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Abstract

Objective: In order to explore the relationship between the instars of Tenebrio molitor and the oil
content of Tenebrio molitor, Tenebrio molitor was used as the research object. Tenebrio molitor of
different instars were fed and the oil extraction rate was studied. The antioxidant properties of
the extracted oil and the hand soap production and performance test of the oil were carried out.
Method: The 30, 40, 50, 60, 70 and 80 instars larvae of Tenebrio molitor were fed. After being
freeze to death, the oil of Tenebrio molitor was extracted by ultrasonic-assisted with petroleum
ether as solvent. The antioxidant properties of the oil extracted from six instars larvae of Tenebrio
molitor were tested, and the manual soap-making and test performance scores of the oil were also
carried out. Result: The highest oil extraction rate of Tenebrio molitor was 31.96% when the instar
was 80, and there was a positive correlation between the instars and the oil extraction rate. The
ICso of hydroxyl radical scavenging rate of Tenebrio molitor oil was 3.11 mg/mL, the ICso of DPPH
scavenging rate of Tenebrio molitor oil was 3.12 mg/mL, and the ICs5, of ABTS* scavenging rate of
Tenebrio molitor oil was 3.48 mg/mL. The performance scores of handmade soaps of Tenebrio mo-
litor instar oil were good.
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1. 51§

SOk B (Tenebrio molitor L) sl 4% st HY, ABARIERLIR, HEZMAGEAR . . 7R, 44K
L], RMERNTHER. MEPIUAN, 3O RIETRIME. QFF e DL SR ME 5 2507 T #
CAATFTIZETIAIR, X6 HL BRI 3 B A O3 o i B s AR &R 51[2] [3] (s st
ML AN SE), R RBI[4] (R9), ZRERSIS] [6] (WLT FAMEAILRRSE). S0 RAE
FROEIE R b A Y R 7] [8] [OMB AT A A HUIE R, TR AR R B A TR TR A 45

AU SRR EE R, SR BR AR SR B Rk, T L) T O A e R T
FREERRE[10]. Bk AN AT S I B R —, AMUFRES D PRt R QR &
PEANINEE SR EAR . PR REAR SR 16.8%, THEAREE 48%~54%, HH
B A N L TR 8 R IR 2 ANEA 4 M RRE T FAO/WHO R E[12]. BRILZAh, 3%
By TP R R PO RER IR BUMRE . 00 . TR BT S D RE A A IEVEY B [13], HA
DN R R A BRADR BEIRRHE

BT BOT R B B AR AR I R B s A RO IR R B0k OB B R 1 B 1 5
1K 70%, FERE & EARMG. & E BN & R RIS A I BIZh YTkl [14], 29 3% AE & Fky 1
R b e 10% 58 EA R AR FLRR RERBOR S s IR i [15] . IRGE A, BLCITF A H
PR IR AR EEPET[16]. s REE A YOR . B ERE[LT] [18]5F 7 dh, R TR0 HUBLAE ER 1 )R R H
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5 H T2 i [19] [20].

BT BOM B0k B ST O R R AR X B R B T T, Rk RFEIRE E S, RHSHEEE
FIALAD G DT R, Horh W i & ik 24.1% [21]. MIMARIIAF=RE, LA RE Wi R v ) i ST
6], 25 DAL RS T AR PR R e S AR AN U] 72 B0k B, B0k R BT 7= S0 42 i T P A vl S i I 7= 22 1) 46~70 £%5[22]
YHTEREAT B R FOR AR I, AR BT IR, W N ORIAR 2 AR A A3, BEH T A
SEMEE[23] [241 77 TR, SEVR N BB 0 SOk TE D

L0 % R = s 19 e e = a7 Y R 3R S N M k28 15 s v = ey ) R O
FEl Gl e 2 11 /5 2 RMUIR IR JZ T K o BIF 0 ST T4 AN [ H i 1) 30Ry kA7 75 3k [ 2514 Bh A BRCE0Hy e
NG EoxT HURe 5 il TR S U 2R A G E . FFIR R AR il U i Hi e A 1t R, g — P AT IR 8
IR T TR [26], 6 B0k BRI — B b SR v IR A B A — AN B g ta ) i 1) SR

2. M5 %
2.1, iR RESHE

BT F A BB He )y g g ST Ll AR M B0k Bl IR A ), SRATK %579 5 cm x 8 cm x 6 cm )%
RHEORTATR A&, WHUE 26° CIAEE T RTR . WFR B0k U INZERE, R, W% N Ou Tl B R AR B~
AR S T TR R T R A

2.2. R SLEE

WA 9BNLIEE. KR REK KRG RA R, AEE60°C~90°C)ILI5 isak% Dh e b 5 B
HIRAT, SR BUNG AR, BRI BTG R AR, H,0, E 254 H 1k 25
HBRA 7], DPPH, ABTS R B B8 g kb T 2E AW RHE A A BR A =], KA GBIT 6682 R 1) = 2K .

{X#%: BI-8001 NHEMMIENFEARARAF . HAEIR ST A DHG-9140A T H W IR E A
FRAF] . FA2004 HLF K7 FWHE T iefs 78 & A RV10 digitalV 7 [E IKA /A& ZNCL-GS & Refd 115 £
I T HREA R T A A 752N LA W ue it Bl RMESA R A F] . KQ-5200 AYiE ik
Ve BT A B E PR AT . SCIENTZ-18N A V4T ML 7 i Z AU B PR A 7]

2.3. KA

2.3.1 b

N THOIEAE K B AR 35 758 IS0k B TE 58 5 cm x 8 cm x 6 cm [WTRIFRAL, 1= AR
TSR, R E Ry, R B gE . ¥ 304 40, 50. 60. 70. 80 HEAAUTEAY AL,
24 h ATFUEAr, YURAL TR I T A FH 7 R0 20 B B 26 (27 F IO UK AR V2 VR A AL T . T i A A ) i vk T 1 3
RN S5 C R R, BELARFTEEE, 15 AR IR R A 40 B, &

2.3.2. HBEIRIANE

FREE 1000 mL 2945 JE AR I 229 B B v WL, FRECERy B doky o Sod &id oy m,  HUBy 2 N 500 mL
FRARIG, F LOBIMEI A TR, CHE P G e A BT PR SR . T A R B SR AR E AT Y R U A B
EUEEA) HUh e 75 HH B 25 E[25]: AT THIBF(60°C~90°C) AR ER T, $REGIEE M 40°C . okHEL 12:1. $ZEAT
] 31 min, A I 100%. 73 ali% i iR ER L T ZHEATIRM, 45 E R IE S5 A ke S g vE
ZIFEFA, e 28 AR R R 46 28k AT e A28, & [ Be i Ak 4l s Bl oy W2,
Kook U R E &1 8 Mo I M = W2 - W1, JHiflES (%) = M/m*100%. i = 2047 5556 3 BT 39 1E .
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2.3.3. MELIBIRUE

PrEA AT R B0 B AR IR KR 5L B 35 R % . DPPH ISR 2 A ABTSTERR %

AT AR HURAS HRURS SRy dyh RIS & R F /K CRERe B 2SS iRk BT

R LB R RN E[28]: 76 RNAR RPN 9 x 107 mol/L ) FeS0, %% 1.0 mL, 9 x 107
mol/L (/K ¥lR- 2B 1.0 mL, LUK 1.0 mL 3R s, HJE A 6 x 10° mL/L () H,0, 1.0 mL, JH )
S, 7E 3T CAKIHEE R 0.5 he 55 7E 510 nm K T I 5E R S WO BE o 23 1 2H DAAH [R)A4 FH 2540
IKARE R VA

DPPH & 252 [29]: BX 2 mL 0.02 mg * mL *DPPH-TC/K Z AW S 2 mL B0 dumis i B TR
W, 7893 ONLJ » 76 517 nm ARTIE RO E N A, 2 mL JE/K 485 2 mL DPPH-TE/K B OE N B,
2mL BN RS 2 mL oK SEEROEERN C, B AR RGN 2N, LA VC AR R BH A R

ABTS" &2 M€ [30]: HL 25 mL ) 7.3 mmol « L™*ABTS ¥ F1 25 mL [#) 2.45 mmol « L™t i Az
W, REFRDES, TREAEE 1250 J5EH. B 1mL FESH, FIK OB RETTR AR
WG, AEHAE 734 nm K TG IERE N 0.7 + 0.02, FEAEMBK FMEWIGMHE, AN 2 mLABTS'
WS 1 mL 2R S OLE: AN 2 mLABTS S 1 mL MR & EHIWOLE, UL EARRYKR
B 6 min, PLVC {EABHYERXS IR,

TRy dh I A9 ER L B RS R 3 (%) . DPPH Ji5 R 2 (%) M1 ABTSH B #(%) , 7073 4% [ (1)~(3) 1155 [28]
[29] [30]:

. [ Ao —(Ax—Aox) ]

Fodk H HIFHE R (% v x100% 1)

o A-C
DPPHme%%(%):(l- 5 jxlOO )
ABTS +(100%) = 22— AL 100 @3)

A, Ao FAXIEBAIROEE: Ax: TINHUE IWOGE s Axo: AT HoO, B ZEEUH A JER RO
A: DPPH-TC/K Z BV 5 2 mL #080 hiA W B: 2 mL /K 2855 2 mL DPPH-TC/K Z B VA TR O
C: 2mL TEM HHE 2 mL BAKOEEWRICE: Ag: ZSAXIRIOGE: A FESROGIE

2.3.4 FTEHEREYHMBELL HINE

DU oI AT TR AR L, e DA A [ R i B P F g R E T 40°C TR
KB, FERERR N 53 DA [B L) R A et Ayt B Bean R 2:1:1, 10101, 0.5:1:1, 0.2:1:1,
1:3:5, TiJE A —& i &7 401 NaOH W&, ke, HAMREG . FHBCSKEE USSR 5700 0 2 2
A 60CHUKIIPEM i FEU S, & A A, WHF IR Kt TR SRR b, T80 — Bt
(A BEE AL, IR T T2 4% b — DR SR LB TE RS 4 23 I NAS [ i B Fr e o A=A
BB i 1 o F T2

2.35. FTEMAENE

F TS VEBEFEAR I 2 [26] 045 F T2 pH AT E &I AIE « N5 Ak FE RO E R 1
35

W W U (AR TA) R st () 5 08, A8 2 DA R R 2 40 5 52 M, i 48h UL L e FREA T PR RE MR .

pH M RIIIE . FRECERE 1 g Thepfrh, BN 50 mL Z8087K . M B T 70°CIEIR /KB, Ifkr
BtrE, FRRAEATEE, BILEAET 100 mL BRI, AL, FBEEREUE I, RS
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2 pH AR 4R T I 5E o

RSV (I R« AR SIE DAVEIA AR o 3l U S RV T AR R ) 20 LR 2 SR AR I8 ) o U 0.2 g
WK, JRON 100 mL 25 SRS SAEA TR, B 10 mL 23 HEI 50 mL REH, JR% 1 min J5,
T E A IARAF,

ANGyRACSE I E . ARSI DLE IR AT G M E 22 S VIR H 4t s RAE BREMA T 3L
B HU5 g FESFRE IR E, HEES NG F, fi7K 100 mL %, 2¥E 10 h, HUHEFE)E,
TINZE R LA 24 h, FRp TG FHRFRE, oIk ZE(E.

TETE JIIE : ASLEG DAL I U 5 )R 15 5 AR A B AR RIS /7. HU5 cmx5 ecm IR AR A
T, WA AR SRR, BE 10h & H . PSR ERETED, WEREBURHEEN, 10%F R
TS HAR .

F 2R RE RS I 5 (%), AN Z5 SR ALE I 5E (%), 40 4% 18 (4)~(5) [26]1F 5 :

f =Vf /Vtx100% 4
s =(my, —m)/m, x100% (5)
A, f IS Ve JERAERL, BN mL; Vi BEE R AR, BN mLs s: ABEBALE; m:
BRIETRIG 2R, AN g me: RIERTH SR E, AN g.
2.3.6. FTEMEIFNIERENR
PLEY 100 20 NH[31], B FASER PR 2 54k, X PUAN B R e AR A,  BARE Hu ] L% 1:

Table 1. Quantitative evaluation table of hand-made soap quality
1 FIEMREWTENE

A SHMETE PN FR Ml

item Score range Evaluation criteria score

8<pH<9 20~25

l':H {? 0~25 9<pH<11 10~20

pr value pH > 11 0~10

. f=0%~15% 0~10

. i) 0~30 f = 15%-~30% 10~20

oaming power f=30%LL | 20~30
A G AL 0-10 s =1%~0% 5~10
Resistance to softening s =10 %~1% 0~5

e 15105 AV bR 20~35

i 0~35 Tl A/ 17 10~20

Cleaning power P 0~10

2.4, BHAEAL TR

FIH Orign 2019 HEATE e abFRAN 347, P kiR A /0 =k, BFME.
3. ZB{RE S
3.1. REHEE* hAE IR AR

H1 P 1 T RN BOR R FEOR, B0k Bl B S R R B R 9 BT SIF AR 80 d ik
I 3K B HR il fe e R 31.86% . AL 3 BUBON W R M AR IR, B — B 30~40 d, R
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2l %
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Figure 1. Relationship between mealworms of different age groups and oil
extraction rate

E 1. TRHKENRSRERZERXR

3.2. AR HIENEEEREFRE

110 - — = 30d
100_- . } e 40d
0] SO 4+ 31 % | —-50d
] ' v 60d
Q) 80‘_ ¢ 70d
= 70 < 80d
g 60 - ¥ ik L
T &
bl 50_. ;’-
H 404 " /
i 30 1///""‘/
N ] 60 f’f
20 (i
104 In”
4 -‘/
0_
-10 L B B B B B L B A N B

T rrTr T
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HOHAREE (mg/mL)

Figure 2. Hydroxyl free radical scavenging rate of oil from different age groups

Bl 2. TFIRIEEMHRmEEBREBRE

P ] 2 AT 260, 75 5T SR P /N T 20 mg/mL B, S50By s o 2 8 1 pl R 1955 o 6 o e ek A e o T 1 0 5
2 20 mo/mL B, FRdk E EHERTE R EA B RE S0 Btk B BT AR A, BEARYEREE —AMEE KT
MO G R A 80 d HUS Bt IR I Y D 1~20 mg/mL, ARIREFCEATREIN 3 Yk, ki HERIE [ ks
MR BTRIEI G, B RIFENSEAR: y=0.1171x + 0.1368, R*=0.9557. M1kt il it 545 o duh
FREL B 1Cso B 3.11 mg/mL.  FHULFTAT, B0k Ul fE A R AT RFR 5L A B 385 bR
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3.3. AEh#ShAsHY DPPH BiEE

100 1 —=30d
o] »r—>—>—> > > e 4od
50.] - A 50d

_ —t—F =t | v oo
70 4 = - ¢ 70d
£ 604 r'ﬁ:/} al o < 80d

'F}ﬂ_ | // / /‘// //./ N VC

& 50 /. & e

L 40 ] Jm—

T 40 ] /.

& 30

[a) 1 /)

20
104 4
] 8
04
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Figure 3. DPPH clearance rate of oil from different age groups

FE 3. INEIHRE M Bt h DPPH JERRER

FHE 3 WT %0, TERTEWE/NT 50 mg/mL B, TRy HUHXT DPPH 137 BR 2 BE Sy v P 38 2 i 18 s

it 50 mg/mL i, DPPH [¥135 bR 2R AN FEBE 0Ky HOik BB im

$

H &

=]
=]y

FERYERFAE—MEE KT [F L

5y = 0.1356x + 0.0774, R?=0.9134. F ik kit 57358 duih DPPH ¥ ICs {8~ 3.12mg/mL.
AT, TR U R B R 4P DPPH /&R 2.

3.4. ANEIh#EHASH ABTS /B

100
90—-
80—-
70-
60—-
50—-

40

ABTSHEKRE (%)

30+
20

10

—=— 30d
e 40d

—A—50d

—v— 60d
¢ 70d
< 80d
» Ve

0 T T T

Figure 4. ABTS" clearance rate of oil from different age groups

B E (mg/mL)

& 4. FEHRESEM R ARH ABTSTERE

FH A 4 w5, FEJREIRE/NT 25 mo/mL B, SR BT ABTST 1137 [ 0 Bl HL y oA« P 49 oy 1T 38 o
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WL

AL 25 mg/mL B, ABTS' )35 B SR AN T BE #0ky SR B L8 iy, FEARYERRAE —AMEE K. [H Lk
Xt ABTS HITE R RS T4, 753 H y = 0.1442x — 0.0017, R? = 0.9636. Jf H1 £k 1 t £+ 75 2k thumh
ABTS* ] ICso A 3.48mg/mL. HIMLFI 40, Foky d g A RIFH ABTS 1S %,
35. FEEE. FHE. FARARHMENFIEMEEXE

SRR AR B T A B 2:1:1. 1:1:1. 0.5:1:1. 0.2:1:1. 1:3:5 Fo b As fii e (5 v 2 v kil 4
FRED, S R A () R R AR B R T A e IR A 0.2:1:1

Table 2. Performance evaluation of hand-made soap
2. FIEMEITFS

R pH ) i I (PE4Y) NG HALSE (FE57) TEE 1Y) By
JAfe o 2. 9.3 (15) 50% (30) 0.02% (9) 15 BR 5 4T % (35) 89
FEME 8.8 (25) 20% (15) 8% (2) 1515 5 4= 4 (35) 77
30 AL Hyh 8.8 (25) 15% (10) 8% (2) 1517 58 4515 % (35) 72
40 HLES Hi 8.8 (25) 16% (11) 7% (2) 15157 58 4515 % (35) 73
50 HL i H i 8.8 (25) 22% (16) 7% (2) 1511 56 42 PR (35) 78
60 HURS HUyH 8.8 (25) 20% (15) 7% (2) 15158 58 A9 4% (35) 77
70 B B 8.8 (25) 20% (15) 6% (3) 15151 58 415 F (35) 78
100 - ;
95 |:| YN
90
85
80
75
70 4
65
60
55
§ 50
=S 45 7
40
35
30
25
20
15
10
5]
0 T

-7t - T - T - T T T T T T T
BEMOE RIS 30d:uilEA0d il 500 kil FE60d L F70d il L 80d el
RRAFR

Figure 5. Comparison of total score of three kinds of hand-made soap
E 5. 3MFILERNItLE

WRIEL 2 PP R 5 5 X LR E A, BERUEAETEREIT 0 B0 h o fee, S ih 2 5 Rl 2
ZERAR, BT HERRT S ARG BT REE TR S, HA s #R I R . 2R
R, dum AR — Ak RE RAF IR R IE T, BRI R B0k s RO R T I BT
FLERAATE,
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4. #hig

X O R T R B AR RO TR SRR AR b, (R RUBIR B ok S AR B IR 2 Ik
FEUAL IR, BAH ARSI S . e 8 — bt P B4 40,000~60,000 kg/667 mP ki, K
T, U4 13,330~20 000 kg/667 m?. ik AR (15 & &% 48%it 5, & (5~ &l ik 6400~9600 kg/667
m?. 4 DARIRE AT ROR T S0 U=, $ TR Al 28%, AT P A Ha i fig 600 kg/667 mP,

ASLIGR, O HUM RS RFEE, HRmIRME A 31.86%. HASLIGIEH T T %A RSB
P, WU A AR 50 d DA E A 0 ot BRI 2R AT AT AR B AE 25% LA o X A HS B 4 30k B
P AP EREMNAARR I R GF, vk — B0 Rt B BT REAR DG 7= it o 9 AR SEBS AF 72 ) 50k B
MPUAMI BT TR, SR EF TE2 MR R I, UEHRHB kAR F T EEAR
S B =

ARSI TR, NER R R e A AR AL 7 — AN K . TEFR BN A R A 1 kg BOH HU S
EF TR, BT LFEIZ) 10 kg B0 AR . 7R MO HOB =28 B 50k R3S TR R & & ik m
FUBAE P A ALBR S XA T BIEAE, (R, SCEGTAFR I O O B BT R R A I AR, T ek et
YRR BT ) R R 3 A A % Fe gk — 25 T R R

gr bR, PABOR dOK 5, SREUH B0 do R R E A T LR B AT . XM A BHE,
MR B HUX — 6 b SR s BRI R At T — A R SR L i 5.

EEWH
WL N 2Bt 2023 47 18 5K R 2 AR AT B I 2R R 300 H (202311842009X)

SE 30k
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