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This study aimed to investigate the characteristics of 3 pre-treatment of mealworm(7enebrio molitor), and
offer basic research data through appropriate pre-treatment method based on the component analysis result.
This study was preparing the control group sample No.O(not contain mealworm), and the other sample
(Sample No.1,2,3) was using the mealworm prepared in each of the three methods. By using the sample,
this study conducted an inspection for component analysis, mineral contents, pH, color value, total amount
polyphenols, DPPH radical scavenging activity, reducing power, acceptance test. Each experiments are

three times repeated and validated following the one-way ANOVA analysis to verify a significant diffe-
rence. Acceptance test conducted by 50 consumers indicate consumption decision for sumsik. using the
seven point scale, assessment for appearance, flavor, taste, texture, overall acceptance. The research
findings showed that sample containing sauted mealworm(SE2) is higher preference and significant in
antioxidant activity(total amount polyphenols, DPPH radical scavenging activity, reducing power). Therefore,
it is better to use sauted. The result of this study suggest that sauted mealworm is good ingredient for
consumer acceptability and functionality of sunsik. According to results of the study, it is suggested to
make better use of food, and provide food developer with meaningful date for market targeting. In
addition, this study also provides the information for improving awareness of edible insect.
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E
(edible 1nsect)°]‘j£r 28
%7 o1 ™, ¥ % (Lepidoptera), 788 ¥ S(Coleoptera), ™ 5
7] #-(Orthoptera), 217}l W] 5(Isoptera), 5 (Hymenoptera) &
o] 1tKYoo, Hwang, Goo & Yun, 2013). 2% x| At
EA5E F 180 £ = oF 2.23%E XA 5h= oF 1305 =

Ve A Zolm, A LAFo A 7 MAdE JEEOZ o
7P Sl o] A AAH O of 259 Wo] 23 48
F20 7 o] g3tal glon, SolA = wF7], Fell ¥l 7],
HAGE AN £ 7150] SA s, 2014 62 2

A A A 2] (Tenebrio molitor), 20143 94 3174 ¥lo] L2 -5
(Protaetia brevitarsis seulensis)®], 2016'3 6¥ o= FF3EH
Ol--Z(Trypoxylus dichotomus)©] StAH 2 FARZE SA =
ATHAZF 2] koA 2, 2014; 2017). B3 F2ol = =3
Elo], Hotz g gtg s, YA E TR A T=A T
oAt T& AAFEH] s HHOE o] &5 THLee,
Kwon, Ma, Son, & Jung, 2014). ©]9} 7+ o]f-9} HEo]
FAONA mlee] Ao s fL3& A& olf& IA %
9, AAA S99 37HA R %To}oq

(Kim, Lim, Chang, An
of, Av] 59 =F& VA3 X8, I, 62}03
g X H Foll a37F ke Aol U5 = ATHKNnews,
2014). 372 S vlgE & 2§25 dA A5 F
o2 AAHE 7HE(E, A 52 AR I

7h228] FHT ZFS AT o dA e 247

mj-$- A 7] el AFdsiel 22 3G A

= = =
Aol veka WA % St whAEe R AA A S
NAE THE FEAH BN FFU) vstel F& A% @
A, ME g, 2o AANF FHE 502 4AH 2e4e)
Holuhwl, ExhaQl 424 v el F2A wu AR
WE7t Tbsetel slolEAl AL e 4 ArkHwang,

2016). TS A &LF 0] Aol AAHOE B/dstgdd w
2} Tkt dAE] FES 71 Ak @A o] T A
S2Z9] AF= 2 AA ] (mealworm)e] Z 2] Hol| &
712 % 9 ool A (Hwang, Bae & Choi, 2015), 7} A

T2 o] AZ AR E TPEA B 9F QR B4 A
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(Kim & Jung, 2013), 7}g-3=71el & At e] 2 #3514
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2.1. A825

L2 v, 7hE, W AlRREe R FREY Ja, Al e
the]7} 228k S50 tHHwang, 2016). EA71A] 71 &5 o]
U 2o oF 80VF Folm, o] A EAlshE Be
TE T % 15% 7HEE AR EE mEhe FAolth

Lo AAFEG W7 QLA 9] vuet AR AH
Ste TEE O] FAL Utk AE2E S FE TS HeE
ggate A A, 52 87 A8 7HEstE S AMSS)
T 2Fe AN G, T, Sl Bl HEYH He
o] Zh=o| A ofm] A&23S AF st glom, s-EuEt
FHI 93N FRGNME A7, vl $7), @3)o), 2
o, %

(Foodbank News, 2014), 201430l 7z

2 fF5o] AFAEEMN AA = ATHMinistry ofFood and Dru:
Safety, 2014). A A|A & o2 @‘%%%—% 3,6 004 %ol %J
L-IL—_ 740E olgqu o]gu:]
50~70%, 2A= 80%7HA] SP

Fao] Fob BRI F2T 4P

=
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o 283k} A= AlElE 53 UTHKim, 2017). 2]
Z9] Be] o] F7kskE olf ddlol s 7+
(e}

e
% AAEAATLUE 5)02 ols] LA vZe] B
A

3

et

Ahd oln] AAL] ITNAZZE z2] FL AT FAOL] Al
ol By Ao w2 205013 7]5, AlA| Q] ¢lE 96
Aol o|2, S/ AH|FRE @A) L] 2ufol] o]E2E] AR
o Az d dvdelgta wxgch
ZH o] S7HsItE Qu|s A= A4t
oF 3= HMEA S/HEA, &, & DHE 297F ks A
ojmgiet. o5 7hs] AZFstA HA AAA FAEG ol A

Els
A= 2A7ERe] oF= 2u7F Arke Al A=
= FArgel A A et A 7EATE A2 dEt A9 17%
of @it FARth SHAIN A8t F At 2
ot 2AZEATE HE A SR7E ALtsks o vlste] @A
8] W2 FAYA T ARske] ThEete AlZbo] drol i
& Aol 7k stk Aol F5skaL vk AT @ g4
o8 953 AEE BRI AT AZHoRE P
= T 7] Wil o}z A FellA o] &8-S wnlg Aot
(Lee, Kim & Choi, 2017).

2.2. ZMIXE|(2E)

)

22 A A 2l(Tenebrio molitor, mealworm)+= 4 E
A el ZFolth &, -5, HulZIE A AFe dAZ
Zslels SARE 2LFolth 2 AR e] YA = FrF
2 494 A3, T olv] 100odd0] HE 11 AR GANE
AU Jon, dAle A AA BE Foluh zh=te] A
M Zoll iRy ate] 7hadh Alzm"o] AAstE o Stk
(Hwang et al., 2015). 2 AA ] o] Tl A ek 50~53%=
SHo AE A HHYHF 8.5~144%, &7 152~
34.7%, o5 10.4~47.7% S)Eo X =2 gF A2, v
g o] ek NF AR B o] &7} Fisithy &

ATHYoo et al., 2013).

=

2.3. M4

A2 F5S AALHOE AR ABFEY Y G
of 4AY, HPLEF Wt SO2 2% Yol 2 Abg)
TAZ FEHL o, SR A% EgF vdo] Fof
A3 g Aotk o714 WASE 4% JAEe 43
e A B #dol e ASE dEA Ark(Park,
Lee, Park & Na, 2016).

Aaole Be Al2e] st Wars A stolth]
o FEd o, B S4S TEL AT 5 7] dE
o, A AT oE Ggol Fra AA AR
shuE, 7w, A, B, A8, AR, =4, &)

AXNE H7RE Al FEE 15
= Aol HAG AelA frelstnh A4 flol Feol
HaL sk A FA0 A gskE T dFEE
o] Egtlo] Tkt FSAIN, 78S Astetal &9
YFTE= w5l Toh= 540l stk eyl M = o
EHY FE8& Fob 7HFE TE vRIEE Aoy
AAN G FL R AREH o ST s o F AE3ke] A3t
AL s el vlx7hFe] gato] AstE YA, o] 5 1980
doje] HolEo &nedxzyd, Edsgel gy 9
sl Aol =HEEA dAE A8 Fo] 79
B AFo g Al A olghs AR ol
= 7ML 4 AFLR SAENT 2147 AEE #A
A e JINER A4, b, AAFe], ded o4, f
A8k oy T WASE A2 MRS, dETd
Aoz 2HAENA AT A TH(Jeon & Kim, 2010). &
g EiRle 1 Fek A3l e w2 Sl wet
AAAE ol A

o

AR AE AL AL et
Lee, 2017) A48 oo} =91, A3}

7 okd Al 5 BE AZA Qv HEAY WS 4

Park & Kim, 2005). 3tA1%F @A) AlE = A4 52 &
G 2R E S SHER 1 Tl dEE
grstE e A H AN 11.9%. AE 7.7%, &
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g fAst7] A% (hot-air drying), % 7](sauteing), ¥l
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3.1.1.1. &2 ZMHXI2|(Steaming mealworm)

12+ AR A o7 AMAx ] 559 g5 ARl A
©@st7] flste] A AR E AefEl(15 g), HIK15 g), Bl
(40 g), "H=(15 g), TXF(10 g), (3,000 mL), (50 mL),
&2 (Fresh-3 g)9F 7 7+ 150 g& 100C oo #= 57/
g 3,000 mLoll B3 F4S 92 F, 47F dbof Aol A
20+ FRF WAl & AR AREEATH

3.1.2. 2X HX2| 1KY

IR ARz 2EA}

s Tt 1A AAE F, EF

3.1.2.2. 82 ZMAXE|(Sauteing mealworm)

13 AR B whal AR E 40~50C ] el A
103 7 Fol A 2olA 1087} W27 F ARz AHgsielnh

3.1.2.3. E1!
12 AAE FAS vzl 2 AAEE 140TC %59] =
A 187F 7132, A2dA 1087 Y27 & A ZZ A}

&3tsc.

ZMHXZ|(Deep-fat frying mealworm)

3.1.3. ZMAXEIE FUIeh HA9 Mz

3.1.3.2. Al ME HE
2y &

LS,

Fig. 17} 2t}

A AE Az

£ Aetr] fg
, k(15 g), aﬂE(40 g), "F=(15 g),
10 g), g*(so mL), ¥}& ] (Fresh-3 g)¢F &7 2} 150
g= 100T o’Fe] & T/ 3,000mLell B3 F74<5 €2
T, 487 e e 1A dAE Ay 5 73““74%1“4%
& F A Z(hot-air drying), % 7](sauteing), %7]17](deep fat
frying) 3714 WA 02 tpro] F 4] MES ARE AL
&k Tk

e

1213

Table 1. Formula the preparation of the sunsik containing
different pre-treatment method of mealworm sample

ngredient Sample - qpon gED sE2) sE3Y
Barley flour 25 20 20 20
Job tear flour 15 15 15 15
Black bean flour 6 6 6 6
Soybean flour 10 10 10 10
Brown rice flour 15 15 15 15
Corn flour 7 7 7 7
Pea flour 12 12 12 12
Cabbage flour 2 2 2 2
Sesame flour 3 3 3 3
Perilla flour 2 2 2 2
Kelp flour 1 1 1 1
Chestnut flour 1 1 1 1
Salt 1 1 1 1
Mealworm 0 5 5 5
Total 100 100 100 100

D Sunsik not add mealworm.

? Sunsik added 5% pre-treatment mealworm(hot-air drying after
steaming).

? Sunsik added 5% pre-treatment mealworm(Sauteing after stea-
ming).

) Sunsik added 5% pre-treatment mealworm(Deep-fat frying after
steaming).

| Wash the mealworm ‘

U

Steaming(4min) with pre-treatment
ingredient

Cooling
(Ordinary temperature 17°C+2°C 20min)

0 zl

‘ Pretreatments(mealworm) ‘ |::> ‘

Hot-air drying(3days) —SE1 ‘

Sauteing(45°C+5°C 1omin) -SE2 ‘

‘ Deep fat frying(140°C £5°C 10min) -SE3 ‘

Cooling
(Ordinary temperature 17°C+2°C 10min)

Prepare the sunsik’s all ingredient on
Table1,2

4

sunsik’s all ingredient measure weight on
Table 2

4

‘ Mixing ‘

Fig. 1. Procedure for sunsik containing different
pre-treatment method of mealworm sample.
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A E Gelst 247 m A7l wh s 2
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A Ll stath RS 105T
Aot 71 Az, i%@H@L Kjeldahl'd, Zx]ﬂb Soxhlet
F29, ZIEL HH 3FRYG00T)CE ZA43HATh

7+ }\]

H,0,2 7 7}8ko] microwavedl| Al 7FE 8L, o] S 2~3%9)
HNO; 2 3]43}o] ICP(Optima 7300 DV, Perki
land)E AHE-3te] E4813ich

=]
o3|

Imer, Eng-

3.2.4. pH =X

AAZE GElg 2 AR Horeol e A2 Al59
pHE X2] 5 ¢& Hdl Z=F< 45 mLE 713+ 3 vortex (Scien-
tific Inductries, Bohemia, New York, USA)Z #2313} 3 What-
man No. 2 oA 2 ]33k NS pH meter(Thermo Electron
Corp., Milford, MA, USA)Z =743} th

A

3.2.5. M =¥

et 2 AR Frbge] mE A4 ARY

E%X < =0] 20 mm, %74 90 mm<] petri-disholl % 3]

}Al(Chroma meter CR 400, Minolta, Japan)E A}-8-3}

33] WHE A3 th ol Hunter %42 8 X (lightness), 2]

A % (redness), B4 =(yellowness) & 33] ¥Hs S738te] 1 ¥

T3 EFAAE JeR AT ofw ARS-S sEF ] L,
a, bak> 7Hz} 94.27, 0.05, 1.75°] ATk

_,

3.2.6. YelZ2ds o] flet A=AO A

AA & g2]g 2 A 2l (mealworm) 3 7}ekol] wE A
2 AR 5 g& 47 74 45 mLeF 70% ethanol 45 mLE

Table 2. Conditions of ICP parameters

Item Condition
Instrument ICP spectrophotometer optima 7300 DV
Power 1,300 Watts
Plasma torch Quartz torch
Peristaltic pump 1.5 mL/min

Nebulizing system Cyclonic spray chamber+GemCone Nebulizer

Plasma argon gas 15 L/min
Auxiliary argon 0.2 L/min
Nebulizer argon gas 0.55 L/min

Argon gas
flow rate

AAAEE 7R A4 FE54 17

EF3te] SOOI 3RS F2 F 2058 xgol A 2087
APEL T T AFAS Hote] HE ANBE ATk

3.27. & EdH= &

A E dEst ZAAAGE "7k A4 F 9
&= a2 Singleton, Orthofer, Lamuela-Raventos(1999)2] B
o wrel SA kAt A5 20 Lol Folin-Ciocalteu reagent
100 £LE E33te] Ao 387F x| e o2 10% Na,COs
80 pLE &35, Al Ao 1AIZE X3 Sof] B3
EAE o] &3l 765 nmol| A 54 = (Infinite M200, Tecan Aus-
tria, Grodig, Austria)S 43t & Z29ls T2 gallic
AR AHgatAh

.‘2.22

acid(Sigma Chemical Co.)& XT=

oz

328 &HEY =
AAE 2 Ay A= =
]2 Srinivasna, Natarajan, Shivakumar(2016)2] =wol u}
S35tk Al 250 Lol 200 mM sodium phosphate buffer
(pH 6.6) 250 1L, potassium hexacyanoferrate(Il1)(10 mg/mL)
250 £LE 7H7F £33k 50TolA 20272 wHgA1Z1 3 10%
trichloroacetic acid 250 £LE 7}tk o] ¥k2--S- 3,000
pmoll A 1087+ LA R sl A5 500 pLol S/ 500
¢ L9} FeCly(1 mg/mL) 100 £LE 7Fste] S8k vbg-H o] &

FE 5 700 nmoll A S48k

A7hak 2o 3

puAE

T

3.2.9. DPPH z{C|Z

AP E g2l 2 AAEE H7hek 442 DPPH &
A 27% ZAL Blois MS(1958)¢] WHoll what =433tk
A E 50 #Lo) 02 mM DPPH -8 200 £LE 7135} th2 A&
ol A 3087F W] % 517 nmoll M FFEE SA 3l o2
Aatr o2 GBS AEsHATh T g &4 BlaE 98t
o} A UlZFL S =2 ascorbic acid(Sigma, St. Louis, MO, USA)
£ AH&atTh

Afs =

DPPH radical scavenging activity (%) = (1* %) x 100

A NESY AR FIE
B: }\]E’_Q_oﬂ D;;(:—l]j}-

o T T

3.2.10. 7|12 ZAt
AA g Gelgh 22 AA
AAFE A8 AE glE el 509 S g Oi 12} 711
T HAANE AN HbeE2 9] FHappearance), Y|
(flavor), Sl(taste), é]%.‘(texture 1A 7] Z % (overall acceptance)
—EE— btk B 78 A EE AREEA e, 11
5 oFsteh, 252 ofatth 33 = oFsith 432> B, 53

0



22 g Aolnith x%ﬁ g2
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T Al ol 7&/\}%—‘%2 B7rE /\1”0}71 d 53 22
i ]

i Aol *F%‘P ,\] B

3
U338 Hol| Ho} 7H°] 7“}“440“ A& Hi‘jr
3.3. SAXE

B E AL 33 dkEste] O A3E e E eI
3, p<0.05 §~5=9 A4 Duncan’s multiple range testS 2 A] 5}
Zt A 57§94 Aol & ASetL B4 7S A
= SHol g5F I4E F 57 d

FoA S Lol A
AU 21E| o] olXty Aoty = AEX] 7RE B
Aol A Al L]g F 50HE AFEA o AMESIA T AAEA 2
= SPSS 20.0& ©]-&3}] One-way ANOVAES o] &3l E4
22 E stk

4, 4 Zu
4.1, Yerge

Table 3& M AT S w334 B A8 123 [z
F 27) e 2 wEe 488 247X (hotair drying

mealworm, sauteing mealworm, deep fat frying mealworm) A1 5
3% by BAdsolr
BAAA Y B, ARE 7] A B SolA 423}

E ZAMAANDE ®elste] 2407t 5ot A S Agsie] 2
AAAE W] 25k B 2HlE 55 v Fol AHg-st
ofof it

T FHFE F2 2NAANYE HeE A E(SE2-2.50%)
7F 78 =4 vebew, I3 daxs AN A E A
AE(SEL-227%), A A S H7FHA] 22 A1 E(SE0-2.00%)

TOE WA UEisen, H1 ARG E HUMe AR
(SE3-1.93%)E 7F¢ WA e THp<0.01).
ZAGE JFE ZAAAEE F7ke A E(SE3-9.03%)7F
7M=& 3s UERTh Folo] B2 A AR E e
A B(SE2-8.83%), EEAZ3 A AA TS H7}eE A B(SEl-
8.77%) = HA Vel o, ZAAAEE H7FelA 2 Al
F(SE0-821%)7F 7 w2 AW dhs e 2 th(p<0.03).
Zrhnz e GEAZS AR E A8 /\L_‘_(SEI-19.30%)
7} 78 =4 UERgth B2 2 AR E "71eE Al S(SE2-
19.13%), 171 2 AAZE H7Fek A 5(SE3-18.80%)T2 =
A vebtoH, BAE ARE T AMAARE H7FSA
%<2 A E(SE0-18.68%)7F 7H W2 gt HERH ATKp<0.05).
ZAAAZ = A o7 T A TTH50~53%)S A
Y3 JE=(Yoo et al, 2013), G2 718t HH S AXE Al
B 2%(SE2, SE3)—°— A" 3 T D] M A =
== Fito] o, AulFe R bzl & dFUX s AR
(SEI)ETJ]- \;(L_‘C_'_ D}unzl ?‘ﬂ—E]:Q L].E].LH.‘E 7)'4\_0_3 /\].EEE]—
3130 73T, e AMARAEE A 7EeE A E(SE2-3.67%) 7}
Mg T2 w2 JEMIATE FHelo, F A AAR S H7t
Sk A]H(SE3-3.63%) 2t A A E H7FskA] 282 Al S(SE0-
3.63%)T A #te UERLL, E3AEs AR E
A7t A B(SE1-3.60%) = 7H W S etk
grslE2 AN AAEE HeHA] 22 A E(SE0-67.47%)
7F 7V = s e AL, H7 AN ARG E HTSE Al
E(SE3-66.70%), B3 Ax¢ 2 AAZE H7Fek A 5(SEl-
66.07%)= 0.2 A Vel o, E2 AR E Hke
Al E(SE2-65.90%)Z 7FHF 22 #s YER S THp<0.001).
ol ZAAARE H7eHA] ek A F(SE0)7T A AA R
A 7Fek AE(SEL 2, 3)dll Hlal] FE2] sheFo] o 7] wiell
Yelhd A3ety seEth

4.2 271&

474 e g AAjElE e gEle A AR

Table 3. Proximate composition of mealworm sunsik with different pre-treatment (%)
SEO SE1 SE2 SE3 Fvalue
Moisture contents 2.00£0.10® 227£.15" 2.500.10° 1.93+0.21° 9.37"
Crude lipid 8.21+0.23° 8.77+0.06° 8.830.31° 9.03+0.23° 6.27"
Crude protein 18.67+0.32° 19.300.20° 19.13+0.25% 18.80+0.20° 4.16"
Ash 3.630.06 3.60+0.00 3.67+0.06 3.630.06 0.89
"Carbohydrate 67.47+0.06° 66.07+0.06° 65.90+0.10° 66.70£0.10° 227.67"
*CarbohydraEE : 100 — (Moisture + Crude lipid + Crude protein + Ash).
MeantS.D. ™" p<0.001, ™ p<0.01, * p<0.05.

24 Means in a row by different superscripts are significantly different at 5% significance level by Duncan's multiple range test.
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Table 4. Mineral contents of mealworm sunsik with different pre-treatment (%)
SEO SE1 SE2 SE3 F-value

Fe 85.35+3.09 88.00+5.04 85.25+3.79 81.02+2.48 1.81

Ca 1,488.29+17.29 1,507.47+17.14 1,477.04+14.11 1,484.01+7.46 241

K 7,205.56+67.69 7,228.38+150.38 7,252.46+157.03 7,217.36+64.08 0.09

Na 3,047.98+160.31 3,321.56+375.97 2,828.91+375.97 3,084.24+399.03 1.24

P 4202.72+6.91° 4,229.62+16.66° 4,208.41+6.03* 4,163.61+14.83" 15.65™
MeantS.D. ™ p<0.01.

#7¢ Means in a row by different superscripts are significantly different at 5% significance level by Duncan's multiple range test.

714 ZA¥}+= Table 49} 2tk Fe(2)> Z2MAARE H7FeHA
S AJHE(85.35%), EEAZI ZAAABE H/IBAE
(88.00%), &= a*—“ﬂﬂﬂé 713k A 5(85.25%), F171 A
AAEYE H7He A E(81.02%) 2 YEM AT

Ca(%ﬁ)-o— ZAAARNGE H7F3HA &2 A 5(1488.29%),
ZAZE 2AARAYE H7HEF A B(1507.47%), B 244
ﬂxia~ 78 A5 (1477.04%), 17 2 AL S A7t
Al 5(1484.01%) = e ™, K(ZHH)> B+ Al E(SE0~SE3)
7} 7200%t A F ZFol & HolA] gigkth P(1)> 2 AR
g2 7R e A B4202.72%), DEFAZE A AR
£ A7k A E(4229.62%), S ZAAAAEE HMS AR
(4208.41%), ¥171 AAAAZE H71e A E(4163.61%)=
ol 3HA VFERS THp<0.01).

43 Mz =%

Table 5= A AA S £33HA] & AR 153 AA
F 7] v e A89 2 A A E(hot-air drymg
mealworm, sauteing mealworm, deep fat frying mealworm)A] 5.
Fo) Axdgelt) LI(BE)E EF AT 2AARE z]g

718k A B(SE1-75.23%) 2 7HE 52 £2]2 Yepfo] tE A
A S Az ARG WS AS et #e 2
A AR TS 713 A F(SE2-74.94%), A AA T E H718HA]
QLS X 8(SE0-74.48%)5= 2.2 WA UEho ™, 571 244

J =
3T
o
L

A S F7H A B(SE3-74.11%) 7} 78 W& B2 Bk

ol XMAe HA T ATARE F AF 2AAA W] F
B 3 AR Fol Bol £AEUA 7P B2 HEE UE
e Aol vl F71AY F2 Alge 8 2 AR &
ol © 817] fEol vehvhs Aty bR g

aAN D) F ANAAZE H7Fe A E(SE2-0.58%)
7} 7P =4 vebsth ®7 2 AR E H7FeE Al S(SE3-
0.57%), ZAAA S 7 8HA] & A B(SE0-0.56%)5 02
A b e, d3Axst A E A 7he Al S(SEl-
043%)7F 7H¢ 2 3ke JERiTh

é A B(SE3-17.30%)
35 A AR E A
7}8+ A& (SE1-17.08%), ¥ 74 WFA% A7tek A E(SE-
217.07%) = SHA YebL, 2 AR E H78HA &2 AR
(SE0-17. 00%)7} 71 g FAE e o, & Aol &
3R &tk

A aJr—% T B F ANAAGE HUre AR

[e]

(SE3)®] 7% ¥ 2 ANAE dFe vE AL

L,
2 BT Haje] A, 78] AolA Sashs AlEo)]
o) 71 Eet B5H SAA 2 JPol Ag AR AL
s
44. pH 58

2t Al 153 AAE
831 722 A A F(hot-air drying

Table 5. Hunter's color value of mealworm sunsik with
different pre-treatment (%)

SE0 SE1 SE2 SE3 Fvalue

L 7448+0.88 75.23£1.10 74.94+0.88 74.11+1.47 0.60

a 056£0.09 043+0.04 0.58+0.06 0.57+0.04 3.93
b 17.00+0.38 17.08+0.18 17.07+0.16 17.30+0.14 0.86
Mean=£S.D.

Table 6. pH of mealworm sunsik with different pre-
treatment (%)

SEO SE1 SE2 SE3 Fvalue

pH 6.08£0.01° 6.08+0.01° 6.17+0.01° 6.17£0.01° 130.83"

MeantS.D. ™ p<0.001.

** Means in a row by different superscripts are significantly di-
fferent at 5% significance level by Duncan's multiple range
test.
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mealworm, sauteing mealworm, deep fat frying mealworm)A] &
359 pH 4 Aoty 2 AAYE £d6HA &2 A8
(SE0)®} GF Az A AARE E3sH A F(SENQ] A,
pH 608 °F:Hdell 77ke- gk VeI, #2224 AA 2]
S AIE(SE2)SF H71 2 AR E E3e A S(SE3)
pH 6.172, Z A& T34 &2 AESE) €35
A7 A AAYE 2T AME(SEDG 27 AR R U=
zZ5 9 F40 7 3k JEiddTh AdH o m A
AT S TR 2> AE(SE0)SF 2 AAMZE H7HsE Al
E(SE2, SE3, SE4)ALe] Zholl & Alols =& =R FUth

rr m{m

Table 7> A AAEE ZFHA] &2 A J 153 A
= A&3g 2 A E(hot-air drying
ing mealworm, deep fat frying mealworm)A| 5.

T= BAT st &4 Aol
= AEA EA sk 22 AR 3k
de] 4 2 ofef & Aol A
¥ s e BAReH, Ade F2 2R
HA7Fek Al 5(SE2-392.33%)7F 7HE A Yeb e,
Py AZ 2 E H7eE A E(SE3-382.77%) 9= <F 9.5%°]

A

Z8 389 4 9t}

o W o
N

Eo 3Jo)l2 BYT) A 2 AR S £atElA] e A
F(SE0-275.16%) ¢}, FEAZE 2R E H71e AR
(SE1-309.85%)= < 2 AA2(SE2)e F71 2 AR 2]

(SE3)ell Hlal] w2 A& HIATHp<0.01).

DPPH zjt]z iﬂ%— A2 kS Ay S EA vE
FAAR QI3 517 nm F-LollA] o] FF=E YeEhH, A
R} A2 WA H9 517 nm E2olA B E 3w 7
¥tk A1 89 50 pLell 02 mM DPPH €94 200 LS 7}3F
Th Ao A 3087 W] 517 nmoll A S48 534 5,

Aol ZIAIg Ao wet S5 AEnh AtE A,
A AR EE H7FSIA] 2 A F(SE0-67.73%)°1 vlsl E%A
Z3 A E Hobet AL‘:—-L(SE1-69 73%), F121 2 A A

& H7F3k A E(SE3-78.24%), - 2 AAHE H7HeE Al

1213

A7FE AE(SEL, 2, 3)dlA 1§ =2 &4gke] AEEHNeH
I Sl E Ee

A THp<0.001).

E)

728 7] 2] 2] (SE2-79.04%) 7} 7+ =& ks

EE=s XW 1A % Al B (SEO A6%) St BF AT ZAAA
£ #7138k A5 (SE1-0.46%)7} 54 3he YRS,
ZA AN S 27 A S (SE3-0.54%) 9k -2 24 A A
H7Fgk A R(SE2-0.55%)7F frAFSE s UrER A thp<0.01).

Fikst G4 S T E A T EevlE RS 52 4
A B S A7V A E(SE2)7F 71 =4 Uebstkth oheka
= AT A, AN AAEE 285 A E 35(SEL, SE2, SE3)
o] ZMAXTE TFeHA] B2 AESE)ET BT w2 G
= UERAY, O oM E 172 2 A (SE2)® kst gk
o] =A Ve O EZ o]E o]&3) A4S /e S skt
st @S A 7154 AE, STE AEFS viEe] 7Hsd
Aoz wgHET,

A A TR SR )
1 P P R Vi

46. 712 &4

ZAMAAE S AT YHS dElete] Hrigk 29 7]
3% ZA} A= Table 83 7tk

2] ZHappearance)< 2 AAZE H7FSHA] -2 A E(SE0-
6.14)7} 7V =& 71555 YERl I o, E3 e &
A A S H7HeE A S(SE1-4.96) % 7P e 755
ERe w21 AQ1 AFolE B3 th(p<0.000).

&k (flavor)v= A AAEE H7FekA] %2 Al E(SE0-6.05)
7F 7VE w2 V1SR E Ui o, B2 ANAARE A7t
& A|E(SE2-5.76)7F 7P @S 713 EE JEpglen, ut
(taste)> S 2 AAZE H7He A5(SE2-6.12)7F 71 =
= 7155 E YEl o, ZAAAYE HIFeA &S AR
(SE0-5.67)7} 7H% w2 71555 e ]3¢l Rlol S

A THp<0.024).

A) 7"(texture)—o— Q—Aﬂ ﬂ x1 g]E =] 7]_3].

] &S A E(SE0-6.05)
7V 7P =2 7155 E BYlew, €34

REC
2% BAAA NS

F(SE2-79.04%) =22 =A YElth(p<0.001). 27802 A7 e /\LJ_(SEI-S 48)7F 7H¢ W 7155 E Vel T, £
ZAAAEYE H7F8IA &2 A E(SE0)ll vl 2 A=A 27} Z]1 zto]E H A THp<0.10).
Table 7. Anti-oxidation activity of mealworm sunsik with different pre-treatment (%)
SEO SEl SE2 SE3 Flvalue
Total amount polyphenols 275.16+13.14° 309.85+16.60° 392.33+23.65 382.77+36.49° 16.55™
DPPH 67.73+1.23° 69.73+2.92° 79.04+0.89° 78.24+1.83° 28.35™
Reducing power 0.46+0.02° 0.46+0.01° 0.55+0.03° 0.54+0.01° 16.98™
MeanS.D. ™ p<0.01, ™" p<0.001.

*® Means in a row by different superscripts are significantly different at 5% significance level by Duncan's multiple range test.
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Table 8. Acceptance test results of manufacturing sunsik with pre-treatments edible insect and quality characteristics

SEO SE1 SE2 SE3 F-value
Appearance 6.14+0.90° 4.96+1.00° 5.07+1.02° 5.46+1.04° .000™"
Flavor 6.05+0.90 5.87+0.93 5.76+1.00 5.78+1.07 398
Taste 5.67+0.99° 5.76:0.97% 6.1220.66° 6.05+0.94> 024"
Texture 6.050.79° 5.48+1.04° 5.82+0.85° 5.83+0.86" 010"
Overall acceptance 5.87+0.97" 5.59+0.78" 6.28+0.45° 6.120.83" 000"

MeantS.D. © p<0.05, ™" p<0.001.

#7° Means in a row by different superscripts are significantly different at 5% significance level by Duncan's multiple range test.

A H ¢l 713 % (overall acceptance)= <= ZHA AX 2] &
A7k Al8(SE2-6.28)71 71 =A YElgow, F71 742 A

A& 718k Al E(SE3-6.12), ZA AR E H7ISHA] &2
Al E(SE0-5.87), @& 2 AAZE s AE(SEl-

559) =0 & w9 FeF ] ztolE EH A THp<0.000).

5.2 &
B AT 2AAR ) Ax e HgS g stel Ao

Agsle Wl et FE54S dotE A stk o]
n] o FE] AR TOE o] &HE A AR ta 3
}H (hot-air drying, sauteing, deep fat frying) .2 A4 2]
te] §AS AHE Y, TJof ue} 2242 A
HEde T3 VZEHAAE S, &R 7P B
7NA e AAE el sl A-etarat skl
AYE H7Hg A2s Fal «4”4 eyt Az

5 FEad A sA, =A<
o] sk AE Agst weks
9

|
e
M ok
of

r =

7+ 7%21214 ZEV—?% 545 43171 S8 F 47HA
AW Z(SE0, SEl, SE2, SE3)& FHIsIY, I F 37HA] MZ
(SEl, SE2, SE3)= 7}7] th& W4|(SEl-Hot-air drying, SE-2
Sauteing, SE3-Deep fat frying) &2 A& 3l EA=

o]
£ AT AR A A, SRS 52 2AA
A& A7bet A B(SE2)7F 7HE = JehteH, 571 7
WA EE A7 e A B(SE3)7E 7P e SRS E
YR At 2Ae] A4, H2 Z2AAAZE H7He AR
(SE3)7} 7H¢ A vets e A AXEE HA78HA a2
A E(SE0)E 7H W AW g ES Yeh ) o= 7

AR AR QL AN AR R A A
B % 718 Agshs BN fHE Aol dae
n)2 4 Qe AbREE RRolth 2ol A8

23 AAAX S e AR
b B BAANYE Woe

4, 41
S(SENO] 7V BA vebste
A B(SE2)S 2 Aol E Bl

A XAk 7] A, FS ANAAGE AU AR
(SE2)¢] ¥Hefe] A =& s Yepi v, 7k A&
(SEO, SE1, SE2, SE3)° A 9] & )1 Aol HolA| &3ttt
T3] 75, AN AAEE H7FsHA &2 Al E(SE0)¢]
hegol Al A YEls=H, ol ZMAARE HIbs
A E(SElL, SE2, SE3)¢] 75 ZA AR E H7FstA] &2 Al
F(SE0)°ll ®ls) FE7HF FHgo]l wr] wiZel vetli= 2
ety Abs T 77148 24 23 Fe(F)$ Ca(Z ), Na
(HEH)S A5 E€Fdxs 29AAGE "7 AR
(SE7}F 718 &2 %k%, KEZ$)9 A5 HS ZaAARE
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S e A, a(FA )3 F2 2AAAYE A
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