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ABSTRACT: Objective To study the decontamination effects of different photosensitizers combined with blue
light irradiation on Porphyra yezoensis. Methods This study first compared the bactericidal effects of 4 kinds of

photosensitizers (curcumin, vitamin K3, riboflavin, and sodium copper chlorophyllin) and 3 kinds of wavelengths (405,

Yks B ER: 2025-03-10

EEWE: FRARPEIEEIH (32172284); % =W AT AR5 H (CG2437); 11054 558 IR T Je £ AR B3 v O T R H
(LWJJ-05)

FB—1EE: JFARW1998—), B, W-LFgRAE, FEMR I EMINT 5% 4, E-mail: zhourenjic1998@outlook.com

BEEE: F30W(1990—), 5, Wid, @2, FE5EI M B a5 %424 . E-mail: wenbin66@jou.edu.cn



122 1% A T R A %16 &

420 and 460 nm) on Escherichia coli and Staphylococcus aureus. Two kinds of blue light wavelengths (405 nm and 420
nm) and photosensitizers (curcumin and riboflavin) were then applied to fresh Pyropia yezoensi before drying. The
influences of curcumin concentration, irradiation time, and distance were examined. The changes in hygienic
indicator bacteria, color difference (AE), and nutritional content were measured before and after treatment and drying.
Results The decontamination effect on fresh Pyropia yezoensi were consistent with those in the pure bacterial
system. Blue light combined with photosensitizers exhibited stronger sterilization efficiency. The optimal treatment was
420 nm blue light combined with 100 pmol/L curcumin (5 cm distance, 150 min). The total viable count and coliforms in
untreated fresh Pyropia yezoens were 5.69 log CFU/g and 4.34 log CFU/g, respectively, which increased to 6.63 log CFU/g
and 4.15 log CFU/g after primary drying. Total viable count and coliforms respectively decreased by 1.88 log CFU/g and
1.46 log CFU/g after treatment, and decreased by 1.94 log CFU/g and 1.35 log CFU/g after drying. AE of dried
Pyropia yezoensi after treatment ranged between 0.5 and 1.5, indicating a slight but noticeable change, while no
significant differences (P>0.05) were observed in nutritional components such as vitamin C and vitamin E.
Conclusion After treatment with 420 nm blue light and 100 pmol/L curcumin, the total viable count of dried
Pyropia yezoensi was reduced to 4.56—4.82 log CFU/g. Apart from slight color difference due to staining, there was
no significant change in nutritional components. This study provides technical support for developing a safe, efficient
and environmentally friendly preservation and processing method for Pyropia yezoensi.

KEY WORDS: Pyropia yezoensis; microbial control; non-thermal sterilization technology; photosensitizer; blue light
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Fig.2 Effects of blue light and photosensitizer treatment on microbial levels in Pyropia yezoensis
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Table 1 Impact of blue light and photosensitizers on color and nutrition of Pyropia yezoensi
Vol ViSiyiEy L* a* b* AE VC/(ng/g) VE/(ug/g) W%
Xf Re 16.44£0.09°  4.39£0.16° —0.56+0.09" / 18.11+£0.38°  35.45+0.32°  14.74+0.10°
o S Bt 16.46£0.08"  4.32+0.12° -0.49+0.06 0.19+0.05°  18.12£0.24°  35.64+£0.06"  14.55+0.16°
405 nm MU 2.5h e Z 177520100 5.12£0.10°  1.02+0.17° 2.2240.14*  19.63£0.28"  36.8140.58"  14.62+0.10"
R 17.72+0.18°  5.33£0.09°  1.16+0.07" 2.24£0.10°  16.90+0.82°  33.40£0.37°  14.73+0.14"
X e 12.30+£0.38°  2.74+0.04°  0.22+0.05° / 32.14+0.90°  46.23+1.63°  27.40+0.14"
— TR R ot 12.3240.02°  2.75£0.02°  0.2420.03° 0.09+0.01"  32.04+0.59"  47.51£1.05*  27.52+0.28"
W't 405 nm
W 2.5 h LHR 13.18+0.06°  3.07+0.04°  0.50+0.04° 1.03£0.07*  32.31+0.55"  46.19£0.67°  27.50+0.28"
R 13.25+0.04°  2.94+0.02°  0.55+0.03" 1.07£0.05*  30.12+0.78°  42.85£0.60°  27.40+0.33"
Xif Be 16.44+0.09°  4.39£0.16° —0.56+0.09" / 18.11£0.38°  35.45+032°  14.74%0.10°
WELESE: 5O ot 16.35£0.09"  4.45£0.11°  -0.49+0.09" 0.25+0.11"  18.16+0.38"  36.01£0.24°  14.75+0.07°
420 nm I 2.5h 8% 177340110 5.26£0.08°  0.95+0.18" 22240.20°  19.75£0.23°  37.51£0.61°  14.45+0.15°
HHE 17.69£0.12°  5.34£0.10°  1.02+0.12° 2.1340.08°  16.66£1.04°  33.55+0.34°  14.57£0.31°
o 12.30£0.38"  2.74£0.04°  0.22+0.05" / 32.14£0.90°  46.23+1.63°  27.40+0.14°
RIS ot 12.3040.03°  2.75£0.03°  0.24+0.02° 0.07+0.01°  32.05+0.59*  47.77+0.47°  27.54+0.05°
Wt 420 nm
WA 2.5 h LER 13.25£0.02°  3.08+0.03°  0.55+0.03" 1.11£0.02°  32.06£1.03"  46.31£0.96"  27.64+0.14°
BHER 13.254£0.03*  2.95+0.03°  0.55+0.02° 1.07£0.03*  30.36£0.43°  42.34£0.52°  27.52+0.06"

T [R5 8F 2 (0] R A7 7E 35 122 57 (P<0.05)

A g

6
I
%P 4
]G 3
How 2
221

0

MAEVKTE A
/(log CFU/g)
S =N Wh w2

A=K
/(log CFU/g)
S =N Wh w2

Xof B 5

e VKB == KGR

50 100

90 120
HE S B[] /min

ARG S /em

A, C. E WfpL

150 180

e WA == ﬁ%%ﬁ

joe]

IR
/(log CFU/g)

WMAYIKE O
/(log CFU/g)

- K R

oo}

A K-

v
/(log CFU/g)

f

IR NE . T,

e R A = KGR

O—=NWhA WUV

FE R USE/(umol/L)

e VR B == KGR

Y C

O—=NWhAWNAIX

X B 6 90 120 150 180

BRI BF []/min

8
7 z %T?.Bé&ﬁl — K EH#E
6
5
4
3
2
1
0
Xif B 5 10 15 20 25
MRS S /em

;B. D, F—IR TR,

B3 ZWELY 420 nm LA LSBT B A YK R

Fig.3 Effects of curcumin and 420 nm blue light treatment parameters on microbial levels in Pyropia yezoensis
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CEh LA E bR E B2 L Al ) poBRAEARTE, T %

FEANIFEH, RAFRA TG 5
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Table 2 Impact of curcumin and 420 nm blue light on color and nutrition of Pyropia yezoensi
il Ab PR L* a* b* AE VC/(ug/g) VE/(ng/g) /%
papilst 16.44+0.09°  4.39+£0.16°  —0.56+0.09° / 18.11+0.38°  35.45+0.32¢  14.74+0.10°
25 pmol/L 17.13£0.11¢  4.81+0.13° 0.23+0.11° 1.19£0.07°  18.86£0.12°  35.98+0.21°  14.65+0.16"
st
:jféz o Eﬁé 50 umol/L 17.34£0.07°  5.09+0.14° 0.74+0.18° 1.78+0.21¢  19.47+0.12°  36.37+0.23°  14.48+0.17*
STE] 2. , Ha
s 100 pmol/L  17.59+0.14°  5.230.11° 1.00£0.22° 2.16£0.10°  19.63+0.28"  36.81+0.58"  14.62+0.10°
TP E 5 cm
150 pmol/L  18.23£0.10°  5.55+0.10° 1.4340.12° 2.96+0.18°  19.56+0.08"  36.91+0.20°  14.57+0.24°
200 pmol/L  18.56£0.12°  5.75+0.08" 1.71£0.15° 3.44+0.06°  19.51£0.29°  37.11£0.38"  14.59+0.32°
pOpil 12.30+£0.38"  2.7440.04° 0.22+0.05¢ / 32.14+0.90°  46.23+1.63"  27.40+0.14°
- 25 pmol/L 12.83+£0.03°  2.83+0.05° 0.60£0.03" 0.70£0.05°  31.83+1.15*  45.35+1.41°  27.57+0.42°
— TR %
w5 g S0 wmol/L 13.09+0.04¢  3.05+0.03° 0.58+0.04" 0.96+0.03°  32.36+0.53*  45.82+2.18"  27.72+0.33"
2.5h, BUATEE 100 pmol/L  13.25+0.02°  3.08+0.03° 0.55+0.03" 1.11£0.02°  32.06£1.03*  46.31+0.96°  27.64+0.14"
= 3 em 150 umol/L  13.42£0.05°  3.14+0.04° 0.52+0.01° 1.28+0.06°  31.37£1.27°  47.07+0.53*  27.80+0.32°
200 pmol/L  13.58+0.05%  3.15+0.04° 0.47+0.03¢ 1.41£0.06°  31.63£0.73"  46.22+0.38"  26.85+0.64°
X} 1 17.48+0.32°  5.37+0.12° 0.92+0.06" / 19.70£0.39°  36.33+0.59°  14.74+0.10°
- 60 min 17.46+0.18"  5.26+0.08" 1.02+0.17° 0.33£0.20°  19.63+0.27°  36.72+0.43"  14.53+0.23°
FORKL H
%i/f&&*‘ 100 90 min 17.50£0.11*  5.3240.14° 1.12+0.10° 0.45+0.10°  19.69+0.10°  36.58+0.10°  14.55+0.15"
umol/L, MRETHE 120 min 17.46+£0.18*  5.2240.11° 1.01£0.19° 0.34+£0.18"  19.51+0.24*  36.33£0.20°  14.69+0.13*
=T
= Scm
150 min 17.59+0.14°  5.23+0.11° 1.00£0.22° 0.4240.03*  19.63+0.28"  36.81£0.58"  14.62+0.10°
180 min 17.59+0.13*  5.3140.12° 1.10£0.12° 0.45+0.19°  19.58+0.23*  36.26+0.40°  14.56+0.16"
X} iR 13.26£0.03*  3.09+0.03° 0.55+0.03" / 32.14£0.90°  46.23+1.63*  27.40+0.14°
. 60 min 13.2440.04*  3.07+0.04° 0.55+0.03" 0.06£0.02°  33.13+1.16*  46.83+0.55°  27.93+0.35°
— IR TG %
3. BERWR 90 min 13.2740.05*  3.07+0.03" 0.55+0.03" 0.06+0.03"  32.42+0.68"  45.84+1.33"  27.24+0.33°
J& 100 pmol/L, 120 min 13.2540.02°  3.07+0.02°  0.55£0.03"  0.04+0.03°  32.06=1.03* 46.31£0.96°  27.64+0.14°
RGTHE RS 5 cm - - ) ) . a
150 min 13.2740.05*  3.08+0.04° 0.55+0.03" 0.06+0.02°  31.85+0.66°  46.97+1.15°  26.88+0.62°
180 min 13.26£0.02°  3.06+0.03" 0.54+0.02° 0.06+0.04°  32.41+0.48"  45.22+1.48"  27.33+0.23°
Xt 1 17.48+0.32°  5.37+0.12° 0.92+0.06" / 19.70£0.39°  36.33+0.59°  14.74+0.10°
P— 5cm 17.46+£0.18*  5.2240.11° 1.01£0.19* 0.34£0.18"  19.51+0.24*  36.33£0.20°  14.69+0.13*
ff 2R3 M It
WE] 2.5 h, % 10 cm 17.46+£0.08*  5.25+0.11° 0.83+0.09" 0.1840.11°  19.36+0.66°  36.60+0.37°  14.51+0.21°
WRUEE 100 15 cm 17.3240.04*  5.19+0.07° 0.88+0.05" 0.15+0.06°  20.05£0.41*  36.00£0.50°  14.82+0.26"
pmol/L 20 cm 17.36£0.07°  5.22+0.07° 0.78+0.12° 0.13+0.04°  19.45+0.52°  36.15+0.36°  14.57+0.11°
25 cm 17.32£0.07*  5.19+0.03" 0.72+0.10° 0.11£0.02°  19.42+£0.20°  36.26£0.15"  14.56+0.23°
X} R 13.26£0.03*  3.09+0.03° 0.55+0.03" / 32.14£0.90°  46.23+1.63*  27.40+0.14*
o 5cm 13.25+0.02°  3.07+0.02° 0.55+0.03" 0.04+0.03*  32.06+1.03*  46.31+0.96°  27.64+0.14°
#&q:d:%}ai%%. a a a a a a a
WA 2.5, 10 cm 13.28+0.03*  3.13+0.05 0.58+0.04 0.07+0.03 33.3242.35%  47.8342.20°  27.82+0.42
EWEWET 100 15 cm 13.2240.06°  3.11+0.03" 0.53+0.02° 0.05+0.04°  32.47+0.82°  46.57£0.67°  27.23+0.62°
umol/L 20 cm 13.19+0.08"  3.06+0.07° 0.51+0.05" 0.10+0.06°  31.85+1.30°  46.74+0.32°  27.54+0.23°
25 cm 13.23+£0.02°  3.07+0.02° 0.55+0.03" 0.04+0.02°  32.25+0.52°  46.18+1.13"  27.27+0.19°
3 _LTJ. _i% }XJ]E%%KE/J .—gzuﬁ?ﬁﬁh Y_‘ 5 log CFU/g LA WIEI:E«II&}E,D E’J

/Tl @—g/u*ﬁﬂ]ﬁ%@

5 cm, 150 min)H,
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%16 &

— KT 5 5% B 58 S TR IR A BOR R I T BE 4 o
4.56~4.82 log CFU/g #l 2.52~3.08 log CFU/g, DL}
4.79~5.33 log CFU/g #l1 2.82~3.18 log CFU/g, ViH]&E &R
YIRS A R 2 o TE T AR B S8 rh 0 HH s e
YK 5 DIAEBE T — 3, T i 55 5 52 3 19 1R v B B0
4.4~7.8 log CFU/g, 7.34~7.91 log CFU/g!®, BWF5E4EH,
S 2 AR R BE AR (G KRR I A B S8 SR TR VR B, T
M2 S BURE Y R, X AT RES Tl FR 28 50 i B
(A AWIRE R 1/15), SRR FIHA G 1Ak,
A RE S UIRE S SR E SR R, — U T M TR B B B ]
(45 °C, FIMIBEE 60%, 3~4 h)iE B Pl e E WA KA
Ko IR RO — K T B p, BT ETA
(A BT SETATR MBI ARSI T 1.87~3.33 log CFU/g!®.

AR5 A B 48 3 1R PR A5 6 1 s ol Al 2
A ERW, GEUE. WK 53 U AETE TR PR 19 1y 2838 3
BT AR . TEARBIFERIH, SR ERORIR 2858
A5G W C IR ST AU B ik, 25 R R 5 AR A P2 A s
WRCR T B E 25 . XTe2h T B A W,
ME LU ROVE T 4238 R0 4 i, [ it S8 78 7K b oA 38
PARR TR . K, ARBFIOR GRS i3 7w
TR ARG S8 SR DR HEAT RS, BRI K, #6F)
FHAR 2 m, SEROR A Sy 5, A s 7 7%

AR FT % BN [ W 6 A< LA RS TR] 6 R0 A 2% R A
RAFAER FH 2R . THIKRBESE I Tid e, Tar s
HHMBEIR M 225, B EEARERIRER . BT
BRIRR, BEFFRAHS, AR T AT B N4 B i A
ER TR O g A e 20T A 1 R ) i 6 4 e Al
i E, R B X R ol 2 T 19 D P A5 AT, B
SHELLE 405 nm PR AR ERCRRSR, 12 A LE0IE
#5420 nm 454 100 umol/L ¥ R EBC R RE, 5
AR RIS B3, AL T S AR T AR BT SE DL R
— R TG 45 BEER SR R I i A KT o e SR IEG  a Hp,
LW R AR IR PO T VK3 Ftag Z a4 i
2 O SRS I R R BOR A, T FLX R R T
PESZI . DUTEOF BRI, R RGO LE G 8h ) 28 1 Ad
L e B A ) N A AR R 2 5 . AN AR Ok X
(400~450 nm)FHLH =AW ESh J)TEE, A B R AR R4
YG(370 nm)FIHE G440 nm) T 945 Sesm I . -4 2 a4l &
BEAE LG X B (660 nm) 8 BN, T VK3 W 7E 2410k
(300~400 nm) I I H m R AP,

ARFFEAR 1, ARFEDEHEGIRE K A A A RO 2
SR FOCRGAIMRICRE | BRI EEBRE S . TR AL
BRI AR R R R 25 A ERPY. 150 pmol/L
LHREA 455~460 nm $EIE 1 h ATRRE=Scta P RivE M

1.6 log CFU/g, {HHR4RMIFER: 2 d*). 50 umol/L 32 #F 2 Wi fef
VIG5 INIF45 46 460 nm #55EIRST 60 min, A K5
S 1.8 log CFU/g, AEZERGSE MR ()%, JEMIEREE . /K
S FITRT IV [ s AR PO A T 5 1A 0 A 2 T
30 mg/L % ¥ ZROEMEF 40 min, KA 425 nm ¥ 6
Ht 40 min J5 0T FRAC TR S50 3 log CFU/g, HAIF IR
P57 HALRRE, DR T RGP A A AR (B
76 MBI ZY 1.88~1.94 log CFU/g) W] AR % iR b 4%
R, R 2% 55 AT RE AT B T 58 S RN R AE € AR S R
RG] BRI, TREE SR R AR T T
P PR A BOE B IR AR, B WX
BRI ZEBERELZ R 1000 um, BT THIZREEZMWEZZER
REEH L 100 pm)FIE ZLRIERE D, WL LPREESE
ATEEA 2 100 pm,

RELERMERAA R E 22t B
PG P B T 4 BE SR AR AR, XM TRERE R
B AT B SRt E R . SRR, (A
0.2 mmol/L 2%# A% ¥ R A YISER S, B ALt
OGRS, SR m B TR KB A AR i 5L
Rt A, SRR AR AR 22 SRA 0.5 umol/L
EWMREGTOCHARIRMPIRAERET], 2MWE D 10 pmol/L
B HAT BSRPTRE L i — B ERTF 50 pmol/L £ F:3K0
125 e B R & 4 42 SR (European Food  Safety
Authority, EFSA)K 28 500 1 SCONAEBUR L&Y, il
HAEE G, H2EE& M2 EE R (U.S. Food and
Drug Administration, FDA)FINZ T R JE—F AL &)
JRET SR, PR E L 4x, 1 AR R T A 414 (World
Health Organization, WHO) 200 mg/kg A T KIEA R
PRI 8

B 178 WA B S R ST rp R B K R AR
Yy AL AR O, B AR SRR AT T I — ek A
T, ORI, AR LR, IR R
FRIEIBT Kk S5 4 P RE 23 e WO i 2R P, 1 T S el R
SR LR, AR A5 5 AR e FEE o U AT R AT £ R
PRI M A, 6 B A 1 SR R ol PR e B A B 2 R D o
BRI RIET, I B 8 P AR R A R -

4 % B

AWFFETBE T 3 Fid K #5%6(405 ., 420, 460 nm)-5 4
FIOGRGI(ZERER . VK3, R R, LIk
T AT e A X K AT I 4 o R A BRI
POIR R ROR . 2R | R M VK3 BLEHEE 420 nm
N EAT S U A AR s AN TR SR v 22 9 R A ROR
A, KW FF R RN 4 B 0 8 4 BRI 4 B> T 301 A
3.36 log CFU/g. X fisf S5 B0 58 S5 1) T 't R ' S50 i 22 45 2R
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—3%, WOt 420 nm &4 100 pmol/L Z B E R
ML, AbFH

SE Y TR BB KB B RS AR T 1.88 log CFU/g M
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F1 135 log CFU/g, TG 45T
4.82 log CFU/g,
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