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Olfactory responses of Tenebrio molitor larvae to
different plant volatiles
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Abstract [Aim] To determine the attractiveness of the volatile compounds of different spices to Tenebrio molitor larvae,
thereby providing a scientific basis for the rearing or control of this pest. [Methods] Olfactory responses of larvae to 12
spices were tested in a Y-tube olfactometer. Crude extract of Illicium verum (star anise) was analyzed by GC-MS, and three
blends based on its primary components were tested. The dose-response curves of frans-Anethole were quantified. [Results]
Among the 12 spice extracts tested, only star anise extract was significantly attractive; 30 larvae preferred it to the control,
3 preferred the control and 7 had no obvious preference (P = 0.005 3). Gas chromatography-mass spectrometry analysis
identified trans-Anethole (65.46%), linalool (7.00%), (E)-B-caryophyllene (4.58%), and (Z,E)-a-farnesene (4.48%), as the
major components of the star anise extract. Of the three volatile blends tested, only frans-Anethole was as attractive to larvae
as natural star anise extract. Dose-response assays revealed that within a range of doses from 0 to 5 pL, trans-Anethole was
attractive to larvae at low doses and repellent at high doses. [Conclusion] Low-dose trans-Anethole may be used as a feed
additive to improve the olfactory characteristics of diets for 7. molitor larvae.
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TR L Tenebrio molitor &= BB 1AS 3
Z—, [Al iR F B A BER R (IR 2L,
2022 ), flhn, A HCAT LIRS A e ek (40
B MR LR ). AR S b
SRR R PR T BBy U AT DAAE R R
Mk /N Tetrastichus howardi W N T A8}, B
AL 37 J5 T /NS Plutella xylostella ¥ H [A]
Bi¥s ( Moraes et al., 2023 ). 1 fi#t s & Fh
PRGBS T ST & A 2= M B A o BN, AT LA
R T Ry MR S e B 4 BV SR TR R L
T R R T SRR R

T 20 4K, ALHE £ R iR MORHE N 1Y 5 B AR
PUAE AR R ARXURS 2% ), A KGR . R
il A K AE 2P E FIPLE], O T ANk
5 E BB E( Isman, 2006 ; Koul et al., 2008 ;
Regnault-Roger et al., 2012), X4§j, FZHEY)
RGP A A5 X BBy A R T A5 3
TREWMWIG, Flan, FHEE (2021) 5T
Wit B2 2 ( Quercetin ), T ( Rutin ), HtJE-F

( Genipin ), £¢J5® ( Chlorogenic acid ) X &
W RAEH R AERK KB, LI e
XPEOR BUAE R R E R AR, (4 g
SNE, WHE TR, LRI HRIE R 2,
U= B A X B 40% , FdEA A A e+
Wit 25 0 BIBR Ferula assa-foetida K& i T 25 8 B
10 ¥4 40 HUA B0l R 5 1, HORBRE IR d 1Y A4 K

B (MAR, 2008 ), 7% W] Macleaya cordata .
JKEi P Eichhornia crassipes S5 FY) AV 7 HLH2
Pyxt by gl RO il ARG YE (FMARSE, 20125
WOEAE | 2013 ), EIHETIHAAE Martinez 5%

(2018) A, F{FH Cedrus deodara iM% &
#r A 2 A B AR B 1 ( Buneri et al. , 2019 ),
PR A R0 T A T B A B R R I R
P X Bk BB AN [] A 2 2 0 B I BAE
PERIAE YA B A | B5EAE (INER, 2019),
Kiw Allium sativum ¥5iH ( Plata-Rueda et al.,
2017 ), P} Paeonia suffruticosa M5 Alisma
plantago-aquatica ( ¥iEEZE MR, 2002),
N—FhEMHE Hazomalania voyronii ( Kavallieratos
etal., 2021 ),

H HiTA 5 w00y H gl 0 47 A 8 45 500 O T Y
T RE AT o ZEHE5E (2001 ) BBk HUME R H
MPES G B RS E N 4-F-1- TR, R
G RFEP IR R AR RET R
( Weaver et al., 1989 ), AT/ (i
&, 2023). 4 Z A5 ( Plata-Rueda et al., 2021)
X Ry LA BRGRE R . SR, AR TR MR
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1T R IEEEFRIE 53— KRR (2, 2009 ). H
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I E . i, A SCRH Z e 5 X007 e
B, EENNE T 12 FeE WA JE SRR B0 H
gk A s, IR GC-MS %€ 15|
BB\ Hlicium verum W RYERr, IF
D T 250k HOE A e 3 PR 5 e ) e =TT A i
AYAT R 2 3R B BV o
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1.1 #iXEHR

HORY W TR N B SR, R ERE
25k (2543 ) °C, HMXHBEZN 60%+10%, b
JAHAH 16 L = 8 Do M T 808 L4y e AR TR MR B AR
L R EESIRE AR R 2, EY AR EE
S b MRGE R AR T RN S KR AR AL, AR
WK 5-9 8 2Z [l AR, AR K7 1.7-2.6
cm ZJf]

1.2 kAR

AR B P AAEIR Cuminum cyminum
ML Piper nigrum (black ). /\ffi. H*E Laurus
nobilis . 1= Angelica dahurica . %5 P. longum .
W Cinnamomum cassia . R 5.5 Myristica
fragrans . WIfx Foeniculum vulgare. HTAM P
nigrum ( white ). B Capsicum annuum . Witk
Eucalyptus globulus 177 FH o E 8 7= i,
Wy KRN S B o DT AR (98% ) WK T
Aladdin RAFIAF, RAHEFMK (98% ). (E)-B-
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A (>98% ) WSET Sigma-Aldrich A H] o
VeI — S P ke (99.5% ) F1 60-90 °Cii
VBRI A S 1 R T BB R ( Kermel ) b2
WA R

1.3 HFmilE

R FH 2 DB B il 25 AS [R)A4 ) ) $2 5L
B0 T 5 SRR R et 1 40 H I, BERRR
KHL 30 g AR RHEIES ( Lo b B AR A
"), RSN 225 mL AWk, PVIRTRE N
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TR W 2R IS BRI TE T Ok, FR Rt A
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15SuL, #8109 (viv) sl a i,
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BRI, e A i e e 2 A ST )
AT =R, AR EENE 40 Sk, W
JRBFE] A 09:00-17:00,
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R 22 BEAR SR 835 - B I (5977C
GC/MSD ) 4 #1 /\ f AL 9 B A2 i o 1%AX
#rlii# DB-5SMS i (30.00 mx0.25 mmx
0.25 um ), LA AN#EA (1.0 mL/min ). SALER
TR 200 °C, GC-MS fEHiZL iR g & 280 °C,
BRI K 230 °C, PUMRAFIRIE N 150 °C,
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TAEEE 6 min. L& W5 NIST 14.L i FE#E47 L
WS RE, T AU — 3210 0 A Fh AL B W 00 A G
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RAHEFM+0.21 pL FFREE+0.13 pL K (E)-B-
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PRI BT Yate IBIER) 22 156 . /\f 1%
AN R TR 300 A 0 3 DA K Iz X i e i %) 791 S
IR, R Yate (B IE 0 /2 K, LIRS
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Wi 2 . AN BRI A E S i N
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FHRME g SRR, A R X6 RS o A i OB
T EMEZER, AR (=035, P=0.5563 ).
MUEARL ( £=0.15, P=0.7003). HH: ( /=0.69,
P=0.404 7). FTE ( /=097, P=0.3239), WX
( /=1.09, P=0.296 3 ), AH:( 4/=0.11,P=0.7353 ),
W5 ( =0.03, P=0.8551). Hi#& ( #=0.00,
P=1.0000). FIHIHL ( /=3.03, P=0.081 7). Bl
( /=124, P=0.2652 ). 1% ( /=0.03, P=0.859 7 ),
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IS A B TG SRR B 28 ke =2 )i R Wk 4
YY) GC-MS a5 SR gk 1 s, 45REM,
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Cuminum Piper  Illicium Laurus Angelica Piper Cinnamomum Myristica Foeniculum Piper Capsicum Eucalyptus
cyminum nigrum  verum nobilis dahurica longum cassia  fragrans vulgare nigrum annuum  globulus

JABRRHEEY) Extracts of flavorants
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Fig. 1 Choice frequency of Tenebrio molitor larvae to different extracts of flavorants in dual-choice conditions
R FH AL BT IR B e sRBCORAT B PR 22 S (P <0.01, Yate BIERIRITRE ),
ns R/RBA BEME2ZER (P>0.05, Yate BIEM-RARL ). “CK” Fomias AN, RN, 1EA s
f “KRBETOFD IR SUBCEE R (AR, TR E A AR e, NI

** indicates significant difference between larvae chosed treatment extracts and corresponding control (P < 0.01, Yate’s

corrected chi-square test), ns means no significant differentce (P > 0.05, Yate’s corrected chi-square test). “CK” indicates a
double blank test, in which both the “treatment” and “control” options of the olfactometer are loaded only with solvent
(paraffin oil), and it is used to verify the symmetry of the olfactometer. The same below.
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x1 J\ARIWE GC-MS 717
Table 1 GC-MS analyses of Illicium verum extract
S R (min) (=% FXF R (%)
Peak no.  Retention time (min) Component Relative content (%)
1 8.819 - M y-Terpinene 0.40
2 9.607 a-iif FhilJA  o-Terpinolene 0.05
3 9.954 J5FEEE Linalool 7.00
4 12.088 4-iffi FiEE Terpinen-4-ol 0.87
5 12.882 S5 M trans-Anethole 65.46
6 14.154 K FRE Anisic aldehyde 0.87
7 16.263 A NS (E)-Cinnamyl alcohol 0.06
8 16.703 YHFETIHEEZEE 4-Allylphenol 0.30
9 16.914 2-BEM% 2-Carene 0.07
10 17.02 3-Z ki Ff# 3-Methoxyacetophenone 0.05
11 17.491 YT AR R Methyl p-anisate 0.26
12 17.559 o-T#U#A a-Copaene 0.85
13 17.628 Z PR E Geranyl acetate 0.17
14 17.714 i & Anisketone 0.43
15 17.776 X B AR LR FE2-TNEE 4-Methoxyphenylpropane-2-ol 0.07
16 17.919 (-)-B-# &M (-)-B-Elemene 0.23
17 18.142 o- 2 F-4-H A FEIEH [ o-Ethyl-p-methoxybenzyl alcohol 0.06
18 18.465 S -o- TG trans-o-Bergamotene 1.91
19 18.645 (E)-B-f117¥i (E)-B-Caryophyllene 4.58
20 18.961 (Z,E)- a-1:Je¥ (Z,E)-a-Farnesene 4.48
21 19.122 CTRNHERERE Cinnamyl acetate 0.24
22 19.278 Xif AR FE A 2B p-Methoxypropiophenone 0.06
23 19.395 i-B-72:JE M cis-B-Farnesene 1.22
24 19.482 S -B-ikJe s (E)-B-Farnesene 1.28
25 19.588 FFH M Aromandendrene 0.06
26 19.631 NF-AF 22 90 -4,5- 4 cis-Muurola-4(14),5-diene 0.03
27 19.929 a-ffl45F % o-Amorphene 0.28
28 20.059 B-BE i M B-Cubebene 0.26
29 20.189 a-fTFHi a-Selinene 0.03
30 20.636 o-1Je M o-Farnesene 2.04
31 20.673 B-£17% 2454 Pp-Bisabolene 0.85
32 21.033 J2-#E¥A-1,4-— ) (E)-Cadina-1,4-diene 0.48
33 21.368 oM =3 a-Muurolene 0.04
34 21.945 &AL Nerolidol 1.40
35 22.695 LRAE TR Viridiflorol 0.08
36 23.558 y-#¢ - fE y-Eudesmol 0.10
37 23.775 1-F-0-ZEVEiiE 1-epi-a-Cadinol 0.40
38 23.986 B-#0 % B-Eudesmol 0.54
39 24.073 a-EE JiilE a-Cadinol 0.78
40 25.505 L JEBE Farnesol 0.38
41 27.131 ST ST 2R3 BE 2-Allyloxytoluene 0.01
42 28.471 4 — 4t Cyclododecyne 0.02
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££3k 1 (Table 1 continued)
S fREEAHE (min) (o= AHX & (%)
Peak no. Retention time (min) Component Relative content (%)
43 29.581 14-HERLERHTE 14-Methyl pentadecanoic acid methyl ester 0.03
44 30.387 FAAHER Palmitic acid 0.57
45 32.757 (E9,E12)-WiliB2 s (E,E)-Methyl octadeca-9,12-dienoate 0.02
46 33.092 HEEE Phytol 0.08
47 33.520 (29,Z12)-E3lfR (Z9,Z12)-Linoleic acid 0.20
48 33.632 IR Linoelaidic acid 0.28
49 35.244 PR Oleic acid 0.01
50 36.479 IEZ e 1-Eicosanol 0.07

23 NRERSAIRFHMESER

LI\ GC-MS 43 A& SR kil 46 7 3 41
ey AT AR I e, S5 R 2 Fiom o 8 3 A4
e 7 Ak B S ) S A R (5 2 T AR R A ) R
(FeH 1: //=11.28, P=0.000 8; it J7 2: 4*=8.26,
P=0.004 1; FiJ5 3: #=7.03, P=0.0080), Xi}
B, M =JeRe 7 b R bR 5 AR B X (E)-B- A 7
HEAFEM S, B TaT 5 I — oy o B o] i
BE/\ ARSI EER A R AR TR

1 %8 Control
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Fig. 2 Choice frequency of Tenebrio molitor larvae to

three synthetic blends from major components of
Illicium verum extracts in dual-choice conditions

Be77 1: 2 pb S fi+0.21 pulL F5AREE+0.13 pL i)
(E)-B-A 74 s L J7 2: 2 pL LU & A +0.21 pL S5l ;
By 3: 2 pL RaNEA . XF R 2 ul B0
Blend 1: 2 pL trans-Anethole + 0.21 pL Linalool + 0.13 pL

(E)-B-Caryophyllene; Blend 2: 2 pL trans-Anethole +
0.21 pL Linalool; Blend 3: 2 pL trans-Anethole.
Control: 2 puL Paraffin oil.
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Fig.3 Response indices of Tenebrio molitor larvae to
different doses of trans-Anethole
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AR SCI T B A gl A 12 FhaRERRHR R
YIRS BE PR SN o SRR, U\ A RE R
T & 0T Ve R 40 R IRk 0 2 5 | R AE
FCA AR BETC 3 5 AR, T i 2 O Bk A
. GC-MS %@ A, /A A H bk
Byprp, JL¥EH 50 Fhdsr, HopFRER SN
R FW . TREE . (E)-B-A1 7T M F(Z,E)-o-
e, IR AR —2E BT R, X 4 B
W R EEEIR 81.51%, aNHIEmN . J5HEhE
F(E)-B-A3 71 W 4L A AS [R) B 2 il e e
AR 3 e i — o, BT iR/ \ Ff S B X
g S AR 7R N EPSiT UAN: E7i C7 RNE EUS
VR 194 sz T A D o) Ry R e B KA
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HBE R, BB (1996 ) K H GC-MS 74T
HARMNAETE (45 “\M” 5E2MRE )
R T 35 By, feEEE R B 4 AT
32 F, AR L 88.78%, FFREEE L 1.69%.
SR, ABATEBL, 0.1% (wiw) FHE R\ M
K T PR/ INAZ B4 220, X B A o 26
FE AN 234 F] 100.00%, 11 HLIZ BP0 % BE 2%
SN THT ARG IO BBt rp S5 B (% A TE A4S B 3R 5
F| 91.63%, RIIRKE /R /S ER I EOR
HOAR[R S P BRATIG o AHSE 1 A ML
VAN ZEE (- . 2 N S0 PR W T L DO e
TV it s, (R BN A i) s s
T, VOB Rl BRIk W 1A M X AT
fIE 5 A B 53 i FH A 26 0 s B Atk ) Joi 74
RS (1996) ZERA XK.

AT PR A Al A R A | SRR Y
FIAT SR s 0L 34 S v P A, T 4 L X 38 K
(1995 )3 R ARG IHOG B0k B AT SRR
YEHT, BliSh55 (2024 ) KBk Fe g f 3 2
A 1, 8-k Z X EN A I Plodia interpunctella
4 I B B R SR IR SR R, B
3 HOIE A R o ff b 3 2 Lo DR X A B AR K
EEAFSCEREFENY, iR KB A T
FRIREETE BT RLE AL o ARSI & B 6T A
Hgy A 255 A TR R 04 S T A i, A PT B
et B N TR IR, SR, TR
Ha &y Ok 5 o A A A [ 590 o 1 s o 2L A5
wHE . mAERE B RRE, A Tk
A AGE Y, A RERR SN A IVER]
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