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resistance, it has become a global concern to find new drugs against resistant microorganisms. Ginger
essential oil is a pure natural plant essential oil, which is a preferred choice of natural antibacterial
materials. [Objective] To analyze chemical components of ginger essential oil, study its antibacterial
activity against common opportunistic pathogens, and illustrate its possible antibacterial mechanisms.
[Methods] The chemical components of ginger essential oil were analyzed using gas chromatography/
mass spectrometry (GC/MS). The antibacterial activity of ginger essential oil was studied by Oxford cup
method, minimum inhibitory concentration (MIC), and minimum bactericidal concentration (MBC),
respectively. Its kinetic growth characteristics were recorded by dynamic growth curves. The effect of
ginger essential oil on bacterial ultrastructure was observed by transmission electron microscopy (TEM).
[Results] The main chemical components of ginger essential oil were terpenes, including zingiberene
(22.014%), B-sesquiphellandrene (11.276%), a-farnesene (8.222%), a-curcumene (6.854%), zingerone
(5.610%), gingerdione (5.192%), 6-shogaol (4.670%), sabinene (3.393%), and B-bisabolene (3.080%). The
MIC and MBC of ginger essential oil were 2.3 pg/mL and 4.6 ug/mL for Bacillus subtilis, 9.2 ug/mL and
18.4 ug/mL for both Staphylococcus epidermis and Staphylococcus aureus, 18.4 ug/mL and 36.8 ug/mL
for Klebsiella pneumoniae, respectively. The experimental results of dynamic growth curves showed that
ginger essential oil could prolong the growth lag phase and inhibit the growth rate of the bacteria.
Moreover, results of TEM observation showed that ginger essential oil could destroy the cellular
membrane and cause the leakage of the intracellular macromolecules. [Conclusion] Ginger essential oil is
rich in terpenoids and has moderate antibacterial activity, which could destroy the integrity of cellular
membrane and cause cell damage and death. This paper is expected to provide new methods for the
prevention and control of harmful microorganisms.

Keywords: ginger essential oil, chemical component, antibacterial activity
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Figure 1 Total ion chromatograms of ginger essential oil
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Table 1 Results of chemical component analysis of
ginger essential oil

5 RERETE L EYARR AR 55
No. Retention Compound Relative
time (min) content (%)

1 13.534 Zingiberene 22.014
2 14.027 f3-sesquiphellandrene 11.276
3 13.664 a-farnesene 8.222

4 13.097 a-curcumene 6.854

5 16.667 Zingerone 5.610

6 37.068 Gingerdione 5.192

7 36.137 6-shogaol 4.670

8 6.116 Sabinene 3.393

9 13.716 (S)-p-bisabolene 3.080
10 9.857 Geranial(E)-3,7-dimethyl- 2.083

2,6-octadienal
11 39.069 6-gingerol 1.696
12 37.596 10-shogaol 1.662
13 9414 (2)-2,6-octadienal, 3,7-dimethyl 1.320
14  11.376 2-butenoicacid, 2-methyl-3,7- 1.308
dimethyl-2,6-octadienyl ester

15 4.785 Camphene 1.048
16 42.973 8-shogaol 1.047
17  12.560 Trans-B-farnesene 0.988
18  8.863 Decanal 0.947
19 15.672 2,6-octadienal, 3,7-dimethyl 0.919
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TR 100% 0, R R BRI . 45 B (A A Bk
TR L Rl 2R A AR 8 B 1T AT 1 000 A P LA
435Ik 13.4, 13.3, 13.9 F112.1 mm, HFEM K

JERUR G A TR B Ry 50060, 3R B i %
b2 97N s T A B2 N T o O 1
AR RN R EA2 s 5 15.8. 15.6. 16.6 Al
8.0 mm (R 2), Horhv ple 2 BR TR A6 B 60 H A
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FW, nhifk 20 A B TR EHRIMAE A SR R S
(& 2).
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Figure 2 Inhibition zone images of ginger essemtial oil
on 4 kinds of bacteria

e 100%: 4liAd:ZEMEi; 50%: mhiid 20 SHAE R L1 IRG
W CKy: KIEMY PBS Zhil; CKa: LR 20 5 PBS ZhiR
11 MIRAWR

Note: 100%: Neat ginger essential oil; 50%: Mixture of Tween 20

and ginger essential oil 1:1; CK;: Sterilized PBS; CK;: Tween 20
mixed with PBS 1:1
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Table 2 Inhibition zone of ginger essential oil on 4 kinds
of bacteria
PR RN e el B A2
Bacterial species Type of strains Inhibition zone diameter (mm)
100% 50% CK; CK;

Staphylococcus  G* 13.4 158 80 8.0
epidermidis

Staphylococcus  G* 133 156 8.0 8.0
aureus

Bacillus subtilis G* 139 166 8.0 8.0
Klebsiella G 12.1 8.0 8.0 8.0
pneumoniae

TE: 100%: #liZ:35K59; 50%: nhif 20 S5/:3km L1RE
#; CKy: KIHH) PBS ZZhif; CKo: Ml 20 5 PBS Z2 i
11 IR A

Note: 100%: Neat ginger essential oil; 50%: Mixture of Tween 20

and ginger essential oil 1:1; CK;: Sterilized PBS; CKj,: Tween 20
mixed with PBS 1:1

%3 HZAEHMAY MIC F1 MBC
Table 3 MIC and MBC of ginger essential oil (ng/mL)

[ BN R fo/ MBI S5/ DR BIVREE

Bacterial species Type of MIC (ug/mL) MBC (ng/mL)
strains

Staphylococcus G 9.2 18.4

epidermidis

Staphylococcus aureus G* 9.2 18.4

Bacillus subtilis G 2.3 4.6

Klebsiella pneumoniae G 18.4 36.8

A B FIR AR I 4, MIC {E2h 2.3 pg/mL,
MBC fE A 4.6 pg/mbL; XAl 4e va 75171 B AR 400 o A
NSRRI 2, MIC{H>4 18.4 ng/mL, MBC {H N
36.8 pg/mb; X 7 H 4G BK I I 4 v (0 R A B D
(R4 B RIS AR IE H, MIC {E 4 9.2 pg/mL,
MBC {H#4°# 18.4 ng/mL. %4515 a4k
DU P L () 25 SR 1A — St
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A AT B WP ARAE 2E R R AR
T A 248 A 0 Tl Ak L A 2 B b I AR PR e A e

K. ARG e A 9.2 pg/mL B, 3R R A BR
TR R 4 8 €0 4 25 BR TR 1 A R o ol s A 2
PR B (4 A KA A ZERE TR B R 2.3 pg/mL 5 4 56
SR AR R IR AR, P 4% 5T T A B
AR BRI E R 9.2 ng/mL B il
RGN T4 14 h FAF RS LK
B, FFH/AERKHCRIBREAL, IR Rk
TR HATERTR . & WO A EREE . AR 2R AT A
DA it 4 T B AP PR A A A L A R il vk R A
PEBLG:, RIVA: ZERE I A W BB ,  RE I A0 i AR
KA B Il R A
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BB LER BoR (B 4), SR RS
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Hrp 2 R AT ER I () 4AL) . 48 (O A5 BRI
(8 4B1). Hli%ZF A0 (K ACL)Fili 48 v B {F Tal
(K1 ADL) Ay 4 BfL 2R TR 35 6 1 Ah s, JE SRR, 4 fif
JE¥E) . SR A R AL, R A ER
AN, M R AR, R LA i
(1 4A2) 5 4 40 5 25 BR A 114 200 i RS 4 > F AR
T (B 4B2) 5 il 5 25 F00FF B 200 it 3% 1hd A8 A5 A RS 22
FL, diE AN (B 4C2); Jilige v B 11 T8 20 i 35 1hi
A, 50 4o 24 I 31 46 - A% 1) 240 it 7 g (J] 4D2) o
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JERA BT . AR AR A s — R A
TSR R RS .
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Figure 3 Dynamic growth curves of each strain in different concentrations of ginger essential oil
TE: A REMAIRE; B: &WEMARE,; C: MEFMMHE,; D: MR EHNE

Note: A: S. epidermidis; B: S. aureus; C: B. subtilis; D: K. pneumoniae

Al Bl

Cl

500 nm

™ B2

4 HEFEMAIEA]

I pm

500 nm

[& & B RIE S IR E

Figure 4 TEM images of each strain before and after ginger essential oil treatment

H AL, A2: FERHEE

iBREE; Bl., B2: £ B4 skE; Cl. C2: MidiZEfifTHE; D1, D2: gk

AR AL, Bl, C1,

ZHNTIEA; A2, B2, C2. D2: 4l
Note: Al, A2: S. epidermidis; B1, B2: S. aureus; C1, C2: B. subtilis; D1, D2: K. pneumoniae; Al, B1, C1, D1: Blank control group; A2,
B2, C2, D2: Test group
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