3

WakR Yehfech 2AAAE 45 S Aol i v}

HEO {94 HAL Kolmogorov-Smirnov test?} Shapiro

Wilk test®] FHA AA ZAilo] wrgt One-way ANOVALH

Kruskal-Wallis testS 2]-835}0] A|& 7+9] 2}o]E AASI T

AtEao] wrEsh=s 9ol One-way ANOVAR A& 2T

o] ZtolE A7t Fofl Fofm|gt Zpol7} vkl Wk ufjof

= AFEA A (post-hoc test) . & Duncan's multiple range testS

o1gte] ML) e} TR BEIA Loks

Aol H)Ea 7 (nonparametric test) BHQ1 Kruskal-

Wallis test= A] & 7tof] Zo]& A7t F-of [-oJu|gt o]z}

Aoty TdE do= A}EAA O Z bonferroni correctionS:

Z-2-3F Mann-Whitney U testE ©o]-&3d}o] H45}¢ .
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2 AT 279 FATH FFE2 a=0.052 HA5H3
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1. ZMIKE RS SOl S s
7Kg Azol AE ZAAAY 95 B dubyE
S Table 29 2} ZHAAY §5 B

dFE ST 2

o] YUPHE TS B 4.10%, THE 68.50%, AW 13.50%,
& 4.01%, 53R 9.90%2 A FF9] 70%S AJA T
e iy o] Y5 oA ==, ZAAAY 35
O] UUHGES BT YA+ 2ot A9 FAeA =
Wit} S=t4F 28 AA Y {5 EDo duHdEE 24T
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9% B0] QuAE UL SE 290-372% T 5032
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2] % 2] YAo] wet YR Sk Holt
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2016), &= 1}o|(Jeong 5 2018), 47| E(Shin SM 2019), E717
H(Lee 5 2019) 50] AP B4 Aol A ZAAR
9% Bog AHASE gula guro] S7bsHe Ao |
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e 2AAR §5 2US HFESE pvt ol
o

Ao oAsgon], 2AARE §5 B2 A7} el
pH 27 AWM E 2AARE 55 Bee] Hrbeo] 57t
Y4 7t B7H5HE AL SIsheirhTable 3). E8F 24

AAE 55 EU9 Mx 4 Zit= PEQl Lgko] 44.84,
AT Q] agho] 2.33, MLl bgho] 10.142 B7}Ro] M
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7Vgo] S71dE 7t g & dko] fAsks Ao
e THp<0.001). 7}HE o] A EQ] WAVIES 8 &
E0 100 g F 14.00%MEFDS 2021b)& Z A 2] 82 Hut
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2009), 2o} &u](Shin 5 2010), ©A] 1]7H(Choi EH 2013), %
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£ 4l A9 H7o] S7HdrE 79 e 8 T
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Table 2. Chemical composition, pH and color values of mealworm powder

Chemical composition (%, dry weight)

Color values

Moisture Crude protein  Crude lipid Crude ash

Carbohydrate

L (Lightness) a (Redness) b (Yellowness)

4.10+£0.06 68.50+0.05 13.50+0.17 4.01£0.04

9.90+0.15

6.82+0.06  44.84+1.70 2.33£0.04 10.14+0.04

Each value represents meantS.D. (n=3).
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Table 3. Moisture content and pH of Garaedduk
supplement with mealworm powder

Mealworm powder  Moisture content

addition ratio (%) (%) pH
0 14.59+0.70° 6.47+0.08°
3 13.6240.35° 6.60+0.01°
6 12.3440.21° 6.68+0.01°
9 11.70£0.16™ 6.73+0.03%
12 11.13+0.07° 6.77+0.02¢
F (p) 46.655 (<0.001)™ 28352 (<0.001)™"

Each value represents meantS.D. (n=3).
Values with different letters (*) within the same column differ
significantly (p<0.05) through one-way ANOVA followed by
Duncan’s multiple range test; = p<0.001.
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o] =3&EEE FTIA XA 7155 AsHAE 7Hs4
o] =2 Ho|tk(Song 5 2011). E3] £E o] =2 7}
e AR S £ 5 FTHMYIE AR BUEE
di(ung 5 2018a), ZAAAE] §F L PR7IFHTG
pH7} =obA ZHE I o] -2 Fgol =2 Y9 pH &4t
52 A A AR w3} WAl aTHHY 4 Qlct. Z
AAAR 4% BT pHE 6.8282 B7129] pH 6.65H T &
of ZAAAE §5 ELY ¥ $E Il EFetL &
AAAY f5 2L H7Fgol solds= 7HHe] pHrt
S7tetA AR w3k JASH] ZHfiEo] SRl =
AL AHHOR Adfshe= Aor wotEn

i

AAAE §5 2= J71e 79 9] ofn it S
St Ai}= Table 49} At} ofn| At & o] B¢
A §5 29 H7Hgol v st S7kskl=T.,
A §5 B BHIFES 479 myeO R 714 WSk
WAHE] 93 B 12% S 11014 mggO 2 7
§ ESLThp=0.001), E3F ofv| Ak u] B4 ofvi Ak}
% ofuliAte @ o] 27kl ofulyAl Bk Hlwet A
Sl A% AR 45 22 Aokl HAte] of
weAte] gyl Z7hatgt, ulws ofulieAl 3 ) B
S olledl 3 B BE 2OAAY 53 29 Bzl
27}k 37.42 mg/gd} 17.37 mg/g O 2 7 W9kal, 2 AR
92 Bt 129, A7}aLo] 77 73.43 mgled} 36.71 mg/gCE
VA S pe0.001). B3] ZAARE 45 B RHIT
o w18 12% A71o] oF 20 % ofulwAl FFo| BE
%o 02 Uitk B3 8% ofoligt Fo] lysinco]
2.724}], valine©] 2.394l], histidine®] 2.304}, isoleucine®| 2.11
Hlj, threonine®] 1.974}, phenylalanine®| 1.9449}, leucine®] 1.92
Hl], methionine©] 1.888}] =0 & ZAMAA Y {5 &L 7317}
ol Hlsf 12% H7Ht9] P4 ofw| At ko] 1.88~2.39H]
A 2 0= YR B[Z4 ofu| il SO tyrosineO]
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$% BT maskzol w8 12% W7kze) HEs ofuliAb
Fagol 1373040 A% B A0 Uty
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Table 4. Amino acid contents of Garaedduk supplement with mealworm powder
Amino acid Mealworm powder addition ratio (%)
(mg/g dry weight) 0 3 6 9 12 Fo
Non-essential amino acid
Ala" 3.8140.10°  4.99+0.04°  7.10£0.27° 7.94+0.42° 8.87+0.08°  162.448 (<0.001)™
Arg 4.89+0.06° 5.74+0.03°  7.21£0.0.35°  7.38+0.13° 8.07+0.09  111.027 (<0.001)™
Asp 530£0.24*  6.56x0.1° 8.81£045°  9.400.11° 10.5140.03¢  164.730 (<0.001)™
Glu 10.39+0.30°  12.38+0.15°  15.15+0.89°  15.55+0.62° 16.88+0.40°  47.692 (<0.001)™
Gly 2.85£0.00°  3.57£0.01°  4.92+0.18° 5.37+0.03¢ 6.08+0.01°  542.304 (<0.001)™
Pro 336£0.42°  4.62£0.07°  6.10£026°  6.72+0.07 7.74£0.09°  114.539 (<0.001)™
Ser 3.3940.04°  4.20£0.09°  5.45:039°  5.82+0.01° 6.36:0.11Y  86.820 (<0.001)™
Tyr 2.5140.18*  3.65:0.08°  5.82+035°  6.59+0.09° 7.64+0.13°  237.926 (<0.001)™
Cys 0.94+0.11°  0.92+0.01° 1.15£0.16°  1.24+0.04° 1.29+0.06" 6.839 (0.029)"
Total nonessential amino acids ~ 37.42+0.76°  46.62£045°  61.70+3.30°  66.00£0.04°  73.43+0.62%  178.923 (<0.001)™"
Essential amino acid
His 1.35+0.01° 1.83£0.01°  245+024°  2.72+0.01% 3.1120.01 85427 (<0.001)™
Ile 1.16+0.09° 1.51£0.01°  2.09+0.16°  2.28+0.04° 2.4540.05¢  83.100 (<0.001)™
Leu 4.60£0.01°  5.82+0.06°  7.61£040°  8.01+0.19° 8.83£0.09°  141.252 (<0.001)™"
Lys 1.9540.06°  2.76£0.01°  4.18+022°  4.67+0.18° 5.30+0.01°  229.270 (<0.001)™
Met 1.22+0.04° 1.36£0.13"  1.86£0.23%  1.77+0.27™ 229+0.04°  12.319 (0.008)”
Phe 3.0740.17°  3.75£0.04°  493:024°  5.20+0.04° 5.96+0.00°  149.637 (<0.001)™"
Thr 2.05+0.12° 2.49+0.02° 3.40+0.23° 3.69+0.12° 4.0340.03¢  85.561 (<0.001)™
Val 1.9940.01*  2.7240.01°  3.94+028°  4.41£0.03° 47540.10°  150.501 (<0.001)™
Total essential amino acids 173741150 22.2440.16°  30.45+2.00°  32.73£0.79°  36.71+0.10°  133.857 (<0.001)™
Total amino acids 54.7940.09°  68.86+0.29°  92.14+530°  98.73+0.83¢  110.14+0.72°  169.028 (<0.001)™

Y Ala: alanine, Arg: arginine, Asp: aspartic acid, Glu: glutamic acid, Gly: glycine, Pro: proline, Ser: serine, Tyr: tyrosine, Cys: cystine, His:
histidine, Ile: isoleucine, Leu: leucine, Lys: lysine, Met: methionine, Phe: phenylalanine, Thr: threonine, Val: valine.

Each value represents meantS.D. (n=2).

Values with different letters (*°) within the same row differ significantly (»p<0.05) through one-way ANOVA followed by Duncan’s multiple

range test.
"p<0.05, “p<0.01,

ok

p<0.001.

% o}u] = AKBranched Chain Amino Acids, BCAA)?! leucine,
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=2 methionine 2]f| = isoleucine, valine, leucine 5-2] £-X]
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Table 5. Water absorption rate and starch elution of
Garaedduk supplement with mealworm powder

Mealworm powder ~ Water absorption Starch elution

addition ratio (%) rate (%) (0.D)
0 -5.95+0.91 0.3240.01°
3 -6.09+0.77 0.360.00°
6 -6.13£0.94 0.40£0.01°
9 -6.54+0.75 0.4120.01¢
12 -7.700.86 0.430.04°
F (p) 2.123 (0.152) 16.425 (<0.001)™

Each value represents meantS.D. (n=3).
Values with different letters (*°) within the same column differ
significantly (p<0.05) through one-way ANOVA followed by
Duncan’s multiple range test: ~ p<0.001.

AR 22 A7t 7ed 52 54 279

2 oA AN
A rg How e
AR 55
7Ho] 0322 714+
Jo] 04302 71 H& A0E thebehpe0.001) u}u} 7
AT £ 239 W) 7K shfel e
FE 27 A0R AR 6-12% B7AE Al
oA o]t gl AL UeRdt). Uik o sie)
24l A195Y 2 g8l Yaojel zoion w8
o g3o0] Mol 1 £ 27 AoJE WL Bl 5tg A
g 4 Qit}h. ESH NﬂE Z718|A 1 2 oA LA
BOFg 510l HHHEQl Eo] FAEIE A} ol A
o7 &#A JthKim & Chung 2009; Kim & Chung 2010;
Kang 5 2012b; Bae 5 2016; Cheon 5 2017). ZZAA AT F
T 29 A7 7w o] B9+ dMAAE -n-% = 3% 3
7R BTl HIs] AR 8E%7F =2 Ho|ARt 6%
A7HEREE 7 S716] i AR &% Aol7 |
1:]: .E‘-'_B] ;‘(j_“i]__ Q= E_Q]— 0‘-]_14—}40] =o 7]7_—"7(—1 21171— Z?H
Z3H(Cheon 5 2017)0 4 ZAAA 2] F-5 L2 H7HFo]
27145 7 d o Aret AL ZUtst e@HEAL 2}
o|7} gli= A0 YERTh wheba Rkl Zhy Az
oA TAsH] 4 A& SR A8 59 F848 =
|50] TSR & F5a0] Wol ¢ 29 Al B2
FEHE 2435] FAZ 89t ofy 2t gt 227} Asto]| & 1]
A= Fo| vHE Ao s wE

AAAAE 15 & A7t 7YY M 4 A=
tﬂ— x—]7]- 7]-q]u:4‘,] EﬂE
(lightness)= ‘%FJrLH“ Lz Zz‘ WAAE 5 & 73247
0] 77360 % 7MY EU AHAA Y {5 e A7HF
o] 715 Lgto] WolAd ZMAAY {5 £ 3% 7t
0] 63.38%, 6% HA71E0] 52.98%, 9% H7E0] 50.73, 12%
7ol 43.072 ZMAA Y 55 28 71l v]H st
7w o] BrTt HAashs AoE YERETHp<0.001). 24
AXE 715 £9 27 711" 9] AW (redness)@F FAH =
(vellowness)S VFEMY = agtd} b3t ZAARA Y &5 B
Bolero] Wlestol WA} F7bks Ao Ve, 7e ﬂ
AAE F5 2F FH7REY agld bghe -2429) 34
7P WA, AAAANY §F5 B 12% A7 agkdt bgk
L 3499} 14.658 7F =2 Aoz UERGTHp<0.001).
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Table 6. Color values of Garaedduk supplement with mealworm powder

Mealworm powder addition ratio (%) L (Lightness) a (Redness) b (Yellowness)
0 77.36£0.61° - 2.4240.05° 3.48+0.34°
3 63.38+0.94* -0.18+0.13° 10.96+0.98"
6 52.98+1.93° 1.36+0.32° 13.25+0.47°
9 50.73+0.30° 2.36+0.39° 14.39+1.15¢
12 43.07+1.07° 3.49+0.33° 14.65+0.50"
F (p) 710.057 (<0.001)™ 347.908 (<0.001)™ 183.729 (<0.001)™"

Each value represents meantS.D. (n=5).

Values with different letters (*°) within the same column differ significantly (»<0.05) through one-way ANOVA followed by Duncan’s

multiple range test: ~p<0.001.

Table 20]| 4] H+= uiQ} o] ZAAA Y {5 222 Lk
L 44.84, agkS 2.33, b3 10.142 A7HE9] L3k 91.629]
v @A aZkd} bk -0.561} 6.072 =0} A](Choi & Sim
2021) ZA 0] ZMAA Y {3 £L A7tgo| sojdE 7t
HE o] Y= RopX| 1 AL} FAT = FTl5k= Ao
2 Uehyth 2 Aot AR 2= 2AANE 55 &
T2 7Rt WA (Hwang & Choi 2015), & 3} AW(Cho 5
2017), “471%(Shin SM 2019) 5-2] Ao A= ZRI= =T,
BUAAE) 55 B o] SoldrF LS Tadt
T agtT b3S 2N AL RS, olele ATk 7
MARE §39) 2 MaART 9] S0l 12 1Y
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P = F7HA7IE A2 THETHCho 5 2017; Shin
SM 2019). 55 T Fego] wL AIAAL 5 Bz
Y& A 25IE Aol ZHAANY 55 £ 7 A7
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FE AR Qe o]t ¥h-go] 7hESE| o] £ Ay A3t
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AAAY 55 Ed= F7IEE F7|Min 5 2016), ThAE
(Kim 5 2014a), A1%H(Kim 5 2019) Aol A= ZAHAA
7S =29 A7Hgo]l S7FEE Lkt bal2 HASHl a
r2 S7Fohs AFE Ho] ZMAAE {5 Yol Hrkete=
ARG 28 270 g2t FAEE U= bglo] d4
Tl AN o] et 9] 1AL w54 59 97t
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Z B Qo|x Aoy g 2 FAEE0] 2
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o7 wetElth(Jeong 5 2018; Kim 5 2019).
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Fig. 1. Scanning electron micrographs of Garaedduk added with mealworm powder (magnification ratio: 50x). 0%:
Garaedduk without mealworm powder, 3%: Garaedduk added with 3% mealworm powder, 6%: Garaedduk added with 6%
mealworm powder, 9%: Garaedduk added with 9% mealworm powder, 12%: Garaedduk added with 12% mealworm powder.
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L BA7hFo] 22k 887.63 N, 700.86 J, 773.87 N S22 714
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X

Sh= 222 YEHRTHp<0.001). Bit, ZMAA Y §-5 2T
3% H7HET 6% H7HE AtolelA= A, JRA, HA 59
ZAZ Zpol7} gle Ao =E YEyTh A 3334 (cohe-
siveness)}> Th2 2|7 o224 ZMAA Y {5 24e
710l S71d4E Hachs AR Yetdt=d, F37t
wol 0885 7 =9k, AR 75 T 12% W7k
o] 07602 7} FoItH(p<0.05). 13y F-ZHd(adhesive-
ness)¥} B2 AJ(springiness)ol| A= 2 AA D] §F £E2
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Table 7. Texture properties of Garaedduk supplement with mealworm powder

Mealworm powder addition ratio (%)

Texture properties
prop 0 3

9 12 B @)

Hardness (N)

887.63£206.52")  1,438.76+137.39°  1,621.23£112.12° 2,052.66£127.10° 2,539.61+302.92° 75.159 (<0.001)™"

Adhesiveness (J)  —303.06+150.50  —443.64+253.17 —479.90+234.23 —493.34+174.53 —533.90£319.73  1.003 (0.421)
Springiness (mm) 0.88+0.14 0.88+0.08 0.94+0.05 0.94+0.03 0.94+0.02 4410 (0.353)%
Chewiness (J) 700.86+219.81*  1,063.96+109.17° 1,232.20+£113.42° 1,561.35+159.25° 1,817.304355.09° 29.308 (<0.001)™
Gumminess (N) 773.87£167.57"  1,206.55£62.48°  1,317.61£93.92°  1,650.81£139.251° 1,940.12+348.50° 37.978 (<0.001)™"
Cohesiveness 0.88+0.04° 0.84+0.04% 0.81:£0.02% 0.81+0.06™ 0.760.09* 4.049 (0.010)°

Each value represents meantS.D. (n=7).

" Values with different letters (*) within the same row differ significantly (»<0.05) through one-way ANOVA followed by Duncan’s multiple

seokok

range test: p<0.05, “p<0.001.

2 x* and p-values were calculated from the non-parametric Kruskal-Wallis test (p<0.005).

Y, BERE AR SRS SR Pogo] W AloHf
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Table 8. Sensory liking score of Garaedduk supplement with mealworm powder

AR 22 A7t 7ed 52 54

283

Mealworm powder addition ratio (%)

Sensory attributes 0 B P 5 I X ®) Post hoc
Appearance 496£143  540£1.56  7.1240.83  528+1.60  3.76+1.48  49.915 (<0.001)™ c>b,d>e/c>a
Flavor 4.64+1.47  4.88+136  6.64+0.95  4.92+147  324+1.17  53.528 (<0.001)™" cab,d>e
Taste 496+1.49  492+1.47  724+1.01  4.80£1.53  3.48+139  56.086 (<0.001)™" c>ab,d>e
Texture 476+139  484+155  720£1.16  5.08+1.53  348+1.26  56.246 (<0.001)™ c>ab,d>e
Overall preference 4725140  492+1.53  7.32+1.03 500147  3.40£129  59.978 (<0.001)"" cab,d>e

Each value represents meantS.D. (n=25).

Sensory liking score was evaluated using a 9-point hedonic scale (1=disliked extremely; 9=liked extremely) to assess the following sensory
attributes. p-values are presented first as uncorrected followed by Bonferroni corrected (5 groups comparisons; a=mealworm powder 0%,
b=mealworm powder 3%, c=mealworm powder 6%; d=mealworm powder 9%; e=mealworm powder 12%).

In a x* and p-values were calculated using the non-parametric Kruskal-Wallis (p<0.05) with post-hoc testing by use of the Mann-Whitney

EEE

U test (p<0.005); ““p<0.001.
o= 71 =9k, 12% H7kEo] 376707 QT V1S =T}
7 ROk THp<0.001). 53] ZMAANE 55 EL A7l
w2t 9t 7|2 Eof Zpol7t QUS=Hl, ZMAA DY |5 6%
H7HH7.1273)9] & 7|5 =rt 7P =9ka, 11 o

3% A7FE(5.40) T 9% H7HE(5.287)9] 9 7|57t &
AboHA| E9row, A 7HL(4.968)0] olo] ZMAA T 12%
A7HE(3.76%)9] Q) 7| S =7} thE HrhEo] vl dA s}
Al F& A0E Yeith ol AR Kol ZAA A

R% BUL 12% W AL BUAN §F 1R
Z80] 2N B AefA 23 I /5w A

[¢]

Al
71 B2 7Hs3t ZAA Y {5 EES 9% o) H7tst
| &= Ao HiA T 2o g weEn

F 78k AR /T BE 6% H7HEo] 6.648 2
2 7P =9k, 12% H7REo] 324802 T Wokthp<
0.001). 5] ZMAA Y {5 2L H71F| o2t F 78 %
9] Zpol7} USi=Hl, ZHAAY §5 B 9% H7HH4.92
Dt 3% H7HH4.88%), F87HE(4.647) 5o 6% H7HE
o olo] g 7|T =7} v =2 AR YEiTh Z4M
AAXE 759 2Ado= AolHdRE dusEE 7o)
S0 =Tl(Kim 5 2015¢), o]Z o] R\ == HAolA F
= FZ "o A== 8 7] =<1 wepzlo] BH
(Kim & Lee 1997). ZAAAzE H7} utAE dZ(Kim 5
2014a)°| X = o]2fgt 37| Ado] BAE] T2 FAY &
< Hof] Y= 55 HAE s ZHAAYE 15% H7Igt
oA 7|87t 7 w2 A0 E HASHYT & Ao
A ZAAAD 5 BT 6% F7HtY F 71557 7%
EokA 7HY AR Al ZAAA Y 55 BE 6% = 7t
Shi= 7o) B 715k SHoA 7P HAFS Z 0w wHE
g 7S E = ZAAXNY {5 £ 6% 7ol 72430

N

Z 7 =9k, 12% A7) 348707 7 Wkth(p<
0.001). BF 7|5 =% g 7|39} GASH ZAAAD 45
B Hr1ego] et 715k 2ol A=, 4 7FE4.96
AT ZAAANY {5 £ 3% J7HE4.923), 9% 7
(4.807) 50| 6% 7ol o]o] M]3 =0 E g V]S %
7t 22 A0E et & 7|2 oA ZAAAY 559
S°1%+= 71"o] dEoE= oA TS FZ ol A4
B gebxlo] BAdE T Bkl =T (Kim & Lee 1997),
ol &gt | Aol g} gtol FIFS v|A ZHAA Y F7t
T ABHKIm 5 2014a)| M =5 WAL gro 2 Qls) Z
BAXRZYE 15% H7FeE sAEe] 71557t 7HE =2 A2
£ Bsteirh o, ZMAX Y E SAEKKIm 5 20142y
Az A ZAAA D 739 =2 FHE(68.50%)2 A
(13.50%) FrFo = Qlsf 7|53 gto] 3 £gt ofvz} n] 4y
0 gt Fujet A% F Al 740l =2 Holth(Yoo
5 2013; Rumpold 5 2014; Kim 5 2015¢). 3 24 A A 2]
739 B BAELRE Q] o|HE F7Fst= A (Chung 5
2013)0 2 Yeh A ZAAA Y {5 E0S g HVoh=
AL T gt 715 % SHOIA HHAoHA] 92 2o ' Alm
Hr}. ol APAT 2} gEo] & AFolA T ZAA
A2 6% H7kEo] gt ot 7|5k SHME 7Y =2 A
O & YA ZHARXT {5 2T 6% H7lst= Aol
7hig o] gt g2 A 4= e 7Y £2 aiEEE wd
Hr}

XA 718k AR /5 2Y 6% H7Hto] 7.20
Ho&Z 7} =QrT, 12% H7kto] 348807 71 wekt
(p<0.001). ZAHAA T §-F 9% HA7FE(5.087)3} 3% H7H-
(4.847)), FH7HH4.767) ol Hl=T =08 6% 7
of o]of 2A% 7|27t wUT A2 FFol whet ot
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9] Zpo)7} QIARE A H o2 HES B HE 532 o
AET w2 Holth ZMAAE 55 B2 W7 1]
o 8 T F 1 oy AFS o9 2 WoZ U
g AR A ZAAY 45 BT 7S AYUAA S7F
oS ol AR HlE TAR 5 30| J7eHA
7Y 139 ©eAd2 A AEE koo 2A%
7150 B4 IS vlA £ vt IV ZAAAE
FE BT 6% A7FH9S wo] F=rt F7kEat Bl as)
A 7 =2 "o ATk 3% HUE T FARE 20 AEE
7 Ao g Yepta, e Ao AE ZaAAE MU S
7holl w2 Xpol7t A5 gloA esle A% 7|5 %rt STt
sh= Zlog yepydth ol Z2AA A ghaeke] He=
DA S SAAZ] B4 A WrtEAE uAg &
T2 BH5t7] oj8 g ZMAANY 5 JAHEsE dF
FoZ Qlsf 20% H7F Alole 233 7|5 %7 AdtEe= A
O & HI5IIthKim & 2014a). 0|23t ATE ETE 71
9Z Az o= ZoAAE 45 299 dAH= 2 &
4 & s FAAX g EFAXRT Fof Ao HE 6%
HE2 H7lohs Aol 227 7|5k SHA 7MY & A

ARl 7|5 ZMAAY {5 2 6% H7Hol
732708 7P =UAL, 12% F7HEo] 340807 TPt W
UTHp<0.001). EZF ZAAA 2 {5 EL 9% H7HLo] 5.00
A, 3% A7kl 49274, FH7IEo] 4T2H 0= §F 7|5 ket
A% 715 =9t FUSH 6% 7kl ofo] AwkARl 712
E7b HlE £EOR 9T ol ZAAXE /% 12%
A7t ZAAANE 1G9 73 gt g, 2] FiL A
Z AR Sol EH oz Agate] I, o, RAL 7|2E
of F8A JFFS wA o] HetARl 713 =7F 7P Wk
ZAAANE] H7F SAE AF(Kim 5 2014a)9 A = 2447
A2 20% ol TF H7F Al & o, 247 713 =0 74
2Rl L vA o] & A7} FAsHA AR 7|5 =7}

Eﬁi‘
nd
o]
of
o. (o]
ﬁ
Y

Vg e A0 BusgLt ol dd Ane FUs
o BAAAY §5 B2 6% Hrhzol ok, o, o, %
7% B olet AYHAQl 7| TEE 44 Eokon
MAHE 9% BLS 6% 7K o] JHge) A
FoluA Gt BAS PAAY 5 U M B2 B
= perEd,

pach
o

LR
TN = N =

AR 95 B A7t A Eo] G BHS 27
St A= Table 99} Zt}. DPPH ]z AAEAI(DPPH
radical scavenging activity)> Z-MAX T 5 EH9] H7FF
o] Z7Fe4E DPPH iz 2ATHE S5 AoR
Uet =T, Z8AAE 15 £ FH7HE0] 16.59%E 7t
2 oral ZAAAE 55 L 12% F7HEo| 87.4%= 7t
& EAXTHp<0.001). E5] ZHAAY {5 &L FH7H
ule) 12% A7FS oF s¥ A= DPPH ohtlzt AT Aol
=2 AL Ol SOD AR (SOD-like activity)2 ZF
MAAE Bt LH7FE0] 32.93%E 7HE R2kal, 2 AR
g 9 29 12% H7HE0] 68.71%2 7Y =9kth(p<0.001).
SOD +AFZ/d % DPPH 2}tz 2AZ/43} 5A5HA 2447
A 75 2L M7l vl ste] ZHE o] atet &4
o] Z7Fot= Ao Z Uehgtt E3F 3 H(reducing power)
of A% HUAAY 93 BT RAlRe) FHEA 0112
7V RIRARE ZAARA Y 55 Lo JUMge] soldeE
Y E FTlote] ZAAAE §5 2T 12% A7 S
=7F 0272 EhEo] 7P & AR YERETHp<0.001).

2 AF oA ZAAAY §-5 E29] H7hEo] =0
9= 7HH 9] DPPH 2ttt &2AZ/d1} SOD AR,
A 59 FAkst BAgo] F71oh=s Ao E YET: olet
42 At Z8AANY {35 B892 J7FeE Bl Hwang &
Choi 2015), & H3} AW(Cho 5 2017), Y7J(Jeon & Chung
2018) 59 AFoME & AF Ao} Lo ZHAAY K

\rﬁ

Table 9. Antioxidative activities of Garaedduk supplement with mealworm powder

Mealworm powder content (%)

DPPH radical scavenging activity (%)

SOD-like activity (%) Reducing power (0.D)

0 16.5943 46"
3 37.1343.88°
6 59.03+2.89°
9 79.012.64°
12 87.4444 33

32.93+1.54° 0.11+0.00*
48.01+1.67° 0.150.01°
56.49+0.26° 0.20£0.01°
64.12+0.31¢ 0.25+0.00°
68.7140.45° 0.27+0.00°

F (p) 211.028 (<0.001)™

545776 (<0.001)™ 364.434 (<0.001)"™

Each value represents meantS.D. (n=3).

Values with different letters (*°) within the same column differ significantly (p<0.05) through one-way ANOVA followed by Duncan’s multiple

range test;  p<0.001.
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