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Effect of liquid and vapour-phase contact methods on the
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Abstract: The aim of this study was to test the antibacterial activity of selected isolate spices against pathogens microorgan-
isms by two types of contact mothods (liquid and vapour-phase contact) . The isolate spices were tested against an array of four
types of Gram-negative bacteria ( Escherichia coli, Salmonella typhimurium , Shigella flexneri, Vibrio parahaemolyticus) and
three types of Gram-positive bacteria ( Bacillus cereus , Listeria monocytogenes , Staphylococcus aureus) . The minimum inhibito-
ry concentration ( MIC) and minimum bactericidal concentration (MBC) of different isolate spices were determined by the
broth dilution method in liquid contact method and the disc volatilization method was used in the vapour-phase contact meth-
od. The results show that the antimicrobial activity of the six isolate spices in the liquid contact assay are as follows ; thymol >
salicylaldehyde > cinnamaldehyde > citral > eugenol > linalool. The MIC values of thymol and salicylaldehyde were both
0. 125 pL/mL. The value of cinnamaldehyde and citral were in the range of 0.25 t0o 0.5 pL/mL,and the value of eugenol and
linalool were 0.25-2.0 pwL/mL. cinnamaldehyde and citral range from 0. 25-0.5 pwL/mL, eugenol for 0.25-2.0 pL/mL and
linalool for 0.25-2. 0 pwL/mL. In the vapour-phase contact assay, the antimicrobial activity was in the order of thymol and
salicylaldehyde > linalool > cinnamaldehyde > citral > eugenol. The MIC values of thymol and salicylaldehyde were both
0.125 wL/mL,linalool values ranged from 0. 25 to 1.0 pwL/mL, citral were mostly 0. 5-1. 0 pL/mL and cinnamaldehyde
ranged from 0.5 to 1.0 pL/mL,while eugenol only effective against V. parahaemolyticus in the test range. According to the a-
nalysis of variance of repeated measurement by the MIC values, thymol and salicylaldehyde were significantly difference be-

tween the liquid contact method and the vapour-phase contact method, P <0. 05, and the liquid contact method was signifi-
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cantly better than the vapour-phase contact method. The analysis of MBC values, linalool and salicylaldehyde had significant

differences in the two contact methods, P <0.05,in which the liquid contact method of linalool and salicylaldehyde was sig-

nificantly better than vapour-phase contact method , while eugenol was the opposite. In conclusion, the different assay methods

between isolate spices and pathogens would lead to various antimicrobial effects. Therefore ,the development of new antimicrobial a-

gents using the antimicrobial properties of isolate spices requires a comprehensive evaluation of their antibacterial properties.
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PS5 (MIC R332 1.2 wl/mL) |, 5545 6 {1k 3k
TR A VR H s B i, 2R IR H ) &5 2288 hn 3 4%
MIC H ., SAHPLRE L MIC {555 F MBC {1, H
rROXT I I IR R P EC AT L B 2 R TR I A
ZEFUFF IR A MIC {24 0.25 1 pl/mlL %3 [ i BE A AT
PIR R A At VA P O 1
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Table 1  The MIC and MBC values of linalool against foodborne pathogens( pI/mL)
- Wk S
P Liquid contact method Vapour-phase contact method
Microbial
MIC MBC MIC MBC
2 R YT Salmonella 1 4 1 1
Gram-negative bacteric
ram-negative bacena EICH Shigella 0.25 1 0.25 0.25
Kbpies K E. coli 0.5 1 1 1
B KB V. parahaemolyticus 0.5 2 0.25 0.25
ﬁi&mﬁ@ . BEREZERIAT R B. cereus 0.5 2 0.5 0.5
Gram-positive bacteria
SO AR S. aureus 2 2 0.25 0.25
PR A AR G L. monocytogen 0.25 2 0.25 0.25

2 FfE 7 b AL, 5 R BRSO BURAE L T
ARG AE T, SV EE 1 pul/mL B AT DL K
R B BRI, MR AR Ak TR 2 4 pl/
mlL,

2.2 AEEBNRREBRENREER
PR 2 A ER Il A 32 000, P RERE P T
EHINZ 2
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Table 2 The MIC and MBC values of cinnamaldehyde against foodborne pathogens (wL/mL)
- Sl ik Uk
Pk Liquid contact method Vapour-phase contact method
Microbial
MIC MBC MIC MBC
A2 PR TR YHITTERTE Salmonella 0.5 0.5 1 1
Gram-negative bacteria I
K Shigella 0.25 0.5 1 1
KIG¥5s ER# E. coli 0.5 0.5 1 1
BV MAEIREE V. parahaemolyticus 0.25 0.5 1 1
%:EEN]@E‘ . BEREZESAT I B. cereus 0.25 1 0.5 0.5
Gram-positive bacteria
SO % ERE S. aureus 0.5 1 0.5 0.5
PSS UL FC R L. monocytogen 0.25 1 0.5 0.5

VA2 ks PR R AR BRIV B2 0.5 pll/mL i
ST LR PR IR A, X 4 o > FR R
R TTEN o PR REZE VR A i ke 0 2 2 IR T 1
AT P8 TR e J32 5 400 R R B R B0, T 22 G P AT 1Y
AN TR SN BEAR 228K, O 1 ~3 A, AR
PN 3 s 22 R PR PE BT RAE HIAL T 4 R 22 G
BFIIE AT, %o 4 €0 8 2 oK AT W R 2 AT T | B 2R
WA MIC/MBC {52 0.5 wL/mL, X k% G T4
UPTTIRTA R ¥ A TG AT R PR 9B MIC/MBC
4 1 wl/mL,

PR i AR 3 =2 B P B P AR D TR

PUR LA TN s X 22 (R MR RS E I, <
AT B Ak o
2.3 KuEMRREHFENAEER
IR 22 47 R S8 R T R R T I 114 g
BN Z — RIRERKGRERR BA —E R
WRON, b HATRGR DT R AE ST, WA BB R T
KRR Sun 451X 30 5 A B AT B
VIR, K B2 K 22 07 A e 2 B AR i
AT TG 1, oK A IE RN E | ARERE \2-R I P
A I R P 4 B AR A Y
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Table 3 The MIC and MBC values of salicylaldehyde against foodborne pathogens ( wL/mL)

- Sl Bk Ok
P Liquid contact method Vapour-phase contact method
Microbial
MIC MBC MIC MBC
L TG T VWITE T Salmonella 0.125 1 0.125 0.125
Gram-negative bacteria SEBRIGT Shigella 0.125 0.25 0.125 0.125
KIG¥5 s ERH E. coli 0.125 1 0.125 0.125
B IR V. parahaemolyticus 0.125 0.25 0.125 0.125
A WERE S HUKTE B. cereus 0.125 >8 0.125 0.125
Gram-positive bacteria
SO AGERE S. aureus 0.125 0.25 0.125 0.125
PAIZS U FC TR L. monocytogen 0.125 0.25 0.125 0.125

N 3 JraR 2 Al R T ik oK A I 0 R AR
REAF,0.125 wL/mL BT A UK, HE
AIRCR B, 0. 125 WL/mL 25 [ B Rl % 2K 7 Fp
P
2.4 IrEENRREBRENEER

PP Ll i Frscih i) 2280, XK

Wiy IQBR BRI ARSI RR TR R ) R S 2 B Y
s

W 3 BRI p 0.5 WL/ mL Ay s
Xof HA BRI AR Al e A0 A, R0 1] R
JERFRE IR, 2 L/ mL A DA K BR VDT IR T 1 A
6 ML o SARPUIR L TR AT e X 4 22 P
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Table 4 The MIC and MBC values of citral against foodborne pathogens( wL/mL)

- ek S
Pk Liquid contact method Vapour-phase contact method
Microbial
MIC MBC MIC MBC
22 R IR E Salmonella 2 8 1 1
Gram-negative bacteria e
EIKHE Shigella 0.25 2 1 1
KEA IRE E. coli 0.5 1 3 3
B MAESE V. parahaemolyticus 0.5 0.5 0.5 0.5
%i&m&@ . WEREZETAT R B, cereus 0.25 0.5 0.5 0.5
Gram - positive bacteria
SO A IRE S, aureus 0.5 1 0.5 0.5
B AR G L. monocytogen 0.25 1 0.5 0.5

B PTRBCR I T4 22 [RBATE T ,0. 5 pl/mL R af
A IR AR 2% PG PR B X 8 22 QB T 1Y
PURBCRA 5, MIC (M /NEIICHES) < Rl P 5
<VITRE GERE < KR KR Zia ki,
PP B YRR ik 10 TR BRI T U I, R TR ASCR
B .
2.5 TEBMNRREBEFENREER

T AL T AR SR e (80% LLLE) %t
Z P AR AT R PR G, A 22 B R
CHFAE 27 IUAT T R o 20 T T <6 o 0 ) 2 B T
BRI BREA i S HE BRI R M EEER N ER T A
AR A 2 R ) A 22 R R T (R AT

B AFEVD TR ETLUD TR Sk M, e
I VARFFEE /N2 I S H R R AR B AR 1
W S PR, WS BT B vh T A B 0 RS B IR
BRT AL R TR M <5 B (0 3 2 BR TR 19 MIC (i e fIK
H0.25 pl/mL, X V0T R R R A [ 1) MIC
{EN 0.5 wL/mL, b SEAE 25 F00FT B M0 A 95 i A 9 7
AP AR B, MIC {E20 508 1.2 pl/mL, <A
PURE LT A By Ae i BEVE I A (8 wL/mL) f300 il
Ve IR SR AT BB VR L % A 6 il 56 B JC BT
SR, X5 Loper 2 M BFSEMIML, T & 1 72 3R
PRI PO R T T 55, 1L T 256 T T A%

x5 TEBXNERREEBRE 2 #lik7%a MIC {E.MBC &
Table 5 The MIC and MBC values of eugenol against foodborne pathogens( wlL/mL)

- el S
PR Liquid contact method Vapour-phase contact method
Microbial
MIC MBC MIC MBC
2 B T YITE T Salmonella 0.5 1 >8 >8
Gram-negative bacteric
rammegdive baclena G Shigella 0.25 1 >8 >8
KIp¥54: [CH E. coli 0.5 1 >8 >8
B AR EE V. parahaemolyticus 2 2 2 2
FEICAIER W HEEHUFF I B. coreus ! 2 >8 >3
Gram-positive bacteria
L (A PR S. aureus 0.25 2 >8 >8
PR A AL G L. monocytogen 0.25 1 >8 >8
3 R o S [14,15
2.6 BEEEMWREYHBFRENIEER PG PE

LA HURY) R, RS 8 R K XSS
B IRAENEA & AU AR, o B A W K AT
AR T LA B TR R AR A B A

Nz 6 P, i A A LS TR aE S, <
FAYLROL T E AR AU BREOR 0. 125 pl/mL %5 [H]
e JE T LUK T PP IEIRE , AR L T B A
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Table 6 The MIC and MBC values of thymol against foodborne pathogens ( wL/mL)
- S e OB ik
Pk Liquid contact method Vapour-phase contact method
Microbial
MIC MBC MIC MBC
P YPITIRE Salmonella 0.125 0.25 0.125 0.125
Gram-negative bacteria e
SR Shigella 0.125 0.125 0.125 0.125
KIGBRA R E. coli 0.125 1 0.125 0.125
BV MAMEYKE V. parahaemolyticus 0.125 0.25 0.125 0.125
i*:&“”ﬁﬁ A WEHEZFAUFF IR B, cereus 0.125 >8 0.125 0.125
Gram - positive bacteria
LA A ERE S, aureus 0.125 0.125 0.125 0.125
BRI G L. monocytogen 0.125 0.25 0.125 0.125

A LARR ] 7 PR K B3R A [Q T ) MBC {H
M1 pwl/mL, FEAE VR B2 S FEIA (8 wl/mL) # K fE
AR MERE ZF AT A

2.7 HEEMESSEIREEERSH

2 B fih 7y % MIC/MBC {H 28X BB ), R
FHHE S0 5 5 22 53 A b 2 e fioh 0 AN [] B
Tkl 1g MIC { 1g MBC {H (#3520 - i@ i & 1 1g MIC
BARAETT DA R 42 fioh =0 IR L T A B 0 A=
YRR AR 2 25 57 (P <0.05) , i {42 finke
ORI T AL (P =0.002)

&l 2 3@ it 1g MBC B AR A AT DL 42 fi 75 =X%F
DR KIS T A A BRI A B
M (P <0.05) , Hrh Oyt KR e AR
AR TR AR Ak (P =0.042)

XA filids v MIC {5 MBC {31 7R FIAS
55 Wilcoxon (W) K556, Z5 R W3 7 - WA fil i b iy
MIC {55 MBC A S EFEZESR, P <0.05,MBC
YIE & MIC 2{HRY 4 £%5.

2.8 AEEBEEMNEER.REEAREEER
T

AN [F) 55 A k) MIC/MBC A 4E 2 80K 0
Friedman (F) £ 55 b 8349 A i 25 M 22 55, MIC (R 7
=58.802,P <0.05),MBC (£ Jf =36.293,P <
0.05) . JUFhHL B & RIAY MIC {545 Bonferroni £
EJG KIS A B 0 40 TR R I 00 T oA
FEH(P <0.05) ; LA B A kLY MBC {H 4534 Bon-
ferroni K¢ 1E 5, A HLAF M i R BRAE S 200 T 05 A
B ATGEE RN T A1 (P <0.05) , KAZEE A T AE
BERT THB(P<0.05),

3 s

T AN R PR T B B A3 T LB
FEBAKPERN 31/ INROR 1 25 1o 20 REE R e e
PRICNG S5 A4 o P A 2 M IR, 35 (1) AT i B 45
FRg RS s (2) AU s s (3) BAR B i 05 (4) g
T BAINL 5 (5) AT 153 58 [ 5 (6) T #E 5t
WA, BRI P BORHARIET . EIRE B LR LRI
AR AE IR, EAT AT R A TR0, — L
FF) S I3 1 T R 2 52 1) 75—t S BT A B A i 5
MR 2 Ry R UL TR R T
SO, H B AR R ) 2 N5 T A e D7 X
St D K ARE CE A I A SO R BOR T
TR ks, T W A2 At BRTRCR A 57 RS
MU AN 2 o N [F] SR A e 5 TR AR 42 fih O
2R HAU AL 22 57 A7 15 alf— BT

A7 27 P LA b 15 D R T 2 S TR S E
HURCRHAFF AT B2 (G M) > IFERE > B
%> MR =W > K > RALAYWE " . Kn-
bloch 25" XA 35 A R 14 B0 B P RE AR T S 2 41
AR ACH F A 2 -5 A 00 A7 o2 o A R 0 A
T R BE ) AR DG, T 47T 541 B 3 -5 0 5 59 £ T
AN UL A 22 o AR B AT DR . AR DU &
TR R A PRV 5 A SR A RS 2 i
D7 PUUREIG I  O7 REREAE 6 Fh bR B A R
RBE TR 5T, B0 1 fihok v B0 B 7 e ¥ T KU R
B I RE A 2 [0 0 T 42 M T 2 L, 3
ALANMIRELT A o LI REOR IR B HTRRCR . PI
AL L AT R -5 0 A A U A A O, U i
A 0 I EL S KA A, 4 AR P T
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Fig. 1  The bacteriostasis effect of isolate spices on contact methods
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Fig. 2 The bactericidal effect of isolate spices on contact methods

®7 RiEEMES MIC ES MBC ERBRLE

Table 7 Rank sum test of the influence of MIC value in different contact modes

BRI 56 S50
= M(P,s ,P
Parameters of rank sum test (Pss,Prs) Z P
MIC 0.25(0.125 ~0.5) 5,172 <0.05
MBC 1.0(0.5~2.0)

. 3 8 /& www. chemspider. com 3% i) B 55 &}
For A8, ol LR R 25 BT E LA T i
VAR BER T T 7, T 28 ) 3 v 25 A B A B/ MR
YRR PIAERE FPERE . 3% S A SO A bt
WRCRSE2W)E , Wy 2 b A B3 B i P s e ]
R T W, B2 B0 B 4 T v 5 21 55 4Kk Ry 7K
Wl RS FT T

SRR 18 5 B R A e kB 28 ) 5 B 7R ik
A A TR AR A 1 T A PR BT TR AR, PRLE T T e

G R S M RO BIR R R A O R
PR TRHE KRR ARXF 2RSS, BIR 2 A
BHIRND  FETE G AR T e B R LR E , <A
PR RCRAS 5 1 B B B AR A R PR S58 , REOA 27K
PSR, BT A SRR R B AR, OB R AR
220 R T TSGR BB AR L, 2REiK
PR log PSR/ /K73 BE R B0 Frm (0K, BEH]
W R, 2, R K BRI A
KT LVE MR MR 2 55 . [ ARy > Kl
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Table 8 Physical and chemical parameters of isolated components

Ll 2

Physical and chemical 05 PR RERE KA PR THW B R A
vsie K Linalool Cinnamaldehyde Salicylaldehyde Citral Eugenol Thymol
parameters
e
Water solubility ( mg/L) 683.7 2150 10 670 84.71 754 1 000
R .
#&UR (mm He,25 °C) 0.083 2 0.0337 0.222 0.091 7 0.009 48 0.40
Vapour pressure
M / 1 ZZ o P
WK S BRI Log © 2.468 1.968 5.449 2.701 2.223 3.281

Oil-water partition coefficient

1 H ik A www. chemspider. com,

Note ; Data comes from www. chemspider. com.
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