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ANIHRREE (MIC) PP T F AR 3 Rt AR PR RICR , SRR S G B R AR T2, R
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& T e FERURR X TR o B A T L A S R RS TR A A IR ROR o SRR SR A T 2 AR A VRORHLE 10 mL/g
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Abstract: Streptomyces acidiscabies (SA), Ralstonia solanacearum (RS) and Erwinia carotovora subsp carotovora
borgey (ECCB) cause plant scab, brucellosis and soft rot of carrot, respectively. These are common and prevalent bac-
terial disease in crop production. The volatile oil of Guava leaves consists of a variety of active substances with
broad-spectrum anti-microbial activity. The aim of this study was to extract and configure an antimicrobial solution of
guava leaves volatile oil to conduct a volatile oil resistance study against three disease bacteria, SA, RS and ECCB, to
reserve resources for biological control agents. The volatile oil of guava leaves was extracted by the addition of lithium
salt combined with microwave-assisted hydrodistillation, the antibacterial effect of guava leaf volatile oil on three test
strains was evaluated by the filter paper diffusion method and minimum inhibitory concentration (MIC), and the extrac-
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tion process was optimized by single factor combined with response surface experiments. The chemical components of
guava leaf volatile oil were determined by gas chromatography-mass spectrometry (GC-MS). The results showed that
the oil exhibited excellent inhibitory effects against SA, RS and ECCB, with the inhibition circle diameters ranging from
20.57 to 23.24 mm and the inhibition rates reaching more than 60%, and the MIC values of 3.13 pg/mL, 1.56 pg/mL and
3.13 pg/mL, respectively. The oil had the greatest inhibitory effect on RS, the diameter of the inhibition circle was
(23.24+£0.47)mm, which was highly sensitive, and also had certain inhibitory effect on SA and ECCB. The optimum
process conditions for the extraction process were liquid to material ratio of 10 mL/g DW, microwave power of 660 W
and microwave time of 43 min. The yield of the oil obtained under the conditions was (10.23+£0.17)mL/kg DW, and the
validity and reproducibility of the method were verified by three parallel experiments. The components of the oil were
detected to be mainly terpenes and alcohols, with relatively high content of B-caryophyllene (28.36%), 1-calamenene
(11.47%), (-)-globulol (11.31%) and a-pinene (10.01%). The substances that played a major role in the antibacterial
experiment were f-caryophyllene, a-pinene, eugenol, and D-limonene. It was speculated that the mechanism of guava
leaf volatile oil inhibition on the test strain was the damage to its cell structure, which resulting in the leakage of intra-
cellular material. The above results demonstrated that the guava leaf volatile oil has an excellent antimicrobial activity
and considerable extraction rate, the results of the study would provide a reference for the development and application

of guava leaves and integrated control of crop diseases.

Keywords: guava leaf; volatile oil; antibacterial activity; response surface optimization; GC-MS analysis

DOI: 10.3969/j.issn.1000-2561.2023.01.018

A8 ( Psidium guajava Linn. ) ZHk4 HEE
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JE=99%) . KRt Rk ln T FAEF (41
Mraf ) . iR A YR R AR LB E FR B
JE LB % : At B R A B ARG BRI A F
TR Hs s 75 i ( Streptomyces acidiscabies, SA ) |
MELERECH ( Ralstonia solanacearum, RS ) |
B N R SCIR B ( Erwinia carotovora subsp.
carotovora Borgey, ECCB ) : W H ZRJbAll K
A B E A B
1.1.3 MBL5&E& MI-L213B Y. | HKE
(46T 5 FL 2 A BN 7] 5 JA2003 HLF R : L
R PR A F] 5 7890A-5975C RIS M (13-
PGB AL (GC-MS) : EEZHRHRAF; B-220
fEIR AR . PR s = K B
Hi CEI) AERARAF; WS TAES: Jont
IR IR AN A i) 15 A BR A ] o
1.2 A&
1.2.1 @R (1) FEFRFEMT 5 BOA R AT
ft. PRI LB #FR5i0E 32 g, JIA 1000 mL 2555
TR, INIGEB M, A, 121CEEKHE
15 min, M. TELRERIESG T, B 10 pL A7
THMP R, 3 LB Wi, F
37TCHEIR BIEFR 12 h, PSR IR HK Bk B
% 10’~10° CFU/mL, & T 4°Cok# PRI,
(2) UE4CR P ORI E P & v, ATl
BT Ukl R B 8 mm WRAEALH, &5

#H . ERWBEGT, HBRRIE 10 pL 7
RJE BB, AT B R FR I . B G R
THFUEACHR MBS FR LG, BT 37 CE RS 37
I E R IR 24 h, AR OHSS AXTIR, b
RHA T BHEXT AR, AT 3 IR WS
BN, SR A 38 SOE D = D T B A,
BRAE LT AR
e, DIEERZ - JELAR A

L TR

(3) HE/NMIEEE (MIC) B . A
M- &M 0.1% 1R —80 M BRIRIE Y 0.71~
50 pg/mL. 20 B 5wl A [a] e BE A 42 A T
WINTE 8 mm RYIELAEH L, BHUEARA B T FRIL
Huty, T 37 CHEIRIEFRAE TR 24 h, 0.1%0H iR
80 Jyas FAXTHE, WS E A KB O, T/
W (MIC ) Ry BLAT 0B VR FH I ) e IR
122 FLHRIBAMAL TR 2R L

x100%

il ELAR 2R 8~10 mm AYHOIREEF, B T B
AL, TSRS H . PRI AR 30g (£
BR 7K 70%)5 i ) & F 1000 mL ZE45 ke
PR ER A ORI VA A BB IR =
T T CE 1 h fPRHR RS, — o PSR [A]
KM, B TR R E R T m R,
1 J5 77 I 7K 2R AT HE R T 2V B R i e R
BT, IR B RREAIEAT K AL 3, SR 4%
VRlE G S R RS Y /N S paa

PER AT (mL/kg ) = (FER MR/ F A
M BT ) x1000

TEIBCHCRL LG | 10 D R RO e 1R S B 722 £
REVE N . Wkt 4, 6. 8, 10, 12mL/g (F
&), WMITh®E 120, 230, 385, 540, 700 W, 1%
PR 20, 30, 40, 50, 60 min, 4FKIMIFFEN
M 7 fE, EAT R R . AR R R g0 2
i1, 0. -1 43R & W R i m P oK, i
Design-Expert 10.0 ZF 5t i S, A2
5 KoK L3 1, BUOE AR T2 Ja W 48 1 #5 & T
0.5 mL, #fi#AE 500 AR IECHEd, 0.22 um
BB 85 T GC-MS 2 #7,

F 1 mAEEREIRTTEZRMKE

Tab. 1 Factor and levels in response surface analysis
SES 7K Level
Factor 1 0 1
A R /(mL-g ™) 6 8 10
B Y1 /W 385 540 700
C fipe i 8] /min 35 40 45

1.2.3 GC-MS #&m&#  SAMHOELM: ikt
4 HP-5MS (25 mx0.2 mm, 0.25 pum ) £7 9 BN
F OV-101; FEIR 40~200°C ; HRTHE 0.8 kg/em?; T2
FETHE : WITAIRE 50°C, LA 3°C/min FHEZE 180°C,
{#4% 10 min, FLL 5°C/min JHEZE 280°C., <4k
M 250°C 5 AN A; Aol 50 < 1 gEFE
N1 uL. S AE BT BB TR, B FRER 70 eV
BT REE 250°C, A ¥rRAAHK I, mEA
575 Bl 40~400 m/z.
1.3 HiELsE

P SL g ¥ E A 3 . R AT SPSS 23.0 F
PEAT RS2 Fr, AU Excel 2010 #KPF2 K, R
JH Design Expert 10.0 {4347 mm 3 18 PG 4k %
i .
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211 HoBHrHELBGRAERIN FOW
I 22 3o VR0 T X R it 3t 3K B ke 1) 900 R R
7. WIEIEA R RIMMERWER 2, 7ERFRIL
A T L () TR R A M, BT PR T M ) o
RESE M A s i AR, IFAE A0 J8 DR B i
R, SRR B, ULBIPUETE L . AR
2 ATRAE M, SR T AR A I B I TR RICR AR
TFHAER, (BX] 3 P AR IIAT — & B IR RL

Fo XAl E/RKE (RS) WMEE RN
(23.24=0.27)mm , J& T 2 2 WU, 4 AR ik
65.58%+0.22%; X FRIEMiEERE A (SA) FIHE b
B R SC T (ECCB ) (1) 30 T Pl 4% 40 1 ol
(21.87+0.53) . (20.57+0.19)mm, J& T B Gk,
TR R IITE 60% LA L o 30T Rl 3% P Il SR 2R A
e A0 R T e X R B R TR A o 4 P
Xof R A i 8 TR P B0 R VE IR 2, WA 3 | 408
RS EG B A B P A s, i L S S T AR
IRIRE (P<0.05) .

x2 BOBMERBEMOAEENE

Tab. 2 Antibacterial activity of guava leaf volatile oil

— HE B 42 Inhibition zone diameter/mm W% IEZ Colony morphology e
6] . .
Swain | AN YR P 25 I YR P Antibacterial
Blank control Volatile oil Positive control Blank control Volatile oil Positive control rate/%
SA 8 21.87£0.53% 26.83+0.32° 63.42+0.35™
RS 8 23.24+0.47° 25.71+0.27° i 65.58+0.22%
ECCB 8 20.57+0.19° 28.78+0.56" 61.11£0.14°

E: FSIAR/NG FRFRRZR B (P<0.05),

Note: Different lowercase letters in the same column indicate significant difference (P<0.05).

2.1.2 & BT AE Kk AR A R e RO PR
FEHT T A AT S i B R A e/ N B
WRE (MIC) ik 3 Fon. AILUE Y, 8k
R, X R AR B0 RO R G, X A iR
KL 1.56 pg/mL B, 314 -5 A il xR
I A R ( SA )R N 3K RO IR ( ECCB )
AT HANEIEA, (AR /RRE (RS) 7=
AT IHRIVER, RN 12.57%+0.49%; A4
4% 2 VTR BE 4 K 2 3,13 pg/mL B, SRR i B
B b IS8 N 3O BROSC Q4 7 A I E A s Bl
BRI R K, MEEHBEEE K, #
RAMUEE S 50 pg/mL B, HERKLE 46.52%~
55.36%:Z (0], o rfoxt iR R 2R DG B P40 B A8 R o
U, BN 55.36%+0.13%; KRR JisE 25 7 1)
PR N 47.92%+0.37%; XF il N 4R RRSC G
FIHME RN 46.56%+0.15%, LI FE45REW, FA
TR HE R T AE — 8 TR BT W3 R R A S il A
FH, 2500 O R R D¢ R o 8 2 A5 B0 B I
Fe A I R oG R R 2K ERER Y MIC BN 1.56
wg/mL, % R 3 90 B B D AT 35 I 308 RO IR

Y MIC {84 3.13 pg/mL, £ 3 FbL E ek
BRI EC PR X 7 A AR 9 T R U, VR
2 1.56 pg/mL BB A AR R s YT % 308
K S EG TR A S R e 5, MR IR E] 3,13 pg/mL
A REE BN CR, MEFEHN 11.89%+0.37%.

®3 FABMHERXHNSENMIERE (MIC)
Tab. 3 Minimum inhibitory concentration of guava
leaf volatile oil (MIC)

e I % Antibacterial rate/%
Concentration
A(ug-mL ) SA RS ECCB CK
50.00 47.924£0.37"  55.36+0.13"  46.56£0.15° 0
25.00 41.05+0.11°  50.77+0.24°  40.34£0.06° 0
12.50 37.11£0.47%  46.98+0.29°  36.61£0.23° 0
6.25 33.72+0.30°  42.36+0.38%  22.78+0.27° 0
3.13 16.23£0.45  28.89+0.57°  11.89+0.37° 0
1.56 0 12.57+0.49° 0 0
0.71 0 0 0 0
MIC/(ug-mL™) 3.13 1.56 3.13

e FSIAF/NEG FhEFRR 225 B3 (P<0.05),
Note: Different lowercase letters in the same column indicate
significant difference (P<0.05).
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22,1 AE#HERFE HET (LD 2055
BT (CI), &% M (OH ), BEFR#E ( CH;CO0™ ),
AR (NO; ) FIBTERAR (SO; ) 454 misidh,
PR X R AR R AN B 1A iR, I
A HR B 2 A AR 4 A 3 i = (5.02 mL/kg ),
Aot T EL At R 9 T A ) 2 T T T B A
R BTV FH 2 A E 4 R T oy B Y e AT ) — R
B, 38 MU A5 AR IR FR T B R R AR B A B
(M H . BRI %282 6 FhEhwt B UM E % i
FEICR A5 &30, 98 - A A% 58 55 AR IR
JEEE TSR B P> RN T, X 5AMR
gh IR —3. DRI S b s i f A R i 2 R
ERIgin

222 ELAETHHE WK 1B s, H5RE
INERER AR, B RS (SRR SR,
PRS0 E T . BER RN 45 pmol B,
R I3 3553 5.08 mL/kg; ke CpnEh &
£ 60 umol, & MSE N 5.14 mL/kg, S
i 45 pmol B R IMAR R EZ R AL E . A
BUAS, B A ER &4 45 pmol,

[ A

IRl EEE

Essential oil yield/(mL-kg™)

Li,SO,4

6
5
4
3
2k
1
0
LiCl LiOH LiAc  LiNOs
HEEE I Types of lithium salt

Kb

Essential oil yield/(mL-kg™)
- N W R w oo
T

0 15 30 45 60 75
% FB Dosage of lithium salt/umol

1 K (A) AE (B) WEHBENZM
Fig. 1 Effect of the type (A) and dosage (B) of lithium salt
on the yield of essential oil

23 BEHEREBEENMRL
2.3.1 AR m  BORHCTERE & IR UL R
SRRVl S A IS BO I A SO R Eas - A T E L

KA RIS R 2A W, BEE ORI
T A W AR RS TR R R, ZEORk LIk
F| 8 mL/g W% A& A5 % (7.31 mL/kg ). HJR
A AT BB MK A3 ad 20, IRA 0k 1 PIr s e [R] 4E
K, SR, R RS 80—
YRR M A 2K AR, X 5 2B
2 O PR OB ABURE 4% 2% Tl R BT 9T 45 SR AL . 45 8 R
BESAS BEREECREEE R 8 mL/g.

232 wkHFRaHa W 2B Fin, HOM
MR RIS R ST T R R IEASC, kTR
BRI S T RIS S, FEAE O T 2
K, AR 2R TS, kT R 7E 700 W
SRR E, N 7.85 mL/kg, HIEK A HERTEM
WP R rpr, VRORE T B — I I 1k B otk
A, B R RS A 1 S T 3ok ik B 4 o T
FEM B R —RY0 DR S T AR, —
T35 2 A T 2 min IR RSB W TE,
T P8 A T S B PR RN A, R Tk ) I 4 B
S B Ry PO R PR R v IR R AR
LA (R N 7 6T T TR SR Y B 1A
F Ly A TR I i A i A 40 200 1 T
TR . B ER S DA B R BUE A
A W A0 R A D 8 4 18 4 S PR T
PLT)# 540 W e ek .

233 fokmtEe e HE 2C AR, b
B WO R P TG, 7 A IR 4 R T A R R S T
R AR R TR B 20 min 3 %
40 min MR, R IMS R R BRI K ; gk
SEROMCE R R, R MR R AR, EX
W], R AR R A K R A 20~40 min I
71.91% T [ 3 40~60 min N 1Y 7.18%,PENG Z*!
HEAT T RRIBESE, FERIBAVIGG Y B, FIAA L
PRI P AR P, F 30 min J5 77 A8 A fH
FE o PRIk B A H B[] 24 40 min

234 BEWRBIREGHAFZoN  BEEREL
8 mL/g, AEIAIBE 5 min id A R IIR T T
AR AR 3, XHRBGS R AT oh B0 5T
SR E 3, ARSI RFMET, FARTE
A5 2 B SO B 8] B 38 I . FE 120 WA
230 W UpREF, #FERIMARKEE, IR
J%s TE 385, 540, 700 W IREHE & A3 R T
e, HEEC 20 min AHE RIS R0 3.81,
5.12. 5.92 mL/kg; #HL 40 min B 45 & 5K 0]
PIik3] 6.35, 7.74. 8.46 mL/kg, A% &g %
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> 4 6 8 10 12 > 120 230 385 540 700 > 20 3 40 50 60
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Fig. 2 Effects of different factors on extraction rate of volatile oil
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— N WA U0

R IR
Volatile oil yield/(mL-kg™)

L
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T3 it [E] Microwave time/min

B3 REEHNFHAR
Fig. 3 Extraction kinetics study

WETE Ak NP HET E] 2 60 min, &
ERI N 7.22, 8.27, 8.95 mL/kg, X—id FEE
e IMAS RN i 2 AR G AR 1 I Rl
() Xt 2 &y AR = A T S R . 5 MEGAWATI
2 (24 PRI PR 0 A I (R LR AR . SR BRI B By
B R g et — o B ) 5 4G i 2
B EMEE . BRI, RN R
Pt FRE, WMRGEEPGERFMr, UMD
R BGERE TR, 24 U BN
F 0 LLRCREE L Sk o A e e T A f A R
Z, P K435k 8 mL/g 540 WA 40 min.,
2.4 WoREERA

24.1 ~hE&EREET AN RRGL
i Design-Expert 10.0 #AFHE47 e 1 i a8 56 1%
T AT s I S BUE R, IR (A,
DR (B) FfdkmtE (C) hHAZR, U
AR L AR (YY) hmpfE, L 17 4
WhFRA, HERILE 4,

242 rcr @Kt @ AR 6 E 5 fe 5 AT
FI|H Design-Expert 10.0 FF X 35 4 1050804 £ 17
ZICENARLA, A5 3045 PR 56w SO {8 9 — ik 2233
[ AR

&4 oM E IR T 7 R AN A E
Tab. 4 Experiment design scheme and response
values of response surface
A BEHE B (R C Il Y $5 &R

Liquid to material Microwave Microwave  Volatile oil

s

No. ratio/(mL-g™") power/W time/min  yield/(mL-kg™)
1 8 700 45 9.61
2 10 700 40 9.89
3 6 700 40 6.33
4 8 385 45 7.45
5 8 540 40 7.95
6 6 385 40 5.95
7 8 540 40 8.11
8 8 540 40 7.98
9 10 385 40 7.58
10 540 45 6.28
11 8 700 35 8.33
12 10 540 45 10.33
13 8 385 35 6.87
14 6 540 35 7.02
15 10 540 35 8.33
16 8 540 40 8.21
17 8 540 40 8.19

Y=8.09+1.324+0.79B8+0.39C+0.484B+0.694C
+0.17BC-0.364-0.29B8°+0.26C*

FERMASR (Y) By mHE 5 8 22 Fr g R an
%5 Fion, B P<0.0001, 2 S0 3% ( P<0.01 ),
A AT = I 7 BT SR S (VG 17 N T A2
( P=0.1193>0.05 ), &AM 2= %A g0 45 51 1
PN, RIRAR2ZE T L2 AR R*=0.99,
R*=0.98, CV=2.21%<3%, UiIABIRIIIA R .
DI EZERE], BAIGRAE AR 47 M4 5 1l g0 B
TEA M S A5 P2 X RIS R, — IR
T, TRIAAZILINA AB Fll AC RHE & s %
(52 2 (P<0.01), 38 HI0 BC X5 &M%
RN AREE . $5 IR F AR/ 4 & s
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RIS HRBETHF N A GRBHEE ) >B (3t
BT ) >C (BT ).

R5 FEAMBENERAFRAERBEZESH
Tab. 5 Regression equation variance and significance
analysis of volatile oil yield

Source of Square

s ?f Fii Pl RN

Freedom F-value P-value Significance

variation ~ sum square
i 2421 9 269  88.32 <0.0001 **
A 13.91 1 13.91 45679 <0.0001 *
B 498 1 498 163.41 <0.0001 o
C 1.22 1 122 39.95 0.0004 o
A? 0.55 1 0.55 18.19 0.0037 ok
B’ 0.35 1 035 1145 0.0117 *
c? 0.30 1 030  9.69 0.0170 *
AB 0.93 1 0.93  30.57  0.0009 o
AC 1.88 1 188  61.62 0.0001 o
BC 0.12 1 0.12 402 0.0849
B 2s 0.21 7 0.03
SR 0.16 3 0.05 370 0.1193
iR 0.05 4 0.01
MRS 2442 16
R 0.99
R 0.98
CVI% 221

T * RN 22 57 W3 (P<0.05 ); ** 78 22 5 .3 ( P<0.01 ),
Note: * indicates significant difference (P<0.05); ** indicates
extremely significant difference (P<0.01).

243 rap@iEt AR ERIAARA S X LR
BERIEAT 438, 19 2045 R & Z M58 B AR A &
WA (Y) sy bt CEL4) o me
T 1% G 0§ 1 2 2 B 5 4% PR 3R 58 AR P ) i 55 22
EAIEES, i 4A FIE 4B AT LA Y, WOk L
PRI R DY S e R, SR Ay (] 2 Tl B P R B
TR RE, WOk L Y el i it AR b B BE ;R
Ao, S s LR VOB LG S R T L OB EE S T s
[E) P18 38 LA FH G 2 S A5 S5 0 S I 2 8 25 A o T
Bl 4C Ay R it AR A0 P22, 10 A R ) 2 R Ak
W s 1] 22 () 9 52 B AR FH OG5 % T AT 238 00 52 1) 45
55, FHXTT OB, (0 D EE RO I 1) X 5
TR AN, 255 &3S TR FAEK/INAT
A, SRR AIMAS R A A BAE IR R IT N
AC>AB>BC,

244 vap @A T EEHESBIERE FESH
FIREE N, DEmEmELMmEE RN ER,
M) 10 TR A o BT AR A e L S50 - Wk

9.73 mL/g. IR 658 W R I} E] 43 min,
TOUI AR (g #2245 R0 10.45 mL/kg o £ B IEIR
gorh, AR S PR e A A SR S E R AR SR T
LA R 10 mL/g, SRR 660 W, 13
PEAFTE] 43 min, 289 2 3 A MR & A R
(10.23+0.17)mL/kg, S5HISHUME ( 10.45 mL/kg )
Jow E S, RUNZEA AT T A et
FER MR T2,

BERIMGR

Volatile oil yield/(mLkg™) @

ERIABR

Volatile oil yield/(mL-kg™) O

B4 BERIELIMG AN T E
Fig. 4 Response surface diagram of each factor on
yield of volatile oil
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iz AR €03 — 0 36 FH B AR 6 e A A 4
AR AT RN, IF 456 NIST11.L JBuik i 17
SR AT, AR B b 5 NIST11.L 3% 2 VU EC B =
80%I LAy (2 6) o FE& LI Y 33 Fhsisy,
H BT Y 98.51%, At fie 22 1R ) B A 2

A 16 Fh, HUONEERMEALSE, 43004 7 FA 6
Fiv, BESS. Lekeds. Bpds. MRS HAI L 1 A
TRESNRAA B-AT (28.36%) . KEH
B (11.47% ) . @rEEE (11.31%) . a-JRM
(10.01% ), HUEFHEM(5.18% ) . 1,2,3,4,4a,7-
NE-1,6- -4 (1-H 3L 2525 (5.14% ) . o-

®6 EBOBMHELABALERINSBEEE- RESNER

Tab. 6 Gas chromatography-mass spectrometry results for chemical compositions of guava leaf volatile oil

Fh% ey A E CAS & e T AR
Species Component Molecular 8% CAS Peak
formula Ry number area/%
fEds K benzaldehyde CiHi 4O 1022 000100-52-7  0.09
if2s  D-#7E M D-limonene CioHis 1079 005989-27-5  0.32
a-EE M4 o-cubebene CisHas 1362 017699-14-8  0.42
a-JR s a-pinene CisHay 1381 003856-25-5 10.01
a-17 2 M a-gurjunene CisHx 1402 000489-40-7  0.43
B-£1 11 4% B-caryophyllene CisHas 1410 000087-44-5 28.36
KARFE M4 D germacrene D CisHay 1416 023986-74-5  0.22
1 & 4 (+)-calarene CisHa 1419 017334-55-3  0.10
M aromandendrene CisHas 1424 000489-39-4  5.18
o-f1 774 humulene CisHas 1434 006753-98-6  3.91
W alloaromadendrene CisHay 1439 025246-27-9  1.97
(+)-epi- I 2 K T4 (+)-epi-bicyclosesquiphellandrene CeH10Os 1447 054274-73-6  0.99
y-A< 22304 y-muurolene CisHay 1449 030021-74-0  1.17
= -o-FH 2 M cis-a-bisabolene CisHpsO 1466 029837-07-8  1.83
B-EH 1% 244 B-bisabolene CisHa 1471 000495-61-4  0.96
y-Ft#A G (-)-y-cadinene CisHas 1476 039029-41-9  0.97
EE HE M 1-calamenene CisHao 1483 000483-77-2 11.47
ke + T H R NEEE LS 2,2,4,4,6,6,8,8,10,10,12,12-dodecamethyl-cyclohexasiloxane Ci2H3606S1 1343 000540-97-6  0.16
BN T eugenol CioH;20, 1367 000097-53-0  1.19
fi s a-tAVHEE a-terpineol CioH;50 1241 000098-55-5  0.11
FWEFEWE epiglobulol Ci5Hp60 1514 088728-58-9  1.29
[1aR-(1aalpha,4beta,4abeta,7alpha,7abeta, 7balpha)]-+ &(-1,1,4,7- VU FH BE-1H- 2RI CisHasO 1518 000552-02-3  0.65
[e]¥E-4-F% decahydro-1,1,4,7-tetramethyl-1H-cycloprop[e]azulen-4-ol
WA EE(-)-globulol CysHp60 1532 000489-41-8 11.31
W WS B ledol CisHyO 1544 000577-27-5  4.10
S -FE A trans-cadinol Ci5H,60 1571 005937-11-1  2.59
o-EEREGIEE a-cadinol CisHyO 1581 000481-34-5  0.02
B -4 AW Z MR E 3,7,11-trimethyl-, 1-acetate,(2E,6E)-2,6,10-dodecatrien-1-ol Ci7Hy50, 1630 004128-17-0  0.09
HA2k  (H)-HE 154 (+)-cyclosativene CisHas 1374 022469-52-9  0.28
1,2,3,4,4a,5,6,8a-/\ & -4a,8- 1 3£-2-(1-F 3£ 2 4 3k )- 2% CisHag 1458 000473-13-2  0.78
1,2,3,4,4a,5,6,8a-octahydro-4a,8-dimethyl-2-(1-methylethenyl)-naphthalene
1,2,3,32,4,5,6,7-/\ & -1,4- I 3-7-(1-F R 655 - B 4505 CisHaq 1463 022567-17-5  2.11
1,2,3,3a,4,5,6,7-octahydro-1,4-dimethyl-7-(1-methylethenyl)-azulene
1,2,3,4,4a,7- /N5 -1,6- — F 2-4-(1-H 2 £ 3)- 28 CisHoy 1489 016728-99-7  5.14
1,2,3,4,4a,7-hexahydro-1,6-dimethyl-4-(1-methylethyl)-naphthalene
A-—EFE M a-calacorene CisHa 1497 021391-99-1  0.27
1,2,3,5,6,7,8,8a-/\ &(-1-F Hk-6-F 1 3L-4-(1-F1 5 2, ) - 2% CisHas 1580 150320-52-8  0.02
1,2,3,5,6,7,8,8a-octahydro-1-methyl-6-methylene-4-(1-methylethyl)-naphthalene
At 98.51

i

RI AT Ciy~Coy IEMBERE T B PR B 5 5K

Note: RI is the retention index calculated using C;;—C,; n-alkanes.
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AP (3.91% ) « Jea-FEA I (2.59% ) .
1,2,3,3a,4,5,6,7- )\ & -1,4- — W 3L -7-(1- W 3 2 B
H)-HA (2.11%) o Kb B-A1TH . a-
W oAV . KAREMIE DL o-BEE i
FHRABRESR, CIRERMERT FE R
VI T B-A T . o-URNE . D-FPEE . KRR
MM D B TREB . - IMEESE R BA
MEMARET, Hop B . o-EM . D-RrRgE
M. THED . o-HBEEA T ISP EiE
bR T RERS AN HI AN B A KA, M EPLER . T
FREESETHPEDY, R eI AT e B B R & 4
IVE K o

3 iTig

HHT, 5T A 3 &2 T i i T i o
B2, KBHM TP A | R R AR Y
2 2 YK F B A 5E A s . CHATURVEDI
ZECOVGIE T e A4 AR - 2 S X A S0 T R AR
SlRAL TR A B R I RIVE R, B 5 AT DLk #|
86.02%F/1 82.80%., ZHANG 2PN 3 a1 4% &
ST, RIAERAEE (100 mg/mL)
i Xof i & e B AT BRI A B0 VR FH o X BB A 5T 0 BH 7
AR 4R R B O B ORI BT T . A
gE, AR R I BRI R . AR
IRIGHA . S N RBS MRS TG A B AT AP 1A T
£, MIC {43510 3.13. 1.56., 3.13 pg/mL, H 1,
o A AR I AT X Rk I DG AT A 41 T80 B
TE AR E 156 ug/mL ISET, MERN
12.57% , i & ¥k B 50 pg/mL I 14 300 7 R
55.36%. X 5 SEHIX PG NPT E P I 5T 45
FEARL, R TR K EG A e At X v ok S B 1) 20
W, TERSIMVE BE N 40 pg/mL B 4 40 1 % 3k 3|
66.43%2 2 AR K (R0 T R ATAE 22 B T RE S
o 25 5 T80 . AWFR A R R FH A
W4 R R A 25 1R . MR ER R IQA . #H
N R RICC IR TR A LB ), SRR 35 1Y
Biin et TRk R, HAEEE X,

TEF AR L i R BT R, R T —
P 3 PO O R A AR R B, TR N E
)4 R AL ER R R AR R, BERE T
M o I A B PR R A 4 e 10 A A A 2
AR T2 &0 R WOkl 10 mL/g. D)
660 W FITHE I 6] 43 min, M T 23R FA
W% 345 %0 (10.23+0.17)mL/kg, AERILA

J¥ R, SRS P R RIS I B ok 7%
SIRNRE AR AR &, SRRk )E 1Y
T2 R RERR E M AR (20 H ), B 1 12,
PEHCE | Sh, ¥R WA R & &L
0.85 mL/100g., S&G e, Mk EA
WORLSZ I 5 PRBUECR . 1T B R A AN
AR IR 5 At ol I8t Aty BB 7K 6 B A A 7 A R
PR AMAF R AT, PeAb s AR BT 5 A R IR
SEBRI A, X 22 A AR 4 T R B S
=9

SERTRIMT I R, A M R I 3B
YN a-JRM . R . WEATEE . SRR, B-AAT
W%, ZRMEIA G LAy, Haiy )
Z T IRIT AR ERCY . RIS L SR
J5 2CAF o U R oy i 2 R i,
SILVA 25315 30 76 A A 42 22 3k DAAR 2 i 25 0
F, A a-A7TH | o-selinene Fl selin-11-
en-4a-ol N FEALGW ., TR AR PIHR I T 44
MR DU . BESR I, oA A
Y 54.97%. RIS S RAATEHEES . H
PRERMIE, 4 p-AatTw . o-TRIGHA R
MIPLRETETE . AR, Pk )a A% i & At
FEJRIMILAGIN 33 Fhfb 549, L FEIESS (a2
BElEde . W M2 ERE MMy . K
B4R R E B A BT T M Y s BT
Wi oM . D-FFENE . KIRE MG DL ARG
THEB . o-IAMEES, EZREHEIE . WM
KT, XL RS2 P IR R 2, T
REAEPT P h R EAE A .

H AP EAL & P05 Al 1 B iR ML K 2
SRy R JE B A0 M 45 R B IR0 R T TR A M
KM EaEE 0N T EY, XSGy
DAL N SMB & A, S i e .
WA, TS, PARET %P0 & 0,
B IR A A S A SRR R R 4 R A4
JlOBEFAN MR i 2, &R . B3t . mokib S
YKo %G, AR, BAMMTEL
M5 UL B3R A i s B-a . TR
B a-RESE RSN T A B A AT L i
Sy ANRE SO AR AR M AN AR K, A
AT DA A0 S A PR AR K, KA PR
SEEIRN IR T ATP R B2 & =2,
WK BRI R XA 0 H E0, Xtk — 4 1
T 5 R BT R AL Y 2R
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