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Abstract

Crickets have been used as crude drug for treating fever and hypertension in East Asia. This study was camied
out to investigate the quality characteristics such as the microbial and nutrient contents of crickets (Gryllus bimaculatus)
prepared with various processing conditions for use as food. These conditions included the lyophilization process
(LP), hot-air process (HP, 90°C for 7 hr), roasting process (RP, 160°C for 40 min), and frying process (FP, 180°C
for 30 sec). The total bacterial population of the crickets was 5~7 log CFU/g, but Coliform and E. coli were
not detected. The major fatty acids in all the samples were palmitic acid (C16:0), oleic acid (C18:1), and linoleic
acid (Cl18:2). The level of polyunsaturated fatty acids was highest (63.55 g/100 g) in the LP-processed crickets.
As for the amino acid content, the glutamic acid level was highest in all the samples, and the RP and FP decreased
by 12.01% and 53.88% respectively, compared to that of the LP. The mineral contents were highest in the LP-processed
crickets. Hg was detected at about 1.0 ppb in all the samples, but its level was lower than the residue tolerance
level in the Korean Food Code. Such conditions should be considered to better understand the quality characteristics
of crickets in food processing.
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A1 SEIEE B3 dEelldE *W o] 3 AEF
25 Agshed ARsksler, 17417] fdMs A4
Ag % Oleﬂi A1 BEATH®). Eek, AT e
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AFe T8kl ARSI T AlEe WALl A
24MZEESE SE A7 33] 9] Al S jE & ARkl A
10TolA 2417 B A 45 A8l 7HFAER
AH-8-8F AT

7I3=A
FAAZX  NEE -10ColA 2443t T3 & 21
7](FD5508 Freeze dryer, Ilshin lab, Co., Ltd., Seoul, Korea)

£ o] &3l o] s AAE w7hA] xS &+
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FERATEREY
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AZAZ . ABE 90ToA 7417 “%7&§7](OF—02,
Jeio Tech, Daejeon, Korea)E ©|-&3}] 71%23 A5 5 £4
712 E-2438+4] 80 mesh(® 250 mm’)] “J% T3 RS

LR S
ES5HAZ : Al E E-57](CBR-101A, Gene Cafe, Ansan,

Korea)E ©]8-3}] 160 ColA] 4083t /& F A8E 24
712 233}l 80 mesh(® 250 mm)<] HS T3 AL

AE2 ARSI

Az . A|2E 57 7](FRA02373, Tefal, Rumilly, Haute-
Savoie, France)l|] W5-(Soybean oil, CJ Cheiljedang,
Seoul, Korea)Z ©]-&3}] 180°C°1W 3027t HZ F 9
FAE FHEE AAST F EH7E o]&3ste] 5t
80 mesh(® 250 mm)} & T RS AR 2 ARSI

UM E 24
A 9] AR E B2 AOACH(13)ol whe} &=

2 105 A7re Az, Gl Kjeltec system(k]eltec
auto sampler system 8240 analyzer, Foss Tecator, Hilleroed,
Denmark), ZA|%-2 diethyl etherol] 2]3 Soxhlet FZH,
Z3E8L 550C 33y, 27+ 1.25% 34 Bl
o1g3tel ZYateTt. v YUAEL 10092 5
I ol AN SR v Ak 37 9 8o ks
wl L} 2] £ nitrogen free extract(NFE)Z}L s}o] EH-31&
FHgs et vl 7R Az il b A5ete 9
719 S Hackman®] TS &-83t S350k
(14).

TAofo| At

ofliest BAE 2t A oF 10 g2 423 Fshe] ample
o Y31 6 N HCI 15 mLE 713} U No2 2| 3hslod 41453}
A B3I 0] 105TC LBl 24417t 7Ris] A7
5 Wgste] Gol4E 50 mL B8-Sk 8 5,
0.2 ym membrane ZE]E A3} YTE oA 2 mLE F3)
25 mL A83F &, o]Z AccQ-Tag WH (15202 F=A43}
(AccQ-Fluor Reagent Kit, Waters corporation, Milford, MA,
USA) Al7]1aL ofm=4t #497](pump PU-980, detector
FP-920, autosampler AS-950-10, Jasco, Easton, MD, USA)E
o]-g-ate] ofr|imihE FAEATE ojw Aok =4t 74
Z7Ae ZHELS Nova-Pak C18(3.9x150 mm, Waters
corporation, Milford, MA, USA), FUH& 10 1L, 24 &%
= 30C, #AZE7]+= fluorescence(Ex. 250 nm, Em. 395 nm),
o] 5 A4S 0.14 M sodium acetate(A), 60% acetonitrile(B) <]
gradient™(15) 2.2 A8tk o|mf ARR-SF A oke S+
9 HPLC&-S& AH&-3F o™, o] =4t EFE 22 amino
acid standard(Sigma Chemical Co., St. Louis, MO, USA)=
AH&-8FA T
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S
Ul 7FA] 7tgzded e ASFee| o] At 242
Folch 5(16)9] ol uwg} 2:1(v/v)E chloroform¥}
methanol S 41> &Yoo 2 FZ3Ha, F29 AL
Morrison “5(17)2] *Rioll F=38d 2*]2] 3 gas chromatography
£ AREste] EASIYY. Gas chromatography 712
capillary column(SP-2380, film thickness 0.25 um,
SUPELCO Inc, Bellefonte, PA, USA)S ©|&39a
injection &%= 250C|1 o™ HE7] 2%+ 260CE
SErE
2718 A 535 24
A 9% 2417 AOAC (el Teh $ASIAIL, Ca
Mg, Mn, Fe, 7n, Cu 5] A18-& 2451200k #7120 4ol
AL A SEet=r YAPEEE37](ICP-AES Optima
4300DV, Perkin Elmer, Inc. Waltham, MA, USA)E A}&-3}
o, ol AE2Q C-9} SO/ 2] Ao o]g3 o]
ZrlEI#ZJon Chromatograph, IC)+= DionexAHDX-
120, Dionex, Sunnyvale, CA, USA)¢] AL A}&3l31om
BEXAZAL eluentE Na,CO3/NaHCO;E AS14 Column
1.2 mL/min2] flow rate ~12]3L conductivity detectorS AH-&-
stdek 7+ 77129 HE 32 Ca: 393366, P: 213.618,
K: 766.491, Mg: 279.553, Mn: 257.610, Fe: 238.204, Zn:
213.856 2 Cu: 324.754 nmo| 1t}

Za54 F24-2 ICP-OES(Spectro Arcos, Spectro Analytical
Instruments GmbH, Kleve, Germany)S ©]-83}o] 2332
o] Aol wel BAsHTE Y4 4 332 Pb:
220.353, Cd: 228.802, As: 193.696 % Hg: 194.227 nmZ
=530

njd=E 24

vl 7FA] 71 o] Asete o] wgEE <
817] Heto] AFF R gl wet S AR
o} Tt B ool vigk B4 AAlsiTh B4
u| A &-2) At (Escherichia coli O157:H7) L Salmonella
spp.oll &t Yoo 5(18)9] WS o83t EAFFE
gel8ta Tt thATH(E coli O157:H7) 9] ZAALE Jate] A]
F 25 g8 mEC H|X|(mEC broth with Novobiocin, Sigma
Chemical Co) 225 mLol| 231 37CollA 24417t F<F vl s}
a1, Hjgd-S MacConkey sorbitol 3FHI X](Sorbitol
MacConkey II Agar with Cefixime and Tellurite, Becton,
Dickinson and Company, Franklin lakes, NJ, USA)ol| %3}
Atk FAo =z ZlE [ EMB M| A(EMB broth,
Sigma Chemical Co.)oll FF3}aL 37 Co A 24217+ &<t
HiFetlon, it o2 F45 = B s Bt
749 2] (Nutrient agar, Difco Laboratories, Detroit, MI, USA)

o AF B kst 2FEAHI OH EHE AId™S
Eate] 228N Salmonella spp.] XS 9l8te] A8
25 g< peptone water 225 mLol| a1 37Col|A] 2417t E<F
HjoF3kar, wjokel 0.1 mL-S Rappaport-Vassiliadis Hj ]
(Rappaport-Vassiliadis R10 broth, Difco Laboratories,
Detroit, MI, USA) 10 mLol| FF3}aL 427Col|A] 24A13F 52t
Hj ¥t XLD S8l A(BD Xylose-Lysine-Desoxycholate
agar, Becton, Dickinson and Company, Franklin lakes, NJ,
UsA)ell HE &, Jge a7l AAY HoH BEs
)l 33k 37TolA 24413t F<F v eFataL, TSI
3+ vl X (Triple Sugar Iron Agar, Sigma Chemical Co.)®l
AE 5, AR giEe Yo FE BEsIT
ArdetE o4E A, 2RI OH 83 A13W
S o83t AT

A Ao EAlske dubAld 2 il oigh
A4 S O3 2ok AlE °F 1 g& AFH8H 0.85%
Uit Aol @AFo R A% & F 4 plate count
agar(Difco Laboratories, Detroit, MI, USA) v X]oll HZ3}4
a1, ot ot chromocult agar(MMERCK, Darmstadt,
Germany) Wi Aol HF3FATh Tt 36 Coll A 484]%F Hi
ot om, w3t 37Col|A] 48A17F Hlj &Fst
% colony& S 3ttt
SAAE|

A% AI}= Statistical Analysis System(8.01, SAS,
Chicago, IL, USA)E ©]-&-3}to] 31 ®ba xj2jste] Ht 3}
EFHAE AL, 7h ol wel A A5
S0 Zol7t Y=AE FAHEA(ANOVA)E 53l ot
Hokor, AL E-41-2 Duncan’s multiple range test =
AHE3E 0.001% FEollA fF9148S Hlast 3t

Zda 3 nF
Qg & 5 F|ElsEE

7Fgx0 mE AFFetr| ] NS A A=
Table 1o YePiAS. FEFHFS HPAZ =
1428%%Z 7P =9kon, SAAZ 20 144%2 7V
shoit), et} 23|88 di 2 1 dx At 7t
7} 2648%, 1.74% 2 717 2okal, SAAZR A0 = 2z
7} 64.44%, 5.02%Z 7P =A SAE AL 22U H7
Az A7} 45.87% 2 THE A2l vl =4 =45
Ak 2 F= 47 ATl fABHA 4= ok
AxZA0] wel A= 2648~66.44%2] THA 3
< Yehar &), Chen 5(19)2] AT Ao M % w57
B FF] AT vild ke oF 23~65% 92 ER1EHA
t} ol AE F &5 152~347%, O1F 104~47.7%2) Y
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Table 1. General compositions and chitin contents of cricket powder with different processing conditions

Lp" Hot-air” Roasting3) Frying“ Mean

Moisture (%) 1.44+0.02° 7.2540.03° 12.6340.13° 14.28:0,63" 8.90+5.26
Crude protein (%) 64.4420.11° 62.190.65° 55.080.07° 26.48+0.21" 52.05+15.84

Crude fat (%) 15.5340.19" 15474043 1727:0.18° 45.87+0.04° 23.54+13.49

General components i . ) .

Crude ash (%) 5424022 4.3740.05 3.8610.03 1.7410.01 3.85t1.41

Crude fiber (%) 10.380.17° 9.32+0.01" 10.070.04° 10.02:0.14° 9.95+0.42
NEE” (%) 279+0.30° 1.40+0.24° 1.19+0.18" 1.61+024° 1724070
Chitin (%) 9.7740.06" 12.25+0.05° 11.27+0.05° 6.36+0.33" 9.91+2.39

"Lyophilization process.

)
;Hot-air process (90°C for 7 ).
)

@ o

Roasting process (160°C for 40 min).
Frying process (180°C for 30 sec).
Nitrogen free extract.
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£ /A= A vluste] AFGr7t 52 Gl AgES
7}11 As & T AATH20). WA AFer|7t 7]1E9
G Aolgd S dAT F A= AFEAEAY o] &
7FsAdel =ohal & & AT FAAxg A A
WS 4587% % FAA%E, ¥ H E5x3
Tgtn) o] A ekekel 1547~1727% 8t 71 AL 3491
& 4 AT ol=gt J%:l ~1807C <] ﬂ%ﬂf\u Lapd
7V F AR HH 2 F43] SHska g gl 71E
o] F45of lt“ﬂ%l Z7HE Ao= J&%%D}(zl).

7FeEd w2 A5ev|e 71" = Table 191 YE}
Witk 1z 34 BE 719 S 636~1225% 2 57
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on, %% 1%, 270x 9 H1Ax ¢ YET
IZAZx Aa R8¢ 12%2, HUNZE 6%
°¥2HH 2 dEFoldltk 7|9 £84 ©5SEE, ?4
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AZA Tl S FXNTIE AR dHA Aok
@4). vl 7FA 7FE o] A= 1789 obv Ak

Table 2. Amino acid contents of cricket powder with different

processing conditions

Amino acid 5 Pro.cissing (%.) 3 3
LP Hot-air”  Roasting”  Frying
Essential amino acid
Threonine 4.39 4.34 421 431
Valine 745 745 8.16 6.49
Isoleucine 3.69 426 372 4.46
Leucine 7.64 8.11 7.63 8.07
Phenylalanine 4.01 395 395 3.88
Lysine 6.28 6.40 6.19 645
Histidine 2.56 262 2.56 2.56
Methionine 172 1.68 1.89 167
Total essential amino acids 3774 38.81 3831 37.89
Non-essential amino acid
Aspartic acid 9.77 9.85 9.81 8.51
Serine 6.03 579 6.18 4.66
Glutamic acid 12.14 12.34 12.04 12.15
Glycine 528 542 5.07 590
Alanine 9.01 9.07 9.09 11.14
Tyrosine 5.66 471 533 555
Arginine 6.98 7.06 6.82 6.79
Cystine 1.02 091 1.04 0.89
Proline 6.37 5.98 6.31 6.52
Non-essential amino acids 62.26 61.19 61.69 62.11
Total amino acids 10000 10000  100.00  100.00

1)Lyophlhzamon process.
Hot -air process (90C for 7 hr).

Roastmg process (160°C for 40 min).

Frying process (180°C for 30 sec).



7hexAe we AFetn| e ALt 2432 Table 39
e Ao A4t ke A o] A 100 goll 23
B Adske] ko2 etk 3A0x AT EX
A SRS 63.55 /100 g0 2 7P E=A) UEyton,
F3P A ke 31.88 g/100 g2 E| AR A5
7V 7 w2 ALE SAEHAST ZAHE FolAE
palmitic acid®] &gl 7H =%al, B3P A L] 739
linoleic acid, oleic acid =22 ¥ S YeERHUT
Linoleic acid®] &3 719 3A4S AXHA 439,
53] H7034 9] AT E 33.47%2 71 22 linoleic
acid 3-8 R At} Y palmitic acide 71E 534S AR
HA] gheFo] F7hste] E 378 9] ASetr] oA 23.09% 9
7 & SRS Btk o] Lim 5253 Choe 5(26)2)
AFlA HF T 78RS AXA HE EXSATR
Frastar, EspA o] F7FsHA Hvke Ao} A
g1 5 Aok

Margaret 5(12)2 Kim 5(27)2] 747 = AF
o] 8 ¥ I}ARARS myristic acid, palmitic acid 2
stearic acid®]l, 92 EEZIA|WAHS oleic acid, linoleic
acid 3 linolenic acid 95 &1 4= JUAH. #AFe}r]ol=
ARl AR %= A4 linoleic acid9}
linolenic acidS ¥ 3H3h theket B-¥ 3} x|lito] F 5317
wjitell, AFerlE At Aolgd oz e o] & 7hsAdol
=03 @ § AT

g 7714 e E43 Z29E Table
.2z AT B gl 7
A vebgton, 8z Ao 7Pt e 7714
E3] g0z oJste] HulAel 2714
ol FHaslo] s2x Aol Hliste] o 20% T
2 Z+adtgch
AT E AFLAZ o]887] et FalEdel o
3 {415 2= Table 590 YERITE AFEb] 279
XM FHRE fJste] |, 7=, i B g2 thske
TEE BAS AN AR} dFAx X Tl
A 71=H©] 003 ppm FEOE HEFHUAT o] 2o

Table 4. Mineral contents of cricket powder with different
processing conditions

Component Unit Lp" Hot-air” Roastings) Frying”
Ca 0.25 0.23 0.20 0.05
0.85 0.79 0.77 0.17
mg/100 mg
0.98 0.95 0.90 0.18
Mg 0.11 0.10 0.09 0.02
Mn 68 61 51 9
Fe 76 60 45 16
Zn PP 283 268 174 48
Cu 12 12 14 4

"Lyophilization process.

Hot-air process (90°C for 7 hr).
IRoasting process (160°C for 40 min).
Frying process (180°C for 30 sec).

Table 3. Comparison of fatty acid profiles of cricket powder with different processing conditions

Processing (g/100 g)

Fatty acid Lp" Hot-air” Roastings) Frying“

Myristic acid (C14:0) ND” 048042 0.40£0.35 0.46£0.40

Sa““at‘(ngfgW acid Palmitic acid (C160) 21004113 21,66:131 212420.12 23.00:0.08
Stearic acid (C18:0) 9.07+1.74 7054065 7864092 8334119

Total saturated fatty acids 30.07+0.96 29.19+0.79 29.51+0.46 31.88+0.56

Palmitoleic acid (C16:1) ND 2324008 2084027 2204002

Oleic acid (C18:1n9) 20404118 23.14:081 23634039 23.19+1.07

U“S"‘“’rf‘{fSFf{‘)“y acid Linoleic acid (C18:2n6¢) 4070194 3429124 35.11£096 33474025
Linolenic acid (C18:3n3) 2454025 149:0.09 0554039 1354015

Cis-11,14-Eicosadienic acid (C20:2) ND 0.4210.73 093041 0.53£0.46

Total unsaturated fatty acids 63.55%0.56 61.66=0.52 62.30£0.42 60.74+0.41

USFA/SFA 211 211 211 191

! Lyophilization process.

)

'Hot-air process (90°C for 7 hr).
'Roasting process (160°C for 40 min).
Frying process (180°C for 30 sec).
'Not detected.
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T21(28)¢] 71521 0.2 ppm H.t} B Ao 2 B9ttt
R 520 BE A2 T4 03~12 ppb FFOE HEE
Ao}, o] gk AE5-871%<1 05 ppm? HlwE @ 1/100
FF o8l Ao g ekt v gt vlas ZE 7HE
Wl e ATl HEHA skt Hdx
Egiule] 714 ko] ashes Ao Yehd AL 1L
= T 718 X3 Aol A Al =rt
S

s
O BB L &Y S4o] WHE Qo BE

i

Table 5. Heavy metals contents of cricket powder with different
processing conditions

Component Lp’ Hot-air”  Roasting’  Frying”
Pb (ppm) ND” ND ND ND
Cd (ppm) 0.03 0.03 ND ND
As (ppm) ND ND ND ND
Hg (ppb) L1 12 09 03

'Lyophilization process.

Hot-air process (90°C for 7 hr).
'Roasting process (160°C for 40 min).
'Frying process (180°C for 30s ec).
'Not detected.

R S TCR Y

Folo|ME 24

7hszzel W AFetn] o] nAE2] M3l= Table 601
YER Ath detr s Az A AT oA 7 log F
& Hehlilen, A2 FolMe s210% 40l
7V =& 7 log FEolAL Foxs Hdx 3480
o3l oF 2 log cycleo] 743t 5 log 22 YERASI
Az o g2 kAl AEH Ao, W2 AF
A ekt ok WA vAEQ] WATH(E coli O157:H7),
Salmonella spp. 2 Staphylococcus spp.o| W3F 4384
A7, B4 vAES HAEHA FUTH

Table 6. Changes in microorganisms of cricket powder with
different processing conditions

Processing (log CFUJg)
Contol ~ LP’  Hot-air” Roasting3) Frying‘”
7.64+0.01 7.3240.02 6.92+0.04 5.41+0.00 5.23+0.32

Microorganism

Total aerobic count
Coliform count NDY  ND ND ND ND
Escherichia colf count ~ ND ND ND ND ND
Salmonella spp. count ~ ND ND ND ND ND

1)Lyophilization process.

'Hot-air process (90°C for 7 hr).
Roasting process (160°C for 40 min).
Frying process (180°C for 30 sec).
'Not detected.

o e w2

e <

£ A7e AT 2AE AFLEAY FEEE Fol
7] fl8te] thekgt 7t el e F4 HelE 2AFS
o IR T 2o 23 E ke FEAx AT
NA 7Hg E=A JEbsta, FESEY 2ANE iz
ATl 7 E=A JEhgen, 24345 2479 A
TollA Al Yelstth @30% A2 71d g
oF 12%2 HAWNE AT 6% oF 28] =2 FFS

etttk #2% AFE AlEe] A 100 g FollA
EXsPAATo] 6355 g0 2 7MY A S AL, E5HA
WAk FAE AT A 100 g FollA] 31.88 g0 &
7V w8 S UERiitE 71 e sAdx A
gFollA 7 =4 vehwten, dFdx, x4
Az £o 2 Yeidth Adzxzdd] e A5
FARE otr 7] 9t Fa&Hy = A4S ¢ 4
3, 7t=sH 20 AFHASY o= A4
oFx] 31A] 7]5¢1 0.2 ppm, 0.5 ppm H.T} &
Yehgon, g vias BE Ao A

o} 3 A mAEE 2E AT HE
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