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LA N PEAG S g, b

B = CH RIS SRR R OB IR SZ ) ORI S e SR AN I e i b ) G W T e e 3
BRI R A LSS R IR . AR SR LA 22 38 2R R G HGR] , 1 D63 77 BER (Photodynamic technology , PDT) Xif
SO EATOREE R PDT Ab$H 5 = St AR W) R B A LR Y 22 3 A S I M R AR OF
M ZE IR M AL EUT) 7 MK SR 4 AR BT PDT R = SCfa i AL AT 90 D R 98 . 5 8,
150 pmol/L 35 8 E A G IRAN B 1 h WA A K = 1. 6 log, CFU/g WUEW . MeAh, 2 £ S 1Y PDT
M T =S A ATP B B0 1 2 AT T G A SRR AN B AR D R 1 R e, DN IR T =S fn gl

P SERENE K 3 5 B (DR A RE K 2 do ASBIFFE AT SRy Sl 8l T BT £ e = SC £ it S5y T 42 RS A B e

SEHE, DA Sl AR 2 R e S0 1% S s iz FH o
REIF  ZWE; s FAR; =30fa; g
FESES: R 155 XERFRAES: A

=3t (Salmo salar) & 23R E LMY 205 528
BRZ — B RESS R g R e, &
B2 M T LA R KA FRR IR , 2552 11
WHE R . =Sl —F A RS AT
T ask A% v b 52 30 B WO TS g, R 1T 308 SR I
o BT R T R IR 2 [FIIEA B 32 S5
DTS G, i B b A A [R) L, 5 Y 2 A f
JE,

Y8l F18: R (Photodynamic technology, PDT)
Y Ry — o A 0 AR TR B E AR IR TR 4R
U AR A AR AR S TR B A U )
i, SEGE R ARE A, PDT A2
1 il Al SO R AV R R M, A 1 4K
A RAF N TS . PDT A/E AT 34 A
AT BRI AT, A R OGO OGTR AR, £
FAEA—F AT & DGR, & PR 22 2 rh 2
H Ok 1Y 22 Wy 26 R AR VE M) i, B E 4 LED Ot
(455 ~ 460 nm) WA S5 , 7T LA A4 45 FRLAR A5 4
AR AR R O TR PEEU(ROS) , K 4
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P 20 ifd DNA \RNA I 55 , S 2040 i 4h i st
T

i FH PDT 35 B3 £ b v A Al A 0 e ok i %2
IR TAEE G, Bt A M52 uE ] PDT XTI
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Fv BU [C & (Shewanella putrefaciens)'"' ™' | Hi 1 2=
W45 (Listeria monocytogenes)"" ' 55 Z F & i
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LTI, T 2 B R S PDT A = 3£
Hh Bl AR 0 9 3% IBSCR R [R] B 3 o A ) 5 22
IR P 22300 FOK oM 3% SRR AR IR AR
8T 4 CCHEAFIUIA] PDT i ff = SC £ 5 5T (1 N 7E
BL o ASBETE S PDT PR fif = SCffif 47 il ot i 1L
TSRS LUHES) PDT 76 £ i D fF STl 11 17
o

1 MRS IE

1.1 ##

LB E (Curcumin, 54, 4 >98% ) W H
I [H Sigma 23 A  #8 fd B ATP B & AL
i M 220t (LDH) 33 700 65 B 07 1 (LPS )
R S A R IR Y TR T s fa 2 21
1/ D(CTSD ) il 5 G 72 43 bl 350 45 0 1 1 16 fify
A MR A BR 2 ) s Bouin's [ 72 W AR K
FEYRHA IRAF] .
1.2 A%
1.2.1 =3ctayhils

B = SCE SR T K g 8 =3
sl ST e R R S A S EZS U DR P = iU}
R HAI % 3 om x 3 em[ (3.0 = 0.1) g | R/NEy B
Ko HWOK 4T = R K e B H E
FETC BSR4 H
1.2.2 S8l KE AL EE

W o0 BUGF 14 3.0 g = 3C £ 43 ) i A 4 i
B A () e B2 1) 22 8 R MR (50,100, 150 pmol/L)
(R PR R IR b Ay PR R E
20 min, MR £ E R 5 = AR gEE. BHE
Je B =S AR SR RE FREE T T K 4 L bR I
B h BN TR SR I . TN &
(0 B, BT & LR RS FR L5 35 (4 LED AT
PE BG4 5 em, = 3C A 7E LED BT AG o0 R E DL
HRALHE 1 h, = 30253 PDTACER S, ffi F TSA
ST S ) = S AE TR B B
PDT 4b B A S A 45 1 Ch HR P i 22 B IR 5%
TE 4 °CAAF T b AT = SCfa (R BE S . AR,
LRI I, CHRREZH R LI, C, .C, I C,
X6 IO AN [7] v B 179 22 8 RS W (50,100, 150 pmol/
L), RZG R 2 38 Z AL FR A = SC e S 1 R B
PEX R (L-C-),
1.2.3 @250

TERRUE S EASHE (€227 (NR20XE , I =
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B RHE A FRA R R J5 , 8 @221 XEA
[Fi] Ak 38 19 = S e AR AL R AT AR e
SETL*(RERE) a* (20 5%) b* (3 ) R {625
AEZZ8 . AETHRA N
AE =[(L* = L, + (a* = a,)* + (b* = b,)*]"(1)

K 2Ly a, M by R RN HRA = SCH L a Fl b 1) B
OSHGL* a M bR LA = L .a F b1
SR A MK TE 6 45 = SC i ik
17, BCP A
1.2.4 &M i SDS-PAGE

B4 28 1k AS TRl b U ) = S A ) B DA
FFhN A 27 mL JCH PBS (pH 7.2~7.6, 1x) , fifi ff %
JEHLE R 5 min, 1 000 r/min 8.0 30 s J& , BL 20 pL
VB MAS uL GZ v, R A IR A
J& , 100 °C/K ¥ iN#4 10 min, SDS-PAGE 521
T B FR 12% 19 53 5 6 S T 3% ) VAR 407 R )
B o A FH 25 ) e W VA R (R-250 ) X 5E I #6474
& IFE A 10% LRI LKW V(L) :
VIZTR) VK J=1:1:8 i al™ AR
Marker (P0075, [ 138 = RAEYH AR R F)
()3 FHh 10~180 ku.
1.2.5 fUEWHT

] 28 3 AN [R) b B 9 = SCa P oin A 27 mL
T PBS, LI 5T 5 min, X34 5T 5 O FE &
FH 0.85% 11 JC 1A A= 3L R K 6 e, B A i
100 pL F BB N2 TSA b b, {8 A A i 1y
SIURIR . ORI IR S FEAR 5 5% 24 b, G AES
() 40 L Kt , 9 1 log,, CFU/g ik, #4733 K
BT
1.2.6  BGHEE

ATP it 35 Pk . FLAR B &0 (LDH) 35 ¥ IR D7
fits (LPS) 1 1k .20 208 (8% D (CTSD) i 7 43 31
{61 FH R A 4 TR AR 9 B A 7 B A I 3k 5
M
1.2.7 e 2 50 F AR i B8 53 B

AN TR b RS Y = S0 f 5 27 mL & & 1K
TR A1 I L B S mine SR 5 BUH IR A Wik
B KW T, 1E 85~90 °C 4% 1 R K i dm #
30 min, fE4 °C .12 000 r/min i 555 F ¥ 85 0
5 min, B F 7 % 100 mL 0.01 mol/L 1Y £ 2 7
B R A10.22 pm AL DB A T ad 0 L AR5 2
FWR AT (L-8900, H 7 Hitachi) & . fT A5 1)
PATE S 3R, B Ja Al TR FAA SR UERY L2 B B
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[ VA it g 0 T R LU R AT 2 i

[ia] AN [7] Ak P 9 = S oA 40 mL 54475
FEFRIAS I 4 b, B J5 e 25 Rk dai T,
A S mL V(ZEE) : VOECkE)=1: 2 &, i1
JEMGE , BIAGRE L 4RSI A 5 mL & A AL B0 -
P v (R iR AL ), IR4E S5 I S mL 1F O % i ¥
10 min J5 , W HC_E 2 0E O e ad 18 J5 A SRR
Rl i H GC-MS Mg i iR & it . AT
W PG , THIE Z 140 °C, 485 LA 5 °C/min )
BTN Z 210 °C, P44 15 min, & EHAEE
JLH R 1.0 mL/min, 2B AL 2. T
T A5 - Ll PR S (ED) AR B TR it
70 eV WYES IR, B IR EE R 230 °C; R4 R
JE oA 280 °C , 14 R S 2.84 571, Jo i 4 4l [
N m/z 33~450 Aus
1.2.8 F/K )1 (WHC) e L) F 43 Hr

R4 ZANG 254 H G e = S i
$¥7K 71 (Water holding capacity, WHC) . ¥ £33
ANEZAPDT A FE 5 A = S AT RREE A W,
ICSREEE S, B AU 2 = SO E B OB
£ 4 °C .4 000 r/min 5144 F #5010 min, HUE L
Joi =30, RBRUBAREFFRE W, HT3IRER
AT B A A

14

WWchv‘x 100% (2)
0

K Wy HEEK T, %

K FH WANG %5201 77 1 AT L L2 0 b7 o
YT =3C i B 43, 4 ] Bouin's [ 58 V0K = 5C
£ [ 72 24 h, ARG TE RS LB R AT K, e
W AR 2 W 28 F A A, B 1 R Pl
AT VIR AL B A5 B 2U0) 1, I8 L5 7 2 B
R b i 95 AR - 21 G 5] G 0 i e B
BEER = LY R IES
1.2.9 [RG#EILYR (LF-NME) 53 H7

W = SRR ST /N IE 7 E (30 mmx
30 mm) , Jf R PR 5 % B 2 .l R R R
20 MHz 1) LF-NMR 43 A% ( L i 21 2 B4 A FR
N AT = SCHRE R IR AT o TR SR AT
3UAT A (E
1.2.10 Sitobr

SEHO B LIS Y bR e 22 10 7 R .
FH SPSS 17.0 #E47 5L K 28 07 22 437 , L4 S B 4
P Z A 22 52 (P < 0.05).

2 GRS

2.1 ZHENESHAPHIBAMN=ZXEFRE
WHI R & 1E B

AN TRV B 22 35 B A T PDT Ab BN = S 4
A W G S AR AN 1 B o R =3
1110 A W KR 2 h 5.5 log, CFU/g. 5% B4 AH
FAs, L+C-2H A L-C+A M A W B 8 A &
Az BB AR AE . TIN50 pmol/L 22 8 KA 1 ho
REAL S 22 = S B Bl W B e 5 ) B
A EL B A W 0T B Bl 22 B3R U R )
100 umol/L B}, Z83: 1 h (G AR AR FLS i 2 — 3¢
o B AR B B B R R, BRI T
0.7 log, CFU/g (P < 0.05) . Fifi 5 22 ¥ K e J& ik
— N2 150 umol/L B, i 20 = St i A=)
(B I — 2D | BRI 2 3.97 log, CFU/g(P <
0.05). ME1AIH: ZEHRAFHPDT X =3
TR DI AT B I I R O L R B B
()22 B R IR EARE , IO TR R L el
J& L 72 A K ROS, ROS AL T i34k W 4 i v
()8 15 . DNA FIR T, B3R T 304 Y 2 i 45 4
SERME S AN AE T

7~

6:_1_ - —I— —I—

4
Total bacterial count (log,y CFU/g)

L-C- L+C- L-C+ L+C+ L+Cy+ L+Ci+
Ml Mantle length/mm

B1 ZBRATAN=ZXEREBEWHRILR
Fig. 1 The Kkilling effect of curcumin photodynamic
therapy on the bottom microorganisms of salmon

2.2 MEMSHR

M & 1A 25 5, VEF% 150 pmol/L 2235 K i
FERCHRALEE 1 h i SR R SR 25080 . an
B2 fis , AN I i, 25 4 = S0 fE 4 °C
AT VR RSB B B L PR R
SMBTEN R 9 d N, &AL T L-C-4l (P <
0.05). TE4 °CIV AT, L+C+4l = sCfarp
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T 7% BB R 16 19 3.9 log, CFU/g, 14 K 31 10.5
log,,CFU/g; L-C-41 = 3Cfa rp 19 B 7% MBI 5.5
log, CFU/g, 1K 5 11.1 log,,CFU/g, IFM 3 E
A9 PDT AR BE = 3¢ £f, AT A &5 il = 3 i
B S0 R S R S

K7 b B TR T S EOhR MESE R 7 log, CFU/
o2 AR R 2 AT, LACHA TR I 5 3 K, =
SOt R VR BB B T T X — BRI, AR
F 38R0, LACHAAE I AR 9 565 5 KA B 1L % BR1E
P, 76 LB VR RBCR PR ER B LT, 2| R A
S PDI AR FE BB = S0 AR AL AE K 2 d, 3K J2:
T2 8 E NS0 PDT 403877 4= KA ROS A
DAAE = 3C A0 1) I IR 3 RIS = SC Al Y
T iR, I EL 0 o A A 1% 348 R, AT
S EAE IR 18] L+CH2H 1Y = S b ik W 1 5
LT L-C-4.
2.3 BESW

1 b A Sk S S o O Y — T 4
B, 2 T 9% 3 TR I B 0 S KR . I3 R
IFi] b B f 45 41 = S A e AN B, 7T AR B -
C- L+C- \L+C+ 3411 = %A kg 2
5,5 3 AR, L-C+4ih = C i py i
W T 8 AR, B — R B A, i

L-C- L+C-

1.0 cm 1.0 cm
| TS | { Bl 5% |

— IR N R R A RIRY R 2B 2
BLAr , H R i B (e, O 22 3 —
MR EI I, 25 5 5 = SC b i iR 45 & o =
YL E, Zad i O LED G IR , 250 R oA
R T Ae G A AR = S0 R LY 28 8 3R B 4
2%, DTN 530 L+C+ 41 B0 €5 A8 AL AS W 4, 17 L-C+
2 11 = SC A D R AR AE B €, S — SC A (e 4
U

—
[§e]
1

B ——LC-
S5 Hr e L+Cs
S 10t
O
& 9Ff
2
&/ 8f
g 5 7L
® 3
F3 61
2 st
2
o 4+
=
= 3_
o
H
2 1 1 1 1 1 )
0 1 3 5 7 9
AbEE AL Time/d

2 EERRXFNRBERE=XEHE
IR R S FRIGTE E R
Fig.2 Recovery and proliferation of background
microorganisms in salmon after photodynamic
treatment with curcumin

L-C+ L+C+

1.0 cm 1.0 cm
| RS | I

3 AEFARLER=XaMNHEEEWL

Fig. 3 Photograph of salmon after different treatments

BEAR o A 22 AR R [R] D s A B 1) =3¢
g T 25500, BB EA AR, N2 1 5
B, 5 L-C-4 = 3CaM L, L+C- A a6 R
0.8+ 0.2, L+C+H A2 (H N 3.2 + 0.3, L-C+4 1Y
O2EE N 181 £0.7. WA MESH L, AELLT
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1.5 5 5 Z BBy, B s T R IR AR 6 A i 2
ZRME AR B, AE> 15 B, W& B (0 22 5 W
B TWIRRFEEI@G, 25 b, Z 8 EZ 4 T PDT 4
PR = S A 11 2028 A LS i 558 /0N | A ] 42 32 {1 ]
Mo
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F1 AEVEBE=XEMAEE
Tab.1 The AE values of salmon after different

treatments
éﬁj}“p L+ o b AE
L-C- 48.4+12°  20.5+0.6°  26.7+0.3° 0
L+C- 48.5+0.3°  20.140.5*  26.1+0.7° 0.8+0.2
L-C+ 54.8+0.6°  17.4£0.5° 43.4+1.8°  18.1+0.7
L+C+ 51.240.3°  19.4£0.4°  27.6£0.9° 3.2+0.3

T AT AR ING FBER /R 25 5 (P <0.05) .
Notes: Different lowercase letters in the same row indicate
significant differences(P<0.05 ).

2.4 ZEHBSDS-PAGE
K7 S A IE , Bifi A ] RS LB 1 B R4 4 40

Da M A0 Al AS

180 [
100 -
75

60
45 |

35

25

15

10

Lol IR R A AL K i, AT L S A I K 7
BT I A R R OR LR K o BT Y AR A
SDS-PAGE i M ) iE 7R T L-C-4H 5 L+C+4H =3¢
FAE 4 °C A T IR 9 d 2 1 A A fR I I, 8
I Pl 40T DAL S FE I8, = SC 2R 1 ORISR S
K, LUK E 5 IR IR 257 (0 d) ARXT L A & A= 1]
AR A, IR ] K 20 55 9 R, Akl v [ AR
AN UER = SOt R B R A . A S L-C-
AR L, L+CHAL /Y 8 BT 454 O R R 2
25 X R LR 2 PDT AT A SX =
SCHRLR B 1 BT S RS

BO Bl BS B9

M. FRUEZIT ;A ROCHRAE IR s B, SEARAEHZH ;0. 1.5 F1 A3 = SCAr ke S s R 8k

M. Standard material; A. Unexposed group; B. Exposed group;0, 1, 5, and 9 represent the number of days of storage for salmon samples.
4 EBERPNVBEE=XEHE4°CTEREIdHEBREN
Fig. 4 Changes in SDS-PAGE patterns of salmon stored at 4 °C for 9 days after photodynamic treatment with curcumin

2.5 WIREEMY

K A R R A T A o P 32
B pH AN 5 T < 5 — 2K P e R K
B, 7 SR SR AR T, R K T
T3 — T R K™ AR B A Bl AE— 2 A
SN AT A R B, S0 K T i B BT
I K 4 SR AR T L AR S A =
SC A OGS S M Y 2R Ak (CRLRR I U ATP il
Wit U2V E [ D) kP9 2 R A F 0 PDT
G P R ) R

FL 2 I U (LDH ) J2 4% JC 48U I i SO 5 4=
MELEMRZ —, ) A T AR P 2 K 4
JEH o FE K R I A R R R I A
N, 7 AR R (A R, K ™ 9 pHL T R TR R
K. W& 5a 7R , L+C+2H = 3¢ v LDH (1935 ¥
HL-C-AM A LA WA, Ik, 2R

- F 1 PDT = 3C A IF AT X — S farf % LDH 1Y
TP A R

ATP il R = BE R MR 1T, 25 BB 2 1Y
J AR R, ATP i )36 P 5 7K 7= b i A 4 e
SN B YIAH G | S P 2K 7= o i 55 1) B 24 A
Z—. FEShIEARRALBEG , = 3 ATP 75
P 25, L+C+4 = Scfa b ATP il 1 7% P
BB PEREAIR, HH 22.42 U/mg prot FE{% % 13.50 U/
mg prot(P < 0.05). Al SIS, ZHEN T
() PDT &b B n] DA = S v 1) ATP BTG PERFAIR,
AT 98 2 6 11 I e ik B i i 484k o0 1 55— ZR 5
A AR PR TR A = S T B A b
B = S A TR BB SR

JE W B (LPS) SRR H i B 7K et 1, RE % 3% 4
AR H i = R 7K A S H T AR B2 . ] Sc 4R m
TRV S , = 3¢ fa b i 1 i ) 36 1, L+C+4
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=LA i D T ) T T A S PR RRAIG, L2411
Ulg prot [/ % 1.44 U/g prot(P < 0.05) ,JEIH 2
WA 500 PDT Ab 3 AT LI il = 3¢ i i il
()3 PR DT 2 — S £ v g JoT 1 4R Ak 4 e
R =S A IR ]

2 LU 1 D A I R 00 R R PR v K i

10 ¢

——

St

6 F

(Ul/gprot)

FLRRIIE U

Lactate dehydrogenase activity/

L-C- L-C+
(a) FLIR NG S Lactate dehydrogenase

- 1

g 2f l

20
us 1
S
g3 !
23 1}
=

2

R=Y

3

0
L-C- L-C+
(c) B Lipase

SV SIS P oY G Ao 3
ffR A P 2 . &) 5d 2 = 3 h 41 28R
D BG4S R, PDT AR PR IS , = S0 iy
HAE ARG A K ERE L. BERN
Y PDT Ak BEXS 2 U4 H il DAY 5 1R 50 A 38 I
e S A

(3
(=]
T

*

ATPEGIG
ATPase activity/(U/mgprot)
=

0 .
L-C- L-C+
(b) ATP il ATPase
0.07
= 0.06 1 b
=)
Z3 o0st
a5
g5 004}
52003t
SR
SV g :
& 001
0 N
L-C- L-C+
(d) ZHZVE 1 Cathepsin

Bs5 ZEZIHXINLER,=XEENEBEENTL

Fig.5 Changes of enzyme activity in salmon after photodynamic treatment with curcumin

2.6 SEBASIHERTH

B TR S 5 W K 7 i XUBR B8 FR M E Y
FNZE, R0 = MR 0K, L-C-4 5
L+CHA WA = e farh R T R 2 5 (P <
0.05) , X E W 22 8 R A 5 (1) PDT &b BEXF — 3¢
MR AN Z3 P A S, AR BN ), 2 =S
o G R B T (AR LrCHAL A
B SR T L-C-4H , JuH 2 Ser. Ala. Lys
A6 F A AU S L R e 0 S IR B X T PDT
b BRI A T = S AR P I B, AT
T RS R IR AR . 25 b, 2
EN T PDT X = 3¢ £ v i B R L R LA B
YERT, o AR = SCfa i () a6 R , X A BY
T Y = SC g R AT E

S 2 AR IR | W 25 e D5 R 2
B S K A 0 7= 0, 55 R o 4 A s I 8 DDA G TR

http://www.shhydxxb.com

WM, 3 T AN U 5 i 7 TR A A i I S A
JE K= SR BERE . 2 3853 T IR [ =ik
PR = SC A AR g (R IR G R A ARk . =
IV 98 0 KA, L-C-41 5 L+C+4H Hi & 09 Ui 3 i i
BRICH W22 5 (P < 0.05) , XIEMEH ZN T
PDT &b B X = 3¢ £ rp i 25 1 107 2 0 B 43 B0 A
FISLI RT3 ], 0 20 = SCfa rp it s i 7 1R
¥R N, IF B L+CHA T B IR IR & IR
T L-C-¢, Horh = et b R IS R —
+ RS KR (DHA) Al ik 14 B2 (EPA) £
133 TARGF AR Y X S8 T =304 7 PDT
AR PR, = S0t A Bl A DA RGBT
PEZ 2 T I, = 3 o AR A R K i
i, KL, 28 Z A 1 PDT RENS A R HE L% =
SC R S T U R R e AR Y SRk A A PR
SOOI RS R
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2 =XEHBEIEBRNTH
Tab.2 Change of free amino acid in salmon mg/100 g
. 0d 5d 9d
R ILHZ Amino acid
L-C- L+C+ L-C- L+C+ L-C- L+C+
AR Tau 50.55+2.08° 51.51+1.66* 29.56+0.96° 36.44+1.14° 20.15+1.07° 26.49+1.33¢
KA IR Asp 10.06+0.11° 11.09+0.23" 3.37+0.57¢ 4.28+0.76" 1.28+0.73¢ 1.78+0.83¢
IR Thr .71+0.93* 61£0.77" .32+0.33° 1120. 1520. 57+0.73°
JhE IR Th 10.71+£0.93 10.61+0.77 8.32+0.33 9.11+0.51° 7.15+0.69¢ 8.57+0.73
25 1R Ser 14.33+1.13" 15.83+1.08" 6.5142.01¢ 9.74+0.88" 2.24+0.44° 4.08+0.92¢
HER Glu 14.87+1.61* 14.64+1.30" 7.35+0.91¢ 9.21+1.48° 3.59+0.82¢ 3.95+0.78¢
HH& Gly 18.53+1.21° 18.56+1.11° 13.95+0.19" 14.72+1.57° 10.10+1.06° 10.82+0.78°
N Ala 52.17+2.44° 53.53+2.13° 26.35+1.16¢ 45.52+2.88° 20.24+1.78¢ 33.25+2.01°
v-EH TR GABA 2.3240.21° 2.4240.27° 1.18+0.22° 1.01+0.36° 0.28+0.04¢ 0.29+0.11°
SRR Val 16.10+0.67° 15.08+0.77* 14.09+0.54° 13.67+0.83° 12.51+0.45° 11.94+0.62¢
R Met 29.6242.11° 28.35+2.45 12.57£1.77° 18.16£1.07° 4.80+1.48¢ 4.12+1.36°
MR S 1620. 510 56=+0. 73£0. .05+0. .09+0.
AR Cy 1.16+0.22° 1.51£0.07* 0.56+0.10° 0.73+0.09° 0.05+0.01¢ 0.09:0.02¢
S AR e 20.36+1.82° 20.95+2.06" 10.57+1.55° 13.38+2.01° 3.85+1.07¢ 3.91+0.96°
TS RIR Leu 15.45+1.27 15.56+1.36" 12.23+1.53¢ 13.82+0.79" 10.27+1.00° 11.24%1.11¢
AR Tyr 9.96+1.07* 9.40+0.97" 7.58+0.93° 8.27+0.65° 6.13+0.66° 5.98+0.58¢
KNEFR Phe 28.56+2.78" 27.90+2.66 18.37+1.77° 20.89+2.21° 10.02+1.06% 9.86+0.99¢
B3R Om 8.05+0.76" 7.82+0.65" 2.94+1.18° 4.42+1.52° 0.39+0.11¢ 0.48+0.14¢
AR Lys 25.20+2.21° 24.98+1.96 19.45+1.32¢ 21.57+0.69° 13.84+0.77¢ 19.49+0.94°
2 &2 His 23.42+1.78° 24.06+1.65" 13.78+0.99° 16.33+1.66° 2.1840.21° 8.97+0.57¢
AR Arg 6.01+0.76* 5.71+£0.69* 2.1240.99¢ 3.37+0.58" 0.24+0.09¢ 0.61£0.11¢
o FATARVNG SRR B 22 5 (P <0.05) .
Notes: Different lowercase letters in the same row indicate significant differences(P<0.05).
Fx3 =XEEHBOTH
Tab.3 Change of fatty acid in salmon mg/100 g
- 0d 5d 9d
AE iR Fatty acid
L-C- L+C+ L-C- L+C+ L-C- L+C+
AR C12:0 1.75+0.23" 1.79+0.33" 1.06+0.18° 1.27+0.22° 0.42+0.06° 0.58+0.10°
T = kiR C13:0 0.34+0.06" 0.41+0.09* 0.40+0.11° 0.41+0.07* 0.38+0.08" 0.43+0.08"
AR C14:0 0 0 0.05+0.03¢ 0.15+0.02° 0.12+0.03" 0.2240.02°
FHBERR C15:0 2.41+0.11° 2.53+0.07* 2.37+0.09* 2.41+0.10° 2.3240.13° 2.43+0.06"
F7SEEfR C16:0 341.35£7.51°  343.61%6.67" 297.53+5.82° 315.62+4.97° 263.14+7.72° 284.98+6.68¢
FRHEHER C16:1(n-7) 53.64+4.62° 55.91+3.33 29.794+2.97° 36.54+3.82° 14.21+2.07° 20.09+1.99¢
i ARTR C18:0 230.37+£5.52"  228.45+4.78" 201.62+3.86° 213.77+2.52° 178.79+3.22° 193.90+2.86¢
2 C18:1(n-9) 298.79+6.82°  303.38+5.56°  223.51+7.11° 237.48+5.33° 159.93+4.32¢ 170.51+5.21°
AR C18:2(n-6) 64.64+3.22° 63.66+1.07* 38.29+1.77° 42.96+2.12° 17.48+1.18° 20.2242.02¢
W JFRAR C18:3(n-3) 48.45+1.08° 47.7240.99* 44.62+0.97° 45.23+1.22° 41.54+0.72¢ 40.30+0.86°
1EAR C20:0 3.74+0.77° 3.77+0.54* 2.53+0.66° 2.85+0.71° 1.9940.31¢ 2.04+0.52°
T mRIREZ C20:1(n-9) 7.78+0.42° 7.66+0.33" 6.57+0.63¢ 6.92+0.31° 5.64+0.78° 6.28+0.66°
Tk FA R C20:5(n-3) 41.08+3.38" 39.14+5.57° 34.43+2.28° 36.74+3.51° 28.09+2.27¢ 33.70+2.82°
T TRk R C22:5(n-3) 4.25+0.03" 4.23+0.03" 3.98+0.08¢ 4.1440.06° 3.72+0.04¢ 3.98+0.01¢
TR KEIR C22:6(n-6)  37.62+1.86" 37.56+2.07 33.72+0.53¢ 36.29+0.91° 30.92+1.98° 35.17+0.78°

T FAT AN RN PR BV 257 (P <0.05)
Notes: Different lowercase letters in the same row indicate significant differences(P<0.05).
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Analysis of tissue slices of salmon
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Fig. 6 The effect of curcumin photodynamic therapy on the water holding capacity and tissue sectioning of
salmon stored at 4 °C for 9 days
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Study on the preliminary mechanism of curcumin-mediated photodynamic
technology to guarantee the quality safety of salmon

ZHANG Han', WANG Jingjing"**, ZHAO Yong'*

(1. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China; 2. Laboratory of
Storage and Preservation Quality and Safety Risk Assessment of Aquatic Products, Ministry of Agriculture and Rural Affairs,
Shanghai 201306, China; 3. Foshan University, Foshan 528000, Guangdong,China)

Abstract: Salmon is popular among consumers because of its rich nutrition and tender taste, but it is easy
to be contaminated by microorganisms during processing and storage, resulting in nutrient loss and tissue
structure destruction. In this study, curcumin was used as photosensitizer to preserve salmon by
Photodynamic technology (PDT). The bacteriostatic efficiency of curcumin-mediated photodynamics was
investigated by detecting the proliferation of microorganisms in salmon treated with PDT, and the
mechanism of PDT to guarantee the quality of salmon was preliminatively explored from the perspective of
color difference, endogenous enzyme activity, tissue slices and water migration. The results showed that
150 pmol/L curcumin combined with light treatment for 1 h could effectively kill 1.6 log,,CFU/g
microorganisms in salmon. In addition, curcumin-mediated PDT significantly inhibited the activity of
ATPase and lipase in salmon, delayed the degradation of free amino acids and free fatty acids, thus
guaranteeing the structural integrity and moisture content of salmon, and extended its shelf life by 2 d. This
study can provide data and theoretical support for the photodynamic technology to guarantee the quality of
salmon, and promote its practical application in the field of food preservation.

Key words: curcumin; photodynamic technology; salmon; freshness preservation
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