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Abstract

This study aimed to assess fatty acid composition and anti-inflammatory effects, such as nitric oxide(NO) production,
expression of TNF-a and interleukin-6(IL-6), of Tenebrio molitor larva using RAW 264.7 cells. The content of total fatty
acid in Tenebrio molitor larva was 76.14%, which was composed of oleic acid(42.12%), linoleic acid(32.67%) etc. There
was no cytotoxicity at a dose level of 0.1, 1.0, 10, and 100 pg/mL of freeze dried Tenebrio molitor larva ethanol
extract(FDTEtOH) on RAW 264.7 cells. FDTEtOH significantly decreased NO production in LPS(lipopolysaccharide)-
stimulated RAW 264.7 cells in a dose-dependent manner. Also, FDTEtOH dose-dependently suppressed the expression of TNF-
a and IL-6. Thus, these results showed that Tenebrio molitor larva has the potential to be used as an anti-inflammatory food
to improve immunity.
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A AEde] A e BEolH, AR disie &

QZHe ANARE £5 A8 S, A8EF0) 4
2, F(species)Z} HAAo] Wk JopaRel B 2ol7} QA
ok dubA o 2 50~60% HE ] 2l yo] ghpEo]
A A& o, 8.1~59%2] ZAH, 4.9~12.1%2] Fee} HEFT] B
S 318511 It Bukkens SG 1997, Rumpold 5 2013).
A A A 2l(Tenebrio molitor, mealworm)= TR HE| & 7|
Iz ERE, =2 HEET A AA ] 2xEH| Sl
%, HH7] 2 459 A71E AXE SHHEE AR
FTOR, 2016 Al FFEAAA 2R E A E H=
& wiokth ZAA ] {3l g At obR2 27
ojLf, ZMAAE] 5oz DAt BEZFA A 59
0] =31(Kim & Jung 2013; Simon % 2013; Yoo 5 2013
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A= 7 Lo A W IS Zdste] Wojqd
H, A Z= WA HGAe HANZ=2 3Y 7]
S5 Wojof| S8 HES s, AltFel o3l EHEHe W=
4 LPS(lipopolysaccharide)L} IL-6(interleukin-1), TNF-a(tumor
necrosis factor-alpha) 51 5-=%]¢] inducible form of NO synthase
(iNOS)f| 23} nitric oxide(NO)2t 22> A54 Wi/ledS A
dsto] violg Ay 7|85 A A THSu GL 2002). o] 2 A
Aol -2 ¥ NO9| it} A4 A] prostaglandin 5-2] A 7H
= FAste] AFNHES A, FEA ZEsh = &
THMarshall JC 2001). A=A AJo|E7}el & L6 BYZ 7o}
TRIme Bl Polst, 2N AES Qe 415
2 A-g sl Aol BRI C 2 A Ayt §lew(Dinarello 5
1991), BEZHE &3 A FAE Bt E F=sto] €
T3 o #ofst= Aoz dHA UrHLiu F 1998).
TNF-a= T3, th A\, HRbA|sE, Y2 9 2FA LAl =
£ HIRS §2 AlzzojlA] AAtE o] 4, RS0l i,
AAEE AR BAHA AR 7 5S gl 4 oot
(Reiko 5 1998). &, HAIA| 2] LPS A= TNF-q, IL-6 59
ALl E7RRIS sl A3 dod &= glon, ol
o] B2 NF-kBof| o8 =4 thDumitru 5 2000).

ojof & AFollx= ZAAA Y fFoll FrEl Ue A
WA 2T ZNARAE /59 FEF afE otz
A Azt T2 A2 A2 At 24 EA, Raw 26475
0]-83}o] H|EZEA U TNF-a(tumor necrosis factor-alpha), NO
(nitric oxide), IL-6(interleukin-6) S-2] g+ =01z} 0] Hta o]
oAE Qe BRI
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1. A2

M AT 8-Z(Tenebrio molitor, Mealworm)-& MG W
d(Jeonnam, Korea)ol| Al +Aste] A A A= A
AR2 AT YNRRTE ZYAAT §58 29
oF HAXA A|HT & 70T YEI(NHON freezer, Tokyo,
Japan)ollA] 120A17F WEAI & A 22 ARSI 2%
A R(FDT)= A RS 22 Wi o g W7l & 40z
(Ilsin Biobase, Kyunggi- do, Korea)& ©]-&35lo] AXA|7] & A]
22 AMSHAT

offt o v

—_

2. X4t =6 £3

Z|HPAE 2432 Folch 5(1957)2] WH O 2 gas chromatography
(US/HP 6890, Aglient Technolgies, Santa Clara, CA, USAYE A}
83510 BA5HT) Gas chromatography(GC) Z7A-2 silica capillary
column(Omegawax 295, 0.25 pum film thickness, Sigma-Aldrich Co.

=4 EFIYEIA

Bellefonte, PA, USA)S 0]€3}5 1L, injection port 2%F= 250C
olH, A&7 2=+ 260CE FA5+H4th

3. OIEtE FE= MX

Z} A =RT, FDT)= A& FA tiB] 242} 208 F3)2] 70%
EtOHE 7Fet & 2AIRE E¢t A204 & £, oJZi(No. 2,
Whatman, Maidstone, England)dte] ZHAAAA 255 oehS
2202 AUt ofg-23=Z ML rotatory vacuum evaporator
(Rotary Evaporator N-1110, EYELA, Tokyo, Japan)Z &uj&
2917 50 mL7kA] &SI B2 AZAIZ F BAE A
22 Apgshgc

4. M|ZZHHF

RAW264.7 A|3Z+= 10% fetal bovine serum(FBS, GibcoBRL,
Life Technologies Inc, Gaitherburg, Canada), 1% penicillin/strepto-
mycin(GibcoBRL, Life Technologies Inc, Gaitherburg, Canada)
o] Z3tE DMEM HjR|o| A 37T, 5% CO, 7L 2 ujjFs}
et

5 MESMEH

RAW264.7 HA|ZE 24 well plate?] z} wello] 1.5%10° cells/
wello] |22 Bxsl1, 7 A2 HEET} 0.1~100 g/
mL7} E=S 2Aste] Hrke ohe 24AIZE Wit 7t B
Ao A3z B4 3= WSTE ©]-&3)= cell counting kit(EZ-
Cytox, Daeil Lab. Seoul, Korea)E ©]|-&3}to] A XA 2]A 9
we} 450 nmoll A EFES ZQ5hec

6. NO(Nitric oxide) MMzt X

RAW264.7 N ZE 24 well plate®] Z+ wello]l 1.5%10° cells/
wello] B =2 B33}01, 24X]7F 2o lipopolysaccharide(LPS;
500 ng/mL, Sigma-Aldrich, St. Louis, MO, USA) ¥ Z} A|& 9]
HEBE7} 0.1-100 uginl 7} HE2 245k Hrke b
24A|7F v FsEA Tt Nitric oxide(NO)2| -2 2Hg % NO A
3H=¢l NOy(nitrite)E Griess ¥F-3-& ©]-§38lo 43t o
M Z vljoF A5 0.1 mLE 96 well plateo] @1, oj7]o]
Griess A]2F(Sigma, Darmstadt, Germany)& % A7}l 10
E7H kA F, 540 nmoll A FHES ST Nitite
o] =L sodium nitrteS o} §3te] L EET4T vl L5t
o #@3UCH

-

~

. Cytokine MAMzF =X

A3t thAANIZ v g Aol F= EH]E TNF-q, IL-6
9] 242 Z} cytokineo]| gt ELISA kit(BD Pharmingen, San
Diego, CA, USA)E F{isto] A2ALY X o] w2t 5745}

f
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At

8. SAAE|

B2E X7 = SPSS statistics 21(SPSS Institute, Chicago, IL,
USA)E o]g3tel Bt BEUAE Tohelch ARTe] &
9142 ANOVAE A At &, Duncan’s multiple range test®2
7} A &9 FHt Zpolof] it AR HAS FeE S%elA
SREEE
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9% azt
= Table 1o] R|AIE whe} 2
3 AUAA FHRDS Lo AGU2203 225
AUPAKT6.78%)2] TAHEE 133, SAAZ 2R §
(FDD)] T8} X|4-AH23.86%) 0 RIS} 2| AHT6.14%) ) ;L
A HlEe 13.198 T 7 Zhls $9=¢l o7} glgith o]
= Ha 5014)2] 2229 294t A4 4317]9] A
SR AHSFA: 42.78%) 3} & 3Z3FXHFAKUSFA: 55.92%) 2
Tho} W)IL A] ZAA A E] §50] BESAA FHo] Y53
32 o 4 AUtk THEESA AL AENSL oA

Tu=a2 2

P
T

Ao Y ;mE lui(Irene 5 2014), 8% FALHE =S gL
Hgt A2 (Hegsted 5 1993)= w|Fo] FAHA At
1. X|dat = 2 AtgEch
AR AR §59 A4 24S A% A3 FEAAx ZNAAY FFSFDDY At 242 54t
Table 1. Fatty acid composition of Tenebrio molitor larva (Unit: %)
Fatty acid composition RTY FDT?
Capric acid (C10:0) 0.025+0.000™" 0.023+0.000
Lauric acid (C12:0) 0.33240.002"" 0.401+0.005
Tridecanoic acid (C13:0) 0.083+0.000"" 0.080::0.000
Miyristic acid (C14:0) 3.2700.008 3.68120.002
Pentadecanoic acid (C15:0) 0.149+0.002" 0.136+0.002
Palmitic acid (C16:0) 16.290+0.231™ 16.749+0.257
;;;ur::gs Margaric acid (C17:0) 0.158i0.000:: 0.1330.000
Stearic acid (C18:0) 2.606:0.006 2.464+0.007
Arachidic acid (C20:0) 0.199:£0.005""" 0.153+0.002
Heneicosanoic acid (C21:0) 0.058+0.000""" 0.000
Behenic acid (C22:0) 0.041+.0000™" 0.0300.000
Lignoceric acid (C24:0) 0.008+0.000™" 0.0100.000
Total 23.219+0.153" 23.860+0.318
Miyristoleic acid (C14:1) 0.017+0.000"" 0.0200.000
palmitoleic acid (C16:1) 1.801£0.009" 0.196+0.003
Oleic acid (C18:1 trans) 0.084:0.000"" 0.0730.000
Oleic acid (C18:1 cis) 37.842+0.381"" 41.116+0.393
Unsaturated Linoleic acid (C18:2 trans) 0.282+0.004" 0.268+0.006
fatty acid Linoleic acid (C18:2 cis) 34.888+0.378" 32.669+0.226
Linolenic acid (C18:3n-3) 1.726+0.005" 1.635+0.004
Gadoleic acid (C20:1) 0.1410.003" 0.133+0.002
Nervonic acid (C24:1) 0.000™" 0.030+0.000
Total 76.781+0.677" 76.1400.659

)
2)
3)

4) NS

RT: Raw Tenebrio molitor larva

FDT: Freezing-dried Tenebrio molitor larva
Mean£S.D. (n=3),

not significant, “p<0.05,

ok

“p<0.01,

p<0.001, significant difference between RT and FDT based on student’s z-test.



254 72« 7wl

28 do7]= 94 Yo] RIE(Huiqun 5 2015) palmitic acid
9] TEK16.75%)2 R BHH, ASHSS JAIh= AR
A% oleic acid2] TH41.12%)2 ok, HHFXIol| FH4
o Ao g AE oK Carluccio 5 1999). T3+ Oh YT(2010)2]
gl zohdAe] ot A wA|ZF] &3} A oleic acidE &
A2 stA =H 4EHEANO)9L INOS9| Wé o] JA|H = &
7 ot ik 2 AFZaE JHskar ok

2.

520z 2AAN §50 54 oj3E BekslnA o
S 222 A2 5301, 1.0, 10 L 100 pg/mL)E RAW
2647 celo] Aelokol AT HEEE Bhelgt AE Fig 19]
RIS,

Yu 5016)0] ZAAR D] §5& SA(L T ek
2 Aesie] AR HEZEE 24T AT}, B4o] YT 1
TaA, B ATATNNE o] A ek

3. NO Azt

o) 2] Al EZ(macrophages)= QA W FFHESo Toish= Al
Z2N Wit oF A=of &3 &/d3tE o] NO(nitric acid)
o 22 AF FLEAE v BH|ste] T 9SES Id
o #AZtH(Ding 5 2009). wety FAAZX ZHAA D §
Z gE F=E°] NO(itric oxide) Aol nlX= ¥
otz ZAMAA Y §5 dgE FE2E ANEE =
(0.1, 1.0, 10 2 100 pg/mL)= RAW 264.7 celo]| X]]st At
Fig. 20] A|AIE vie} Zh

2 Aay, 2ARAT §-3F9 oeE FEE(FDTEOH)
2 & 9EH 0 E NO S AaAF o= Yu 5(2016)
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0

Fig. 1. Cell viability of RTEtOH and FDTEtOH in
macrophage cell (RAW 264.7). RTEtOH: Ethanol extract of
raw Tenebrio molitor, FDTEtOH: Ethanol extract of freezing-
dried Tenebrio molitor, ** Different superscripts are signif-
icantly different by Duncan’s multiple range test at p<0.05.

= AFIYELA

E0.1 pg/mL
B1pg/mL
210 pg/mL

Nitrite (mM)

0100 pg/mL

LPS Cont RTEtCH FDTEtOH

Fig. 2. Inhibitiory effects of RTEtOH and FDTEtOH on
nitric oxide in macrophage cell. RTEtOH: Ethanol extract of
raw Tenebrio molitor, FDTEtOH: Ethanol extract of freezing-
dried Tenebrio molitor, *° Different superscripts are signi-
ficantly different by Duncan’s multiple range test at p<0.05.

o] ZAAA R 5= SME(MEET )= A5t
NO #sjaas waddt 23, 5= AEH 22 NO 4= A
sistRet gt A2 atet XS

4. Cytokine Aa&EM

Cytokine-> M| Z7ke] H R AT o Fojsts AR Eo]
Al NZ=gAol| At HAA| 2] 7 P42 24
St 84 TR ASEReT Wovhe-S Wi, 4
=4 Ato|EFFelo)= TNF-a9} IL-6 S0] JtHKim & Moudgil,
2008). TNF-ai= F2 LPSe] 9]al] A=F5 2|27} £H|s}
= 27| cytokine©. 2 &2|A glom, th30 2 IL-69] YdS
FEste] A5HHsS Fetti(Grossman 5 1989). o]of 2 A
Toll A= RAW 264.7 cellol] 5242 ZMAAE] 552 pro-
inflammatory cytokine®] 4 A AIE Yot 17} F=H
2 FAAR ZAAAE 55 AHEFEES A sto] TNF-
agt IL-6 &l u)z S #Ee A3} FDTEOHE 5=
HE TNF-a¢} IL-6 B RIS THFig. 3, 4).

ool Atz FE Axg ZAAAY 45 AHE &
B2 %01, 1.0, 10 @ 100 pgml) QEH o2 FZAA
7170 #ofdh= cytokine 52| TS JAISH= wIl7L Qlod,
HYE 2742 a2 st =5 SRR ofe), B2 o
FUETF Q== AESAAE S {835 AFoR &8
g 7HsAol & ALE 7dE= Hiolth
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Fig. 3. Inhibition of TNF-a production from macrophage

cell (RAW 264.7) from RTEtOH and FDTEtOH. RTEtOH:

Ethanol extract of raw Tenebrio molitor, FDTEtOH: Ethanol

extract of freezing-dried Tenebrio molitor, ** Different

superscripts are significantly different by Duncan’s multiple
range test at p<0.05.
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0 ———
LPS Cont RTEtOH FDTEtOH

Fig. 4. Inhibition of IL-6 production from macrophage
cell (RAW 264.7) from RTEtOH and FDTEtOH. RTEtOH:
Ethanol extract of raw Tenebrio molitor, FDTEtOH: Ethanol
extract of freezing-dried Tenebrio molitor, **° Different
superscripts are significantly different by Duncan’s multiple
range test at p<0.05.

N3} ATAA ol ua), FAAR ZAAY §3¢ A
G 24 A T RS S50, RAW 2647 cello] 5
HE Asto] TNF-q, IL-6 R NO T3 2 d5QAA &d
o vAE Gae dohusrh
2 474y, F214% ZNAAY 152 B3} A4
@]—30] uf] - , 3] oleic acid9] @}3(42 12%)°] =
o2 Ueyth 52 1z ZAAY /5 deE &
(FDTMEtOI—I),—‘—:).; EFrdEE RAW 264.7 cellof] AE] A] A4
£ JehtR] ¢ofth. FDTMEOHS g2912}9] TNF-a, IL-6
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