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Inhibitory Effect of Allyl Isothiocyanate on Clostridium perfringens
and Its Application of Cooked Pork

LI Linying', LIN Yilin', WEN Yaosheng®, LIAO Caihu®", YU Yigang"’

(1.College of Food Science and Engineering, South China University of Technology, Guangzhou 510640, China;
2.Henry FOK School of Food Science and Technology, Shaoguan University, Shaoguan 512005, China)

Abstract: The study aimed to investigate the inhibitory activity and mechanism of action of allyl isothiocyanate (AITC)
against Clostridium perfringens (C. perfringens). Firstly, the inhibitory effect of AITC on C. perfringens was evaluated by
determining the minimum inhibitory concentration (MIC) and plotting the growth curve. Secondly, the effect of AITC on C.
perfringens cell membranes was assessed by scanning electron microscopy to observe cell morphology and by measuring
cell membrane integrity with a propidium iodide staining assay. In addition, the impact of AITC on the metabolism of C.
perfringens was investigated using SDS-PAGE profile and an ATPase activity assay. Finally, the inhibitory effect of AITC
on C. perfringens in cooked ground pork was examined. The experimental results showed that AITC could effectively
inhibit the growth of C. perfringens, and the MIC of AITC was determined to be 0.1 pL/mL. AITC was able to induce cell
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membrane deformations, such as rupture and depression, resulting in the loss of C. perfiingens cell membrane integrity, and

the degree of membrane damage increased with AITC concentration. Meanwhile, AITC could reduce the protein content

and ATPase activity of C. perfringens, which had an impact on normal cellular metabolism. Furthermore, the addition of

0.1%~0.4% AITC significantly inhibited the growth of C. perfringens in cooked ground pork (P<0.05). In conclusion,

AITC could achieve bacterial inhibition by disrupting the cell membrane of C. perfringens and interfering with protein

metabolism, and this study offered a theoretical foundation for the use of natural bacterial inhibitors in the meat industry.
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FE S JEREA B ( Clostridium perfiingens, C. per-
Jringens) F& IS E i iR WL B R MEBUR R 2 —,
BRI AR A 2P g 2R, X A SR E s BA
Fow Pk, HAl, B C. perfringens 5IEIEY T EE
AR — IR B A e A R, T 2 B T8k C
perfringens 1YL E M (— KT 6 log CFU/g) 54
5| RNEFRLR . MG, TP 7] fe S EET R,
R, A 2= AT C perfringens B T
MV AT R R ASE AR ] AT

WAk, AR T BA R )R
WP REMRBEEE LI B W & N T8 B
JEE, AR, B RER . H AR
Fr R BRI I X C. perfringens Y H. A5 #1058 24
WL AEAE ARG XS C. perfringens WITNEEFLHH 14 A<
WAMIE . 57 FUBR M5 T TS (Allyl isothiocyanate,
AITC) BT AAE M EZE WG Sy, T AT 15
AERHEY, X G a2 BReE " . KAy, by
ZEHT AR B OOV Y T LG ™ A e TR A AR 1)
HARMEAIINEERN. . Alanazi 2802 WF5Y T PUFPAE
PRI (AR . T/ . /A1 AITC)XT C.
perfringens ZEHIFNBE & . R A LI E SR ALY
AAMHIVE A, S5 FRW: AESCi0 s iR &,
PRGNS REINH] C. perfringens ZFFERY IR 4K
FEFRAMA AR, T AN AITC B HIRCR
At (EREAE T R T T2 Py R B, HA AITC
(AINE R 0.5%~2.0%) BEFI il C. perfiingens /L
£, A B RV i s # 5% We ik Mgl C.
perfringens WA . AT UL, ATTC FESM I R H S
) C. perfringens J7 T HAA ) FEIMY N FHTT 5, 4810
HXT C. perfringens WITNERPLE] M ATERE . B, 4
5T 210 DA 40 B S48 495 AN 2 F3 A st P -4 T e 4
5% AITC X} C. perfringens BNV EAVE 7 2, AL
FIH AITC A T A RN B ISR RS
1 #MRERE
1.1 MRIEEE

C. perfringens CICC24751 HAEFGHL T RFE
rn Rl 5 TR B B i 2 A SR S 56 2= AR A
FIER TN T A S AR T AITC( = 99%)

LI AR PE WA 2 RS B 5 ARG & B2 R £k (Fluid

thiolglycollate, FTG) 355555 | RIFR- AR £ -2 22 2
fiz (Tryptose sulfite cycloserine, TSC) Zfig Al 1% 37
Fe U ROR A A PR A5 kiR 80CE M)

FISPH RKJE 35 sy BA A B2 5 8 8 1 7 W (2.5%)

g e ARAE AR A BRAS 5 Ak DY IE (Propi-
dium iodide, PD YR FIERTH T A kB R G
BRZN 75 AR B ATP BEUHRI & a8 e )
& R TR

2% A2 B 2e4aHE FRBRCHER (i) {2

A PR E]; LRH-250A- 1T A0 55540 THCZE58
BEYT 28l A B4\ H] ; Cytations I Z I RERGARAY 25
[E Bio Tek 4 E]; Phenom Pro 34 Ha T i {#4% (Scan-
ning electron microscopy, SEM)  fif 22 Phenom 2%
Fl; Leica DMi8 {3 B2 G ik #EE Leica 23 wl;
GelDoc XRAEEE AL 43 ML 32 [E Bio-rad 2\ Fl;
Scientz-11D B 7 MU AEHL T IORT 2 A Ft
B H
1.2 KWHE
1.2.1 C. perfringens =T FLAAFTE-80 °C
BERE TR B 5 10 mL FTG Bi3a3Ln9ik
B, T 37 C IREFEFRE; B TS B 32 R
Ry BB 5 il 54 10 mL TSC 533, F
37 C IREAEFEFEIRIGIRAFAE 4 °C o FERRIRSCEAT,
FHERD A PRI RIS T /D e R ARV 25 10 mL
FTG 533k pil & b, F 37 C IRAEE = B fase )
(~1x10% CFU/mL), JHTCH FTG #5535 58 PBS AWK
PEATIE MRS, A58 T B AR I TR 225556 .
1.2.2 AITC X%} C. perfringens /> B & & (Mini-
mum inhibition concentration, MIC) Fyilll5g R —
%575 B D 8 AITC XF C. perfringens W) MIC!
Ft AITC BT 10% (m/v) By iE -/K G, i il s
40 pL/mL B 7E45 TC IR E A 1 mL FTG %
FEEE, A 1 mL R AITC ¥R, FoM 1RSI
Bl mLIREWEE F—iE, LIILsHE, 193] AITC
#4354 0.4000., 0.2000., 0.1000., 0.0500., 0.0250,
0.0125 pL/mL [ RINETFRR R (G50 1~6) o X H#
AT AITC, PASE I i i -80 I AR (5
7)o BRI TIIA 1 mL BE#R (~1x107 CFU/
mL), ¥ FIRREIR AR, BT 37 °C {EFRAE D
PRASEFR 24 ho A FH BRSSO i 25 4132045 P BT )
ODo0nm TH., FCHH B AN PR A K AL AITC ¥R
MIC.
1.2.3 AITC X} C. perfringens =1 BHLRAIFEZ T =
2% Wu S5 TRV RIS ER LIPS ATTC Xt C. perfi-
ingens "EAR ML SR . HF AITC B -5 RE W ATE



%443 5 23

a4 ORI RS

SR BTV BA E FH BTEZ8HE PR BE H A LT 129 -

U PR G5 (BRI E~5%10° CFU/mL, AITC
PR g 1 MIC F1 2 MIC), 25 [ X% B8 & A8 R 3
BIJOK Z I, 5 IR BT 37 °C {53 IREA
WEE 24 h, B 2 h BUFEIIE ODggg py 1B A 5100 21 PR
A RAE L
1.2.4 AITC X C. perfringens YMIE SR =
2% Luo 25" By 8858 AITC X C. perfiingens 4l
MITEZS B RE M o B3k A5 357 09 TR B R 125 40> (8000 1/
min, 4 °C, 5 min, JF£EE.0 5530, 375 BiE, H
0.01 mol/L #§i% £k 2% w7 (Phosphate buffer solution,
PBS, pH7.4) P& I & T8, InA AITC
AR LA 43 51 S 1 MIC., 2 MIC Al 4 MIC,
St BBLHIRAS AT AITC, ¥ _3iRifAS 8 T 37 ¢
iR IR AT E 8 h Ja, iR B0, FH PBS B
PIIRFEETF 2.5%(v/V) IR _EHERF, BT 4 C
TR E R o R AR TR, B AN
RFSYEL(30%. 50%. 70%. 90%. 100%) 1 Z. 1K
TR — B IR, AR 15 min, Fea 8T J0/K
P, B 2 pl B TR A, REH H SRR
JE B TR AT, 76 SEM R WSS T2
1.2.5 AITC X} C. perfringens 4R SEFANE IS MR
IR 1.2.4 Tl 08 7 v il 25 TR B I A AITC
WU, 155 AITC ZHk 535289 1 MIC. 2 MIC 1 4
MIC BJRESL, 7E 37 C 44 FIRELEEE 8 h J5, FAZE
FREL K IFVEPI IR, A 10 pg/mL 19 PI YLk, =T
BESEYL (T 30 min 5 FHAEBER KIEVE . A, bR,
TEDEG AR ™ SR AN P YL (o O, FHa b S
RERESH DTS, B BRI 495 nm, K56
ARG YE E Y 550~700 nm, 2E0EA 5 nm.
1.2.6 AITC %} C. perfringens 25 1 B A G52 1]
ARYE Cui 45U 0 7k IR AT IE e, PLITAL
AITC X} C. perfringens & FH BACI 52T . B 1%
BRI BRI B O3 2 1, JH PBS PR R B ET
T AITC 1Y) PBS {R & 0, 15 5] AITC 2Ly B 5351l
>k 1/2 MIC. 1 MIC. 2 MIC F1 4 MIC FJIR- &K % .
Xf B LH AL S P RIS AITC, 37 C JR4EWEH 6 h
J&, i PBS IS BRI E &, B 40 pL WS 10 pL
55 PR P WOR S AT, WK in#k 5 min,
BB ERE O, W i . B 10 uL _E3EwROm
T RS AS U IO BEIE (12% P43 BS IR 5% MU 45
) FLPi4T SDS-PAGE 4347, FIKSE ARG XA YL
£o, . Wi Ae, B fa At FBEIE G ST 43 B ) R A i
ATHARE
1.2.7 AITC %} C. perfringens ATP FigiF AT R0
225 Guo E'7 IR Mg R, BGE R F2 M 20
e b, AR KR pEG . EHE, A AITC
FIRAGRZR T AITC LS50 1 MIC., 2 MIC
14 MIC, BT 37 C JREMFE 6 ho Bff5, FAAEEER
TR P B A P YR I EE A, 7E VKK WS TP A T A 7S A B
(g% 25%, B DEHEER 4 s, A 5 s, HE 20

HEER ), B 42 B8 ATP BifFC50) & 0 U6 HH 15 181 75 5,
W THEAS BRI L] b C. perfiingens Y ATP
BT o

1.2.8 AITC XJ2BE N BET C. perfringens MM I RK
B 23 Zhu 7 IRIRST AITC Xt 3 A BE
F C. perfiingens WANHIZER . KEEWERIRE R BEIES T
1o K B LA SR AR, 432 il 10 /4%, 43 il 4 h
C. perfringens JFHINA AITC B, 152 W] UG B =24
A 1x10* CFU/g, AITC & 43510 0.1%. 0.2%.
0.3%. 0.4%(v/m) WBAFESL . X R AR S AITC,
PLGER R - KSR . T AR TR AIR 512
JE AT ELAS AR, BT 37 °C 4 FE53% 18 he I
JBE 55 TC A A FRER K SR 4IRS, Bl S SEATRG AR RS o

B 1 mL Al AR AIRES 5 10 mL JCE TSC HER
G5, PR S, AR N — )2 TSC 31
AR LA 55 N 23R, “PHEE B 5K 3 35 ML 55 1 ML

I, k&S TAEG R 1 he Bl a0-FHcE T
37 C IEFRF P IRE 5 18~24 h, AT WL C. perfrin-
gens TE TSC IHE A I 22 B %) DA B T4, XA
HATRVE OSSR 1S,

1.3 #EAE

AT LB I H A — ROV {E . {3 SPSS
22.0 BAFFEAT AR 22 07 25500, B g YBE 2 8] 19
FM25 5 (P<0.05), 2R Origin 2017 21
2 HBRE55h
2.1 AITC %F C. perfringens B MIC R E 34 < Hh4k
A1)

AITC X} C. perfringens i) MIC M 5ESE RN 1
FIE 1A PR, AE 1A ATHN, SRR X & 0.0500.
0.0250. 0.0125 pL/mL i AITC B FTG & & %
MUIRAS, FRAE R W=, RHA C. perfiingens 1
&4 0.4000. 0.2000., 0.1000 pL/mL #43X 8545
FiPss, 22HHTC C. perfringens 1, [RIFHE #5340
X ODgog i TE(EE 1), G55 A E, JH 0.1000 pL/mL
AITC &b B}, B Y ODyyp o TH 5 AR HE BE 1
AITC Ab 3R ZH AH Lb I 4 & A2 W 328 1k, W] AITC
Xt C. perfiingens ) MIC 24 0.1000 pL/mL. %455

21 AFRMEE AITC 43 C. perfringens 24 h J5 1)
OD600 nm {ﬁ

Table I ODg p, Values of C. perfringens after 24 h treatment
with different concentrations of AITC
E G AITCHZ (pL/mL) ODg0
1 0.4000 0.037+0.001°¢
2 0.2000 0.043+0.005°¢
3 0.1000 0.041+0.005°¢
4 0.0500 0.267+0.010°
5 0.0250 0.253+0.018"
6 0.0125 0.269+0.015"
7 0.0000 0.337+0.020°

T ARNG PR BA BENEZE R (P<0.05)
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Fig.1 MIC of AITC against C. perfringens (A) and the effect
of AITC on the growth curve of C. perfringens (B)
T B 1~6 73 AITC #4351 0.4000, 0.2000., 0.1000,
0.0500. 0.0250, 0.0125 puL/mL, 7 X HAZH .
H5XEHEEITIRIE AITC Xf C. perfringens ) MIC
(800 pL/L)FFAE—RE 255, "I RESE H TRk . W)
FEEFRIEAFER R A . iE—2E0F5E AITC X) C.
perfringens WM RS, ME T ASFHEE AITC X
C. perfringens FIMMRFEW . Kl 1B PR, 25 H
X HELH Y C. perfiingens 1E 2~10 h 1 [a] & 35 %7
W, 7E 12 h B ODgg o TELIA B KAH, B S A
MR RRCE . 2R, 1 MIC Fil 2 MIC 4bFZH
H C. perfringens ) ODyggo o TH 3 A AN AE , 32 B
AITC BESEA RN A I 1 5H
2.2 AITC ¥t C. perfringens BB SR AOSNE
AITC AbFRETIE W C. perfringens WIZRIE SN

2 s o &8 I BRZH I TRHAS 52 S8 3 | M i AR
28, DG REE (E 2A) . 247 1 MIC i AITC
Qb BRI, P53 B AAS 110 0 B ASE Y ERR AR RN U, SR
Z4(E 2B); £ 2 MIC &bHRZH 7, BRI AR 52 401 58
Sy, HER AN FOGH, 30 BRI i (151 2C);
B AITC [HEERE 25 4 MIC, BRI JE B H B0 K
Al 5T, 2 WH 4 O 15 58 4 52401, A1 P9 2 it
(Il 2D) . Turgis S50 QSRS S, Z5TK
KA AT B O157:H7 FGFEYRT ] G A4
RN A 240, TS W AR A S s Wang 55029 i F SEM
RSB ER S TR AT ARSI A 2 A PR AT By 5
B AT AR . RT3, &S
B R A Wk Y A R K A (S R ) T S A R AR
AHELAE I, DT R 4 i A 242230, PR,

AITC A 5 0 g M E = A 281k, AT RE & 5 C
perfringens ANHEIEARAAA O, HEAFEE S AITC ik
JEELA = O o

2]
Fig.2 Effect of AITC on cell morphology of C. perfringens
H: A K% AITC AL BRI C. perfiingens, B~D: 43 5l h %
1 MIC, 2 MIC 1 4 MIC AITC 431 C. perfringens.

2.3 AITC Xt C. perfringens 4HRfESEEE 4 A2

BN B A PR, PT 401 1] DASE A4S 5
ZPRES G, TEFRFE PR VI T RBIE & H 4T 20060,
A o8 9 ' i AU LS N2 Y6 i 445 F 58 AITC
XT C. perfringens AHMINFESEFEPEMISEM . K] 3A IR
XTRELHAY C. perfiringens JUL-F- 35648 LT (A 9é, =
I 2 Bt B 5 38 R 4 20t ATTC AbER S, WL 5B
BINLT S0, H LGNSR AITC WREE
B T v T A 0 (18] 3B~I&] 3D) . 3 i I 5E 45 4H 58
PR EEE, R IR RRLZE RN AITC ALFHZH (1 MIC. 2 MIC
1 4 MIC) 7E 620 nm &b 19 28 658 B 535l o 9952,
10794, 14046 F11 16309(IF 3E), 52650 W il e WLae
FNLERAE—3 . DL RS IRERB], AITC RIS LI
AP B T IR C. perfringens A0 IR SEHM:, 12
IG5 Borges S5 fUBIFIE A SRARML, X EE I
A S SRR TR 2 A0 A 5 4 B S ) A EAE L, il
A5 20 i A3 5 P 1 i D S0 S R R, R R B AR
BET
2.4 AITC %t C. perfringens A RICIERISZIN

B P TS 3T A0 M 45 4 B A AT ) SR AR
BT, Z S5 AT PG R AR b R . SR
SDS-PAGE 43 #71 AITC 4L 35 C. perfringens & H
A IR, G5 SRINE 4 B R, 1/2 MIC ACBRZH 9FR
F 2577 5 %) RRZH AH LR (28, TMAE 1 MIC. 2 MIC
FiT 4 MIC 4bFHZH T8 45 454 T 2k, RW] AITC
BEAEHZIN C. perfringens W HBRACHHI AR . Wang
SOV FH A ZERE T AL B R R AT B AN 4 2 (o A A BR B
) SDS-PAGE &% Hh i X #1) 8LIpl SE s B 52, HL
I T e AL BRI R T A A A S v, TS
HIEH BN . 454 B SEM A PT 4L (0 S 06 4%
SR, I ATTC X2 15 1) 52 i AT B8 S PR FPVE FHAIL
ihil: a. AITC X 2RSS i IR n] e E 2R (1A ME, i
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Fig.3 Effect of AITC treatment on the cell membrane integrity
of C. perfringens
1 E W A~D: C. perfringens W56 BT 1A, Hodh A R
2 AITC AL BAY C. perfringens, B~D 433 i £ 1 MIC, 2 MIC
F1 4 MIC AITC &b B ) C. perfringens; E: C. perfringens 4

PI YL (05 Y5O

N
I S SR SEE S
S >

KDa F b‘@ %Q \@ N

270 —
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Bl 4  AITC X C. perfiingens 5 [ B 52
Fig.4 Effect of AITC on protein metabolism of C. perfiingens

T REARR AT At PN g A 1 5T 35 6 b A A AS B 5
SZ FFNH S REAA, CLLAR LA A ) 1 H A
W B3 A
2.5 AITC XF C. perfringens ATP B&E RIS

ATP [ffj2—F WML ATP /K= ERE=E M
I, 7EAH AR Qi A s A E Y, 2k
YAz 2 b SIS A B, IS PERT BE R &k A e
AR o AWSEIE T AFAEIRL H C. perfringens W
ATP BE 1484k, 455381, 1 MIC(1.57+0.01 U/mg
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