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Quality and Characteristics of the Yanggaeng Made with Mealworm
Powder
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Abstract

The objective of this study was to estimate the characteristics and quality of yanggaeng made with varying levels
of mealworm powder, ranging from 0 to 12 percent. As the level of mealworm powder within yanggaeng increased,
the ash and protein content levels increased and the moisture content level decreased. Additionally, as the mealworm
powder content increased, the lightness (L), and yellowness (b) significantly increased while the redness (a) decreased
simultaneously. Overall, the total content of polyphenols and antioxidant activities (DPPH radical scavenging, ABTS
radical scavenging, FRAP value) in yanggaeng increased with the addition of mealworm powder. When compared
to the control group, the addition of mealworm powder reduced yanggaeng’s adhesion and elasticity, and augmented
its cohesiveness, stickiness, and chewiness. The results of the sensory evaluation showed that yanggaeng with 6%
mealworm powder received the highest ratings in chewiness, softness, and overall acceptability.

In conclusion, yanggaeng’s protein content and antioxidant activity increased as the content of mealworm powder
increased, and sensory evaluation participants preferred yanggaeng with a 6% mealworm addition, indicating that
yanggaeng with a 6% mealworm content may act as an excellent functional food when supplemented with aroma
and taste.
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Foluit FHgo] the 3% fFHT ol Jdre=
o gg4o] &g zloz FET (IS 2], 2017; A
w1 9], 2019a; #7237 €], 2019). o] Qo= AERHA
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(E 1) 27Kz 22 Ut MiE
oA LIk oAy Lk oAy Lk
oL A (keal) 537 slE(g) 14.41 HEF 2Bl (1g) 69
g 0.3 2o fr(g) 12.8 HIEFIIE(mg) 1.44
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(E 3) "Ax| Z2nl BMS 93t =% X
=73 z7
Pre-test speed 2.0nm/sec
Test speed 2.0nm/sec
Post-test speed 2.0nm/sec
Test mode and option T.P.A

Probe P10(10nm DIA cylinder)
Contact force 5.0g
Threshold 20.0g
Distance 25mm
Strain deformation 50.0%
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A)2KSigma-Aldirich Co., St. Louis, Mo, USA)¥} S7<
£ 1:229] HIERE 42 £F 10uLE Btk HAellA 3
FE7F #4238 ] 20% sodium carbonate(Na,COs) 150uLE
7FskaL oAl IAIRE Bt HAlella] kgAIZ] $-of ELISA
reader(Microplate absorbance spectrophotometer, Bio-Rad
Laboratories, Inc., Hercules, CA, USA)Z 765nmojl4 &
FE S BF249] gallic acid(Sigma-Aldrich
Co.)E Z55o] = Img/mle] gallic acid §4L vH=
% gallic acid -899] BFHFFAS 2oL & Z89
= FFES AR 1g T mg gallic acid(mg GAE/g)E ==
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FRAP)S Benzie & Strain®] #%H(1996)°] wie} 45131
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TPTZ(2,4,6-tris(2-pyridyl)-s-triazine), 20mM FeCl;

6H,0Z Z4Z} 10:1:1(viviv)e] H|&= E3ste] FRAP
reagentS A Z35FTE A& 30ule} FRAP reagent 300uL
E 7I3ke] 37T, 10837F ¥ReA]71 3 ELISA reader
(Microplate absorbance spectrophotometer, Bio-Rad
Laboratories, Inc., Hercules, CA, USA), & 593nmol|x] &
B2 =A3519ch. FRAP value:s #3229l Ferrous
sulfate heptahydrate(FeSOs 7H0)2] #1418 o] &3}
A3t 8ol DPPH ett)d A7s A4S Alse] it
s} o] 2151E 7hAl8l= DPPH radicals: o]-8she] 7]
o] AAEetsS T 9= BloisH(1958)2 4 #
gale] =351} 0.15mM DPPH(Sigma-Aldrich Co.)&
¥ 100uLS ZH AIE 100pLell E3irk FikslE 2l <4
2822 well plateS 74 F wvksla oA 3087

W& A171 & ELISA reader(Microplate absorbance

spectrophotometer, Bio-Rad Laboratories, Inc., Hercules,
CA, USA)Z SI7molld] F8=2 Z4aieich ol 21
ol 3ARE FE8 Almele] F5=8 DPPH radical 2275
< Tkt T S 2= ascorbic acidE A3
t}. 8ol ABTS =)z 275 =3& Fellegrini et
al.(1999)8] ¥ og =359tk ABTS [2,2'-azinobis
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9} KpS;05 140mM &8 176uLE 2 &3 ate] SHalofA
167 17F A= AASFACE. o5 95% ethanol¥} 1:88 H[-&=
2901 734nmellq iz F4% 7ol 0.7+0.027} HEE
Z73l ABTS solutiong o|-&3}it}t. 24+ A& 10ulLd}
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ABTS solution 200uLE 7}5}e] eH2leja] 22 307k vk
2471 & ELISA reader(Microplate absorbance spectro-
photometer, Bio-Rad Laboratories, Inc., Hercules, CA,
USA)Z 734nmelr] FFEE A3 ofef 215 53l
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DPPH or ABTS radical 22A%(%) = (1-2&12]
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2 s AR BEE 1-3% AEs o $%
ojEH o zohie gheko] S7Iehe Harskal Qlel(xot
& A7, 2018). 215](2019)9] il maw 2] 2
o T Wil whe ArHe) FASES A7 A3
L TS 6% W7 A7Eo] g "e] o] Hrie
A 2 vz Hluskele o e o] ghgol freofst
Al S7FskSiTkaL Hargk uf QIei(Als], 2019). whebr] 2
AAAY £T ke P S ks ST
ol wA FiFo] e A8 LTo] ek ABpAE &

AzAe] B87Fs7do] ks Abds ojl & = Slrk
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27 A BLE I e FReel 34 A
T <& 5> Jehlidek

A7 A ] 2 A o P8l T g
39.44%019031, 27 2] kel Hrtel whe} Eer
o] AAF ashs AT HIANE froldt Aol HolA
sttt A el SR 0.3%01M 2 =
of FEAFL 2%(sEXZH, 2016)2 AA7A 2] B

fo] 45 ple] 8 TS VoA iAol

buEE
T8 F-value
MPO MP3 MP6 MP9 MP12
3% 0.260.022™ 0.55+0.02° 0.63£0.02° 0.69+0.0° 0.77£0.02° 469.681""
chal 2 3.31£0.07° 4.43+0.12° 4.60+0.12° 5.64+0.06° 6.60+0.12¢ 453.555™

U <gi>d BUF Al

Y PeEFEA, " p<0.001.

D N2 gE 98 ae)E 717 HAFEL Duncan’s multiple range testd® §-2Ju]3t xjo]= viehd
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BA g3b7] el 8ol HF Rl 2 g
n||7] k2 Ao AZHEL) olefgt A= Holgdt A
7 <] 4712018)AM = fARHAl YERT 2 <]l 78
Az A A22T AlEE giAsHd vive] 7R 7Rk
788783, 2015)9] T Ao AR AE B
AL 2B} obrtolulE] Bk Ay FY(HAE, 2015)
oy} Bz} i A7) (A=), 2020)004 = 72
o] & s e SRRtk Baste] ke
ol whe} 8ol gEslgol nXE e thE As &
Atk olgfgt ztol= AlRe] 42 Bl thar| whito

= Azt

L

R

ot7H_g| pH

AR 2] B il w2 opie] pH % A=
<& 6>0] YERAQITE pHE tixo] 7.0602 71 =
I AR el H7lge] F7FE pHYF ol
7 2a(p<0.001)3}e] H71F 12%91 2¥o] 6.7622 pH7}
g Sisich. AaARA S Hrtste] 8-S Azshld A
Y ATH(Hokg, A3, 2018)lM % thzzatol| Hlal] 247
g B2 F7Isk o] pHY}L WA JER} B AE Aol
AR A2 HolFQe). dk o] 43K2019)¢] ST At
off st dariAe] el pH 5.98% oRibgollon
29 2)(2015)2] Aol ofshH ZAAA 2] o] lactic
aicd gFo] =o} pH7} $3-8 ¥13]aL ok 1 29 o]
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)

3| 1(2016)= AAAA ] A AollA] oprt
Z4 % glutamic acid7} & Ao Hyskw ot o9}
o] AR g]e] oz HFE AlFo pH WH3l=
dozl ¢ ot Y Az Al 71l whE Heke wjAd
T glof oldl] s T2 FIIRIT-E B3k o] Fojxorst
Ao 2 AlsEt. W, ZAAR 2 E Hrlg E A A
TH()733}, 2019)e} AAAR e H71ek =5 sjEle] 2
EX4ETF3 <, 2019)9] A7 Sollxd= 2318 pHZL <]
sl 7Vt AAES 1 o= f71hh =52 pH,
HA7HA, 7HEeE Fol JFFs S Aos F4ste 2
Fo ofe] ues q

T e aHsfolstS YRtk

1=R=4¢}
A(‘)]\‘E‘C

=1}

1] of
=

[=}

4

el

=i =

AR B 7FE whe Y] Bt A &
g A¥Rs <&t 7>l et @A e £ 37E
of mhe B I3 Ao} flith. 24 AR 2
T T 195%E Foll FFE v v &4
THEEx187, 2016). AAA
o] FA57J(01733k 2019)0lM = 24
| d&S PIAA] skt Rk @A A ] 2]
0’(EE3187, 2016) 08 78] kel
A Folgh zkol7} ISiet. weEbr] B AtellA
o] A A2l ke il dubHel ¢
Antolls 2 9Pl e Aoz Almdh

o 1o ot

Whe %9

A ko

1> §

Hyglo
‘x‘f:??. =

—

o2

24

e

(£ 5) ZMJiNa| 22 I} YHo| +2E
Az
T= F-value
MPO MP3 MP6 MP9 MP12
S B8} 2E(%) 39.44+3.63% 39.77+3.97 38.46+1.15 33.18+0.35 37.00+1.39 3.338™
U <HEI>7 FYs A=
) Bt nEaat
(E 6) ZM7{XNz| 22 It 49| pH
A7)
TR F-value
MPO MP3 MP6 MP9 MP12
pH 7.06+0.01% 6.83+0.01° 6.83+0.02° 6.78+0.01° 6.76+0.11° 226574

U <zI>3 FYE A=

Y B+wFAa}, T p<0.001.

VN2 e 983 Ha-c)E 717 HH#ZEES Duncan’s multiple range testA¥} f-o]n|dk x}ol2 LR
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ZAAR ] g 713 i) Ax 24 Ao <
8>l YERHSITE

WLy dizrolx] 7P mgkon] AR e Rk
Vol 7Kgl weh freshAl 7assklti(p<0.001).

ZAAA R o] 213 RrARE B WAdF S F

6. 7= ==z

2AAR ] FEE AR B TIA B S
I = <i 9>of YeRNSITh. = (Hardness)= 2274
o) e 0% Ala ol A1 stk ol R

Al g rdel] H7PATE Eh UASHE A OV o) kg vigpet stk ghete] elrk 723 Adhesiveness)he:
O] FE 7F PAGHHE, 2019, 2N TE WY o) ware B8 ke vlazol 7 ke
BEIE 2016 PIEL W PUERIE K oy gappage) wael Wiyl 1) vk A
2019)0xe} AR Aot =S YEE a 3t o= wmrtel Bk H7)al SR8l 2020)0 M % =
= AAAAE BEE AEA % BTN g0 mure) jere) BRE4E Rape] 2taT 2

1.7240.01& Yepy o, ZaAA g B2 Hriefe] 7}
S5 fFofsHAl S7FsArHp<0.001). S EE Yehl=
b FHe gz 9.7240.052 71 =7 Jeldon 7+
AAA R Ed-g H7Egel el foskA ol
(p<0.001). o] frAkSE 28 &= vk S A7t
B2}, 2016)2] ATl fAFFITE A AR 2] s
A7NeE 7] A= A AR ] ko] Hrldo] S7Fs
TE WEDL)9}F FAE(b)= HolAL AN E(a)E EokA
F78e] HREAR] Mg HIIAPT|EE 7|5 E ZAMIA AE

(E 7) iR B2 &0} ool g U HE

. B AJ(Springiness)2 2= 3%, 6%
HA7REE ol fofgh 2fol7t il ot 9%2} 12% 37t
oAl frolatAl 7HAEkal(p<0.001), -3-F/d(Cohesi-
venss) 12% F7kReoll xRt fofsiAl S7sksint 49
(Gumminess)?} 4331/d(Chewiness)S thazrollA 714 ot
tow ZEAAR g S 9%} 12% H71eh ol Mt f
oJalA Z7FslIekp<0.05). 34k Hrtete] Axg W8
(7778, 3, 2009)] A} 7HAlgte 7 dEEA
AT £, 2019)9] AFelA] FAls] o] 57t

®
>,
&
m F
i)
9
o S o

Ay
TR F-value
MPO MP3 MP6 MP9 MP12
=3 31740152 3.27+0.06 3.27+0.06 3.33+0.06 3.30+0.10 1.346™
i 2.80+0.00 2.800.00 2.73£0.15 2.80+0.00 2.83+0.06 0.750"
D <gi>3 598 A8
) PFLEFEAR}
(E 8) ZMH7{xz| &2 &7} 2ZHO| Hunter's color value
_ 1)
Color AT
F-value
value MPO MP3 MP6 MP9 MP12
L value 52.24+0.21% 41.34+0.15¢ 38.94+0.02° 36.31£0.10° 35.53+0.23° 5490.683"?
a value 1.72+0.01° 2.68+0.04° 2.59+0.01° 2.84+0.02¢ 2.98+0.02° 1491.405™"
b value 9.72+0.05° 8.48+0.06" 7.63+0.04° 7.10+0.03° 7.00+0.04* 1982.949™"

D <m1>3 Bddt AR

Y gPa+EzAzl, " p<0.001.

Vg g2 9HHa-e)2 717 HFFELS Duncan’s multiple range testd¥} {23k z}o]= ERH
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t}h. Holea} A AT2018)ME AT H7}
Fol 1~3%= ZEoA gt zlolg HolA] eigkal th
S8 AR ekgon) B oAy, A &
A7VeFo] 6% ol dellr= 8o Axrt F7ksla Hat
2 9% olgellx] A7 Q3lAe] St
S ARl BAd o= A= JFS vAE Ao

78o] gl A ), A3,
of| thall FrFetlem AL Aak= <3 10> YeRASIT
AR, Feele A, AR 7S oA 2 AR
g B2 6% H7F 0] 7P =2 BIES Blout A3
A Fege A=E ALt UmA] 8RldM= freolgh
ztolE HolA| gt A AR ] i 6%H7F 78] A
399 HEge Aes 47 5.41+1.37, 5.65+£1.582 7}

peele A,

ZakAoe] 7

T T v

E=

4 we SRS etk Quos Agere 289

AEe] 5% Azt

Zlo] & o7k

1T\

ol gk 7

)=]
T

ro = o]
o7 2l

sho] 715127} Raehs Aol Qlek e HolEw A4

3179(2018)2] ATrellA] 1~3%2] AR 2] s
W8 b A7 A ] EEe| ol aFoloiM

o AAHS a2 93 r)XA ek B

e s

.
A,

Ay’
kA= F-value
MPO MP3 MP6 MP9 MP12
ut 4.65+2.01% 4.76+2.17 4.5942.29 4.41+2.09 4.41+2.15 1.185"%
A 4.59+2.50 4.94+1.89 5.82+1.94 5.82+£2.07 5.53+2.04 0.088™°
o 4.41£1.73 5.1242.00 4.8242.22 4.65+1.54 5.35+2.06 0.639™
814 5.00+1.32 5.00+1.32 5.41+1.37 4.65+1.22 4.35+1.54 1.48"
Ho g
A NS
g 4.94+1.82 5.00+1.73 5.65+1.58 4.35+1.27 4.29+1.31 2.139
AAA NS
: 4.29+1.96 4.59+1.87 5.06+1.82 4.35+1.84 4.1242.32 0.579
kA=
D <F1>7 5U8 AR
Y BEEnEAAt
(E 10) ZM4oix{a| 22 M7} JHo| 28 EM
gzt
TE F-value
MPO MP3 MP6 MP9 MP12
A% (kgh) | 1043.88+53.20) | 1179.74+1329° | 11203742326° | 1433.64+34.66° | 1213.48+1391° | 65.168" 2
B (%) -565.41429.21° -609.82423.23° | 964.79+11.35" | -916.07+110.77° | -1129.51423.22° | 61.104
g4 (%) 0.99+0.00" 0.98+0.02° 0.99:+0.00° 0.93+0.00° 0.93+0.00° 51399
34 (%) 0.4310.01° 0.44+0.00" 0.43+0.01* 0.42+0.01° 0.46+0.01° 7.062"
749 (kg) | 419.74+46.98" 481.91421.08"° | 477.90+2.16® 529.33+82.17° 561.07+16.69° 4516
WA (kef) | 404.38+49.69° 468.7145.31% 474.73+1.84% 520.38+87.32" 542.86+0.89" 4233
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Y2 a-d)= 712 HHZHE-S Duncan’s multiple range testZ¥} f-2Jn]sl zjo]& Yehd



ZM7iRE| BUS MUK Yo BHSY 9
ok £ el A3k, 2] Y] kS 12%7F HF AlES PEtsos utdd F odeS & Sk
A STPNAR 78] Mot B, @) Bt kARl 71E d SUS(FRAP)O| B¢

ol 2 S T4 Gevhe RS X 5 ok olefd 3
e ZAAAE RS PRe] RARE Aol )
Age] Angol 24 e AUS AR v, v
& A FAATNE 19T 9 Aoe A

0.19mg GAE/g o]

tz&7o] 0.14mg ISHE/g 0 &2
7V Geka AR ] 7} vlgo] &=
FRAP value 7} 5718321 K (p<0.001) ZAAA 2]
9% 7T 12% H7ke Aololl frelgh 2ol HolA|
gttt Ao g Age| & FEjule ol &5
aksl gAde ZTIHARIE 2], 2019b; Rice-Evans et
al., 1996). ¥7183} 217193(2018)°l] ot 2 A&
A7elAl @2 2ol w3 ZAMARE7} H7be A2
% Zulvl= 39} DPPH radical 227Fs0] O &2 @<
Heltha Bustglom(dr]s, 19, 2018), 97
FHF2015)] SAFolxE AAARE S H7BHA

T a=

i)

S7ietl wiE} gRFelEHoR s ol TRt ke dvbwiwnnt AR e RS 271 wEelA o
(p<0.001). AAAA 2] 2¢S FrlehA] b2 ol =& Fitst FAo] Yehdth B st ok (3,
DPPH radical 227152 55.90%%om ZAAXE] £ R, 2015). 2 A74A0E Sy e 2AAA g
A7bEe]l S7FETE 63.22~81.56% 7k FolstAl  dele dIstAEel e F Felulse] ol
S7FeFSct (p<0.001). ABTS radical 2752 thzwoll]  Qlov g rigfo] Z7184% free radical 2753 2
13.10%3eH, daAAR] 2 3~12% kel S =3 SRIE e & dslen, P Az
16.28~26.74%0 2 A|&H 02 71851 (p<0.001) DPPH  Folt= it &A4Jo] fAls= 2e Elskglnt. webA
radical 2A5¥ e Fde Hola 9otk ek AR Eug o8 AFS WL e, AF
oy vy 2Ee AIRE FAEHEE 9l 2015 sl &4 el E =S Fol 7 RS Ad
L7834, 2015)00 AR F7bFel wiel DPPH ko] /i 9l Jdat® 2Fo] el =58 & 208
27153 ABTS 2750 S7kste] &atst &4 Almd
S7hhlte A 5 dldlso] Sl FARe] e
(B 11) ZY7ME| 22 H7t 2o & Zajus &= o st gy
A
T2 F-value
MPO MP3 MP6 MP9 MP12
& e ) 0.19+0.01% 0.27+0% 0.40+0.04" 0.49:0.04° 1.30 £0.15° 119.69"
(mg GAE/g)
DPPH 2}tjzt 2%
a}(:j)‘j‘l o] ssonw0mr | e322:068 | 69312066 78.55+0.4" 81.56+0.62° 856.33
0
ABTS #tjzt 271%
E}(j) Yo nowas | 1628068 | 193304 | 249210680 | 26742063 344.22
0
FRAPZ} . b . . .
5 0.140.01 0.31::0.06 0.45+0.02 0.65+0.05 0.69::0.04 96.91
(mg ISHE/g)

<HI>¥ FUS AR

GAE: ZAF g

ISHE: 3+ g=KFeSO4 7H0)
HregEHs}, " p<0.001.

Mz e EAeeE /1 BEREe

2)

3

4)

5)

Duncan’s multiple range testd=} -§-2]n|gl 2ol el
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B odAqtoMs 2 AR ] Be] kS J=e) 0~
12% 2elete] e Azt o dutds, 2, pH,
e 9 de, Ae 7|43 2237, 35 Avel & 9

=9 Qs B S AR T e 2

& thawol] mls 9% b FEFEE el Aee
Lato} bk 2 29AA 2] 22S HrbehA] &2 tx
ol 7FE =kom, AAAA s A7kl wE &
ofeHA 3Ha=edet. apke AAAA ] TEg 71kl wt
2t S7FskIn. B AR E] S 9% 7K 2l
A 7P w=shon, E kel UK R &
e Aastal 244, e STk 27 A
= ZNEeR A AR, e Ax
ol ZAAA ] 2 6% W7t Fhol 7HE =2 HrE
Agtor; thE Aol #olgh AkelE Holx| edgitk
Tt & 20N T s e ¥, DPPH
radicalZ} ABTS radical 22715, FRAP 2t 55 Z-4AA]
o) B el SRS felshl S, 22
o= A pe] gl Z1EE vl
sl e ST Be A A Ge] 6% A=)
A7 Ao 150} 7P 0 ko p e AlEn ), ot
5o 271H9) 1gho] o] Rl et 754 7154
Foro| &gol 7k Aor HAl.

o

o
3

I

pud
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