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 E: B8 O HOm BT S E R R R R IR LR B R dUh, 38 A
-JF i ¥ (gas chromatography-mass spectrometry, GC-MS)X}# 5 Bt 3l 1Y Big iy B2 20 5 A4 & 4 43 e 4543 #r,
YIRS . BRI PR REY) & i U AEATE PR AT R . SRR Wk AR N (29.28+0.21)%, BRI
(KOH) il 1 48 Ak {EL 349 75 5 & F i AR e, 2351 24 (0.94+0.06) mg/g A1 (4.54%0.29) mmol/kg, [ & i {H
6.04+0.68, FLHE — Iy 6.97+0.23; OBy HUIM AN F0 B U5 BR () A & 5 3K (81.68+1.95)%, FEJE MR
[(43.411.27)%] A I R [(36.340.59)%]; FoHs Hu i+ (4 E SRR R LR A -4 5§ B2 (12.8120.10) mg/100 g] .
S %07 [(35.20+0.09) mg/100 g] A1 JH [ BE[(70.52+0.12) mg/100 g]; TRy MU XS 1,1- 28 B -2- = fiff 5L 7% Jpf
(1,1-diphenyl-2-picrylhydrazyl, DPPH) H i & Fl 2,2-BK & - = (3- £ Fk - 7% I Wi M -6- Tt iR ) — ¢ 5 [2,2°-azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid) ammonium salt, ABTS]FHE ¥ FH fH LA —E IS FRACK; B0k Al g
FE 40 RSy, FEAARE. WE. B 490 BRUASEEYIT, Ze3 Wit R n URIR, Bk il
NEFRBLRFIAR IR IR GBI O IS, WIRARITRA LT, BRI, AR — R
KR EOR O BRARMERT; BRVA TR, PUEAIE R RRITRRALN, A MERLSY
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ABSTRACT: Objective
Methods

To study the physicochemical property and nutritive peculiarity of Tenebrio molitor oil.
Tenebrio molitor oil was extracted by Soxhlet extraction method. The fatty acid composition and volatile
components of Tenebrio molitor oil were analyzed by gas chromatography-mass spectrometry (GC-MS), and its
physicochemical property, lipid soluble concomitant content and antioxidant activity were studied. Results The oil
content of Tenebrio molitor was (29.28+0.21)%, the acid value (KOH) and peroxide value were (0.94+0.06) mg/g and
(4.54+0.29) mmol/kg, respectively, and the anisidine value was 6.04+0.68. Conjugate diene value was 6.97+0.23. The
unsaturated fatty acid content of Tenebrio molitor oil was as high as (81.68+1.95)%, mainly oleic acid [(43.41+1.27)%]
and linoleic acid [(36.344+0.59)%]. The main lipid soluble concomitant compounds in Tenebrio molitor oil were
[-sitosterol [(12.81+£0.10) mg/100 g], squalene [(35.20+0.09) mg/100 g] and cholesterol [(70.52+0.12) mg/100 g].
Tenebrio molitoroil had certain scavenging effect on 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical and
2’-azinobis-(3-ethylbenzthiazoline-6-sulphonate)(ABTS) cation free radical. A total of 40 volatile components were
identified in Tenebrio molitor oil, including hydrocarbons, aldehydes, alcohols, heterocyclic substances, esters and
amines. Heterocyclic substances were the main odor sources, providing special flavor for Tenebrio molitor oil.
Conclusion Tenebrio molitor has high oil content, good fatty acid composition and rich nutrients, which can be
used as a potential oil resource.

KEY WORDS: Tenebrio molitor oil; physicochemical property; lipid soluble concomitant; antioxidant activity; fatty

acid composition; volatile component

0 35

OB VB PRI L A, 50T T RRIAIE R, B E
B AR, HA AR | SRR L. s SN
B, A ZREIEIR, Horp AR I &SRR & i A
PRI 40%A AT, R—FETEM M RE A A 20
M2t 50 AELYIFRES, BOb e R IE TR MBLE 4RI R,
C SR foe BAR N T AR SR AR B R 2 —, ek DR ol
RSN S VA

O VR SR, HA R MR R g
AT S >0 IR A B B R AL R, T
SR BB SR UL, RN T R 2 R R
SRR TG o DRI, N R BB O A Y
Y, T A5 ROR) B BN Tl AR A R I R
EL A AT b S A DR AL, A SRS X T ) i A
BRI, AL 23 T PRI 9%, WAHI T3R5 A0 A 22
ST H R OB IR AR 32 24 T RO 2 R R
4RI, X BB U P ST R, HLOGT R0k i i B
PCHEPEA DLAGE o TR IASBIESE LB Ry ORISR &R, SR
RIRBGEIEBGMAR, X #ky Bl i SRl B SR bn . RIS
PRALIN . MRV VLR R MR A S Rt A7 o e, 95
Z RN EREYM A TR L, DU O B0R HO AR S £ I B U
RIS %,

il

Q=

1 MR5ERZE

1.1 #ME5RF

M I T AR R RNAE DR B TR ) B 4
iRk A /N B i | /N R 31 L A R o s S =
B RA BR A, AR R S T 256 (7 MR L
MV ATBR S5 BRI 1 T2 FH S AR A AR A i A FR A Hl

ECEE. RBEbt. TOKOBE, KSR, Ak, &
OB RSN . WAL BE . SAALE . RIBRREE . 2,4,6- = H1 Ak
MEWE . 4EfEE C (vitamin C, VC) . 5T X
(tert-butylhydroquinone, TBHQ)(4-#74li, [l244EHl b2k
A BR A Y, 1,1- 20K 3 -2- = il 3% 2K Bk (1,1-diphenyl-
2-picrylhydrazyl, DPPH)( I 1§ 37 we bhAz (L BL 4 A BR A H));
2,2- Bk A - T (3- & Hk - R IR WE MK -6- B R ) T Bk AR
[2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
ammonium salt, ABTS] [4/& 98%, Bz T3R50 (L) AR
A - - p- . O- B AR S (AEEE =96%, EE Sigma
NCIDE
12 HF5RE

FA3204B BT RPN 0.1 mg, FHEERERIRER
2EALIRA R FE]D; UV-1780 250G EETH( N 24F)
2EAERAT IR H]); 400Y 22 I RE R BATL (i B T B0 RKCH. 4
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mi A PR w]); 90-3 fEIRRE S fiH dw (R SR A AL ),
IKA RV8 Jig 25 AN CLR AR A PR vl); DB-WAX
B (30 mx0.25 mm, 0.25 um) . HP-INNOWAX L4114
FE(30 mx0.32 mm, 0.25 um), 7890A/5975 AR (1% Bk 1%
(R Agilent 24 ]); Milli-Q #4i/KHL(3EE Millipore
NG

1.3 XWHE

13.1 & Ry %

2% SCHR[8] 5 ik, FRELZE 80°CHE T 4b B A B4} 1,
MEEE 80 B, FIURAUE M, BERIEEGEH, m
NGB IREUE R, 7F 45°C R4 2 h, &8 H)E
U8, BRI T RS B 2R R AU, SRR, BRE
VAR, AR AR AU o HOR BUMARROR A RN

W,
HAER/%=—L x 100% (1)
WZ

K, wy WER AU TR, g W, MR MR, go
132 A &bgRRy %

WEOF A 1.3.1, BEA s mn, K, &l
AUAAEE, FHUBACHE L, RAR IR A .
133 #8 RopERIEALIE AR 69 M 2

TN HUMA R A | 1L A IE L 1877 B (B I 5 43 51 2
% GB 5009.229—2016 { & i %2 E R & h R
M ). GB 5009.227—2016 (& i &4 E FArE &5l bt
EALERINE ). GB/T 24304—2009 ( hiEMimis &%
TERINE ) 5 TR R A A 7 i TRl B 22 SR [0 7 vk 5
TR S, 3 05 (B AN E 228 SCHR 10109 7 5 BRI
0.020~0.030 g ViliFETF/NEM R, 10 mL RELein i, &
252 100 mL, F 232 nm EKAAWEWROEE, LLSFEELEHE
E, AR S RN ES % GB 5009.257—2016 (&b
ZAFEZEE 18 R PR IER I E ).

1.3.4 & RobRSN L BALE M 2

DPPH H FEIEBRRSHE AR5, Rifdesh. G
IR BEFCTIFE SR, WOBURE AT HR(50 . 100, 150, 200, 250
A1 300 mg/mL) 2.0 mL, JIA 2.0 mL DPPH (0.2 mmol/L),
RAYS G iCE — Bt ] . FIJGK G B0E2, 76 517 nm 3
RN E B AL TR DPPH VA BOR A BAWE B (4 BE ),
FEIE 2.0 mL A LA 2.0 mL ok ZEHRA WO
FE(A XFHR), HJrilE 2.0 mL JC/K ZFEF 2.0 mL DPPH %
TWRIR BB (4 25 1) LA VC. TBHQ iy BHEXT IR,
[FIE %S 1. DPPH [ BB BRI AL = (Q2).

HRR%=[1 - (it — Age) AX‘J‘W”")] x 100% )
Ay

ABTS FHE T [ 535 BR R 2% BRITO % ik,
SRR K (2.45 mmol/L)5 ABTS /K #(7 mmol/L)
i 12 (W EBNRSA, REERE TS0 T &6 RN
12~16 h j=4 ABTS H i3, #HATH 95%Z % ABTS

A AR REE 734 nm AAWIEEE A 0.70040.020, H
0.12 mL FRIEWS 3.88 mL A& S (B Mk B4 5K
10, 20, 30, 40, 50, 60 mg/mL)FE/MEE, T 30°CE&4:
TR 30 mine FAATEK ZEEAZE, F 734 nm HEAAR I E )
JCRE, GEHIC N A BEAh . JH 3.88 mL (/K Z BRI AR
FESMIRIRAE AR IR, T 734 nm S KANHROGRE, 455830
Ay X R BEANFE R SFATINAE 3k, BOEME, L VC . TBHQ
JoBAEXT R, WA . ABTS BHE T A LSRR T
BALA(3):
e BT ()
Ape s,

1.3.5  Jg W BR4E AR &

05 26T N N1 I £ 204 X1 I 13K I 71 e 2R
IR TR R B Ak S S (3% 1% 1% (gas chromatography-mass
spectrometry, GC-MS)Ill & 2 B SCHR[10]A 7 ik
13.6 AF&. AZN. §8ESZNE

R UM AT . AR . SRR E S 0S5
GB 5009.82—2016 { & ah % EFIrE BiPR4EAEER A,
D. E BISE ) 55— . LS/T 6120—2017 HIMIGE: i
WA AEENIE AL ) GB/T 25223—2010¢ 3))
I A 55 R BRI 5§ B R A 58 AR ik )
1.3.7 feBEESnE

S SCHR[13109 775, R GC-MS 02 H 1 & 2
1.3.8  GC-MS #Z & M4 A5t

S CERN 410 i FRELS g BESEF AU, fin
A 100 pL 2,4,6- = B JEAEIE(0.05 mg/mL)YYE R NERY), 4,
BT 60°C/KIET, S BEFERE 500 r/min, A 20 min J5,
I AZERUEF 2B 30 min.

GC i MEEEDRE 250°C, KB RS 280°C,
A 1.5 mL/min, 43 4:1 (V:V).

MS At B FBIRRE 230°C, PURATIREE 150°C,
5% 55 B 7 (electron spray ionization, ESI)HL & 70 eV, 4F1
1 35~550 Da.

1.4 BUELIE

IR ER 3 R, BOFBIME, SR SPSS 22.0
AbPESZE S . ] Origin 2019 22 F, FriS A EBERSS RN
AR UEIRZE, ) Duncan HapHi4hR2E R, P<0.05
FREABENEER.

2 HREDH

21 HHHHASEREBAMR

TR O R, 15R7E1K(29.28+0.21)%. AR HFE
AP AT DA B eI AR A A B, DR I R A A 3R AR HRAE
PE AT 50 A 0F 52 0 06 R AT A B o R SR A R M N
(0.9420.06) mg/g, UFRAHEHY HUiH A7 7E A B 0% 125 s A TR,
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AT REXTHBE 0 AR B A — B M52 o OB HH Y 4
A% 55 H9(4.54+0.29) mmol/kg, MR b
e k%A, 45 GB 10146 —2015 (&2 EF R
W ER3WhAE ) o3 ig A B R B, R
oy AR Ak A (B X TE B AR UESS BT 2 N o A SR
B AR 6.04+0.68, 75 T R M 584", KT
WUt gk U7 FoRAE A R S AR AR, A
B G S, TR - R HO SR
B 6.97+0.23, B8 46 (T8 MoK P 5 il R 14 AL
A U8 R PG TR & [(0.1720.04)% LA, Ui B H)
Ml PRI RE LT, AT e 4, AR RTTER S
FRIHBR 7T IR
22 EMHHMEHRERESE

BN U ALAG I 12 RS WTER o AP A RIS T R
(saturated fatty acid, SFA)I{ 1 M(18.32+1.58)%, FEj&
B A BR [(13.30£1.32)%], & & A > & M A 5 % R
[(2.7420.03)% | FIAE SR [(1.6620.14)%] - T K UM & & Ay
F1 B8 5 BR (unsaturated fatty acid, USFA), & & /& ik
(81.68+1.95)%, H 1 LK 4 #1 g i B2 (monounsaturated
fatty acid, MUFA)HIZ A EFIEifR (polyunsaturated fatty
acid, PUFA) & 543501 4 (43.74+1.30)%F1(37.9420.65) %
USFA &5 5 5 00 0 T R [(43.41£1.27)%], MR A4 F
THAR[(36.34+0.59)%] . WFRAR[(1.43+0.04)%](G5 1), MR E
ABEARIMAE . A | R IE [ e S5 SR, TR
T EL AR PP 1 I A A T B AR — 10 Bk
HIM R & TR, 2R IR g — i E S R Y T T
B8 o PR HATREARIMAG . FEImAE . U APIsh kot
B B 1 Y2200 S 3 R — ol A (AR 2 1 6 75 B T R
RNERHBAREA R Y BRI SR
o E SRR SR NMA B IR R A SFA/MUFA/PUFA
FEBIRRIE A 1:1:1, 323K SFA 5 USFA WY HflfRcdd b 1:2, ¥
Wl iy SFA. MUFA 1 PUFA B L6l 1:2.4:2.1, i§
U5 R 43 A AR X 5 B4, 30 W G A S D0 B 1) 5 3 LR (g I
£ 9V -
23 EMHMSEREYS. sh4HA A BH R 4E AL
RE&Exttt

FEAEI L R S RO Tl R A T P R L & A
Y, R A i R AR TS R R W s, e
5 EFECHARIE, Bk Rih SR R, i
S H A3 AT MR R OL 5 FREE o 3 2 TN, BOR sl 5 3L
At 3 FAE B RN BT FD S IR A 7 R R AR TR, R
SR I PR AR AR R o L r AN R 1 TR R Y R
[(75.19£1.94)%)], FL Uk 2 2 ky HUIH [(43.41+1.27)%]; W2 il
TR 5 B o v 1Y R K I [(46.10£1.13)%], FHivR 2 885 g
NE[(36.34£0.59)%] . R I B %k 57 11 3l kAL . FAAR

I AR | A7 R I S LA 2 1, DGR Bk
TR AR AR PEALBE A 5 o K S0 i 2 RR R 2 it e =i
[(7.83+0.05)%], H: Uk A& By 3l Y 32 JRR R % i [(1.43+
0.04)%], EIRRIRAE Ry AR 26 B IIIR, A & REIME . B
0 I I A S TP, A EORS RO — s B R
Bl HORyHUMAY USFA B it A T, (A& FAEAE
. KRS, S AEim. USFA HAPURE . LA
b BlhR . BEE LA T AR, UG HE R kXt
AR R 4 070 TR S AR VA, B — s R AET %, AT
TFR TREVE NG ™ o T AR A2 T R 5 I R 1Y LA,
Tl SR AT e 121 X AR B e 2. T
6 AL e, RO SO A R 119, g
UE L, T OB ST A I R R T R 1 43 A AR Y A
TGS T . WA SRR . RS, MR . et
TRV AT X L, TE W O T i 25 UL S AR R AT
A BRI R A R
F1 ERHANBERRAREEE

Table 1 Fatty acid composition and content of Tenebrio molitor il

B2 /%
A EEBR(C12:0) 0.19+0.03
+ =R (C13:0) 0.07+0.01
N K 5E R (C14:0) 2.74+0.03
T HEERR(C15:0) 0.13+0.02
FEHEIMR (C16:0) 13.30+1.32
L e (C17:0) 0.23+0.03
f# IR (C18:0) 1.66+0.14
TMAER(C18:1) 43.41+1.27
MEER (C18:2) 36.34+0.59
2 3R (C18:2n6t) 0.17+0.02
MEFRER (C18:3) 1.43+0.04
MT-11-— B (C20:1) 0.33+0.03
SFA 18.32+1.58
MUFA 43.74+1.30
PUFA 37.94+0.65
USFA 81.68+1.95

24 EMRHHNEFRHRSEE

M 3 A, BRSOl 4 Rl B E A BT
0.12 mg/100 g, &k, EFBNAER E MK,
A2 5 RN 2RI ONE, FERIE AT | 0] R e
A A K TS O I A 2 TR O, T AT TR
EPEREER B N EEOREZ —, Bk e
WA, JE LR R R SR A R, A B
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Table 2 Comparison of fatty acid composition and content of Tenebrio molitor oil with common vegetable oil and animal oil

I i i 4L G HORBY HUIh/ % /% K% MRS /% SR/ % FE/ %
FRERR(C12:0) 0.19+0.03 / / / / /
+ = BERR(C13:0) 0.07+0.01 / / / / /
HREAR(C14:0) 2.74+0.03 0.28+0.04 0.08+0.01 / 2.2140.04 /
T+ FHALEER(C15:0) 0.13+0.02 / 0.03+0.01 / 0.71+0.04 /
FRHEHER (C16:1) / 0.11£0.01 0.1240.03 0.7120.04 7.78+0.12 /
FEAR(C16:0) 13.30+1.32% 12.1240.37% 14.34+1.08° 11.50+0.64" 18.19+0.08¢ 28.92+0.22°
+-ELEER(C17:0) 0.2340.03¢ 0.06+0.01° 0.15+0.04° 0.19+0.04 0.62+0.06° 0.42+0.04¢
T JR R (C18:0) 1.66+0.14° 3.94+0.23¢ 5.17+0.24° 4.35+0.28¢ 2.93+0.07° 21.16+0.08"
THAR(C18:1) 43.41+1.27¢ 41.03+0.82¢ 24.28+1.14* 75.19+1.94" 28.74+0.20° 38.54+0.16°
WM AR (C18:2) 36.34+0.59° 32.50+1.30¢ 46.10+1.13° 6.07+0.23° 1.09+0.06" 9.03+0.07¢
A AL R 0.170.02 / / / / /
(C18:2n6t)
VKR (C18:3) 1.43+0.04° 0.09+0.01° 7.83+0.05¢ 0.75+0.05° 0.78+0.06° 0.03+0.01°
T+ IURMEER (C19:1) / 0.03+0.01 / / / /
1 BEAR(C20:0) / 1.91+0.03 0.65+0.05 0.62+0.04 / /
T BRIEER(C20:1) 0.33+0.03* 1.33+0.05¢ 0.29+0.03" 0.43+0.04° 1.72+0.03¢ 0.48+0.06"
— Tt / 0.2840.03 0.07+0.01 / / /
(C20:2)
— TR / / / / 2.5340.03 /
(C20:4)
— TR / / / / 5.08+0.07 /
(C20:5)
— R / / 0.0620.01 / / /
(C21:1)
Ll A7 2 (C22:0) / 4.1840.07 0.65+0.04 0.16+0.03 / /
FFER(C22:1) / / / / / 1.42+0.05
— F BRI / / / / 1.26+0.05 /
(C22:4)
—F AR / / / / 1.16+0.04 /
(C22:5)
—F oA / / / / 25.2040.25 /
(C22:6)
T = BERR(C23:0) / 0.05+0.01 / / / /
A PUBERR(C24:0) / 1.94+0.07 0.1840.03 0.03+0.01 / /
T SBERR(C26:0) / 0.15+0.03 / / / /
SFA 18.32+1.58 24.63+0.86 21.25%1.50 16.85+1.04 24.66+0.29 50.50+0.34
MUFA 43.74x1.30 42.54+0.89 24.75+1.21 76.33£2.02 38.24+0.35 40.44+0.27
PUFA 37.94+0.65 32.87+1.34 54.001.19 6.8240.28 37.10+0.56 9.06+0.08
USFA 81.68+1.95 75.3742.23 78.75+2.40 83.15+2.30 75.34+0.91 49.50+0.35
SFA/USFA 1:4.46 1:3.06 1:3.71 1:4.93 1:3.06 1:0.98

TE: ARG, RATAR/ING R BAT B3 125 5:(P<0.05).

8 — R AR AR &Y, B T H TS R SRR, AR S TTA, HER U A
GG, eI . PR AR . FiEE . B B Rk (35.20£0.09) mg/100 g, 5 LA B an
AP0 ks AT A, W LR T8/ 1(21.83 mg/100 g). [LZEMI(13.93 mg/100 g). EKAE
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ZEIH(16.49 mg/100 g) M Eb Frimd . R S A Bl
TN UM AR RS, ATVE A & S B B B D REYE T
BEGEIRIEA T R A -

®3 AMBUMNERBSSE

Table 3 Nutrient content of Tenebrio molitor oil

Tt H P H/(mg/100 g)
oA F <0.12
BHEBEM <0.12
y-EEH W <0.12
SHEHH <0.12

A 35.20:£0.09
JIH [ st 70.52+0.12
By 2 3.83+0.02
= A e 3.64+0.01
o 3.95+0.05
B4 S 12.81+0.10
2 i e 5.43+0.08

B W —Fh I AEAE T A R 9 1 R AR TE M T
T B F L, E SRR, BEABR . fEiEA
PB4 2 Rl ok P2 sl 55 e b — g B o e 7
Bim. FOM UM 6 FORFEIZEEIR I, 0 R A 2
B, M(70.52+0.12) mg/100 g, 5% WL B>l
(28.97 mg/100 g)FH H & BE 4 #, 554411205 mg/100 g)HH H
TR, E RS S B MK, T A
PR A PR, BRI B AR, 2 HB— e 5 240
T ZMLEAAE, SEMBMEPRIG . S . O I A A
B RUBS DL, BT LA H A TR T R AR,
W p-A5 %, &8 M(12.8120.10) mg/100g, S5 ¥ FHHEY
WETHN R A (175.6 mg/100 g) . AT (341.5 mg/100 g).
HEIM(216.35 mg/100 ) Eb, HEBEHXTEAL, -7 &8
HAvik . A, Yo, FRIE . BobbRSE b, soar
R JE B & B Ry LTl BE PR R YR R
25 EHHBEIMIELIEN

A la AT%0, 7E 50~300 mg/mL FY R E JEHEA,
TBHQ 5 VC X DPPH H H S MG RRRE R, YRR 90%
2L E, ¥ TBHQ & VC X+ DPPH [ 1 2 (3% BRfE ST AR5E .
Wil 5 T VR B SR, B0k U X DPPH A Hh L1975 BR
RWBWK, BAFEEH R DPPH [ 305 bR
f&F TBHQ il VC, Mtk &5 300 mg/mL A, ¥k H
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Fig.1 Antioxidant activities of Tenebrio molitor oil in vitro
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Table 4 Volatile components of Tenebrio molitor oil
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