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S HREN R E A S THE M B 3% BB MR 5

> 1, 2%* 2 3 3 .2 s 1,2 v 1, 2%
= 2L REES EERES FYAET KER 5%
(1. IR R TP BE, KV 410017; 2. IRE OB ABER YR IF7Eir, KU 4101255 3. KITKR2ERBE, FIM 434000 )

B E [B8] BHITLI) Perilla frutescens FEBUY) B FHIE Ml o0 784 b 35 a4 3 ep it o7 A RT 470, 9
WX WA B Bemisia tabac WIRZEBiHEACR . [ K] S P50 R FR IR A LSS G e 78 Rk il &5
IMREY), 12 H GC-MS HARXT EEBUY B4k 22 143 AT 8 A4, 38 A 18 I T 5 05 B B B LT
A XHHRE E A BTEE. [ R ] OB R B A B R ST, o 50%. 75% 8% 100%
WP Y LT B U A BUBCR G T R A 2GR e R KR LR SE TSR AT 3K 46.0%-60.0% 0 M 75% 275
BRI S 5 9 Rk B4, A3 R A AT s AN SO A T B M R B BRSSO A
VAR PN 2 €5 2% PASO il I F22 TR T il 19 b O S Ak B2 T 1 ( P<0.05). [ 488 ] 4R B B HL T M 1
A3 %5 M TR O RS URCR, Hrh B R B A PR R AR R B A IESE TR AT GA 51.1%-67.8%, H.
T J S S ey T P P45 O T2 TR TS it FO 355 12

XA MKEMED; 295 SRR, SRR

The toxicity of Perilla frutescens extract, and its
constituents, to Bemisia tabaci
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Abstract [Aim] To investigate the feasibility of using Perilla frutescens extract, and its bioactive components, in
agricultural pest management, and assess their toxicity to Bemisia tabaci in greenhouses. [Methods] P. frutescens extract
was prepared using a combination of crushing and rotary evaporation. The chemical composition of the extract was
qualitatively characterized via gas chromatography-mass spectrometry (GC-MS). The toxicity of P. frutescens extract and its
bioactive components against B. tabaci was evaluated using the leaf-dipping bioassay method. [Results] P, frutescens extract
was clearly toxic to B. tabaci; indeed, the insecticidal efficacy of the extract at concentrations of 50%, 75%, and 100%
exceeded that of the commercial insecticide thiamethoxam, achieving mortality rates from 46.0% to 60.0%. Nine chemical
components were identified from 75% P. frutescens extract, among the active component caryophyllene was not only toxic to
B. tabaci, but also significantly inhibited the activities of two key detoxification enzymes, cytochrome P450 and
carboxylesterase (P<0.05). [Conclusion] P, frutescens extract is more toxic to B. tabaci than thiamethoxam. One component
of the extract, caryophyllene, achieved a corrected mortality rate of 51.1% to 67.8%, while also significantly inhibiting the
activity of the P450 enzyme and carboxylesterase in this B. tabaci.
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Jky B\ Bemisia tabaci 3 J& T2 H Hemiptera
MEEL Aleyrodidae, HMLAIAGZEPEFE R, %
F B FIU)T L B R S PR
SRAFREAE, SRR AR ERZ—, "Xt
600 RFNARVEMIAE K ER I TR
T 1358 I 2 ( Mu et al., 20225 Shi et al.,
2024 ). MRy U R AR PE T E AT H 20Tl
P ML o 12 35 H AT 8 e =X T 2R E A
PRI, Bl R EMYst . EETIRR
T [AE, Hr Wiy 5 Al ifs A BT, HBE
ik Z MY eE, #E— DRI 28 54 2k
( Wang et al., 2017, 2023; Zhang et al., 2021 ),
I, A2 BRI A it AT R AR mUAR O B G
() 2 A it , 3 e AR AT 3 R R 2 B LA SR
R4 H s ( Zheng et al., 2017; MREGEE, 2023;
FCBEAE, 2023 ), SR, B fLFEBIR RIS
IR FRIVERSE @, nF By PEit e
B A AR 25K BR AR Bk B AR IS R ST A
G (R AE, 2022; TRUKUKSE, 2024), FE
TARERY Ll PTRR2E K Jre 3 g B
15 0 Z TG T oK, SR B R E AR E A N TR
BMEWAH, WEHEYIELYN TR AESRE . K
SRR BRI N B A= W B 16 S48 it ( Cook et all.
2007, 2=, 2023; XIRFES, 2023 ),

HYPIE LT B AR A L AT 2
L ERBUAEAS) A R e A
A A B Bz — (RS,
2022 ), TER WP RISEALIERE S, MY TS BT
EZFUAENRW Y, @R R R
BEfT R ER AT IR IG5, SCEXT
H BB (S, 20125 BRETAE, 2015 ),
KL, MARY v o B PR O R TR PR it , W] B
BN T AR AL 24, W T Aol 3 i 25
AT, 1968 4F Butterworth Z¢ M EIBR 43 B 5k
REIBR R, UESSIZNEPE s 0 M A . fil
RIAEEFZFER (Z2HM5%, 2003 ); MEg
e T TR AL R rh PR RO O B R R IV N R
B REEE R, SRR VIR B 2R,
THEBEAR ST LR ) (IRKRSE, 20005
FARIER, 2015 ), A EPE R dU7E R 8 L 2SS ME Y

JTHE B, 23075 A P i 1 it 3R SR I i 2B
NG, AR A LAGE N A NI B R 1 A B
Ak (BLR e, 2012, X%, 2016 ), Hirr,
YA (5, % P450 i Z2( Cytochrome P450s, P450s ).
RIRWRNE ( Carboxylesterases, CarE) MM H
Bk S-H: %% ( Glutathione S-transferase, GSTs )
JER MR O IR R (Y55, 2018 ),
IXLE R PNEME BT R AR IR
AW B ACISR, (B AR S T Sk
TR RE (2= E%955E, 2018 ),

L U5 Perilla frutescens F & T & I #}
Lamiaceae 70 J& Perilla, H—%EH: H L EHARE
Y, FESATEMHIX, W E, #ELH
AL (YRS, 2009; Youeral., 2023). %
T & B2 | 2 S = S AN P A
SAFEWGHMESEFRMME, CHUESLE
AP PUR . DU BB S 2 A Y T
P ( You et al., 2014, Gigi et al., 2023 ), ItAh,
S8 T8 N FLRE MU AE ARl g A 3 7 PR 1 1
WFGT B A TFRE . Bilan, 58955 BRAA B IE] 7 ]
AR BRARIE R, 0 2 AR 1 1 5 S
KRR, IR R AR A K, T E ek
SR (RS, 2022); 1E 40 mg/mL W
T, ST R E R A4S o JE S A T 22 AR K R
il %35 75%A 1, 48 h #IHIPR AT K 100%, X1
FRTFH LB IEI RN 84.3%, HILHYIWE
R, PR TR 22 A K A R TR AR I AR
R (FMRESE, 2017 ), BRI RFE
B, WBEH 9 ¢/100 mL A48T 2 Bk 4 B
WRIF Myzus persicae A R IFHIEE | Skt & B
A, Hh g iE 4R RETE 64.6%-79.3%, &
WERIE 58.4%LA b, FET R0 IK 83.8% LA I (&
VEFEL, 2016 ),

FEARO R R B, SR R B %
IR RAT . R etER g, FON R ) AR
NI o AMH5E B AE N 505 TR AL & e
3 U H G e B 4 v I v A P A R S S 4
H5HARS% | BARGE R R L S U
HARY TR A ORGP, A8 B SOM (35 - T S 6
XS O AL 5 20 A T 2 e oA, IF it —2b
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PRI U 3 A RO A0 0 Xk AR B LY S5
HUSCR B A PN i 25 S PR RZ IR L LS S Ry
FIR) (53 5 42 N TR SR A W 10 P 18 ) O 2 10
£ Iy S

1 MRE5AEE

1.1 4B H

PR oy U] 37 7 15 R 4 ARl Bk B A )
PRI T R = v, KIE IR IR 3 A
AR A, A MK EL MED FRb
HERBRENFESE S ML, EHLEKRE., B
PRARAT A R R A T A TG PR BT 2 . R
M (26£2) °C, MHXTRE 60%+5%, )&
14L : 10D,

1.2 UK EFRIRWMAGE

S SNV GRS QUL S D )
WG 40 Bl £FRE 10 g BEAMIEIR 1 : 20 19
BHR LA 200 mL #) ZEEE (0% .25% .50%
75%F1 100% ) HATIRE, FE5 I OB EUY il
FHIEREZE KL (50 °C, 40 r/min ) ¥e45 =ER,
WA B TEIR TS (50 °C) T EfEE,
HEIRATE 4 CUKFATR A& AR T3 A AT
THE SRR I R LR

fRBCR={E Y ER (g) /MHRER (g)
x100%.

1.3 BHKZEFF0E.

CWE (L eI BRA R ) A T4
( B e IKHIA RA R ), IEEkE ( B
SEMIKFIARA R ), wEdg (F BEFEEDR
FHRAT ), BefE AR (R oR A A
AT, ERTERA (B ACHERH A FR
Al ). HAERROKE (LB R B A BRA
Al ) 4

14 EFRDWIHEER ST

B LRI B A 10 mg/L IE E ke ({4
W) W, FIHAHE-BLSECH RS ( Gas
chromatography-mass spectrometry, GC-MS ) X

BT 00T, GRS T R B AT,
G SRR 240 °C, A AR,

i 1 mL/min; FE/FFHE: #IEHR 50 °C (&
1 min ); SR5LL 5 °C/min FHEZE 240 °C ({54%
2 min ); L) 30 °C/min FHEZ 300 °C ({45 5 min ),
Bk sF: Bl TR, TREE 70 eV, RE
300 °C; PUZRATIRIE 150 °C; FREHFEERE .

50-650 m/z, LN 0.5 W/, EHFEHY)
) TR A, R T FR U — R Ab EE AT NIST
A€ LU T e

1.5 ZETRIRENH R H A & X 1 4 B B AR
zE

K FH 5 P I 25 4 B B I 1l 43 %o 4
R B A i T o PR — Y 2R DR AR R K
PEHATIARE, BCE 1 g/L AR BB BT
Tl Ak r W A AR A BE X B A s TE
KCEH 0.5% kil 80 ) Fi k2 0.125%.0.25%
F10.5% (viv), 0.5%FFntiE 80 KR AE k%t i
2 o B AR BT B R AR 10 s
R, FEAUR L 2Rk, R TR A
B 1.5%B08 (491 cm) BRI, SRIEH
50 KA EG AT, HZmEARE . S
ATEAL BT A e B HCE 48 h, FE 0. 12,
24 36 Fl 48 h WA HIET-IH AL AWK B A2 B
fl AN S S, A HEAET . iR R A S
FEH AR B FET %

T H=AA EAE T4 (k) /A mUE AL
(3k) x100%.

1.6 BT E BB P B A 1 AR I U E

i R A 525 P450 (CYP450 ). Ak
HHK SR8 (GSTs) MRFREREE ( CarE ) I
PERIATR & ( s A DR A R A A ) 1
Al Ay BAE G ATRALEE 48 h J5 1Y) 3 FhEENE I .
FE LS T R AT AL B 48 h 5 AE TR KR A
g\ (30 k) &M, IS B BN KRRy B 72 43
A%, A RSG5 T G U0 P 5 S R ) S T

1.7 HESH

FIH Excel 2023 F1 SPSS 22.0 % i %4 ik
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TGt R, A U DT A bR iR 25 3R
o ZHNZE T 2581 (One-way ANOVA ) JF,
K H Tukey’s 2 5 HL BRI AN A 45 95 L BE 2 HLY)
[ 22 5, LA R AT A7 R ot R s s e 2 F i 12 1) 22
5t o83 Duncan [T 1 22 A 50 S U R HLAY)
AP RTAEA BmUAS HE PRI 25 57 2 P<0.05 A,
INAERASRIT¥E L. A EIE S H
GraphPad Prism 9.0 iR 2 .

2 HREHGH

2.1 EHREIEBE R REYE

bl E OB B3 N, B IR U 1S
RICHERIF I  AERF R 0% .25%.50% .
T5%F1 100%1) B T, 1558530 R 24.5% .
28.2%. 23.3%. 21.3%F1 8.5% ( F410=25.703,
P<0.001 ), 75 LEHAFR I 25%K0F, 27542
YA RR RIERR (1), BEE R RS
AN L TR BRI AR R BU FET - RN N 5
WEREFA L, 50%. 75%F1 100%HY 48 5542 Bl

AbFRAR R EL 48 h J5, MM BB TR A5
46.0% . 54.7%H1 60.0%, 145 TEEdUEE (41.3% )
( Fo14=11.879, P<0.001) (1),

—
(]
(=]

W W
S O

N
93
T
L o
L o o

A (% ) Extraction rate (%)

[}

0 25 50 75 100
ZEHERRM L (%)
Ethanol volume fraction (%)
Bl 1 FEZEERS TR BRI E
Fig. 1 Extraction rate of Perilla frutescens extracts
with different ethanol volume fractions

ARy R N 2 A N e s NS S T
5t (P<0.05, Tukey (RZ&E KL ), TEIF.
Data in the figure are mean+SE, and different letters above

the broken line mean significant difference (P<0.05,
Tukey’s multiple range test). The same below.

R 1 ETRE X AE ) B R BE

Table 1 The insecticidal activity of Perilla frutescens extract against Bemisia tabaci

FET-% (% ) Mortality rate (%)

X247 Test agent

1h 12h 24h 36h 48 h

7K Water 33+£2.5a 8.0£59b 10.0£3.3 ¢ 10.0£3.3 ¢ 10.743.4 ¢

158 141 1% Thiamethoxam 734342 7.343.4 b 14.044.9 ¢ 327+4.1ab  41.3434b

EIN BRI 0% 147453 a 19.3+5.3 ab 18.749.0 be 18.749.0bc  21.3£10.0 ¢

f )‘(t{; thescens ethanol 550, 12 6:344 13.3+3.8 ab 14.0+2.8 ¢ 18.740.9 bc  24.743.4 ¢
50%  11.3%25a 29.3+4.1 ab 32.0+443ab  40.743.4a 46.0+7.5 ab
75%  13.3%4.1a 36.7+14.3 a 38.0+13.0a  453£11.5a  54.7+13.2ab
100%  14.044.3a 36.048.6 a 42741002 46.0+114a  60.0+59a

RPBAE R P B EDR, R85 AR5 2253 3% (P<0.05, Duncan [RHTAE MR 22EEKE ). % 3 [,
Data in the table are presented as mean+SE, and followed by the different letters within a column indicate significant
difference (P<0.05, Duncan’s multiple range test). The same for Table 3.

22 EHRRINYWASHNEERSH

AT 3 T L T U AR RN R AR,
PERE 75% M BB AT i 255, 15581 T 9
Fhisy (3 2), H, SIRRERY £ 200

RIRE TR T, HUCH SR T, A5
HRE AR B B KT 10% 8 AR R T2 R4Y . K95
SR Y FF RSN 8-V F REXUIR5.1.0] 3 b
(52.9% ). (3Z,6E)-3,7,11-=H }+—-1,3,6,10-
POk (15.4% ) PR (12.4% ),
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Table 2 Chemical components and relative contents of Perilla frutescens extract

P & CAS & ARXF i (%) PREE ] ( min )
No. Component CAS no. Relative content (%) Relative time (min)
1 8- F L U [5.1.0] 2 k¢ 54211-15-3 52.9 16.8
8-Methylidenebicyclo[5.1.0]octane
2 (3Z,6E)-3,7,11-=H %+ —-1,3,6,10-P0 4% 26560-14-5 15.4 22.8
(3Z,6E)-3,7,11-trimethyldodeca-1,3,6,10-tetraene
3 G A4 Caryophyllene 87-44-5 12.4 20.9
4 D-¥r## D-Limonene 5989-27-5 5.4 9.5
5 (2)-2,6,10- =1 H£-1,5,9-+—Ff = ¥ 62951-96-6 3.8 45.8
(£)-2,6,10-Trimethyl-1,5,9-undecatriene
6 3V FR A2 B i Methyl linolenate 301-00-8 3.4 37.5
7 1752 £, Ethyl hexadecanoate 628-97-7 2.8 34.1
8 1E ¢ Icosane 112-95-8 2.2 46.4
9 T IEZ$IEHN Didecylsulfon 111530-37-1 1.8 44.6

2.3 ATIEXHENEAI R HiE

AP R R B AR eSS Rk 3 fr
o BEAE BRI AHERS , AT TR B RGN, ARk
AUET S RWAER N . 5T A P i IRALAH L
FH 0.125%. 0.25%F1 0.5% (v/v) B4 Pk 33
48 hJa, MWK EUKSET 550 51.1%. 64.4%
M1 67.8% ( F34=48.523, P<0.001 ),

2.4 ATEIHERER ST R

AT IRR BN 3 i B I P % 5 e 4
Bl 2 iR, 5TATEEX AR, 0.125%.
0.25%F1 0.5% (v/v) BIAPTIEAEEEIEA EL 48 h
J&i, XK EURY PA50 i ((F3,5=5.808, P=0.003)
FIRFRIERG ( F3,4=5.560, P=0.004) AYTHE LA
SEEMRIEN (B 2. A, C), AXIAHEH K S-

AN (K 2: B) BEARE (F3,=2.260,
P=0.103 ), I H A7 P4 B B35 nons J s =L 3 A
BTG PERY AR A 22 S BN

3 GipSitie

ARHIFFE LLEE T3 T b b A P2 Uy, &
ARG R BCRAEAE 25 57, DT g 5 2595
TR AL ARG . EATFFTIESE, T0%AR R
O3 BE AT il SRR AT R IR B i R E (A
4, 2023 ), AN, SRHITEK CBESR U IRAN [
FERE, RBCREF B AR EREE, R
FIFEPCR AR (2.5% ), FERFRICRR R (5.2% )

(BEPRAESE, 2009 ), A% HUG P 2 45 R 0
AN TR 2B RR 3 B8 1Y) 52 T3 B B % 0 by LA 7%
HIRHEAAE R EES . Hoh, RBUMECH 50%.

®3 AMEERERRNRRENE

Table 3 The insecticidal activity of caryophyllene against Bemisia tabaci

BET23 (% ) Mortality rate (%)

i37] Reagent

1h 12h 24 h 36h 48h
K XA 0.040.0 b 22416 ¢ 3.30.0 b 7.844.2 ¢ 8.943.1 ¢
Water (CK)
belud 0.125% 15.6+4.2 a 2224421 45.646.9 a 51.123.1 b 51.143.1b
Caryophyllene 5500, 20.0+2.7 a 38.946.9a 544442 a 60.0+7.2 ab 64.4+8.3 ab
0.500% 17.8+1.6 a 34.444.2 a 522442 a 67.845.7 a 67.845.7 a
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~ 60rA, 3 2001 B
: T, b 5
2g~ b b 285 150F |
#EE40T HeE
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5 2% #¥2z L
ok 5g8
&) =3
2 0 £5
= 0 0.125 025 05 %

A

0 0.125 025 0.5
arriaER (%)
Caryophyllene content (%)

(=]

Carboxylesterase activity (U/mL)

0 0.125 025 05
arrimEE (%)
Caryophyllene content (%)

2 AMEITESE P450 B (A ). ARLHK S-##E (B) MEREEEE (C) EEMNRIT
Fig. 2 The effect of caryophyllene on the activity of cytochrome P450 enzyme (A),
glutathione S-transferase (B), and carboxylesterase (C) in Bemisia tabaci

75% B 100% Y LB 58 IR B B %o KA B A%
TEPEY LT R A A2 75 68 MR | i Ak L (] £
FE, A PRI A HOASCR 357 2 AN TR) R 1) 4
Fto FIRZERFRW], SRR AT AR Ry B 55 K 3
B A Rk (7], ELA R AR A2 B iR
Ha S R Y 7

TE SR A0 B ¥ e RARAE DRI Moy, I
FALA YRR A BCEAT T8 TP 5 A% FE 40 il 1Y)
WEVER (Liang et al., 2025), AT R)Z1H, #6
3t s T 3 S A A AR R B R R S, s
A EENATH (Shieral., 2024 ), T HXF M &
L BERE 1 1 IR HAT X 4 « 5 B A Bl s
S PR THEFEROR 5 10 07 358 o i I i R 4
RO HE, REFTHEONG BE-7F AR - 10 EUELAE T
iy, BHWORHE “IREE-1EHE" fE2A (Liang et al.,
2025 ), FETEE TR T PR KO AR Ry EUR B
MEIZE S %, ARSI RE TS %IRRT E 2,1
SN IT R R T 5 55 . GC-MS Il
SERL R AR B A 32 B AL 8- Y 3R
IR[5.1.0]9FhE (52.9% ). (3Z,6E)-3,7,11-=HI F+
-1,3,6,10-PU4% (15.4% ) AR (12.4% ),

AT RAE I — 2T AT H AR A B 2
&Y, SRR B E kA sy EF
WFFEUESE, AP T R RIS, Spodoptera
litura HH =G 8t S A sE ey, S
AR K R B IS AETE( Evani ef al.,2022 ),
AN, TGN B G AE B ST Megoura japonica I,
NN Plutella xylostella %) U ZR B0 H I =

4 AR, 2 BEBER & (LDsy ) 439124 0.072
F10.320 ug (Ma et al., 2020), HFi, A1rHH
fh2E g5 CL R, T AR A R AR A KA AT
P SRR AL B R 5 A e, B RAF IR FH T
K571 ( Bouwmeester et al., 1999; Gyrdymova
and Rubtsova, 2022 ), AFFEAIM, 2 0.125%.
0.25%% 0.5% (v/v) WEEATIRAIE)E, KA
FARIFTET- K 50.1%-67.8%, IFSEA7 4745 % KA
AVEA BRI TE R, A A HeT 2
TRy TN M, 28 PASO il 52 R TG It 076
{EXF GSTs 1GMETL W E#W s HASFAL PR E T
ARy A Tl 6 PR R S G 25 57, X AT B AR
VAR PR i B T 1Y) B KT AH G o

ZE LA, Ao s X 5 OR EA T E
RO HREC S 0k, AR T B AR SR E X R mLE
B E R ARG S22 A U S 5 AT 4
B UESE T AT SR SRR U R AR LR
TN B S HENE PR 2 — o AN, ARSI R
ATV I T IR AR U R TR A AR
BT A AT W AR A L) % PR ML BRI T
WEERR, WG T A0 0 Rk Bk 6 B
Pt A K B T B FE A
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