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Mechanism of Curcumin Mediated Photodynamic Sterilization on
Clostridium perfringens

ZHENG Yuhang'?, MAI Xutao’, WANG Wenzhuo®, LIU Fang’, ZHANG Xinxiao?, SUN Zhilan""

(1.School of Food and Biological Engineering, Jiangsu University, Zhenjiang 212013, China;
2 Institute of Agricultural Products Processing, Agricultural Science, Nanjing 210014, China)

Abstract: To achieve the control of foodborne pathogenic bacteria Clostridium perfringens by non-thermal technology,
curcumin was used as the photosensitizer to explore its inhibitory mechanism on C. perfringens. The bactericidal effect of
different curcumin concentrations on C. perfringens was investigated. The cell morphology after curcumin treatment was
investigated through scan electron microscopy. The integrity of the cell membrane was analyzed by confocal laser scanning
microscope and leakage of extracellular macromolecules. The oxidative damage of C. perfiringens was determined by ROS
analysis. The results indicated that curcumin showed a significantly (P<0.05) photodynamic inactivation against C.
perfringens. C. perfringens was completely killed when curcumin was used at a concentration of 20 pmol/L for 10 min.
Cytotoxic ROS was generated in this process, which caused the damage of DNA and proteins, cell membrane rupture and
leakage of cellular contents, ultimately leading to cell death. These findings gave support for the development of
photodynamic sterilization technology in low-temperature meat products.
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4 CIIFKAF FIATAERR ., 125 . 898 REH . S51%
GeAEARAA LY, AR A PR BB i R BE M LR A= R 11
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LWE  aliJF>95%, FiFE TR By
B BRA T AN R ZH DNA 32807 & bt JAR
AR A PR 75 S ATP AR & s
KA R A BRA 75 BRI AR R =R - IR 22 Z FR B IS
FeA % FRIL(TSC) . AR £ BERR £L 15 32 5 (FTG)
L1 AR Vg 1A o B A BR A W 8-18 i - 1-25 il iR
(ANS) ¥R A=Y A IR F 5 27, 7- 550
H . ZLREE(DCFDA) 22 sa A b B 443

B4\ 7l ; LIVE/DEAD™Baclight™ i F & Invi-

trogen NI IS
WA W LED PYYEIRET AR (4 465~475 nm)
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%% fE[E ZEISSE Oberkochen 4\ Fl; Cary Eclipse
WG LHER R R A ] Cyta-
tion5 B ZDIREMGFARAL K EABALIR A RAF .
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NN
1.2 XWFHE
1.2.1 AAPHPRARIE IR TR ERER T (Clostri-
dium perfiringens) H A< TR BLZH 4325 3 AR IR P # &
PRI T—80 °C vKFH . $EFP 200 pL 2] FTG #5373t
i, 37 °C JREFEFE 12 h, #4: 1 mL W E] FTG
37 C PREN:FE 4 he B3 T 8adss .
1.2.2 ZEERME/NRERE  0.1% LIREGHZE
ZEZE 5,10, 20. 40. 80. 160 umol/L, ¥} C. perfringens
H ¥ 8000 r/min #5.0> 3 min 4 B B e, W R
WEEIIA 96 FLAR A, LI PBS Bl B e A X il
21, WG LED B 5T 10 mino B Ak B 55 (19 B4 W A
10 uL 7F TSC AR g4 Kd vl .
1.2.3 il MAML B C perfringens T W AE
4 °C 14 L4 8000 r/min B5.0» 3 min, =44 WK,
JH PBS WK BEU AL B B e, 4351 0. 5. 10,
20 pL ZEBEBFWEALIFINA 24 LA, #5'G LED
REST 10 min, LI PBS Bt AR &SERE I ERIUE X Ad
20, Ab PR A B 8000 r/min BS.0» 3 min i
W, F PBS IR PR PIIR, KT TR e S 2.5% 1
BHRA, 4 °C FICE 24 h B2, B 10 R oS
AR K S, R B I ieiigs .
1.2.4 ZHMESEAEEE b
1.2.4.1 b ATP WM RE G C. per-
Sfringens VH W 1E 4 C 4514 F L 8000 r/min &5 /0>
3 min, B _EVERAAAAE VKD b, ARPEHS TR ATP £
IR G AR 15, M Vs ATP WRE .
1.2.4.2 JEASNRSTFP kil Kbt C. per-
fringens FEWRAE 4 °C. 8000 r/min &.U» 3 min, WH |
W, A 0.22 umol/L 3 ¥ i< &, i FH £ 2 ik
B AR A I 52 HAE 260, 280 nm | YW G EE (OD,g
OD,g) -
1.2.4.3 BOGCHI LR A BRCEAAI KA F Y
C. perfringens WIRAE 4 °C T 8000 r/min &5.> 3 min
15 B IS HR A AR TTTE, JH PBS PRIEHIR . B i
W B AAREIE T 1 mL B9 PBS ZZ ik, in A LIVE/
DEAD"™Baclight™ i 5] & ' SYTO-9 F1 PI IR 5 W
3 pL, 4 37 °C F#EGI N 30 min, YL 0,58 S 7E
4 °C . 8000 r/min £5.0> 3 min {3 B8 BIADLLE, JH PBS
VeV 2 IR, I ZAH AR T 1| mL 19 PBS 22 0P
Hh B T B EL RS
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1.2.5.1 ZUMERER E B KEZEfL 1) 3 mL ZbFEaT
i) C. perfringens WP HNIA 3 mL iy =5 H ke, R
TEPR 15 s FTEMIRS), B TFEIRT 12 min fEPAHSE
L4y B IO AT SLAHEGES .S T 7 7K,
i FH Z2 Dy GE BEEAR S £ /K AHAE 600 nm B GIRE
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1.2.5.2 8-Af%-1-Z5ui R (ANS) DG [aj4b B
B C. perfringens TR IN A ANS fii 2 H. ik B -y
8 mmol/L J B THEAL N 30 min, ¥ 2 W i B T72%
AT CCEETH ARG, BRI 385 nm, &
SRR 473 nm.
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10 umol/L DCFDA 1) PBS H, £ 37 °C & T4
J% 30 min, JZ W FH PBS PR K AR 25 2 43 Y
BB UTTEEHETE T PBS P, RO R i+
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JHEER UR R Ge AT al AL S
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1A JJ7s, 0.1% LFREEA W R AR EEE, BEE 2%
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He B, J5 L2 9250 R JH 5. 10, 20 umol/L ¥k JiF 11y 2
WEXT C. perfringens AT BLIF40HT . HF 5. 10,
20 umol/L ¥R E X1 KAL) C. perfiingens AT
M, g5 R AnE 1B s, A K EXTEHN C. per-
fringens FIESECH 8.32 1Ig CFU/mL, 4 5 pmol/L 2

BEASE T BBCH 6.25 1g CFU/mL, 28 10 umol/
L 22 8 R AL 5 19 R 3% 80 3.92 1g CFU/mL,
%5 20 pmol/L ZE T RAMF, P %A K %,
B AR S K 1A R — 2., ik, BEERX C
perfringens W /DR U E K 20 umol/L. 5 Gao
U SR AH LE, 2 EN TG REX C
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Fig.1 Antibacterial effects of curcumin mediated photodynamic
sterilization on C. perfringens
W AP B SR BUA VR TG I IR AL, 110.1% & 1R
1.0.1% ZFR+5 umol/L ZE# &, IV. 0.1% L BZ+10 pumol/L 3
R, V. 0.1% LB +20 umol/L £ # &, VL 0.1% 4 B +
40 pmol/L 32 # %, VIL 0.1% Z % +80 pumol/L 3£ # %, VIIL
0.1% £ FE+160 pmol/L 2 ; RFI/NG FRARR B 7E

WEWES, P<0.05, K 3, & 5~ 6 [H,

22 ZEZENSHANNRERARI Cperfringens
RSB
WM T RS Z KA G C
perfringens WAL ALY, NE 2 7T UA H,
25 0 HEZH B A SR AR, R DG AR S5 5 e
0.1% LR X} C. perfringens JTE 254G B 2, £
5 umol/L ZEH ZEAME, C. perfringens BRI A /L
HAR A Y, B REAARRNE . M. £ 10 pmol/L
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Fl2 ZEWE
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W FAOEE I ARBENS C. perfringens BRI M52

Fig.2 Effects of curcumin mediated photodynamic sterilization on the morphology of C. perfiringens
1 AXTIRA; B.0.1% ZFR; C.0.1% ZFR+5 pmol/L Z5#%; D.0.1% ZF2+10 pmol/L Z2 E; E.1% ZE+20 ymol/L i E .,

BWRMM)T, C perfringens BRI BhiEAE—,
AN L, BEAARZR I ORERS, S pR A
VI2EES#H . 28 20 umol/L ZEFEALHR)E, B H H#iBH
ELEE, RIS B R S R, AN N A E T, C
perfiingens T IGIRAERFANNELE A4, 40 IEFNAn i eE sz
F)PEBEIR . AT AN ZE R A 063 T R
WHYIR T C. perfringens WAMMIESE R, SFENEY
s, R4t
23 ZRENFHAINRERARI C perfringens
YRR SR M A2
2.3.1 Hush ATP &t ATP ZAEWE MM fithE | 4E
FRAMME A frlE S T I0T, — RN SSAE R bk
AR L, 25 24 R SR 1 DA, 248 R S 174 3 3 M T A
AR, M SN ATP K &3 mUe, aniEl 3A s,
0.1% &£ & XF Mg 4 ATP ¥k B2 Jc W] 2 52 ey, 28 4
5 umol/L 22 85 AL #H, Mg/ ATP WM EEXG Jin T
0.43 pmol/L, £33 10 umol/L 22 ¥ &K AL FR 5, w4
ATP UM T 1.52 pmol/L, & 20 pmol/L 3585
AT, JIAS ATP HRBERGIN T 2.95 wmol/L. AT LA
B R EEZN FHCBI IR, C. perfringens
AR T3, SR ATP . X rleE
FH T 22 B R IR T JRORH DG A 1 1 S A7 R 2 TR 248 B 5
A PER
232 MISARFWE AR SE R R R C
perfringens WRRENS IEH A KACIH I EZE 0 K 2R,
MM SEFE P2 BT IRET, 4RI PN A RS F 4 B
T, BETRASIN 3], 33K 55— ot S A g 4 At A iy
I BB 2R N B R S5 DNA s
Jo ) e RS 58 A I AL I FE 260 nm A1 280 nm, [Al Itk
OD,¢ 5 ODyg, I LAVE S VA 2 B 58 5 45 M ity 5 22
EPR, AnE 3B, C IR, &R WM ENFH6EN
T AW )S, C. perfringens T T Y ODye, 5
OD,q, HARA W 1T, B 22 3 3R b A S 2

i C. perfringens PR 5rFP)siltil, H RS+
it S 2R RS R IEAASC. ATIE RS
W RN TGS IR, C perfringens IR
ARESERE, QRPN ST Bt o AR SRR IR
GBS 4 0 (0,75 2] R B 21 i B JIEE () 52, 28 Rt
BREAGLN T W E e S N R T B M, SASHITSE S
FEl.
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Fig.3 Effects of curcumin mediated photodynamic sterilization
on the integrity of C. perfringens cell membrane

2.3.3 BOGHIRAEMEE  TECHRENA MO CIRET
MM N IR AS 5 7 AR AR IR G, LS G
B AR B S N A B i . P& — AP Joikim At
BRI DNA 2GRS, HA 14 41 Mo gl g R 1T
PI AT LUBEALIIEPN S DNA 455 & 4o, 2440
Mo SERE RS, P1 Joydatt AR {3 40 e & S ka2
Sk 4A~IE 4B s, 2 FIXTIEE S 0.1% &
FRAbFRZH H, C. perfringens {XAT /CVFRILI A5G, K
ZRCER K IR 500, UL se b saett . an
[l 4C~El 4E iR, Ml 2B RN 6T AW
&, BEE 22 R R EE RN, A £ Aty Lh ]
A SN, 210G TR A B i g 5e, SR8

10 pm
—

S, 515 2.2 FEXTN, dE—2UE B 22 W R MR
T C. perfringens WIANMIAR ST M S =AML A PEHITTE
T-. 5 Dong 258" [HFFEAH L, Z2F RN T 19563h
TIZREXT C. perfringens dMIE MY RHE B 61 5t T4k 2
RIS

24 ERZNSHIANARERARIT C perfringens
Y RRAR R AN AR

2.4.1 BiKMEARAE  BREMAR AR T G 7K P e S ) PR
FeoE AR KR EZ N R, JUH RIS IR HAEE T,
P F KR R, PR 2 RAL UL, SEm B RN
IEH AR ZEERY, InE SA s, 525 % R4 AR
LW, 0.1% Z. 1% Ab B X 241 i 2 [ 28 Jo B W 5z ), 2%
TR E ZERZN PRI IR RS, C
perfiringens 40 M 14 22 T 5 K M R 2 T (P<0.05),
HEikM: FAHIEE S5 E RS E2IEHEIG, X—
BRGR ) HH ERAT 852 A Sy 28 aet b BRAT B {4 R 1T 19 JE AR
PEEE ARG N, FEA A SR E G T -

2.4.2 DSCHRERIN AU ST A AR 4 i
F) JoTis i 5 R 28 23S He i S AR, J2 4 —Fh
PR, MANMRE AR S R R R R, SR A iR
B 0TS HE RN AR ML M a5 R . ANS JE—Fhigisk
P CHET, v LS 4R sk X Res &, it
REE ) I B R B AN R T ANS S5 4 iRel 5 280
o ALK, sl Pk ss ANS B S S5 A iuiEst & mi
fimeSGm GRS AnE 5B BT, C. perfringens 42
TEAS R BE 22 0 R A RGBT A WAL/, ANS
TE 473 nm AbPYZSEERBE R I IS, LA
EN SR IR BT C. perfringens HHMIIEEY
ohtE . EARIRERPT $85Y o-PL XF K71 56 40 M I

K4 BOEH IR A WA AN A 1
Fig.4 Laser confocal observation of cell membrane damage
T A SRR B: 0.1% ZFR; C: 0.1% L FR+5 umol/L ZE87E; D: 0.1% L R+10 umol/L ZE8TE; E: 1% L FR+20 pmol/L ZE#EE .
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Fig.5 Effects of curcumin mediated photodynamic sterilization on the fluidity of C. perfringens cell membrane

VUEPERIRAI, 28 o-PL AL IS S IE e S, 5
ABFTELSHIEAN . T A3 J9 A T A A e
S PO L) S TR, 535 R AU T A B Y
H00,
25 EHRENZIHAINDRERAKRI C. perfringens
SILERH

DCFDA S IGHREE FAT MBS PRI

P, AHAT LLgE ROS k™ A S 206 5T, X A4
JERERR A HIAFAE TR, PRI T DA S 286
TR BESRHIWr A ROS FEMARIRPT . FETEH 1Y
RS R, AR AN EAR AP U R RGBS
VAT, SR T 2 2 i SZ ) SO AR AR PN g ROS B,
Al HE R BCEALRL PP, WniE 6 TR, C. perfiingens
283 0.1% LFRACPEEAT W] A8k, 2t 2 v _ A

El 6 ZWENFHICESIREXT C perfiingens FEALE I FE IR
Fig.6 Effects of Curcumin mediated photodynamic sterilization on C. perfiingens oxidation value
TE: A: XHIRZL, B: 0.1% 4R, C: 0.1% ZFR+5 pmol/L Z ¥ &, D: 0.1% L FR+10 pmol/L ## K, E: 1% L FA+20 umol/L £ # &,

F: %%E&Eo
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(P<0.05), ROS 197" A= 5 22 01 38 A ¥k B2 52 TEAH
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A B T 22 R R E . (EAR R RS, 4
P ROS /K- S5 4 se TR A0 b —2, X =RE
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