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ORI AR OREE T R B, AR TR AR TP AR AE
AR RN,

6 B 77 98 B i R ( Anti-microbial Photodynamic
Technology, APDT) s&iid i SGEIGH M Fl AR5
HEER MBSO, 22N HERTKE TB . HAEH R
S CEGR T, BDCEBON AR e R E
A, % TiE 4K e )E, JeBoH T IRoL T Re
B, A CHENEYR ., XERARE. B i
AR B A, EBIRENE Y i,
R RDCHGN L A ) SO IR )2 063 7 96 BR
Mz OER, HXREBCRA —E . Bl Jtsh
TR ARAE B AU A AR SCHGE, Allend S5 HIESK
T H UV-C BUR RSN 19858 B AR e A RIOE K i
MO, HAh, EORUR ST A2 3 OB EIGN), 4t
WEREAT Y68 I B AL, 55K B, 7 LED 4T (Y%
KL 420~480 nm) NN, ZERN T ROCBI G
BORBEAT R KAL) o A F Y.

JCHGRE BN T BRI R DB E . F IR AT
N ROCHGH, ek 25 T AOGEL ek kg
A -2 OB, B =AOHG, WBkExR, £
##H (Curcumin) A& —FPRARMERAIMAN, 5
TPAHZ (World Health Organization, WHO) FlIZE [E &
i 25 E )5 (Food and Drug Administration, FDA) LA
N AR E AR R B s N, B REE . S0
Frale BN, ZEERBA LA L0 T IRBThEE, &
— R A = AOGEGH .. KEMTREY], EHERAAH
RAERR A RS, EM R OIS G 2R
APENE,  HCAn ARG T R 2B, AN T
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WP . BRSSP
ZSTIFMONCRESSS { GID ST SSE =L N i 2 Ak
TR AT 4 068 DA T v L B R, R s LR I 22 8
RIRSE . RIS A ADEIR I [E] . R, 45 & RE R AN
. BAKE. pHAE. MAEHZER. HRMEHERS
BALTERR, PRI 4 IR T IRAE 8 d IO4RIE A S4B AR
[IZE5, PRICICHN I g AR et AT it A PE RIS

1 #R57RZ%

1.1 REF

Gl MARI Gl KRBT SE, BREEHS . 5¢
B, R 25 ¢ LAMEHS G, WEREHFESET
KR 15 min. LS, K2 IR,
HEKP LR .

BRI AR BRI 5% S B ) R R Y AE —
SEWREMZE I RIEW T, HA TN 425 nm, JeIh=x
SEEN 172.8 Jem® (G T HEAT R IR,

12 FEMNREERE

BREN, EEEMEARARIMEAR; BMHER
R A =95%) , AIEEARHARTIEAR; 4
A ZEN, R ARG IR AR TA-XT2i i
¥, FE[E Stable Micro Syestem A#]; SFY-20A xR
TEIK A3 A, TRYINT e H - RH A R A R s MTP-601F
A A BT, K3 (R ED BEAAERA R AR LED
TE R YR, bSO IR A PR AR .

LHRNEE: EEEEMT, BRI
POTE 10 mL M 0.1 g ZHEEM ARG, H1525
FRE
12,1 ¥HFEKE

FERGIIREE (e 5. EREEZMET, 20lA 0. 5.
10. 20+ 40. 80 umol/L [1)22 58 Z VAl IR B 4% 20 min,
FHAEE WL T LED 4T F6H 20 min.

RGNS LIS TR (e 5 - 7F RS 25 1FF » B 40 umol/L
(228 RIS BRI 04 5. 104 150 204 25 min, Jf
TEZE T LED 4T )6 20 min.

FEHERS IR 7ERBE AT, H 40 umol/L ZE3H &K
R 20 min J5, 437 A LED ATJ%H 0. 5. 10, 20,
30+ 40 min.
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TEMUAEE . IRV ] eI ] 3 AMRRIEAEE
ArdE, DABE V& S o N A S 3 Fik s B 1 T2
%1k, BT Design-Expert 8.06 Witk iFotr, Wk 1
Fim o
1.3 AR EETFRITE

W (B EFRE &R R
W AHUNE (GB 4789.2—2016) ) TR At 7 VAT
e,

Kt F=(N-n)/N x100%
b N AT A RAREVR S5, 1g(CFU/g); n 63
FIRIE VR 25, 1g(CFU/g).

=1 R ERIEIET

Table 1 Response surface test design

=
KF : Factors
Lovels ~BRRAE LR SR
Curcumin concentration Soaking time/min  Exposure time/min
J(umol-L™) g P
1 60 25 40
0 40 20 30
-1 20 15 20

14 BEEITM

SR (B wEEXbE 6. PR (GB
2733—2015) ) HOXHEEL RENYIPEIK S i R Rk
75 4 R BEAT BB PR . & e, B I AR
AOFRRT R P R BB VAN AR, 1R 2 Fin. Bl
HLEHL 10 44 % 2 55 Bem VR N 52 0 3 e 205 088 1)
My BE. HS. K4 NRE BT, B0 E
bRl 25 5, B98N 100 43, DUREfebR S0 i 2%

45
2 @iEEEITMIRE
Table 2 Sensory evaluation standard of razor clam

T H RE bR IHHE
Items Sense indexes Scores
AN RETEHE, SRS, BRNATES >20
Appearance RERTER, SEiE, BRAT 10~20
ARESWRE, ShoCHIUREE, WP IR <10
tE mEy—, BAGEREe, BAKTSNAREE  >20
Colour BFEAY—, RRWEO, BHCER 10~20
EARY—, BiREM, EAR <10
B BRI, Bk, TRk >20
Fragrance HHELER IR, A BN 10~20
HAEMER, AR <10
Pl AR, ARk >20
Taste Rl P SRR 10~20
PSR, IR, bk Sz <10

1.5 IBILIEFREINE

FKENE: I (PR ANREME SR ZeEK
PrdE B KA IIE (GB 5009.3—2016) ) HRIAH G
g, FH 2 PR K o R IS 58 Y630 7 e s AR AE
I i 988 PR A 1) K P

pH fHIllE: M (BEMmEeEFhrfE &5 pHEM
W%E (GB 5009.237—2016) ) A7 iE#AT 45 Tk
BOARAE FIRT 5 B A pH A REAT I 2L,

A E L Z B2 (Thiobarbituric Acid, TBA) %€ :
Z RSP )57, R IC0E, gE53H
SV, RN IE AT R AT A

¥R MR (Total Volatile Basic Nitrogen, TVBN)
ERIME: 4B 3L K E BACN 630 77980 B AAE
HiT J (A28 R AT 45 R B B R I
1.6 ¥IEFEITHI

PSR 45 RIE 3 IR, R NP ELhREZE .
KH] GraphPad Prism 6 340 5 PR 2B kAT o 2 P 22
ST, FFLHIECE R 18 H Design-Expert 8.06 i
ATV LT 23 B 2 22 R /K B P<0.05.
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2,12 Eantia stk it E R LR Bh

2 HERE5454% TR , e s
ARSI 1 b A%, FEREE ARG, 4sh RS SR

21 BERRAKEER WK 241290 20 min J5, BEVASEIRIC T 1.54 1g(CFU/g);
211 EEEREAMGENTH XL H P T ARRIBETTR IR, KA 40 umol/L [ RIRIE

HE 1a TT%0, B 228 RGN, Sl )b 20 min A KIE 97.11% M4 . S50 EH], 40 umol/L 35 EK
J5 G0k A PP T S BOE W R AR . M Z B ERIR A 0 B, 1239120 min £54 20 min JERE,  BERSE BUMHIAN R AR
TN 5.19 1g(CFU/Q), ME T KWK N 40 umol/L  2.1.3  HEBEHE sF 442 i b K B 3000 B
I, i 4T R BT 1.14 1g(CFU/g): M T RiZ HHE 1 ¢ 7%, 40 pmol/L 2285 3R 20 min 2544 T,
MR R MIRA, KA 40 umol/L (13 3% K17 680 ) B IR A RT3 00, 50k o ) B 74 R BOZ > . 4
TR AL HE RS R 0 R gl e o sk R B oGRS, WA R I B T SR 5.43 1g(CFU/g): U4 S
(P<0.05), A KIEIEPIH 94.10% 140 R o BRI, 40 umol/L 30 min Y, BEPI-h 4N & R4 T 2.82 Ig(CFU/g), FIK
LT RIZ I 20 min 454 20 min Y6 IR GE 0L A N H 41 15 99.90% FI4H 18 - 45 T B, 40 umol/L 25 3 FKIZ ¥ 20 min

. . T =
At 454 30 min OB, HOKERORBT -
= —0— [#74 K4 Total number of bacterial colony ~ —x—2Ki ZThe inactivation rate X
E_f\ 6 100 X £ 6 =% 7100 X s 6 100 ©
S o > =~ < = 2
S5 5 80 L 2% 5 8 205 5]
SR g 85 80 E 2 80 0 £
meg 60 5 RLE4 s ®omd 60 ¥EE
gl 3 wE Wol3 wE MO0 3 v
HED - 40 Gz w3 40z wEE 40 8
=& NE L =2 e Ot 2 E
=° 20 g Hez 2 E=e g
=3 I = 221 20 g ERR 20 2
g 0 ! ' ; : 0 Ii_—’ 580 0 = =30 0o =
0 5 10 20 40 80 e 0 5 10 15 20 25 - e 0 5 10 20 30 40
| RERIRE B S ] S
Curcumin concentration/(umol-L") Soaking time/min Exposure time/min
a. FETH IR BN QRIS R A F (050 b, ZEBERIR I (A0 I 0 52 R C. ST FOG N [H] X 240 B 4 P 1) R
a. Effects of curcumin concentration on the b. Effects of soaking time of curcumin on the c. Effects of exposure time on the antibacterial
antibacterial activity of razor clam antibacterial activity of razor clam activity of razor clam

FE: P la FPARE ARG 1E) 2 20 min, SGREI AL 20 min: B 1b H 4R A0 2238 R AGIKIE R 40 umol- L, JEREI ]2 20 min: B 1c " i 32 38 3 1k 1 2
40 pmol-L™', i A /& 20 min.

Note: In fig.1a, the soaking time and exposure time of razor clam were 20 min and 20 min , respectively; In fig.1b, the curcumin concentration and exposure time of
razor clam were 40 zmol-L™ and 20 min , respectively; In fig.1c, the curcumin concentration and soaking time of razor clam were 40 umol-L" and 20 min , respectively.

A1 2R EXRGEIE R

Fig.1 Single factor test on antibacterial activity of razor clam

22 WEEERRER %3 MEEEHIER

i#it Box-Behnken UG BIF, VAZBERIKE, 238 Table 3 Experimental design and results of response

FIZVAWT (AR LED AT YR (8] 9 Be R 2%, v aEch surface analysis

Wi REAE BT A RIH /2 Y = 3.15 - 0.0684 - 0.15B + i e L BT
0.059C - 0.254B + 0.134C + 0.48BC + 0.0704” - 0408’ [ Gl “Cudumin Soaking Expoure ot pacern
O-ISCZ’ Yy‘j@)é\ﬁ (lg(CFU/g)) » A ?ﬁ%ﬁ‘%ﬂ%ﬁ, group concentration 4 time B time C colony/_1
BOSRHERT I, C IR, W 3 FiR. ANOVA Jr% 1 - - e
STk 4 iR, S5EEW] P<0.000 1, IR VARIA AR 2 ) o 0 o 31574005
%o BAh, R = 09821, RUIUTE RBOTHRE 98.21%I1 3 . X 0 5 27650.20
Wil NEAE AR AN . DRI, A2 AR A AT DRI A0 D630 0 I8 1 4 0 A1 1 23142010
AR B & S HOE AT 90 S g3 5 0 1 1 1.943+0.26

[ AR 45 P 5 21 A& el A 5 R vl A B, e g — 6 1 0 1 3012021

I B, ZZHI AB F1 BC LA K — IR B> Al 4> ik A% 7 ! 0 1 3.142+0.08
BEKF (P<0.0D) 5 HbAh, —kI A4, ZHIACEF] 8 0 0 0 3.193+0.18
ZSPERFEKF (P<0.05) . HFER 4 HH FAER AW = ’ 0 ! ! 3:003+0.13
] 5 450088 1 B 9 BRI KA e B BRI TD 10 ’ ° 0 e
A CERFIRED « C GBI . SRRty N . X oo
()50 A% B ROR B AT ORI RE IR, IS R] IR A A 22 3 0 4 | 3 16340.04
HARMAEBRANME T EE, THUREZHRMEH. 14 ! 0 | 2 874£0.10
(RIS, 2200 UK AT 2 35 AR 5 o Mg 82 T I A4 I ) 15 1 -1 0 3.11240.05
YO (20~40 min) YRGS 8] R VE A 2.2, $27% 20 min 16 1 1 0 3.04240.20
't JE B AT A BT AR KR ROR 17 1 0 1 3.26240.52
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Table 4 ANOVA for response surface quadratic model

7 ZERUR TorM BHE 7 F1H P1{H
Soruce of Sumof  Degree Mean of  Fvalue P value
variation squares of square
freedom
B Model 2.27 9 0.25 4264  <0.000 1**
A 0.037 1 0.037 6.30 0.040 4*
B 0.18 1 0.18 30.44 0.000 9**
C 0.028 1 0.028 4.67 0.067 5
AB 0.25 1 0.25 42.53 0.000 3**
AC 0.067 1 0.067 11.39 0.011 8*
BC 091 1 0.91 154.08  <0.000 1%**
A 0.021 1 0.021 3.48 0.104 3
B 0.66 1 0.66 112.27  <0.000 1**
(o 0.095 1 0.095 16.14 0.005 1**
%% Residual ~ 0.041 7 5.913E-003
S LA 0.035 3 0.012 7.93 0.1211
Lack of it
a2 5.955E-003 4 1.489E-003
Pure error
SE 2.31 16
Total
regression

: P<0.05* ZEREIE; P<0.01**, ZERREE.
Note: P<0.05* significant difference, P<0.01*%*, difference is extremely
significant.

SIBUNEINEY - RiCh S B &/ 7S (= e viak Wil 1011 o T & e
e NAE Y fe KAE I & R ZAE N 4=0.33. B=0.97.
C=-0.95, XM EHRERMEUEN: 26.6 umol/L & 2
JIFE] 24.8 min, LED #5566 REIT H] 20.5 min. 7EULSAF
T, TZEEEN SRS REEARER G, BAH
2 B B0 1.862 1g(CFU/g) n K id it A H 99.99% 114
o NIUFIZR TS, ARIE T & A2 4T 3 IRF
1R, 45 R IR AN B AR N 1.743 1g(CFU/g),
Wi I AR TR A Ak BT 75 45 SR AT 4E
23 AEABE R AN G E TN R RN

I L SRt UG, I . R, AR,
SRR . B 2 TTAL B K, FE
H LRI I VE B T B, 4K 4 d B, 2SRRI )RR
BN 76 41, KT 80 4y, AEBIATEAPIRE, XWT
REJE BT 2RIk P R AR AE A R NAT R, T8 L
WAL HENAALAPEAREEFRRS, T
et BB WO R IR o 6Bl 7 2% P B
539 87 41, AERIL R UF B i AK= foRAS . 7E 4 C R
A 8 R, FE4URACER:, HHMPIER. ™EK
JIE SLk, 6B ) 4 R A AR T 6 A B, H IR B
Wk, AFIAATEADIRGS. Bk, i 8 RARFEACHT
3T s P HEAT BEALFE AR IO AS I
24 XENFBEF AN GRS KEID pH ERY NG

FHIEL 3 TT %, Bl Dy B R 3G A, Z4miek 1 35 7K 2808
WA . FENCE 2 d 5 5 J6Bh I 2 Hr 4RI 0 /K 2 AR 5.02
ANEIY A, A A GRS KR K T 10.90 N E
Mo MWHRES 8 K, A A AR ) F K AR Tl
FIHFEAE T 13.85 AN 59 5o X A BE AR B R A i,
WP AN . AR R SIS SR, s A
(LRI 2 KR RIS, X AT REE 63N IR F 4ERe T I Al

PR ER R PDIRG (R T IR AL AIZEZ307) . [Tk,
TEBN IR B RENE AT R IR A /K 73 YLK o

S100p
80F
&
o 5 60f .

g
=
>
)
[
s 2 S
5 O
Tl A0 —e—e iy 3 3
iy 75 [F14H Control group
{,iéj ; %37 é’EAPD'Ia?group
g 20y
Tg ol ey
= 01 2 3 4 5 6 7 8

I (1]
Stora;e time/d
TE: B R AE  2E HE RKHE 26.6 pmol L'\ 12 A] 24.8 min,
HEL S [E] 20.5 mins
Note: The treatment conditions of APDT were curcumin concentration of 26.6
umol L™, soaking tine of 24.8 min, and exposure time of 20.5 min.

B2 KR G0 BTN
Fig.2 Effects of APDT on the total score of sensory evaluation of

razor clam
100
hhdd Sk o
80+
§
5 5 60
2t
o 40t )
= —a— 7% 144 Control group
= 20| =53 )1 2L APDT group
0 I I I I
0 2 4 6 8
I (1)

Storage time/d

e FREBOR B 2 RGBT Z S 0T, P<0.05%%*, ZE5
B3 P<O01™e, ZERMEE, FH.

Note: The difference group between the control and APDT were analyzed in the
same storage days; P<0.05*** significant difference, P<0.01****  difference is
extremely significant. The same below.

B3 St A AR A KR 4 R

Fig.3 Effects of APDT on water content of razor clam

M5 TLLE Y, 23 A 4R 1) pH A BEAE IR 2L
FOBEINTIT T v, IXAT BE A2 H TR A B P U A 4 R
T, SEOLE A E A B R SR, 2T
PR pH ETHEPT . dhah, T 4 d PRI pH
8, 7EN75E 4 d J5 R pH (B AR k. S635h /)
YRR pH H 57 HAAMLL, Th il RO 2% I,
G B) 796k B AR e 0 ) 2 e D 0 R v 1 i O
R, RERI ORI A R A

5 XHBNEERANLGEE pH ER T
Table 5 Effects of (APDT) Anti-microbial Photodynamic
Technology on pH value of razor clam

Ve i I 1]

2 4

Storage time/d 0 6 8

25 114

FR4A 6.8240.26 7.41+£0.21 7.84+0.09 8.52+0.18  8.85+0.13
Control group

Ye5h 114 « ok o

o3 1AL 6.83+£0.00 7.16+0.10 7.39+0.10° 7.70+0.2 8.19+0.21
APDT group

2.5 R ABEHRAIMGEIEFTR C L ZEFEL LR
El:abA)

Wk 4 s, BiAR B H-Z R ( Thiobarbituric Acid, TBA)
EH T e AL R R 2 —, HEEFEEPON R
L, B TBA BeSHaH R I B s 6, IMNA 1%
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2020 4F

ERE G, ARG BB R
i, AR AR TBA HiZH e, Jesh i
HraHMEFEEREZER (P<0.05) . MEHH%, 2d
W, TEAFIRAR TBA HM 0.093 umol/L T %=
0.257 umol/L, J&&I /12 H R[] TBA {EM 0.093 umol/L
FHREZ 0.195 umol/L; 25 2 KJm, H BFHE S H PR
W, Hsh A4 TBA EMMCTFEAH. Xalfeh2
BHEAM LED JEHRNaAA O R 228 R B Pria i,
R T P 5 e RGBS T IR R i P AR A

040 _, 24 Control group
035} —=—%3) JI4HAPDT group

=030 F
025}
0.20 +
0.15
0.10
Fo0st
0.00

EEETS

BAQ L b R I
TBA content/(ymol L ‘)

i (1]
Storage time/d
H 4 k) B EBARM GRHR e LR 49 Bk
Fig.4 Effects of APDT on Thiobarbituric Acid (TBA)
value of razor clam

L0 I T RN, AR P B A R P R B 1)
EH S5 EEN GG, =T, &S
EERY TR AR ER . WIREH, A= &
f) TVBN {8 #81d 25 mg/100g, WA & HEY, dE 5 fr
N, AEN R AR I AL TVBN fE B A 2 BT, 4d
W A5 A TVBN H ¥ ok # it
25 mg/100g; {HZ A 6 K TVBN [HO&L1AH
25mg/100g , Jezh FT A fEEE 8 KW TVBN fH i
25 mg/100g. Kk, Y63l 70k i AR W] 75— e FE T bz
L% v B 1 ) B UL

%)
[y

—a— %% [1#H Control group
| —= %3 JJHAPDT group

9%
(=

oY

EEEE S

RIS IR
5 3 B R

w

Nitrogen) content/(mg-100g™")

(=

- eI [
Storage time/d

A5 X ABREHRAABEFELME L LT HH
Fig.5 Effects of APDT on total volatile basic nitrogen of

razor clam
3 4 i
SIBNE S NCIE=S: 557 i =5 o oL P I NE|

e RIS TR] 26 B 6 B I BRI G e 1 v B B 2 i, 1
SEBEINESHL IR T VRO A AR
KL pHfE. BACE PEZ BRAE A B R R S AR . &5

RRWT, T3l 7 K Gl b A A ) S T
IRIITIE FHERIRE . BRI, EERRNFHE
) 398 8 5 A i i Ak PR EE T2 44 26.6 umol/L
LFERIKE . RIINTE] 24.8 min, LED ¥ 5'% 6 HE I [A]
20.5 min, TESLZRAF N A KIERRAIH 99.99% 1 A - 5)
TIVBEBARARFE T R N IR i, SRE KRR R T
HEFRNy, BROEK T 4R R FHE 6 do [FIRF, )6
B 0 R e AR AP AR T IR RIOK A, RO SR T IR
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Effects of curcumin-mediated of anti-microbial photodynamic
technology on preservation of razor clam

Lin Yilin', Li Shiyang®, Lai Danning’, Huang Yujie!, Hu Jiamiao', Zhang Zhigang?, Lin Shaoling®**

(1. College of Food Science, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 2. State Key Laboratory of Food
Safety Technology for Meat Products, Xiamen 361000, China)

Abstract: Razor clam (Sinonovaculaconstricta) is one of the most commercial clam species in China, which is in the Siligua
genus with narrow and slender shells. It has been reported that razor clams are rich in vitamins, amino acids and carbohydrates,
and have high nutritional value. However, razor clam is easy to rot during storage, which seriously affects its sensory quality
and consumer preferences. Particularly, its abundance of nutrients can lead to high reproduction of microorganisms, thus
shortening its shelf life. Therefore, it is highly necessary to propose a novel and efficient sterilization method inhibiting
microbial contamination for razor clam preservation. Currently, the anti-microbial photodynamic technology is considered as a
novel non-thermal sterilization technology that not only can reduce the microbial growth in foods, but also can preserve their
nutritional value, color, quality, and water content. Therefore, the purpose of this study was to investigate the influence of
anti-microbial photodynamic technology on the preservation of razor clam. The treated conditions of the anti-microbial
photodynamic sterilization for razor clam preservation were optimized by total number of bacterial colony with Box-Behnken
experimental design. Meanwhile, sensory evaluation and physicochemical indexes were also evaluated on razor clam after
storage at 4°C for 8 days. The results demonstrated that curcumin-mediated could effectively inhibit the residual bacterial
contamination in the razor clam and delay the growth of bacteria. The curcumin concentration, soaking time and LED
exposure time were the key factors affecting the antibacterial efficiency of this photodynamic sterilization. The sterilization
rate could reach 99.99%, when photodynamic sterilization using 26.6 umol/L curcumin concentration with 24.8 min soaking
time and 20.5 min LED exposure time. In addition, the appearance, color and other sensory characteristics of razor clam were
maintained in good condition after anti-microbial photodynamic technology treatment storaged at 4 “C for 6 days. Compared
with the control group, the physicochemical indexes water content, pH value, thiobarbituric acid and total volatile basic
nitrogen values of razor clam were also in desirable range after the optimized anti-microbial photodynamic treatment. The
water content of the anti-microbial photodynamic -treated samples was 73.79%, which is significantly higher than that of the
control group 59.94%, indicating that treatment of razor clam with curcumin-mediated anti-microbial photodynamic
technology might also maintain the water content. In addition, within 6 days of storage, the increase in pH value and decreases
in thiobarbituric acid and total volatile basic nitrogen values of razor clam were observed. Moreover, anti-microbial
photodynamic technology treatment could significantly delay these changes compared to the control group. In conclusion, this
study suggested that the anti-microbial photodynamic technology had good bactericidal activity and could be used for the
preservation of razor clam.

Keywords: sterilization; storage; anti-microbial photodynamic technology; razor clam; total number of bacterial colony;
sensory indexes; physicochemical indexes
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