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Table 1 Name and structure of 10 kinds of sulfide flavors
K¥s%E  FEMA %% WX 4 A 3E X1 AR 25
1 3201 E T E ] MPDS A A
2 3228 ER TN DPDS VAV
3 3275 ERFENT DMTS i N N
- F, . CH CH,
4 2042 =¥ 7 Ak A DAS NN
5 2028 =i DADS NN,
S\CH3
6 3949 2 37 5 A ok MMTF @
7 3161 H Ak A AR B FIPS . N
s\s/cn3
8 3573 Wk 2-W k-3-skwhE —sE  MMFDS @
9 3362 WO b L ARG MFDS [}\/s\s/cm
10 3259 W (2-F R -3-skeh k) =FE  BMFDS @ m

1.2 E# R

B 45 28 U 1] IR Rk (Sddmonella, ATCC
14028) , @l % 1 1 K & (Vibrio parahaemolyticus ,
CGMCC 1.1614), g [ [ 5 58 fal 4 49y 1 b (i
BHPL,

RNA $2 B0 & W i g R e K IR S
BE(EB) &%, db st KR A4k FR 2 7] ;DNA Marker .,
6 xLoading Buffer .5 xM -MLV Buffer RTase M —
MLV (RNase H-) .RNase Inhibitor dNTP Mixture
S, FAEY TR (KiE) A R2 A ;DEPC Water,
50xTAE .RNase—freeWater %, =T A% THE (E
) e A IR ) AR R RS Lt B

EYHEARARTHEA A,
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YC-L BUZ A7 S5 Ve A, db nt 18 Be JE S 0 AU A%
HIRA T ZHIH-C1112C BV TAE S ZHWY -
100B ZY 15 I 35 F2 R 7 4, LR 3k 20 BT A3 245 i 2
AR 501J2003-04 K B S, IR
Sl A R R MyiQTM2 A5 56 5% B PCR X, 58
il BIO-RAD 24wl ;UV-1750 %148 4h o Y6 BE 3,
H 7R 5 254 BR S 71 5202-0AB A9 e #4406 37 T
BRAR R E T 28 TR AR A PR A W) s DRP-9162 A
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1.4 HHROEREMENL

1) ik 24 Ak 1 I VR R R 43 L 3R
HH R T T I TC K B O A R R BE A 5 mol/L
) TR V4 FH

TR 8 % e v U 0 3 RV R R A I B R
JFHE 37 °C 150 v/min 2RI K7 5% 24 h, H LR
RV A A, P T AR 5 1 8 108 CFU/mL /Y
AR, 2
1.5 HMEFEENNE

HR A 5K 2 52 SF PSR H 9 98 40 2%, B 100 pl
PRI AT A, P S B EAR 10 mm 1[5
TEUEAC R, N 2R B g 1) A [R) e 5 1) i ik
KR, 37 CHFRAR L R IEF7 1P T BE % n (] 4
TR OB, ER 3 WOFBCFHE
1.6 R/AMIERE (MIC)RINE

R4 1.5 il an ah AL, DL 0 T3 5 ik
(DADS) Ay WF 58 X5 %, K HIAS Lo 1A 3 i B 220
2% A RN 5 mol/L Hi B % 0.61 mmol/L, ¥
AN T e B ) A Rl L R R R A R — 2 LB 3 S i A
PR TR R | 37 CCH5 37 24 h, U 3R 4
PR AR AT TR B R 75 5 2%, PR (+) R B 37 3L
FARAK, PIPE () NTERE AR . MIC BF R Jo 4
AR KM /NS A AR I ER 3K,

1.7 E£RKH#MEHNE

] AR S IR I 1 mL & B R 108 CFU/
ml B BRSO R B2 Y DADS, T 37 CHEIR T IR
D% A 2 h g H 600 nm T G AE , I LU
W OGRS A s | LA ] (h) by 4 A A 225 i AE 4 it
2.

1.8 ZAHEZ RNA RURE R &

R4 K AR A= A A R 28 1 41 B s RNA $2 Bt
& 7 iE PR AN R B A R AR B 12 h 5
R PRSI 9 RNA I 20606 B 1% RNA
B Bl B AT R
1.9 qRT-PCR %l DADS i & i I 14 38 &
SHERRZENEMW

HI A K tdh, WS KR 16S rRNA 514
FEAIINEE 2 frs, R TAY TRBRGARA
Al A, MR A6 RNA gR17 S5 5%, 9 DL
& & A 25 pL 3k # 17 qRT-PCR Jz hi , H
SYBRR Premix Ex Taq™ 12.5 pL, 51#1%F 4% 0.5
wL,DEPC Water 9.5 wL,cDNA #i#y 2 pL, S
WHE:95°C 1 min;95 °C 20,62 °C 20s, T 80 C
SRR 15 s, AR DO 5 B H 40 IR 7E 60~
95 °Cit Fl v M it 2, @i 2799 T edh KR
DR X 3k 12

Fx2 WHEEPCREESIWF
Table 2 The primers for qPCR

AR F31(5°—37)

73§ K £/ bp

tdh'™ L4514 .5 -CTCCATAAAGGTGACCCT-3" 269
T #5145’ -CAGCAGCCGCGGTAATTC-3"

165 rRNA™

L5 4.5 -CTCCATAAAGGTGACCCT-3" 174

T #3145’ ~CAGCAGCCGCGGTAATTC-3"

1.10 SHit=ZE0H

FI H http . //'www.physics.csbsju.edu/stats/t—test.
html 754K UEAT student’s ¢ K 5 17 o 25 1 43
Hr,P<0.05 A R #F2EFE, H P<0.01 HAR L
EXEFME ., DT A AR i 250k 2 A

2 HRE5HR
21 MBREFHAXIDTKRENEZMMEILEBH
ME R

10 PR B RE, 7RS4 M B R & LA HE AT,

— 043 SRy X AR B S AR, G D R T
(DPDS) | — W & = i ik (DMTS) | — Js T4 2 it ik
(DAS) . M TN % ik (DADS) AL (2 H %k -3
WK A ) A E (BMEFDS ) 45 , 6 HOP G2 B Bt It 1
ANBORIE A — 53 5 A RS 2 53—
i B K e (MIMTE ) 45 H: v — 26 5[] 73 S A 44K
T H 32— B L -3k g R T ik (MMIFDS ) |
B il (MFDS) , fb2= 203428 CH,08S,,

5 mol/L 11 2% i Fitk 25 7 Rk X 19 A BT ) 41 1) 2%
WU 3, WTLVE M, RN 3 ik (MPDS) . —
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PN Bk (DPDS) | — F B = i ik (DMTS) | )
N B R (DAS) | 9 9 3k — i Bk (DADS) .2- H
He3- WG ALk (MMTF) | B 5 53 DY 3L 4 ik
(FIPS) | F 5k 2— T k-3 1k i Bk — i ik (MMFDS) |
FA A 3 — A fik (MIFDS ) A1 XL (2 -3 -1k I 5% )
Bk (BMFDS )X 10 i it 25 7 bk X Rl 3% i 14

0 < < S N T T 10 3 S T - S
(DMTS), M & 2 - B2 -3 — wk my & — o ik
(MMFDS) ., —- TN % — i li# (DPDS) .2-H % -3-H
Bt FE W IR (MMTE ) X (2 FF 3 -3 g 3L ) — st ik
(BMFDS) FIXF 0 1] IR B AN H A IR BE J7 @I I
PEYREE LD 17T FQBR 0T 3 Bt Pk 25 7 ) B 0k

R 3 MEBEFTR AL E B ERR

Table 3 Inhibitory effect of sulfide flavors on the tested bacteria

#

AREE K A

C =
@ Fr MPDS DPDS DMTS DAS DADS  MMTF FIPS  MMFDS MFDS BMFDS
DITKE - + - - + - + - + -
&) 75 o IR - + + + + + + + + +

T+ SRR AT AR =" R BAT I AR

2.2 FRBEEFRIITIH K E I

B 5 Bl vb 17 EC TR A 00 B A5 SR 1 i ik 21
OBy 40 B 25 2R 145 MPDS DADS \DAS
MFDS #1 FIPS, ‘{1840l /£ H K /N DADS>
MFDS>(MPDS~DAS~FIPS), H:H DADS §J i
P AT B K, o (1.5420.04 ) em , BIVI B 2% 50 B 4
HR 2B M (1.3620.08 )em ) MFDS, 1fii 6 T Y
3 Fhwi k4 MPDS . DAS #i1 FIPS I i I8l &5 4% LT
FHIFE . DADS A9 B35 4t MPDS \DAS 2 3 34 5
(P<0.05),DADS 5 MPDS L, £ T A6 T 3
DADS 5 DAS Lk, 2 T — /MR, nl UL ik 2
TR VD 1T TG TR 4 1R R H 52 28 i A BRI
SRR L A W g R 1 6 R B ek A R,
BMFDS X517 I b I A MR ROR

2.0

b
0.0 * * * *
MPDS DADS DAS MFDS FIPS
e
Thioether spices
TE AN B3R 22 57 ik 3 P<0.05,
B 1 FmEEFREDTRENIHE R
Fig.1 Inhibitory effect of thioether spices
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=
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P2 Sk 10 Pl @I v i 1 K B8 A 90 B8 50R Y
B kAR A I AT P VDTGB A L, A R
R FRFEE L B RO AR o,
DADS .DAS .DPDS MFDS FIPS 1 BMFDS X #l] %
MR A R AR EIE R . 5T IR S5 R —
0, DADS 1] 24 R 5 5 (P<0.05) , 411 B8 Pl B A% i
F T (4.49+0.32)cm, 5 2.2 T HILE B L BRAEES
T et B ot TG BT X 1 G R A 0 ] R SR
W3 DADS 5 DPDS MLt ,-S-S-l&E Wi £ T
XU, AR N BTN %L . DADS A B 35 1 B e, 31X i
WU ) ARS8 T IR RCR . R SR AR Y
MMFDS 1 MFDS W it 17 43 A i), MFDS i) #0 5
A& 7 0 355 T MMEDS, 52 B 3 A0 4 Ay 4 S 410 1 1

e B A

Diameter of bacteriostatic zone/cm
(=] — (5] w > w (=)
"

DMIS MPDS MMFDS DADS DAS DPDS MMIF MFDS IS BMIDS
it B 26

Thioether spices
AR TR R 28 5 1 3 P<0.05.

B 2 w2 AR Bl A e S A R
Fig.2 Inhibitory effect of thioether spices

on V. parahaemolyticus
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FH B8 T 55 Sy vk g 56
24 “HEREZHBRYAEFEMN MIC

2 4 SR X VD T PG TR R R 3t SRR 0 A 1
HB F5 5 8 i T R A T (DADS) X 3 7 A I Y
/MR, W 4 v IR 24 DADS R
F 19.5 mmol/L B, X 19 i B 455 A7 AR 4 1 41 4 1
F, ELYP TR X DADS A SR B A T I 1
IR  DADS XV TG 89 MIC 4 19.5 mmol/L,
Xof B s il P SR 1) MIC A 4.88 mmol/LL,
25 ZRHEAEZHmEBXAMEEKHENZE

W 72 ) TN 3 B fik (DADS) X570 177 EG B F
A AR A i e e, el 3 iR, S H
HRVP TR AR K MR 2 S AL, WifE MIC ¥ B 1Y
DADS YEFIF OD {H A W i el 28 | BD4H B JL-F- A~
A K, TN DADS #E N 1/2 MIC B, R K —
BB AR AE R, HAEH A . 1/4 MIC Wk
N 57 AR, EAA o Al Y
AR AZ R, 25 1 VT TIRE A K 22 DADS 1Y
) S AL S e A

mE 4 s, SUTTREA KL EZE R —
H, Sa AL, MIC ¥ A9 DADS fEF R, &l
T A P SICERT R AR S8 A, 4 DADS Wkl
172 MIC B, K53 B 04 Az A Bl 4 il | >4 ke 5 3

g § Lo | —O— control
;% g 0.8 —@— 1/4MIC
—— 12MIC

—A— MIC

0 4 8 12 16 20 24
i ]
Time/h

B 3 DADS 3§77 E & € i £k %2 1

Fig.3 Effect of diallyl disulfide on the growth curve
of Salmonella

26 ZHAE_HEBXEAMDMINE tdh F5
ERFRIEHF G

b @G IR 11K o W R S A 3 o )
DADS, 7t & A6 e B DADS 1E )G tdh 5 713

x4 “HREZmBHKER MIC
Table 4 Minimum concentration of diallyl disulfide

on tested bacteria

R R WITRE B b IR T
= a + +
0 + +
5 mol/L, - -
2.5 mol/L - -
1.25 mol/L - -
625 mmol/L - -
312 mmol/L - -
156 mmol/L - -
78 mmol/L - -
39 mmol/L - -
19.5 mmol/L - -
9.76 mmol/L + -
4.88 mmol/L + -
2.44 mmol/L + +
1.22 mmol/L + +
0.61 mmol/L + +

T R IR KRR BB K 0 IR L AT

N A 14 MIC B B A K 525 A4 22 780,
L9 B ) o R AR

1.8 ¢

—O— control
—&— 1/4MIC
—— 12MIC
—&— MIC

WA
ODeooun
3

s i)
Time/h

B 4 DADS &l i& 4 30 & 4 < #h £ %11
Fig.4 Effect of diallyl disulfide on the growth curve

of V. parahaemolyticus
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[, BEE DADS M EE B3I  edh 55 1 A (4 AR
FR BB WG, 5 DADS W EFE R ML, 55 H
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The Inhibitory Effect of Thioether Spices on Salmonella and Vibrio parahaemolyticus

Zhang Ke', Zhou Qianqian', Bi Jingran'?, Hao Hongshun?’, Hou Hongman'?, Zhang Gongliang'*
(“School of Food Science and Technology, Dalian Polytechnic University, Dalian 116034, Liaoning
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Abstract To study the inhibitory effects of thioether spices on two common food-borne pathogens——Salmonella and Vib-
rio parahaemolyticus, and explore the relationship between the antibacterial activity of spices and their structure. The di-
ameter of the inhibition zone was measured by the filter paper method, and the minimum inhibitory concentration (MIC)
of different spices was determined by the broth dilution method, and the growth curve was drawn using the absorbance
value of the bacterial liquid at 600 nm. qRT-PCR was used to study its regulatory effect on the specific virulence gene
tdh gene of Vibrio parahaemolyticus. The results show that these sulfide fragrances have different effects on the two bac-
teria. Among them, methyl propyl disulfide, methyl furfuryl disulfide, furfuryl isopropyl sulfide, diallyl sulfide, diallyl
disulfide has an inhibitory effect on both bacteria. And diallyl disulfide has the most significant inhibitory effect. The
MIC for Salmonella is 19.5 mmol/LL and that for Vibrio parahaemolyticus is 4.88 mmol/L. Diallyl disulfide significantly in-
hibits the expression of the virulence gene tdh of Vibrio parahaemolyticus and is positively correlated with the concentra-
tion. Studies have shown that the number of sulfur atoms and allyl groups in thioether spices will promote their antibac-
terial effect. Among them, diallyl disulfide has the best antibacterial effect, laying a foundation for the application of
thioether spices in food basis.

Keywords thioether fragrances; diallyl disulfide; Salmonella; Vibrio parahaemolyticus; virulence gene



