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Abstract

Insects have gained increasing attention as an alternative protein and nutrient rich food source for humans. This
study was conducted to investigate the physicochemical characteristics and harmful components of edible crickets
(Gryllus bimaculatus) in the 6 districts of Yeonggwang (YG), Jeongseon (JS), Wonju (WJ), Hwaseong (HS), Geochang
(GC), and Chungju (CJ). The average crude protein and crude lipid contents on a dry basis were 64.34% and
16.60%, respectively. The crude protein content of CJ was the highest (67.40%), whereas YG (59.42%) had the
lowest content. On the other hand, the crude fat content of YG was the highest (20.61%), whereas CJ (14.04%)
had the lowest content. The unsaturated fatty acid contents were 57.97-63.93 g/100 g of the total fatty acid content
in the crickets of the 6 districts. The major fatty acids of the crickets in the 6 districts were palmitic acid, oleic
acid, and linoleic acid. Among the essential amino acids, valine, leucine, and lysine were the most abundant. GC
had the highest total amino acids (57.93 g/100 g), whereas YG (48.65 g/100 g) had the lowest. Major mineral
contents included potassium (K, 0.92~1.01 mg/100 mg) and phosphorus (P, 0.74~0.88 mg/100 mg). The mineral
composition was fairly similar among the crickets. Crickets in the 6 districts were verified to have safe levels
of residual heavy metals according to the Korea Food & Drug Administration (KFDA) advisory levels.
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Waters corporation, Mllford MA, USA), 932 10 1L,
ZH 2% 30T, 72 7]+ fluorescence (Ex. 250 nm, Em.
395 nm), ©]F2 0.14 M sodium acetate(A), 60%
acetonitrile(B)2] gradient'H(21) 2.2 A3} t}. o]uj] A&
gk A9k 55 9 HPLCE-= ARESEl o, ofn| it 35
E2 2 amino acid standard(Sigma Chemical Co., St. Louis,
MO, USA)E AH&-3F3itt.
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A3l om, 2ol ARl C1-9 SO/ 9] A Fl| o]-&-3
o] &3 2 E 72 Z(ion chromatograph, IC)E DionexA}
(DX-120, Dionex Co., Sunnyvale, CA, USA)2| & Al-&-3}
gom EXMZAL eluent® Na,CO3/NaHCO:;= AS14
column¥} 1.2 mL/min®] flow rate Z12]3l conductivity
detectorE AHESIATE 7+ 77149 HE LS Ca
393.366, P: 213.618, K: 766.491, Mg: 279.553, Mn: 257.610,
Fe: 238.204, Zn: 213.856 & Cu: 324.754 nm°]3]t}.
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Table 1. General composition of crickets from different districts

Arcos, Spectro Analytical Instruments GmbH, Kleve,
Germany) & o] &-3e] 2| F24e] 3ol ntek Ak
948 =4 3732 Pb: 220.353, Cd: 228.802, As: 193.696
9 Hg: 194227 nm=z =3 &1tk

SAH Az

A A 3}= SAS program(SAS Institute Inc, Cary, NC,
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vkorth x3) %ol A5 7&% AF7} 391% 2 7H8 @Eko
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(Unit: %)
Districts” Moisture Crude protein Crude fat Crude ash Crude fiber N‘“"ge&%% extract
YG 70.7620.25™ 17.67£0.28" 6.13+0.04° 1.78+0.02° 2.98+0,09 0.69+0.02°
1S 69.03+0.13" 20.53+0.08° 5.0440.11° 1.79+0.03° 2.96+0.13" 0.6720.00°
Raw Wi 70.29:0.10° 19.06+0.12° 5.92:001° 1.18£0.01° 2.8840.09" 0.74£0.04"
basis HS 71.33:0.12° 19.07£0.17° 42120.01° 1542007 3,05+0.04° 0.81x0.07"
GC 70.48+0.20 19.5620.11° 4444007 1.67+0.06° 3.11+0.03° 0.75+0.05"
a 69.96+0.17° 20514023 427+0.01° 1.7820.01° 2.69+0,02° 0.80+0.06"
Average 70224033 20.0440.55 435+0.10 1.72+0.07 2.90+0.23 0.77+0.06
YG 1.69+0.12° 59.42+0.10° 20.61+0.34° 5.97+0.01° 10.01+0.18° 231:007°
1S 138+0.06" 65.3540.05° 16.030.40° 5.69+0.06" 9434037 2.13+0.01°
Dry WJ 1.4240.05° 63.044032" 19.64+0,12° 3.910.00° 9.55+027° 245+0.12"
basis HS 1.4320.01° 65.54+0.29° 14.46+0.07" 5.30+0.23° 10.49+0.19° 2.79+0.26"
GC 1.44%0.02° 65.31+0.09° 14.820,12° 5.4740.06° 10.38+0.02° 2.61+0.09
a 1.29+0.09° 67.40+0.44° 14.04+0.09" 5.8420.01 8.83+0.08" 2.62+020%
Average 1.440.14 64344262 16.60+2.66 536+0.71 9.78+0.62 2.48+0.26

YG Yeong-gwang; JS, Jeong-seon, WI, Won-ju; HS, Hwa-seong; GC, Geo-chang; CJ, Chung-ju.

NFE—lOO(Mmsture+Crude protein+Crude fat+Crude Ash+Crude fiber).
Walues are meantSD (n=3). Means with different letters within a same column are significantly different at p<0.05.
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acid(C16:0), oleic acid(18:1) 2 linoleic acid(18:2)& o] &=

Al YEFETHTable 2). ©]+ Hutchins2} Martin(25), Grapes
526)% Kim¥} Jung(27)°] ZAFe At} H]5=3k A gkS
UebiSlnh A A, A7) 3 2 A d3ellA] linoleic
acid S 717} 37.85, 34.46 L 3445 g/100 gO. & =9ko
™, oleic acid gF- 22.73, 21.66 2 21.29 g/100 go- =
FAS S UrE‘rLH 13, palmitic acid ¥ 23.72,
2337 % 21.09 g/100 g YERSITE S5 &, 2449 34,
A A%l A& linoleic acid $Ho] 30.54, 29.86 2 29.74
g/100 g5 YERNQL L, oleic acid 32 24.46, 23.50 2
23.03 g/100 g & FAFSIH 2™, palmitic acid T
22.67, 24.00 2 24.19 /100 g& YERASITE AA] AWt

Table 2. Fatty acid contents of crickets from different districts

32 A28 A6E (2015)

&& 5797~6393% = LA
AP B =2 s eI, Bl 45 63.93% =
7Y & S UEIITE A A% %‘5‘ ol A
£ myristic acid7} VERA] @gkom, 73l o=
myristic acid®} eicosenoic acid7} 7= A] %3}‘3}. 7871
8} ol A& linolenic acid7} HZAE|A] ekt

webA, A5t 2] 2]8-3} A] oleic acid 2 linoleic acid
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24 oot B
A A o] ofn] it S Table 39 VFERASGL
o, threonine 9] 1652] o}n|=4to] Folx|QiTh & o}n]

A Fhe A A%l 57.93 g/100 g2 7HE E3kom,

A dgol] 4865 /100 g = 7 WSttt B4 o] i*&
sleF % valine, leucine 2 lysine gr&Fo] 950 M, valine
ke A 9 X9o] 292 /100 gO 2 ERA| Y 397-447
g/100 givh vt kS Jeplidich B4 opn|iike] 3
2 18.01~22.80 /100 gO & A 2 o]z} gllTh
HZobu it 3 HEgke] diggdEer  gEdl
glutamic acid gr&Fo] 74 Aol A 691 g/100 g & 717
=7 Y on, F5 F5 6.00 g/100 g 2 71 Bl
Uepstou & afel& YehubA| 3ttt F ofn it 5
=2 S YERA val, ley, ile 52] branched chain amino
acide eolu Rl g o= AldEe] 5% 71l
53] freld Aoz AZ4E ™ (28) arginine = =oF =

ol

a)

(Unit: g/100 g samples)

Districts”
Fatty acid
YG IS Al HS GC a
Saturated fatty acid (SFA)
Cl4:0 (Myristic acid) 1.74£0,05” 042059 D 0.360.51
C16:0 (Palmitic acid) 21.09+0.28 24.00+1.42 23.72+0.54 23.37+0.28 24.19+0.09 22.67+0.73
C18:0 (Stearic acid) 9.29+0.13 7.8910.32 7.91+0.09 8.93+0.09 7.79+0.08 9.97+0.34
Total SFA 32.1240.13 32314071 31.62+0.19 32.66%0.16 31.99+0.10 32.6410.62
Unsaturated fatty acid (USFA)
Cl6:1 (Palmitoleic acid) 1.03+0.03 2.5340.19 1.37+0.00 1.2610.03 2.6910.10 1.8910.04
C18:1n9¢ (Oleic acid) 21.29+0.19 23.50%1.40 22.73+0.53 21.66+0.28 23.030.01 24.460.92
C18:2n6c (Linoleic acid) 34.45+0.40 29.86x1.75 37.85+0.56 34.460.38 29.74+0.39 30.54+0.74
C18:3n3 (Linolenic acid) 1.48+0.05 0.99+0.39 1.98+0.02 1.43+0.05 0.72+1.02
C20:1 (cis-9-eicosenoic acid) 0.8420.07 1.23£0.05 1.2740.18 1.08+0.04 1.5740.12
Total USFA 59.99+0.15 58.48+0.78 63.93+0.21 59.70+0.29 57.97+0.06 59.81+0.36
USFA/SFA 1.87 1.81 2,02 1.83 1.81 1.83

1)YG, Yeong-gwang; JS, Jeong-scon; WI, Won-ju; HS, Hwa-seong; GC, Geo-chang; CJ, Chung-ju.

Walues are mean+SD (n=3).
INot detected.
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Table 3. Amino acid contents of crickets from different districts
(Unit: g/100 g samples)

Districts”
IS WI HS GC a
Essential amino acid (EAA)

Amino acid

Threonine 2.16 242 226 237 242 2.15
Valine 292 447 397 4.36 428 4.03
Isoleucine 1.98 237 228 232 252 2.06
Leucine 3.82 4.67 423 448 4.75 4.04
Phenylalanine 1.8 222 213 2.05 243 1.89
Lysine 3.14 3.63 352 3.69 383 318
Histidine 1.28 1.53 1.42 1.48 1.60 1.34

Methionine 0.83 0.99 0.92 097 0.97 0.89
Total EAA 1801 2230 2073 2172 2280 1958

Non-essential amino acid (NEAA)

Aspartic acid 4.15 5.65 491 5.03 5.67 4.63

Serine 23 34 291 298 339 267
Glutamic acid 630 675 616 674 691 600
Glycine 280 311 290 325 308 295
Alanine 500 540 49 548 513 51l
Tyrosine 300 298 294 28 304 28l
Arginine 349 398 371 395 402 353
Cystine 053 056 049 054 055 051
Proline 303 343 320 354 334 302
Total NEAA 3064 3528 3224 3433 3513 3133

TAA? 4865 5758 5297 5605 5793 5091

UYG, Yeong-gwang; IS, Jeong-seon; WJ, Won-ju; HS, Hwa-seong; GC, Geo-chang;
Cl, Chung-ju.
TAA, total amino acid.

218 g

T Ao F71d s B A Hades
253 29 o] 0.92~1.01 mg/100 mge}t 0.74~0.88
mg/100 mg= 7] YENETHTable 4). Zg<] a2 e
g 3ellA] 030 mg/100 mg2 2 77| 3Hd 0.17 mg/100 mgk.
o = vtk 2ol A9 dd dFellA 103 ppme 2
E} A]919] 44~82 ppmK T} =2 g2 VERNQITE A A o
2 gzt e e wrou, gaksl a4 IRl
F40] 29 o} L 170~299 ppmOl.E EH& kS zhe

Aoz 2AET bl e oF 3000 Fo Hdo] BAB
groz aud g, Nd 5 YRBE NEoR 4§
Sh 7o) B3 DNAS] 2|53} 84204 A0 83k
EAAE BB E wotsh el o] Fod RO
SERIDCTEN

Table 4. Mineral contents of crickets from different districts

Tnorganic Ui Districts”

lements nit

€ YG IS WJ HS GC Cl
Ca 0.30 0.24 0.18 0.17 025 0.25

Py 082 085 077 079 08 0%
K 100mg o094 101 092 09 096 095

Mg 0.12 0.10 0.08 0.09 0.11 0.09

Mn 57 69 43 33 67 49

Fe 103 56 64 44 54 82
ppm

In 248 299 171 170 283 284

Cu 14 11 9 10 11 12

I)YG, Yeong-gwang; JS, Jeong-seon, WI, Won-ju; HS, Hwa-seong; GC, Geo-chang;
ClJ, Chung-ju.

=5 g

A 8o 5 |, 7I=E, vA 2 o
< A3 A7 g AFelAE 026 ppbe] F A Eol
AZEReH A 9%, 49 FA, Ad A= 7=
o] 27} 0.07, 0.03, 0.03 ppb7} 72 A THTable 6). #9-
2 BE AHoA HEH oM HlAE BE 2G4 7
2] @skth o= AMSAIG ] A aAABHE B) 1
og A2 Mt TF ifi AU 270 et %
N2t 2 Al F-ig Agke] ARSI E 4o 5 ]
=l (32), 55 187 1Eﬂ7} T =] ATk makA,

AFo R AFA] FESHE AR Y] AR o] e rdT
AR FEein] o] -9- CODEX 2 7l=F 3183 : 0.4
ppm©]3H(33), 2] 2FA 31| 0.2 ppmo]3h34)el] Pl L= &=
For AFARRA A7} gle Tl e, A
W A Alge] 2832 1.00~3.30 ppb2 LFEFE S

.2 t:m

Table 5. Heavy metal contents of crickets from different districts

(Unit: ppb)
Districts”
Elements
IS W) HS GC CJ
Pb ND ND ND ND 0.26 ND
Cd 0.07 0.03 ND ND 0.03 ND
As ND ND ND ND ND ND
Hg 3.30 1.50 1.50 1.10 130 1.00

1)YG, Yeong-gwang; JS, Jeong-seon; W, Won-ju; HS, Hwa-seong; GC, Geo-chang;
ClJ, Chung-ju.
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nje] zehulal AR RS 747t 17.67~20.53% 9
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S37] Bop w2 ol Sk el A 37
2 3ol zAW ko] 2061 2 19.64% = EIA Y
14.04~16.03% 5.t} = YEbRtTE AR BAA foa2te
URAITHP<0.05), AA| o] Apol= A VEhA] %Sk
o}, X|HFAke] 749 palmitic acid, oleic acid, linoleic acid”}
77} 20 /100 gol’de] =2 S Yehiidth 539
linoleic acid ¥F&Fo] 73l 1ol A] 37.85 g/100 g2 H&
TFe Uehilen, A A7ge] 29.74 g/100 gO = v
e Rt Do) weiba) vjg froln| e qtbo] 7}
7} 18.01~22.80 g/100 g} 30.64~35.28 /100 g= YERHS)
t}. 24 olw]i=At 5 valine, leucine, lysine &-&Fe] =Skth
Valine®] &2 A 93Fo] 2.92 g/100 go = EFA|S
3.97~4.47 g/100 gBt} W& S JERH AL, glutamic
acid 3HEFe 73 71 3o] 691 g/100 gO. & 71 B& IS
e it 7714 ke Z4F 2 Q19 o] 092~1.01
mg/100 mg 2 0.74~0.88 mg/100 mg O & =4 Yebyieh
AAH o= Wt} e e o), ofd e 7k A
2 7] 3140] 299 2 170 ppm 2 =4 YElt) F5&
FFe ol g ARG AT 026 ppb7t HE HAL
o, A Fol| M= HEHA] Fsdt 7= A 94,
Zh A B A AFelA 2zt 007, 003 B 0.03 ppb7t
Az HJon, A Go = HEHA FUTh 52 TF
2 5 T 9 2 delA 1.00 2 3.30 ppbe] TS
et @AY 5452 CODEXS) A E34 e S5
& 5 87|5d T3] vigE e gHgow Yeh) AEdaR
A A glee )18k

ZAe 2
2 AFe 2084 74 (PI009827)¢l 23] o] F
ozl Ao o] A= YT
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