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Abstract: [Background] Plant essential oils are secondary metabolites with a volatile odor,
which are environmentally friendly, natural, and residue-free, and it is widely used in food,
gariculture and medicene, play an important role in people’s live. [Objective] To study the
volatile components in the essential oils from Perilla frutescens (L.) Britt and Salvia
digitaloides Diels and examine the anti-fungal and cytotoxic effects of the essential oils.
[Methods] Essential oils were extracted by the steam distillation method, and the chemical
components in the essential oils were analyzed by gas chromatography-mass spectrometry
(GC-MS). The anti-fungal and cytotoxic effects of the essential oils were evaluated by the
mycelial growth rate and the methyl thiazolyl tetrazolium (MTT) colorimetric assay. [Results]
The main chemical components in the essential oil of P. frutescens were perillaketone (67.84%)
and isoegomaketone (14.95%), while those of S digitaloides Diels were caryophyllene oxide
(9.59%), a-cadinol (8.84%), and palmitic acid (7.24%). The essential oils had varying degrees
of antimicrobial effects. Specifically, the essential oil of P. frutescens had the strongest activity,
with the median effective concentration (ECsg) of 32.78, 43.34 and 45.19 pg/mL against Alternaria
tenuissima, Sclerotinia sclerotiorum, and Cylindrocarpon destructans, respectively. The ECsy of
the essential oil of S digitaloides Diels against Fusarium solani was 97.68 ug/mL. The median
inhibitory concentration (ICso) of the essential oils of S. digitaloides Diels and P. frutescens
against K562 cells were 282.69 pg/mL and 352.79 pg/mL, respectively. [Conclusion] The
essential oils of S, digitaloides Diels and P. frutescens have strong biological activities.
Keywords: essential oil of Perilla frutescens (L.) Britt; essential oil of Salvia digitaloides Diels;
anti-fungal; cytotoxic activity

&L (Lamiaceae)tE ¥ H il LRIENZ 1 AifEh E=miadLis, DARAZ, JisFl i
PRz TR, AR Eams)T, B RS, XRRESS . MR EA KRR F
FRAM—DF, ChEREPE) 842208 R TCEEMIGERERRRER O, Kot fiE 7Y
3500 AxFpAE ) SRR R FEIEIE MR RS AEEYE, bt g sl
W, SR MmN EICEE  brae! % b NI gy R WA T
Z . BRHAMEBHIE, 175, B . B Tia9E IR [Perilla frutescens (L.) Britt]4# i Al 4
. Gp Mg, B BB ETIZ R B ZE AR 1 (Bacillus subtilis) Fl R i AT A
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(Escherichia coliyA: & . TRfil5 HRkiE T W A 7
MR IR R B A PR 2wl 9 58 T50RE D0 20 7 A
PRI AP WP o R T U I o R B R
SR 2 AR A BRI T P . R et 51T
T VNS €TINS PiN ol PO 8- 3 %5
fi% 24 ¥ Bk(Candida tropicalis) SH1 #1vi &4k /R
EE R RE(Pichia Kluyveri) SH2 34 #38 iy 0 i
TEPE. ZETR S | S v it 25 7 (Aspergil lus flavus)
YOS RESE 7/ NG L6 I 1 B S8 72,41 9 e SR
4 48 (reactive oxygen species, ROS), #F ifij 1)) ] £
B, Chen &M IE T W B AL 25T 1)
ST IRT N B I MGC-803 FIFE/INAH
MU AN AS49 HA BUF A MBSk, %
TR RSB BroTo A AS49 4 fitg J& 3 ffi
A A5 IR e TR,

A 7 TR S LR AT HE R
H % fL 2 B (Salvia digitaloides Diels )k i it 1k
N FAEYE R e Z B . R, F4k
YA JUBEFNIJCER B B ARSI 1) Y
RIS T I 22— AESEfd K Z R 28 IR 55
SNBSS DRI, IR A
% - Jii 1 (gas  chromatography-mass spectrometry,
GC-MS)ik Ao BT e 4, TRl R T 22
A K RIE RGBT LA TG 1 . WE K E (methyl
thiazolyl tetrazolium, MTT) L {8 53 41 il 25
TG, DU & S0 B A 2 €2 97 425 05 Dl i A 4 A
il 210 B 4 A R M A RS o, S IR R AR TR
SRAE W 0 15 B4 7 LAl

1 MHET%

1.1 #&

TR A BN ST B iR R
K H A KRBT S7 M 22 ¥ 1H (Rhizoctonia
solani) . 45 22 125 I (Phytophthora parasitica
var. nicotianae) . A £ 8 Ji§ 1 (Cylindrocarpon

destructans) . 4l #& % % 4 & (Alternaria
tenuissima) . /)N 42 7 25 i (Fusarium graminearum) ,
SR (Sclerotinia sclerotiorum) . AR 8 5
(Phytophthora cinnamomic). & K74 JJ I (Fusarium
solani)] f 5 N KR Wa o o it A
AL RAR A AN AsPC-1 FI AP P46 2 MMl
i K562 ARG B R DG 1 38 AR ar R A R
o], BN KRR IESE TR RAE
1.2 EFE. ETERFIFLSE

Ty 4% 22 7 7 W B I8 (potato  dextrose agar,
PDA)EFREL, &AL ) EYHEARB IR A AL
RPMI-1640 }i 33, GIBCO /A ], 3R
(dimethyl sulfoxide, DMSO), 7 sibk( i) 41k
B A A PR w0l W5 (i) A= YRt
AR 0.25%0E, ZEEAL)RHCH
B2 w5 et TR M A= W B A BR 2
G- M3, AR RHCA PR A A

FyWEAIL, LERBHGRBRETDHLH A R A A 5 3%
FAMMEAL, = W (B I B 55 A PR A
GC-MS B, LA bR, FEE K
MHIRBHE A F]; Bl R, 250 R
HAMWRA R MR, TR
AR B0, B BB ) PR A F
1.3 #EYREHARE

HR 4 2 28 SCHR [2 114 A P it e 2 B it Ak
HARBAT, AP 3 S50, FREL 200 g
T 5000 mL [FELERF, A 2 000 mL B
KB T2 MARER I, A I SO
IR 5 h, AR UWCANE, JoK NaSO, T4,
e ARF OB T 20 *CIRAAE . $RICE(%)=
1 B 1 ()M W) HE i (2)< 100,
1.4 HED T

fiff & M A & B E HE (HP-5MS,
60 mx0.25 mmx0.25 pm), HSNERES, A0
Feoy 10:1, BERETHREE SN 250 °C, WE N
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1.0 mL/min, /] EI JEAERE T, BEN
230 °C, 70 eV HLFHERE, 34.6 pA KHTHTL,
VYA EE Ry 150 °C.

B FHRWT . MRG0 I C e B 2
1.00 mg/mL, ZE7RMKEHTE 50 °COR$F 2 min,
SRJGLL 4 °C/min # % 200 °C, FFLA 10 °C/min
BN ZE 300 °C, {#4F 10 min, b FURHH
JHFE 50 °CHF2E 2 min, SRJ5 LA 3.5 °C/min 33
FEFZE 183 °C, LI 10 °C/min WIREF =
310 °C, fRFF 10 min,

1.5 MEEERBNE

TREAE R, IR ML EA PDA #5
FeHk, FRBEE, #4526 mm DT
JC B B DF A S IR L, & T (28+2) °ClE
RS, BRI 2-3 WG58

FH R 22 A A 3 83 TP R 0 kG Tk I B R A
AP, /0 DMSO %t ks i, A PDA
BRI PR AT A IR ML S Bk il R 5
B, B w R RO 730 31.25. 62.5.
125, 250, 500 F1 1000 pg/mL, “EFkEhHk
43R 6.25. 12,5, 25, 50, 100 Fl 200 pg/mL,
R B2 IR IRCRE VR 2 0 pg/mL)Fn =
i) S %o R FH G TR B DR R B E 5 24
BRI E, UE T(28+2) CHiFRAa
BigR, M7 AN 224 KR R R M 4
FA 38 U B 22 AR T A2, FEXF AT
24 1= K A ) 2 S A B0 e B (median effective
concentrations, ECso) #7115, LGy B 31K,
R 22 3N 2 (%) =(25 11 4L 1A R B A2 — A B AH T F
HAR)/(Z AR P EAE~6 mm)x100.

1.6 {RSMNBBREIEMAINE

K562 Fll AsPC-1 L 15 10% /164 il
RPMI-1640 535 5E7E 37 °C. 5% CO, 41537
FarpEETR, LGSR

BOS B K141, 800 t/min B5.0> 5 min U

£ K562 2T, AsPC-1 WHBEZHM ] 0.25%/8
M5 4E 2 min, HIA RPMI-1640 2 F 84k, 4
PR AR, PR KS62 4RIk 5x10* 4~/mL,
AsPC-1 4R R 3x10* A~/mL, ¥5jEFF
96 fLH R, £FL 100 pL, 37 °cCRifendsk, Kt
A REE A0 pg/mL)FAE AL (50, 100,
200, 400 #1 800 pg/mL), & 3 MEFL, FWE
HRAERTHATI L0615 5 , AL T 48 h JEEEFLAA 20 pL
MTT 513555 4 h, BUGHT 1200 t/min F R 2O
30 min, F L3, A 150 uL DMSO F-4k¥% 7843
Vi An A, R BRSSO TE 490 nm AR
FCEEME(A), Thar A 3 YREEHy, A A B4
L) 40 i) R 5 il e B (median inhibitation
concentration, |1Cso)3f HLHIFIZE . 2R (%)=
(AT HRZ Auoo— AL FRZH. Auoo)/ X BEZT Augox 100,
1.7 BIESHH

K1 Excel Gt 8, S250 45 R LA Bipw
HEZ(X£SD)FER /R, KM SPSS 26.0 Xk B
RORIEA TR R T7 25007, IR IR 45 521K
MY ECsofH. P<0.05 FnZERA G470,

2 EREG5M

2.1 tEYEHREREREL MRS 7
LN ER 1.36%, EHLH FURH
=R A 0.82%, il 1d GC-MS $ A HAF il 23
AT, 23t Nist2020 FrifE SRS 2T 1
YRGB R LAY, A VAR E 43 B
g T AR — AR5 . GC-MS K il s i A
EI(E 1), ZEopEmhse it 28 MGy, kil
BB 96.12%, A SO R, ik
67.84%, S 1 I &R 14.95% BHLE FUE
EORIMAE B 47 MEE W, SRR RS Y
81.78%, HHPAMMERETENA 9.59%,
BN 8.84%, RHHIER &N 7.24%, T-EER

o-EE VB S
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Figure 1 Total ion flow chart of Perilla frutescens
essential oil (A) and Salvia digitaloides Diels essential
oil (B).

TSR 4.87%, AECBEE & ol 3.24% (£ 1
Mk 2).
22 mMEEER

Bt 5 G v B K, AR T X 8 A
AR BT VR T o, LB AR
TP (P 2) o JH rp 2R 50 T X AT B A 10 B 1 P
5%, 200 pg/mL T, PUEEHIAE](86.98+1.35)%:;
B b ¥ SR BORS T 4T T B Bk U0 TR A R R
1000 pg/mL T, HLIE ik F)(91.03+3.39)%, #H
WP AM YA, MEKREEL, HedkHE

TRz trs/ N(EL 3 IR 4). BRI Bt T w51, B
TR MENE (RS PN R EC DO )5 a
JI# ) ECso 9 97.68 pg/mL; 255k xS B ik
IR ELTH Y ECso JE I 32.78—-128.22 ug/mL, X} 24
P A A% 76 TR Fic i o 32.78 pg/mL (3% 3).
2.3 HREEIEMN

DL I3 40 L AsPC-1 A1 F9 ILG 20 il K562
FWFFERT G, KA MTT AR ST A
Eh A R ORI E A . R IR YA T
VEFAAHMI 48 h J5 28— RBOC R, Kl T
WRREER A, PIHRAE e Higse ., 800 pg/mL
B 4 R BRI K562 4RI AT AsPC-1 2 it A
R 23 531 2 (63.77+2.70)% Fi1 (68.32+0.62)% ,
|Cso 43 1M 282.69 pg/mL F1 458.97 pg/mL; 4
SRS K562 20 L R AsPC-1 4 i i 41 11 22 43
) 4 (64.07+2.86)%F11(60.22+0.79)%, 1Cso 435
7 352.79 pg/mL Fl 480.59 ug/mL (&l 5).

3 W54 #®

ABIFTERT 3 18 B R AT TR 22 K AR E
STV PN R PO DR S SN cp € ¥ T
FCGCR P s B S5 A - AR A TR >
1SR T A% B > N 2 455 8 > S0 A 22 K TR > IR B
TR >/ N2 75 B T > A e TR 1> B i D) T 5 B
b2 B R RS I BRI R R B S AR - T
B2 i 00 TR > A SR TR > N B T > A
A% T8 B> M T T > 25 B A B>/ A R B T > A7
R 22 KR . A EE PSS R s X A i A —
SEMEEAERT . X K562 20 i 1 il 48 54 P AL o

HIIE R, SRR P R PE AL, B
o R G T A A0 R AR B, AR
PEASTR T g 5 RE AL 2 AR A OG . Kwon 45127
E T 55 5 R A5 B S ROS A Y
e R A B RO AR OB iR A S IR AR
FAANIH T SR RO RE R E R 2R A
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®1 RTEHELMERS

Table |  Volatile components of Perilla frutescens essential oils

JP5 AR &Y 7352 LIPONER e
No. Retention time (min) Compound Molecular formula  Relative content (%)
1 7.96 3-HILIR B 3-methylcyclopentanol C¢H,,0 0.07
2 9.92 Al EE Diketone alcohol Ce¢H,,0, 0.09
3 12.77 SR 2-phenylpropane CoH 0.49
4 13.03 4-H IR Isocaproic acid CeH,,0, 0.18
5 16.48 2-2 35 TR g Methyl 2-methyllactate CsH,00; 0.05
6 16.69 ZK % Benzyl alcohol C,HO 0.12
7 17.15 7K Z 1% Benzeneacetaldehyde CgHgO 0.04
8 18.81 J-A A5 HUE-5- 2 0 B AL -2-Wk i . CioH 50, 0.04
trans-linalool oxide
9 19.10 F5HE Linalool C,oH,50 0.96
10 19.75 7K Z % Phenylethyl alcohol CgH,,0 0.10
11 22.68 a-PATHE a-terpineol CioH;50 0.05
12 23.27 1-(3-1Hk g 35 )-4- B 3 -2 1 e CoH 40, 0.39
1-(3-furanyl)-4-methyl-2-pentanone
13 24.74 TR Perilla ketone C,oH40, 67.84
14 25.57 - P (E)-cinnamaldehyde CoH;0 0.16
15 25.76 2295 Perilla aldehyde C,oH;40 0.17
16 26.22 144 77 Il Egomaketone CioH 40 0.65
17 26.49 5 EJf 75 Isoegomaketone CioH1,0, 14.95
18 27.14 (Z)-3,7-—F 3-2,6-7F R H g C1H,50, 0.05
cis-geranic acid methyl ester
19 28.45 T4 Eugenol CioH,0, 0.24
20 29.54 N- -2k g H 5 P C7HoNoy 0.23
N-ethyl-2-furancarboxamide
21 29.85 F 3L T & B Methyl eugenol C1H,4,0, 0.18
22 30.85 FEFUA Caryophyllene CsHyy 0.45
23 34.37 TSR P TR Dihydroactinidiolide C 1 H;40, 0.37
24 35.75 ¥z i 4a B Spathulenol C5H,,0 0.45
25 35.99 fi7rZ& Caryophyllin Cy5H,40 2.37
26 36.83 i 4 7l ik Dillapiol C1,H1404 2.81
27 3833 ] 47 Patchouli alcohol C5Hy60 2.09
28 45.48 2Rl Phytol CyoH400 0.53

*2 EMEREERBRELMERS

Table 2 Volatile components of Salvia digitaloides Diels essential oil

Fe'o LB E] latg?] Uiz (ERONER iy

No. Retention time (min) Compound Molecular formula Relative content (%)
1 16.47 K H % Benzaldehyde C;H,O 0.15

2 16.70 Pifig Heptanoic acid C,H,40, 0.21

3 17.06 2K} Phenol C¢HgO 0.37

4 19.20 AF-FE N EZE O-cymene CioHy4 0.05

5 19.59 ZK H i Benzyl alcohol C,HgO 0.41

GED)
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F5 AREERE & 312 EPSNER ety
No. Retention time (min)  Compound Molecular formula Relative content (%)
6 20.10 7K . Benzeneacetaldehyde C4H;O 0.32
7 22.43 F5FElE Linalool CoH,50 0.38
8 23.15 7K Z % Phenylethyl alcohol CsH,,0 0.42
9 23.26 ¥ Fenchol CoH 50 0.14
10 23.48 S #-2,8- 1% d - 1-% CoH,60 0.21
trans-para-2,8-menthadien-1-ol
11 24.43 D5t %6} B 6 -1(7),8- — e -2- T CoH;60 0.30
Cis-p-mentha-1(7),8-dien-2-ol
12 24.58 J2 2 S #4455 trans-verbenol CoH,60 0.75
13 24.87 2,3,3- = H BL- XA (2,2, 1] P g -2- 1 C,oH,50 0.16
2,3,3-trimethyl-bicyclo[2,2,1heptan-2-ol
14 25.17 32 Octanoic acid CgH 60, 0.27
15 25.55 VK A~ Endo-borneol CioH;s0 0.87
16 26.23 (4-H FL 2R I N -2-% 2-para-cymen-8-ol C;oH 40 0.70
17 26.37 L4 B2 Verbenol C1oH,60 0.07
18 26.52 a-FAJHEE a-terpineol CioH;s0 2.13
19 26.79 Bk 4 1 )7 BE Myrtenol CioH,;60 0.40
20 27.636 FJTH Carveol CoH,60 1.07
21 28.14 Jii-75 A E% cis-carveol C,oH;60 0.76
22 28.91 F M2 Geraniol CoH 50 0.26
23 29.19 F% Nonanoic acid CoH,50, 0.38
24 32.66 ik JL#Z 3,7-dimethyl-2,6-octadienoic acid C10H,60, 1.09
25 34.35 1,2,3-= F ZLm5[ ¢ 1,2,3-trimethyl indole C; H;5N 1.44
26 39.84 AR ERR PR Dihydroactinidiolide C1H;60, 1.00
27 41.33 Fie 4 B Spathulenol CsH,0 2.09
28 41.55 Fif1# Caryophyllene oxide C,sH,40 9.59
29 41.78 448 AT /285 Viridiflorol C,sH,60 0.58
30 42.09 FEAEE Ledol Cy5H0 1.19
31 42.25 Ak B Humulene oxide Cy5H,,0 0.67
32 42.91 T-2E V& i T-cadinol C,5Hy60 4.87
33 43.04 a-JR M o-copaene C;sHay 1.08
34 43.27 o-EE VB i B a-cadinol Cy5Hy60 8.84
35 43.34 B-E M B-selinene CisHy, 1.70
36 43.81 FHEL e Valeranone C,5sHy60 3.24
37 44.00 (Z,E)-2,2-Wk 1R —Ji5(Z,E)-2,2-furil dioxime C0HgN,O, 3.33
38 44.76 a-R & EE a-costol Cy5H,,0 1.21
39 45.05 1-((1S,3aR,4R,7S,7aS)-4-hydroxy-7-isopropyl-  Ci5H,60; 2.63
4-methyloctahydro-1H-inden-1-yl)ethanone
40 46.14 KU E H Not identified 11.73
41 46.36 SR A B Isospathulenol C;sH,,0 1.11
42 46.51 FEi i Hexahydrofarnesyl acetone C,sH3c0 2.41
43 48.11 ¥R & Palmitic acid C,6H3,0, 7.24
44 49.96 2% i Phytol CaoH400O 2.01
45 55.27 1E+ JUbE Nonadecane CioHyo 0.42
46 56.31 FF R ke Docosenamide C,,H43NO 1.04
47 57.41 1+ %t Docosane C,6Hsy 0.49
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Figure 2 Antifungal activity of Perilla frutescens essential oil (A) and Salvia digitaloides Diels essential oil (B)
at different concentrations. Different lowercase letters indicate significant differences.

FRBOR BUOIE SRR D IETIRE, IR0 UL 2
1k, A % S A 7 38oRn 9 5 I v Y. Huang
SR TR I SR IR TR S RE 1) TR BT
PER Yo GC-MS S AT b2 iy, SEom s
28 MG, FE RS S TR (67.84%)FN

St S (14.95%), 5 SCHK[23,26]4%E FHALL,

B AR, SCHR 2714508 Jb 5t i 8 5ok i b 7
Jr T RN 5 IR Sy RS, B R
FEAE IR 47 MEAY, SN 11.73%
LG YIRS ok, HAb b 22 o & &
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Control 6.25 pg/mL 12.5 pg/mL 25 pg/mL 50 pg/mL

100 pg/mL 200 pg/mL

ty,

B3 K7AEH 8 MAREEMNIGER A UHTZEE. B: MWEBIIEE. C: WMEZRE. D:
MR EERSILTE. E: MIEHIE. F: ASBIEW. G: /NERER. H: BRI
Figure 3 The inhibitory effect of Perilla frutescens essential oil on eight different fungi. A: Rhizoctonia

solani. B: Phytophthora parasitica var. nicotianae. C: Sclerotinia sclerotiorum. D: Alternaria tenuissma. E:
Phytophthora cinnamomic. F: Cylindrocar pon destructans. G: Fusarium graminearum. H: Fusarium solani.
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Control 3125 pg/mL  62.5 ng/mL 125 pg/mL

El4 EMERREERHH S MARERIMEER A SIAHZERE. B: WHBIDKE. C: ISR

. D: RS AIE. B MRIEWE. F: ASHIEE. G: /NEREH. H: BRI

Figure 4 The inhibitory effect Salvia digitaloides Diels essential oil on eight different fungi. A: Rhizoctonia
solani. B: Phytophthora parasitica var. nicotianae. C: Sclerotinia sclerotiorum. D: Alternaria tenuissima. E:
Phytophthora cinnamomic. F: Cylindrocarpon destructans. G: Fusarium graminearum. H: Fusarium solani.
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®3 EYBHRERNAEYTRE

Table 3 Median effective concentration of plant essential oils against fungi (ug/mL)

RS Nl B BB FORE I TR
Fungi Perilla frutescens Salvia digitaloides Diels Triadimefon
essential oil essential oil
M5 H Phytophthora cinnamomic 56.54 462.38 5.82
AL 224% T Rhizoctonia solani 51.49 671.24 16.34
JME T #% 8 Sclerotinia sclerotiorum 43.34 485.78 6.63
ANZ85 B Cylindrocar pon destructans 45.19 188.26 2.38
Ji& Rz 4 1T Fusarium solani 128.22 97.68 8.24
/N FRFETE Fusarium graminearum 59.19 581.37 3.78
JR 5L B 2% B Phytophthora parasitica var. nicotianae 72.85 168.16 476
AR A A% T Alternaria tenuissima 32.78 246.04 3.78
T T
0 50 100 200 400 800 0 50 100 200 400 800
B B BV FORTI R B B BV FORTI R
S. digitaloides essential oil concentration (ug/mL) S. digitaloides essential oil concentration (ug/mL)
0—— A an  nan ann onn

5 EMEREER MK BT K562 F1 AsPC-1 B 2
Figure 5 Inhibition rate of Salvia digitaloides Diels essential oil and Perilla frutescens essential oil on K562
cells and AsPC-1 cells.
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