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Abstract

In order to establish a gas phase mass spectrometry (GC-MS) technique for the analysis of volatile
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oil components of Cryptomeria fortunei leaves and to study the antibacterial activity of the volatile
oil. In this study, the volatile oil of Cryptomeria fortunei leaves was extracted by steam distillation,
and the antibacterial activity of the volatile oil was studied by gradient dilution method with three
common bacteria and one plant pathogen fungus as the target. The main chemical components of
the volatile oil of Cryptomeria fortunei leaves were identified by GC-MS, and the content of each com-
ponent was determined by peak area normalization method. The results showed that the volatile
oil of Cryptomeria fortunei leaves had certain inhibitory effects on Enterobacter aerogenes, Esche-
richia coli, Staphylococcus aureus and Fusarium oxysporum, and the antibacterial rate against 0.8
g'mL-1 Fusarium oxysporum was 39.8%. The main components of the volatile oil of Cryptomeria for-
tunei leaves were terpenes and alcohols, the most abundant of which were (-)-platydene (24.81%),
elemenol (16.91%), eutectol (8.72%), a-pinene (7.06%), f-Finlanene (6.71%) and D-limonene (4.81%).
Therefore, the volatile oil of Cryptomeria fortunei leaves has antibacterial effect, and terpenoids may
be the main effective antibacterial components.
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1. 51§

WIAZ JE A2 BHIIAZ J& (Cryptomeria fortunei var. sinensis) [1], M ZAKMFLER, NELRMEE TR,
W, WHEE, Iz T@#R. KASML, WA EGH. EARAESMET —5, BAEER
FERFIHMAE2].  H 8T E A o823 5 i A RS J& 75 RIS (Cryptomeria fortunei) F1 H A W14 (Crypto-
meria japonica) 2 N3], Hrp HANIE 2 WT EANEE R TE4], EF B EE RILH A2 AE
AL B BUREIETES]-[8], BN 38 S MIAZ A 78 ) 224 b T B0 o L L BARRRESE 9],
BRI HAT T AR 40T, W0 Wujian SEIEEEBE TR, MIAZHGH sk R, S BE RIFPUHY)
R A S A[10] 0 MRS R R — FAFAE T WIS AN R B O AEAR 2, S RIS #4404 27 21
FR I B BEE MIAZ R 1 i AEKIRES L R DL S A R I A WAL B AN [E T AN [R] o RO A 4
R 2 By R BT B IS TR AU R W R R RGE, AR T PR AT R . KIAT R 0 & R
WA= AT R SR A AE S Y iE . s ARDRL s W BUR e, SRR D B2 51 B S B 2R T e ) —
Foh ML 2R B R M AR i FLB[11], H TRV B A 05 22 e (1 £ 207702 DR S R B A, F- A
JURE L E R RAR IRFEE AN A A B R R T R W 2, e AR R UL e . DRI, AEEFOTRE T
MR AL 2 o 1 GC-MS 20 #ir, 5 HA R T B =i WA B AT — R 0 35 L T B P B o
ROBATHUREIETERETE, B AE RS IS SR T AR BP0 IR (BRI, R AE D ia SR bR AR
83

2. R
2.1. TEMPSUEE

B2 Bt it Fr T 2024 45 3 H R B RILOKAR I N TRIAZ B, FF A~ B R 22 i e . R
RISHIRZ I 221K AR A I, SRICEIMIAZ MR A . MBI KT . et 4
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BREA AU AT R AN RS B T PR A F] it

ShimadzuGCMS-QP2020 “SAH 1% - i i I A A (H A i3t A R]); MLS-3781L-PC 4 H 3l i kK 44
(Y A7 KR4 4t); DHZ-032LR #ER( LGB AR A RAF); ZWY-211C fHiRE 7RG a (L
W BT AR HE A PR w]); SHP-250 B AL B 3R A (LI AR (S LI AR A IR A ] DZTW iR - E (L
3T KB EEIT AR PR A R

2.2. %

NWETRAZ I HURE G L, | e R M7 30, Hor Kt iE . & Oama ke, Ut
EANRATRI T, TRA7T 4 CUKEN - P RS, FHE A K AR A SR BOIRZ M5 A i, R
A it (R PR A AE 4 CURRE TR SR JE — 7 e O € S I A S AP A i ik A 2 1 7
[ S 573 — 773 T 00 5 MRS B RO R AT B s R G BRSO T T S R R B ) T ) e AL ok
JEE R R A% TR AR P2 B R A 2

2.2.1. HIFZHHE R MEHREX

18 K 28 S 28 R SR HUMIAZ I R il o FREM 45 RS J OMIAZ et 200 g 38N 2 L (IR BN
Hr, FORHREE A 1:10 MBI NZETE/K, FAR R AOFE R IR U B AT KRS80 4he 8005, fiE
A i, USCERHETE P BB 7 R AT R B, UK 2 IR, AT AR, R B
MR, TN 4°CUKFE N ARAE % FH -

222. KBHE, $REEEHKE, TSETRRRAEIENES

VR SO EIRE . AT R 7=, i RIZ 5 M B LB [ 1455 77 5k
b, BT 37TCIHIREFFAIATE IR 18~24 h G RIEVE, REFRUFBEFRAE 4 CIOKFNIRERH, X
FAIF MUKFRECH, BRI B R B TE R LB iRk 7, BT 37CHEERIKT RS 5~7 d 5, 7EF
W IINTEE K, RIREET 10 5 LR, SEEURERN 105~107 cfu-mL ™" B BRRE N SLI6 & FH W . 9298
BT BE A —PRE SRV E I E, BT PRIk T R IR TR, R PDA [ AR 75 36 FAR
b, BT 28°CEHIRIEFFAIATE R 3~5 d GBI R YA, THE 4 CUKFENIRAESH, SEI0 T 2R
PREGE PR B R VE 2R 2 B PDA WUAR 7Rk, BT 28 CHEIEEIR T 7% 5~7d 5. MBI FRAM, %
HUR N 100~107 cfu-mL " 0 B VRAE R S8 46 F

223. Kp#E, SXEHEHKE, FSBETERARRENSENEREMRERERE

AR BE AR AR 12], L 11 SR, 20 WRICIG A LB WA RE 7R 3 53 To R PDA A S 7755 60 pL.
& & LR CBEFIRNAZ 5 A, HIURAEAINES 42 A IR FE A 48 gomL, o BE A B i 38 17 G o) ik 2
12.000. 6.000. 3.000. 1.500. 0.750. 0.375. 0.188. 0.094. 0.047. 0.023. 0.012 g-mL"' [I¥%, FH1E=
APATFERI — N A IOWIAZFE A X RERE, 0 A0 37°CHE 9% 18~24 h, HH 28°CHidE 3~5 d J&, #ik
BT AR AT ARG 7%, WLGEMINAZ - R (R 00 B Vs 2, o o AR A B A FEE (MILC) AR AR R T MR B2 (MBC)

2.2.4. WEEHRNEEEFIERENE
2 TR AR P VR BV AT 2 43 0 R 60 pl F s/ 1) &% BB AT T AR, ARAEMIAZ 45
SRS AN [ 240 T T A ) 85 A3 TR AR 52 T 1 A AR 3% TR VA P52 B K B PN IR P A R i R R VL 5 ELAR D9 6 mm
HIBELCT 20 RN SR, FE MG TAE LB [ R TR AR R e, fp iR AR ARUE T, FF
BB 37 CHRIRS TR IR 18~24h J&, WU TR~ R . 035 8 ELAR (K K/ VR B cdia 4K
ALRO)THEAE R LIRS R KT NRIIEA A M AR, DU =0T SR AL EE
TR P ARR 18 22 45 R 13 ], ARFEMIAZ -3 i X R A ) 181 9 SR AR IRTAR L, S A IS 1
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WL UL R PN FE A SRR, A3 SRR R 15 ul IR, KBRS 6 mm (FIE40T
SN, 7RISR IRARR BUHAE A o ARYET 738 X0, 4 PDA Bl ks 72 5 AR R 43 R DY B
R/NAHEEIR X, F T FLES AT A B T B PR~ b T B KBS — B B D, B A R E 18 1F AT
DA B FAEARAE R X3, A IR 5 AR, BN AR H LA 43 il CLE /] — P B R 2
X3 b, FRIEAUTARERT, FPHUBON 28 CHEIR B FRAE 597 5~7 d, WUEEIE bR R RONE  idskAb B
WRIVA BRI /NI TR 5, SO0 [RIRE R R F 45 5 T B K 78 i M R IR AR AR s B AR B, DLJZ =K
AT S AL B

_ MRS R B - ORI R R

T 1fe -
% R K E

00 (1)

2.2.5. HIRZHER A S GC-MS o4

VB BIRIAZ 8 R A SEIS T A AE 4 COKFE R, LA/ T PR 2 B 23 R0 AR A M R A8 Ak o A FH i
FIE R ZE 1%, 1385 A A E i BS BH OGHAT /00 . S Bl 260 SR Agilent B354 (30 mx
250 pm x 0.25 pm); B UARAEZT(99.9%); HFFEEN 0.1 ul; FHBA, it 20:1; fEREE,
A E A 1.2 mimin™'; #ERE MR E N 280°C, THEMEFWE 1 fim. BiELIE: EI B FIE;
HFRER 70 Bv; JRIEAEHZRIEE 280°C; & FYRMEE 230°C; MS VUMATHRIE 150°C; LB E] 3.0
min; JEFAFEIER 30~550 m/z. MIAZHE R il GC-MS b fa, A —iEmf e 7R %
WAy Fr S IE b, B R S a4 A R B FR EU(RD H 5 NIST2.2 bRt E% LSRN o

Table 1. GC-MS gradient temperature program
# 1. GC-MS B EHAREF

WE(C/S) MEAE(T) BATETIFI(S) PRI 5] (MIN)
WILH1E 40 0 2
BEFE 1 10 220 18 1
BEFE 2 15 280 4 5

3. BFR5WiL
3.1. HIHELZHMKETE . SEBREN~SEFERNREIR

3.1.1. JRMEFREREUELER

o/ I E (MIC) BIFE AR A5 2 41 B 18~24 h Ja I T AE M AE K B R 2990k B, T i 22
FBCH FIHIHRER, MIC $U b/ 22 B30 1 PSR [ 147, ASHT 77 DA FH A = P20 18 4 400 18 256 1 H b
WA, FHorh &k VR R BR B H22 IRBHYE R, KIAF IR P2 SOAT B 22 IRBA PR B - AR 22 2 W,
TS -4 5 Gk 0 72 A A T 0 B A B IR N 0.047 g@mL™!, SRR TIRE N 0.094 gomL™"; %t KA #
AR R E N 1.5 g@mL ", SR AR IR N 3 gemL s 4 3 €073 7 BR 1 A e (A BRI R N 1.5 gemL
AR N 3 gmL e P SBFF T MIC BUE R/, FEIX =Bl B - A2 45 R o 7= Sl T e Y
PUBR A FH 2 5 5R 11 o
3.1.2. EYR

TEAR P VA A 0 B B 11 /N R TSR A T e B8 770 TR 0 P /N B — i WL 79, 0 B T K 13 A
U DU TG R . FEASHIE T, B R AL AR R J R 38 5 A T B, U TR R A AL
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Table 2. Inhibitory and bactericidal concentrations of the volatile oil of Cryptomeria fortunei leaves against bacterial strains

2. MIRZAHE LB AR E R E R RERE

R
W%/ (g-mL™)
PR B KIFFE B O R Xof HEE i
12.000 - - - +
6.000 - - - +
3.000 - - - +
1.500 - + + +
0.750 - + + +
0.375 - + + +
0.188 - + + +
0.094 - + + +
0.047 + + + +
0.024 + + + +
0.012 + + + +

baiE

o T ERER,

“— REHIEK,

751 DA B SR B T =R T AR A PURROCR s S5 Ahne 3 B, AR Bk G Aot 4 5 il U RE 2 14
PRUEFIE[15], RIAT B A0 <5 B R A BR B AR N 12 gemL ™! R A IO h BEBURR, WK 3 g@rmL™!
O R M S ANBBURR, 7 U T 1400 T Pl 10 B 2 2 A ek R ) B AR BT i), 3 B 2 A ol PR 400 T 3 1 45 9K
JEASG . ARSI AR, MRS -8Rk 368 77 S AT B8 R ' P s R o A < B (i 2 Bk, LR T
7 FH T it A2 R A3 52 B 240 T AR L B S5 A R 2R [ 16]

Table 3. Bacteriostatic effect of the volatile oil of Cryptomeria fortunei leaves on bacterial strains

3. AR L X A E E AR E R

Bk W /(gmL™) I Bl B 45 /mm ME xR
0.375 1244 £ 1.16 13.8%
P AT 0.188 11.57 £1.35 12.9%
0.094 10.80 +1.76 12.0%
12.000 11.04+1.76 12.3%
KIGHFE 6.000 8.10 £ 1.36 9.0%
3.000 5.14+0.06 5.7%
12.000 12.87 £ 1.32 14.3%
< 0 5 IR TR 6.000 8.69 +0.79 9.7%
3.000 5.53+0.18 6.1%
12.000 0 0
Yo HEAE i 6.000 0 0
3.000 0 0
e EREGRUATEME + brdEiR 2 (Mean + SE)RIR.
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3.2. HIRSRHER XTSRRI E R ERR

3.2.1. RMIEMRERENESER
o MR T 22 1 K R S WA P48 e ek AR 0k 70 T 1 s /NS R R B RN R B IR, &5 RN 4 TR,
AL - Sk Xt A SR8 ) B R B AR A R R T 0.4 gomL™!, BRI E N 0.8 g@mL's

Table 4. Inhibitory concentration of essential oil of Cryptomeria fortunei leaves
against Fusarium oxysporum

3= 4. HIRZHE L H X R R T E R IR E

. WRIE/(g-mL™)
ER73
0.8 0.4 0.2
RIGRTIH - + +
X HEFE + + +

e o REAEEEK, -7 REEEEEK.

3.2.2. ERER

HREATUAZ 122 5 ot Xk 2R PR B D P e /N B R P R R 5 R 33— 20 0 S WIS 4% R Xt 2R P 8 7 ) 1
R B B v R AR A A PR P AR (13 1), TR B 2 AR E, R 5 T WA RV L RIS I A 0T
R TT R EIAT — E B A

(A) B4 (B) XFHR4

Figure 1. Antibacterial effect of the volatile oil of Cryptomeria fortunei
leaves against Fusarium oxysporum

B 1. HIZRHE L X R IR T R SR

S WAL i R R AR T B R P RCR

Table 5. Antibacterial effect of the volatile oil of Cryptomeria fortunei leaves
on Fusarium oxysporum

= 5. HIZHE L X R AR I E R UE R

LS WK (grmL™) USRS
0.800 39.8%
R T) 0.400 36.4%
0.200 33.0%
0.800 0
X HEAE 0.400 0
0.200 0
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3.3. IR R B ER S

KK ZVR ARSI R R 5, R - BB GC-MS RHE R AL 22 o 14T 17 47
Mr, 53R A B TR )R R (5 6). B 6 ITA GC-MS JL% % 34 Fitb &4, Hohx:
BROA 18 Bl (BRI E 94.23%, FEONMEIE. B, E BRSNS (-)- W (Kaur-16-ene,
(8.8., 13.8)-)~ Mi&N(a-Elemol). FA%MHEE(10-epi-g-Eudesmol), 474 24.81%. 16.91%. 8.72%,
R EMARIK N a-JR}((+)-a-Pinene) 7.06%- f-75 >~ M (B-Phellandrene) 6.71%- D-F745 /i (D-Limonene)
4.81%. HTHRMABRBCNE S, ALt adbwma sy, grEaea hilizz, R & s KA
S3XHHERH RE R DTBRFE A B, BRI AHE 5T A SO0 & B R T 1% M 14T 1 Siit . A2 R 5k
WR[17) 5 R TE A NG I 3 o AH ], (RS B T2 R, AR TR I Rl =i, $EE05 6, Rl
IXHR S RIS AN [ 3 B

intensity TIC
[0,654,580
5000000 -
0 = ll“]ll I A . \ JJLMA
: — e e e
4.0 10.0 20.0 29.0
min

Figure 2. GC-MS spectra of the volatile oil of Cryptomeria fortunei leaves
Bl 2. #IR2RHE L ME) GC-MS EliE

Table 6. Information table of main chemical components of Cryptomeria fortunei leaf essential oil

6. MIRIHEMERNERNEER

5 & 2R 153 TE(%) CAS
1 (—)- i B (Kaur-16-ene, (88, 13/8)-) CaoHz2 24.81 020070-61-5
2 7 B (a-Elemol) Ci15H260 16.91 000639-99-6
3 F R I (10-epi-p-Eudesmol) C15sH260 8.72 015051-81-7
4 o-JE M ((£)-0-Pinene) CioHis 7.06 007785-70-8
5 B-75 22 )% (B-Phellandrene) CioHis 6.71 000555-10-2
6 D-#75 )% (D-Limonene) CioHis 4.81 005989-27-5
7 JHAZ B (Manool) C20H340 3.83 000596-85-0
8 HEFA-8(14),15- % (Phenanthrene, 7-ethenyl-1,2) CaoHs2 3.38 001686-56-2
9 R-#% I B (y-Eudesmol) Ci1sH260 3.24 001209-71-8
10 L- ZBRUK F B8 (L-Born-2-yl acetate) C12H2002 2.97 005655-61-8
11 (18)-(—)-p-JR ) ((1S)-(—)-Beta-Pinene) CioHis 2.64 018172-67-3
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ak
12 (—)-¥ M (L-Camphene) CioHis 1.61 005794-04-7
13 y-FA 747 (1,4-Cyclohexadiene, 1-methyl-4-(1-methylethyl)-) CioHie 1.46 000099-85-4
14 13-FHEEDHIA-6,13-H(13-Isopropylpodocarpa-6,13-diene)  CaoH32 1.35 005939-62-8
15 Xt i 15242 I (Kaur-16-ene) C20H32 1.34 000562-28-7
16 4-¥J#i(4-Carene) CioHie 1.30 029050-33-7
17 3-¥J#(3-Carene) CioHis 1.07 013466-78-9
18 4-1 ) B (Terpinen-4-ol) CioHis0 1.02 000562-74-3
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AN RIS AR BB A . AT W TR, 38 I P [R]85 T Bk 38 < AR e 41 77 (K 4 A [18]-[20],
A Je ST DA B A 1R 5 T — P e, 9 SRR . R KRR R 24 it
PR BERIK AR, 78 ARAERIAZ ORI A EL
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