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ABSTRACT

In order to increase the consumption of mealworm, which are listed as new food
ingredients, we developed the processing method of farmhouse unit and developed
the technology of manufacturing fermented powder improved the flavour. The
primary processing methods for alive mealworm were excellent at the treatment of
‘microwave drying’ or ‘Steaming and roasting’ in maintaining original form and
tastes. In the degreasing method experiment of dried mealworm by oil press, fat

o

extracting at 70 ° C for 40 minutes is the most effective way to remove fat from
mealworm. The crude fat content, which causes rancidity, was lowered to 7.9%, the
crude protein content was increased by 17.3% compared to the untreated but the
inorganic content except phosphoric acid showed the same content as that of non -
degreasing. To reduce odor and rancidity, the fermented powder preparation method
of mealworm was tested using 5 kinds of materials and the contents of total amino
acid and unsaturated fatty acids, oleic acid and a-linoleic acid were significantly
increased in the treatment by Saccharomycopsis fibuligera strain collected from Jeju,
and the composition of aromatic products was changed. The results of sensory
evaluation showed that the fermentation by Saccharomycopsis fibuligera strain was
reduced off-flavor and the taste was improved. Protein supplemented beverage using
fermented insect powder showed the highest preference when mixed with brown rice
and black bean powder and was able to mix up to 3.0% of fermented mealworm
powder. The taste of rice porridge for meal substitute was best when 1 ~ 2mm of
rice flour particles size was suitable and onion and shiitake powder were added as
sub ingredient, and fermented mealworm powder could be added up to 3 ~ 10% of
the weight of rice flour.

Key words : Edible insect, Fermented mealworm powder, Protein supplements
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Algse Agg FXoR = 52 &4k, Uhe|=S(Lepidoptera), Tz
(Coleoptera), ©j|5=7]=(Orthoptera), 3l7jn|=(Isoptera)z} H-E(Hymenoptera) So| 9lond
] ol M Algo] Thsth EF2 5 7E0R, o AEEo] oH win|F7], o)
oM TN AFE ot WMHAE] /5, SRRbo|ERR]
|5, 4ol R WEHSeblE MR AEYRE SIStk &, 2015 ; &7

R 2016).

7], YRR 32 5EA

M olr

E3|, WM HA2|(Tenebrio molitor, mealworm)= THHE Hxg|zle] Zxozx A
AlHlell ge| 2x:stn glon], F2 TR MASHE HoB UM ik 59 oizf A5
of o9t 5ol MHFHoR FHE|of Qo] Al golstod, F=, vIERIE, luict 5 ol
Qo= oln] Ago2 o]&51 k@ 5 2015). FijoAs £ Sof AEEF50R9)
SAE fITh tfet AFE S8Ysto] AE dEels e Y FMExU(Chung et al, 2013),
WHA ] YL B FolER Aol ok YFTRIEL(R 5 2013), B UE U7
xe| 59 AEFE BES| e AbE 9§70 AR 5 2014) 5 ohfet o
T} o] RoiF 1, o Lo} TAHAz] §F2e] AvlS Fofsh] fIe TMHAzE] f52
S 2dn 9ES malW 5 2017), ot RS ol89 AEe MR T
2015, ®1 5 2016, o] T 2017, 5&%187 2016) 5ol cfeh A7} o] FoiXStch TeLf
ME:E AlEH QFo|(Food neophobia) £-2 Al &Fol theh BAAQ o|n]x|E st 4
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ME7H-L headspaceS o]& SPMEH o2 80ToA 20&27F S-FA|74 GC-mass= 2As}H9Ich
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A T} Ho = x|uF RChe
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1. olo]z 21} 415 b 77b 165 a 478 b 33.4 51.9
2. 8= 539a 114a 163 a 297 d 31.0 52.9
3. 243 9% 331 c 63b 121 ¢ 598 a 31.3 51.2
4, B3 B 35.0 ¢ 61 b 129 c 593 a 34.3 52.4
5. fi%E 2% 411 b 71b  149b 3.63 C 314 49.6
6. tIFT B2 403 b 75b 158 ab 493 b 36.7 49.3
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A& Al oF o o)k
1. ojo]Z 2o}t =x) 58 a 38 a 5.8 a 50 a
2. 58 Hx 35d 15 c 18 c 25 e
3. 53 g% 43 ¢ 3.6 ab 50b 23 e
4 Z23 25 53b 40 a 6.2 a 35d
5. A% 2% 4.7 b 3.6 ab 51b 41 c
6. AT 55 56 a 40 a 6.2 a 54 a

YR MRV ol 83 MBS B AUY RYE YT
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flEos mekElch A8eE 60CSh 10T Aol Yool HATRE Uoju4s 1 g

—

Fol =obxle Aoz Liekgth

E 3. Rl g TAHARRE 22 R

7:'] EI LH'Q‘ P,0s K0 Ca0o MgO Fe Mn 7n Cu

© (%) (%) (%) (%)  (mg/kg) (mg/kg) (mg/kg)  (mg/kg)
1. BXzg] 1.68 a 0.51 0.03 0.21 978 a 7.6 104.2 b 162 b
2. 60T 208 119 b 0.67 0.04 0.28 635 b 9.7 130.6 a 210 a
3. 60T 30& 122 b 0.68 0.04 0.27 718 b 9.9 1435 a 213 a
4, 60T 408 1.18 b 0.72 0.04 0.25 703 b 10.2 1445 a 215 a
5. 70C 20& 1.16 b 0.65 0.04 0.24 679 b 9.5 1342 a 20.6 a
6. 70C 30& 119 b 0.68 0.04 0.24 734 b 9.2 1410 a 204 a
7. 70C 40 1.16 b 0.69 0.04 0.30 680 b 10.5 1440 a 216 a

~
fo
o
N
)
O
o
M
o
1o
>
=
n
>
>t

=2 7= ]—E —‘?—-X‘]EI
Cha Fobrl: Heolgitl rlEE
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60CHL} 70ColA, YRIAITRS ZTF4E oS WES Yolx|7 ayt T3+ S7ksi%ict o
A1gat mehA Bpe 2ot AlTkol ulzlelel 70T 408oH 2 763%, 684%2 T}
A =9lch

B 4 2xlpol wE WMHAElRE Bl BeH B4 Y Uuge

Al TAK] EFx|S R X|Ek ZRChel
M= . e O/ O/
1. Bx2 415 ¢ 7.7 16.49 - 334 51.9
2. 60T 20& 633 Db 7.6 13.06 56.0 ¢ 14.7 65.1
3. 60C 30& 627 b 8.0 14.35 59.6 bc 13.5 65.6
4. 60T 40% 63.1 Db 8.2 14.45 625 b 12,5 66.9
5. 70C 20& 67.9 ab 94 13.42 55.7 ¢ 14.8 65.4
6. 70C 30& 69.4 a 9.7 14.10 649 b 10.7 66.7
7. 70C 40 68.0 ab 9.6 14.40 76.3 a 7.9 68.4
AE L dEaE Sl L] e
@h (olo|325} oz 2o (QFEHAlL 70°C) (200mesh)

a2 2. TAHARRS 2R 22 AR

AHAER5S AEes THHsH o] 8sh1] HsliMs AbSSsTlollA B2 feksol A
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H¥ Hzso] §Eshs ol vjAse, 17 2004 2E sfe} Lol vlo|3zu} Pz
T o2 5 o5,

GRS 28 WHoz Uz B Hol 1 $8Y Hoz Beksl] HEE
XIOSL 3

[=] o
o] Mz YA AFT1E o] &dto] 70To|A 407 ARRE $200mesh ofst2 nAsH|
o

£ 5 45070 22 53
P A== 45 mix el 2} L=y
IR Saccharomycopsis fibuligera . 100.0%
=T
Ha)g strain AUMC 10736 Saccharomycopsidaceae () 3¢ 3)
M= Hyphopichia burtonii partial 99.9%
2T 1ypHop P .
Ba|7 265 rRNA gene, isolate 34 Debaryomycetaceae (966/967)

=

WHHR2[7} F2 SRofA MAls= |
FAhS Fueh] flolo] thEnl xjES 2
HEstIA}, AMFEEo| Fadut &le] RFoREH Wit AvES 44tk 239 42
Hejgloich £7=l 2%9| Fof cfste] blastn HBA¥H O =2 nucleotide sequences AAJSH H
=B B|H-8 Saccharomycopsis fibuligera strain AUMC 107362} 100% bHAIE|9) 1, 2H:
£ Fe|4-& Hyphopichia burtonii partial 26S rRNA gene, isolate 349} 99.9%2| oijXlx]= T
o= LR}, 239 o8 BF 382 SR T HARER|EEe oW U8 Al
22 ARESIGICH

el daade| 73 & 61} Lo| W2 M|7t Z Alo|§ Holx| otoLt JFu) !
TISEE Br2llA U1 46 32 2 W Sokm, WrE2ol 58, 6302 TP Hob F)
U Rolgol 622 TP £1 Bf2lel AREarZlolN 48, 4602 bl Lk
|of T2 Bik= 9P 7zeel T2 Yo ojF el o] WMHAR R 4Bl
slefsh= o] 27 IS & HoR weks|Qlc

ML

K
o rr
U

A& A o ot Yz
1. B4z 52 46 c 3.2 48 c
2. URESH 5.5 5.8 a 6.3 6.2 a
3. A2 5.4 52 b 5.4 54 b
4. HAZFEZ 5.6 50 b 6.1 54 b
5. ARaA 5.5 47 ¢ 5.0 46 c
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Hen F5o NelseE gelsltod mMagt daieo] ofsleby EAdul YU RYR
B 73} Utk AlgAels BF A2olE o|f Z1F 2l UREI ARELS
0D 7702, HAFXEE Frlaas WESR 3574 Ao Hap U 3 H8
e YRS AREFS Helskel whlEsle] R goPdaE o] WAk
2 HAFEEY PAaacs FTRIon], MEMAR= Kelskol wZ o= §i%L, L
ol B2 chy] YrEa} s Aelof|A Eolxls Foldn HAFEED Yrlaa
X 2| cm ol =0 ol $E8Re| Xfolof T|Qles oz TEhE|dch x| EF
2 HAFEEFE Aot Melsm1l soPd4E YolFn mph ohefe MR2g3S
AMelstn © % HeloM= Mels=Tt soPE4E Sollch
B 7 YA skof w2 ojslety B4 4 dYHE

AH T A
Aedg  ARlsE B ot E zgd
1242 - 10.0 ¢ 68. 5.6 20.9 129 a 71.0 ab
OD.1 107 bc 685 5.6 209 12.7 b 711 a
28e27 0D.2 103 c 69.6 59 22.0 124 ¢ 70.7 b
0D.3 96d 68.7 5.6 223 12.4 ¢ 703 ¢
OD.1 97d 70.6 59 21.7 124 ¢ 703 ¢
3A2T OD.2 94de 707 5.8 24.2 12.7 b 712 a
0D.3 9le 71.7 5.6 235 122 d 711 a
0.5 % 88 e 59.9 5.9 21.8 12.4 ¢ 704 ¢
4ARIREE 1.0 % 95 de 584 59 21.8 124 ¢ 69.6 d
15% 104 c 60.3 5.8 21.7 126 b 69.1 e
05% 113 b 59.1 5.8 21.4 13.0 a 705 ¢
SAREA 10% 113 b 57.8 6.1 216 12.7 b 69.4 d
15% 125 a 57.8 5.8 21.2 12.0 d 69.8 cd
Hen S50 Melsed ofn|iAt TR B 8of LERAEY|, 4% WEA BT B

K| ] Fopn|ieal oh&fo]l FIkStGch 280 FEF BF Aelskel HlEste] ofnl:
thdFol FTkeks W&ol ot 003k 2 ofdollA AR Felie Uekx] Gioka, A

—

AFES2 0.5%, YRIZAE 1.0%0) AMejilolls AMelth folxbt gle Hog Ubebytch

o
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B 8. waupol o2 ofolnit 33 (9] : mg/ke)

A& = £ Asp Thr Ser Glu Gly Ala Cys Val Met Ile Leu Tyr Phe Lys His Arg Total

1842 - 184 89 106 256 118 166 5 159 24 90 170 179 92 130 72 125 1963 c

0OD. 1 176 88 103 263 122 170 3 169 23 90 164 177 89 131 74 128 1971 c
2RS4 0D 2 207 88 107 294 125 177 4 169 25 114 173 185 93 145 77 130 2113 b
0D. 3 191 93 109 289 125 175 5 185 27 111 187 188 97 137 77 132 2128 b

OD. 1 190 88 107 263 120 169 3 202 24 94 177 183 91 128 73 124 2,036 ¢
3AEEH 0D 2 201 90 110 278 121 173 3 200 23 103 188 186 94 148 74 125 2117 b

0.D. 3 206 103 115 272 124 167 200 25 100 192 198 98 135 76 129 2144 b

05 % 201 109 123 293 130 183 193 26 108 195 186 100 143 80 136 2210 a

I

ARIEZE 10 % 203 97 117 283 131 188 4 183 25 102 189 198 97 146 79 133 2180 a

15 % 208 99 117 288 132 186 6 183 27 103 192 199 102 148 80 138 2,208 a

05 % 192 98 111 295 134 168 4 199 26 103 165 203 102 124 81 139 2145 b
5AMgA 10 % 203 96 117 283 132 187 4 193 24 102 190 198 98 139 79 134 2180 a
15 % 211 101 111 291 134 170 4 197 25 106 198 205 103 144 81 138 2219 a

Fo| m/dule & 99 To| FHlaA)HAFEE) rEa )y S
Kelel ¢o2 ekt AvSa Kels FAiEl( 132124mg/100g)et 2 Alo|T7h §lof Xt
|

ol S FA Y2 Hoz wHEljlch HAxEs, Frlaa Aelose mopxjhit

Z

>~

25 Z7kslgioL} olzlAsih Holed Aejolatte] o] a7 Fk
of mapx|Hibe] WSS b 224%, 22.5%2 £A2| chH] LI 0.3%, 04% ZT8IH T £

01% 03% UASIHCh oHH, UrEF Azl TsRMAF vlge
21.4% Hxfs] 4Dt wh, ek, 2l Uulelsalit Sof Bmsixupito] 39 Z}
sleim BAADL ofgla|Erte] 4% HEEE 5 Ul G2l 2mspx|A blgol

78.5%2 0.7%Z715}3ick

O

ZSRA Yl
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7 9. A2 x|t =4 (Th¢l : mg/100g)

T | HIAFE EeSEd AEEF 3ARES 4AANREE SANEA
A
Ta}R]HbA & ] 2920.8 3025.8 2928.5 3330.8 33274
(%) (22.1) (21.4) (22.1) (22.5) (22.4)
C10:0 Fpm At 2.94 13.15 2.82 0.00 0.00
C12:0 gko 2 A} 44.4 48 432 474 48.1
C13:0 Esjo|g|7Ht 12.0 11.7 11.8 13.3 13.5
C14:0 n|g| AEAF 544.5 556.5 5433 624.3 623.3
C15:0 I 16.1 16.2 16.0 18.2 18.4
C16:0 shp| EA}F 1868.1 1943.4 1871.1 2109.5 2103.9
C17:0 R R 30.6 31.3 30.7 36.7 375
C18:0 AEJo}2A} 363.1 373.4 367.6 425.6 426.6
C20:0 ofz|a|TAt 29.0 28.0 29.4 35.1 36.0
C22:0 |l A 10.0 9.4 12.5 20.7 20.0
. A A 102816 110708  10289.0 114926 114926
=l K|EFA

SZoR|gAt (%) (778) (785  (77.8) (77.7) (77.5)
clol 2 gl HpA} | 5690.9 6239.9 5672.4 6188.1 6188.1
Cl14:1 o|2| AEe At 2.5 9.2 2.7 3.9 2.9
Cle6:1 zho| Egfl At 348.8 358.8 3478 405.7 401.3
C17:1 HefoAl At 36.1 21.1 19.3 20.7 22.9
C18:1(n-9) LAk 5288.4 5813.0 5287.0 5665.7 57478
C20:1 ofo] FAIAF 15.1 16.0 15.6 6.8 6.1
C24:1 gl EkaAlAL 0.0 13.9 0.0 5.5 7.2
Cc22:1 T AAAL 0.0 7.9 0.0 0.0 0.0
Ch 2SR 27 4590.8 4830.9 4616.6 5348.9 5304.5
C18:2(n-6,cis)  2lsefAt 44213 46127 44476 5159.2 5096.8
C18:3(n-3) Ynle| 4t 156.7 198.5 156.7 159.6 156.6
C18:3(n-6) o)Ak 0.0 0.0 0.0 0.0 0.0
C20:2 of|o| FAFC]all Ak 12.8 12.3 12.2 23.0 38.8
C20:3(n-6) oflo | FAERRIAH 0.0 0.0 0.0 7.0 12.4
C20:4(n-6) olzg}| =AL 0.0 74 0.0 0.0 0.0
10.0 10.4 10.2 12.4 129

X e AX|H} A : : : : :
SERIAAY A 0.1) (0.1) 0.1) (0.1) ©0.1)
C18:2t 10.0 10.4 10.2 124 12.9
e 13212.4 140971 132276 14800.3  14833.0
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LhebLt

222

alcohols&%
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oo o gafe U
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98lo] GC/masss o
hexanal, heptanalz} T2 Aldehydes®} propanone, butanone-gz}
o2 PE =och UBA HMe|ERs

a3}

=)
- L

Hil =
q Hil= B

10z} ).

= FX|2|oj|A]= ethyl alcohol

27 dojut USS ¢ 4 Ux, Ad
acetic acid @gfo] HARB| ZIIeIF
o] ¥ Hoz metE|qict dax| A

2|A] cfP2el H UAEE HEFS H9Lo E3] benzaldehyde ao| 3|3
A4S T 3,:}7]/\3%_0__‘?—_ 2247l nonanalgtsfz} Octanal, ethylhexanol AJ&2o|] ULRE+
o "AREE, BREL Ao Fatstel DM AR | RollA L=l SR/ o3t
FUET Hx %%*9 NEEo] TS & HoR BHEhEICh
£ 10. MelE ¥Pd =2 (Th9l - area %)
N 2.9 3% 48d 57
He T2 RT Compounds I - R Mﬂ
1 Acids 3.61 Ethyl alcohol 2.55 0.48 1.72 0.46 0.51
2 13.41 1-Pentanol 190 0.82 0.87 0.85 0.63
3 20.15 3-Octen-2-one 1.27 0.50 0.96 0.20 0.34
4 Alcohols 2143 Acetic acid 156 137 1.61 2.57 3.24
5 21.62 1-Octen-3-o0l 1.01 1.39 0.94 0.92 0.91
6 22.52 2-Ethylhexan-1-ol  0.33 0.82 0.53 0.80 0.86
7 322 2-Methylbutanal 2.85 1.18 1.27 1.12 1.26
8 3.28 3-Methylbutanal 1.64 084 1.10 0.77 0.85
9 428 1-Pentanal 2.39 2.01 1.55 1.90 2.12
10 6.76 1-Hexanal 8.65 8.26 8.35 7.67 8.66
11 Aldehydes 45, 2-Heptanal 598 490 259 35 390
12 14.85 Octanal 060 084 0.46 0.72 0.90
13 19.70 1-Nonanal 1.08 1.81 1.09 2.60 3.21
14 22.89 Benzaldehyde 199 034 0.63 0.53 0.73
15 %%ﬁ;%cgrfélsc 1642  25-Dimethylpyrazine 167 190 151 167 184
16 2.31 2-Propanone 6.04 232 2.87 1.97 245
17 3.07 2-Butanone 405 272 145 215 244
Ketones
18 19.58 2-Nonanone 1.16 1.05 0.87 0.97 1.11
19 22.46 2-Decanone 054 084 0.52 0.54 0.58
20 Others 5.54 Toluene 6.32 7.86 4.75 6.80 7.36
21 8.02 Ethylbenzene 143 208 1.75 1.84 1.84
22 Others 2674 2294 3834 2836 2848
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