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O E: ARALBRALEEFRRAMPARA, PR T — AT K P if ik 6 SLER A xS s K R
BB TTAT, Bk, B M AWK, 16S IDNA M 5 Ao A B AW AT AN E L HELAALT
Fro KRG, MEZAMIAFRAGEREE . R, et B4, 3—F, nE LR B S Rt
KR, ARG L EE S BARENFRIATHOMN, Bk LI3 A A ARG MEEILIFE, 16S
rDNA M 55 8 SUAT A AL A 100%, 54 AR ANKE T AT LB AMMILATHA, Bk L13 &
H SRt 3 Ao i BRAF M, fE NaCl &2 24 12%, pH 4 4.0 325 £ TR EF A K, 228 ODgoo
XF 2.0, BH LI3 A B &% % 24 h o, FHAHKA R RS, 4932 log,y CFU/g; A8 72 h GiEH
4 7.39 log,y CFU/g, Jubf K369 & 505 3% S 43 Fe’™ 098 R AR 57T 176.23%, 3+ DPPH: AW
KABRERZT 131.79%, s ABTS™ AHARARFR ST 123.62%, L& R A, Hik L13 L8
BEB R E IR AR KRB A, EHFE RSB P AA RAFH S AT,
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Screening and fermentation characteristics of a strain of
fermented Porphyra yezoensis lactobacillus and

the antioxidant activity of its fermented polysaccharides

XU Feng, CHEN lJinling, ZHANG Mengxue, ZHAO Pengpeng, FANG Yaowei, YANG Jie, LIU Shu
(School of Ocean Food and Biological Engineering, Jiangsu Ocean University, Lianyungang 222005, China)

Abstract: In order to explore the application of lactic acid bacteria in marine food fermentation, the
feasibility of a strain of lactic acid bacteria screened from brine in Guizhou Province for the fermentation
of Porphyra yezoensis was studied. Firstly, the strain identification was identified by morphological
observation, 16S rDNA sequencing, and physiological and biochemical analyses; then, its growth curve,

acid production, salt and acid tolerance characteristics were determined; finally, the growth of its fermented
P. yezoensis, and the antioxidant activity of the polysaccharides of fermented P. yezoensis were also
analyzed. The results showed that L13 was a straight and short rod-shaped positive Lactiplantibacillus with
100% similarity to Lactiplantibacillus plantarum by 16S rDNA sequencing, which was determined to be L.
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plantarum in combination with physiological and biochemical identification. L. plantarum 113 has strong

salt- and acid-tolerant properties, and can grow normally under the culture conditions of NaCl concentration
of 12% and pH 4.0 (ODgyo > 2.0 at steady state). The viable count achieved highest of 9.32 log;y CFU/g
after fermented P. yezoensis for 24 h by L13 and achieved 7.39 log;o CFU/g for 72 h. After fermentation for

72 h, the Fe*" reducing capacity, the DPPH: radical scavenging rate and the ABTS": radical scavenging
rate was 176.23%, 131.79% and 123.62%, respectively. The study indicates that the fermented P. yezoensis

polysaccharide by strain L13 could enhance the antioxidant capacity, which has a good application prospect

in marine food fermentation,

Key words: strain screening; Lactobacillus plantarum L13; lactic acid bacteria fermentation; Porphyra

yezoensis; antioxidatien
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FA2204B 7 X H SRR 2R A TR
RAEATHE]; SP-754 8514y b ETHI B it
AR AFE,

2 LWAE

2.1 BRRE
FXEABOE B RK/KEER, HEATHESHAE I8



18 TLIp IR R 2 22 4R ( HARBEE R )

20254F3 H
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S RBEEES 2 Wi Rk, mA 90 mL
MRS WA FREL M HETE IR A 10 mL /KBRS,
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37 °C 85 FRF 1L 5% 48 ho BRECASBRTE V& 43 I e A
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YEE. WRALMEMEAEREAR SR TIRE
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W, #E 37 °CFHEFE 24 h, IRIBEEEHHAHAME
B AR W B AR B
(2) KR ABINERE R 1% W RSN T
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Y% Z e 5 BE & AR F SR, & BLAST
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2.5 B L13 £ K& R ZEHYE
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P 1% B 0 B s bk L13 828 T MRS Wk

¥EFE G, 37 °CH 572 h, 0~24 h i [H 48 2 h B
B, 24~36 h B 645 4 h BURE, 36~72 h #i[6]4§ 12 h
BUEE, 7B 600 nm T I B E kA OD 14, JF
ek K pH,

2.5.2 Bk L13 & X5

S I8 Yang 425V 05 vk, WeiE AL I BB BR L13
BRI 05 SHIAI0, 4%, 8%, 12% F1 16% 1
MRS Bk SEFRES D, BRI E R 2%, T 37 °C FH
HER B 3L SR, 7 600 nm T4 B EK 4, 8, 12, 24,
36, 48, 60 F1 72 h B WA KB
2.5.3 E#k L13 ataR M X5

SR RESP g5 s, A1 mol/L #h#8
¥ MRS Wik 3325 pH 4> 2198 H 2.0, 3.0, 4.0, 5.0
1 6.0, TER[E pH B3R &, BMIE LT BB
L13, BB R 1%, BEIEFRT 37 CHERHT. £
4, 8,12, 24, 36, 48, 60 1 72 h TLE 3R 15 T BUAE,
LA ODgoo M8 KA K I o
2.6 Htk L13 EXBERERAR

W b 3R G R IR A9 1Y B MR B R B) MRS R 1A 3%
s, R 2K)E, BFEZEXT M (ODE KA K
0.7~0.8) , [F1B & B X A CGREAILRE ) 1ERxt
A T [ &4 T HETREBE R 3% Efh &8
2 FR TR ENAR R T HTRE, KERE
BEEFE 37 °C, Bk kKB 0, 12, 24, 48 F1 72 h,

2.6.1 KEEFRERFTAZRNZE

FREL1.0 g FRABEARERS I mL TEA
R KIRAT, SR B B B L B P T 95 T4k ik
TIE, 4 THELE % B E R (logo CFU/E) o
262 AEEBEXSBRR

ERPRBEW S HERBCR KR ETIE, PRI
10.00 g #£ 5, i BT 100 mL 4R 51, A 20 mL
EEFKBRS, BB 90 °C, 2L 2 h, 2
B H G, 72 10 000 r/min F B.0 15 min, A0 &
HFREBEDL 2K, FUER BE. REBRSEKS
ZEAERK 1/6 J5, MRBRTIMA 4 FEERTKZ
BE, 4 °C #E 12 h, 8 000 r/min B.L> 15 min, g
UMK R, #l&RMEREEESEER
2.7 ELFEENE
2.7.1 FRAP {&q %

2 W Chen %271 f R B 41281 1 J5 vk, K 58 L
KBTS FELMIRBUK 5 ul, A 100 pL FEE
5 2.85 mL FRAP TAEW, 1857, #6#E 30 min,
F 593 nm A WEW IR, DA Trolox AtriEs:, LitR
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THE M B AR AL AR, ROGBE Y\ AR, 2= RIAnUERY
Lo THEAXH
FRAP {# (mmol/L) =A%N,

A A R IR S8 BE A A TE H 7 R A B I (E
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2.7.2 DPPH- Ay X &k EalE

S EXIEEPI P, AR EEIUR
2 mL, Ji1 0.1 mmol/mL DPPH ¥ 2 mL, Fi& #%
R BE 30 min, JTC/K ZEEAEN S R, 7E 517 nm 4k
WE R EE (4)) , RIFME 2 mL ZEEM 2 mL T
KR AIF IR I (4,) , 2 mL FEKZEEH 2 mL
DPPH B RIRSIG MR GMH (43) , 3155 DPPH: H %t

DPPH- 5% (%) = (1- A%:‘Z ) x100%.

273 ABTS" Awi AkFalx

%18 Thambiraj 25301 773, % 7 mmol/L ABTS
1 2.45 mmol/L 33 B BRHF 45 A BUE A BL il B ABTS™
HHE T/ER, HAZREK/R T/ERAE 734 nm 4K
W% BEAE VA B 3] 0.7+0.02 £ . BL 0.5 mL R EEZ
VR BUES 5 mL TAEWIRS), @R ML 5 min, 76
734 nm LbE FLR S EEAE, AXh

ABTS* B (%) = (1- %) x100%.
3

KH: 4,4 0.5 mL REEZHRBES 5 mL T/EW
W AE; 4,2 0.5 mL RESHERERES 5 mL I
IKZEER R IEAE; A3 0.5 mL XK ZEBES 5 mL T
YEWR B EAE
2.8 #HiENE

FBIELRER 3R, LRERERITFHEL
PR v 25, R AL 2 F1 2 B Sk A Excel, SPSS 27 #l
Origin 2021 ¥4, BF 4T (P<0.05) ,
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Fig.1 Number of viable bacteria and FRAP value of
extracts of different strains of P. yezoensis
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3.2.1 ik L13 69 AHAE

A 2 iR, BBk L13 WEEES 2R R A
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BN E AR, AR B R B TE,
BEXREERHGENES, B, RIEERAZH
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Fig.2 Colony morphology and Gram staining of
strain L13

3.2.2 B# L13 # 16S tDNA FF oA G X FM
EIEF=3

i1t BLAST )75 #4705 o, BISHEY
A EHUE R 100%, B LXTEREESEN
B Bk I R F MEGA # 14 DA Neighbor-Joining : &
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85 LC438517.1 Lactobacillus sp. 203-3
38 NR 125561.1 Lactiplantibacillus mudanjiangensis 11050
NR 145899.1 Lactiplantibacillus herbarum TCF032-E4
LC438516.1 Lactobacillus sp. 116-1A
57 59| | MT464040.1 Lactiplantibacillus plantarum. 6993
100
NR 113339.1 Lactiplantibacillus fabifermentans DSM 21115
NR 136785.1 Lactiplantibacillus plajomi NB53
H LCO071812.1 Lactobacillus similis JCM 2765
LC52199.1 Lactobacillus oryzae JCM 18671
100 AB626072.1 Lactobacillus namurensis NBRC 107158
492‘_'7—1,(1145563.1 Lactobacillus koreensis JICM 16448
59 LC519851.1 Lactobacillus hammesii JCM 16170
LC589206.1 Companilactobacillus furfuricola JCM 18764
—
0.005
3 EYAHBE LI NREZEW
Fig.3 Phylogenetic tree of L. plantarum 113
3.2.3 B L13 #9Af %R XA AR RAR,

WIER | R E SR ER R L13 R BH o i
BT, BBV 45 R ST e, TIT L) 2 R VA = [
BENE, AKE. RME, FTHLOME ., KBIREFER, 5L 6.0 125
REERHE Bk L13 EYFATE (L. plantarum) R 128

= 5of 115
L 411.0
1 EHRLIBAREER 45] 105
Table 1 Biochemical identification of strain L13 40| 10.0
Fm (RS e £ 337072 4 6 81012141618202224283236486072
W - TR n e/

A IR Al - E Rt +

o e & 4 L13 < N pH 3

3 N - N H4 EYIAFE AEREM pH TH

Aot n e + Fig. 4 Growth and pH changes in L. plantarum 1.13
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(ZERR(ER + B + 3.4 E# L13 R e

N N . N SLRRB B B T A IR MR R Y, 5

- + 54 +

T+ FR 90% D EBEERRFHME, “—” F2R 90% LA BB

3.3 E¥k L13 A& pH ESTHL
HEYIFLAT R L13 B AR HZR 1) B pH 224K G A 4
Fim. ZEREMBFTERES, 02 h bt FAK
FERBH, AT 8N HT BRI, ERTE LR B AR
0%, WHIR R BER A pH 4 BS; f 2 h )5, B
PR AT BRI, BERRAE A JJ300R , 4 S R
hnge, WA R E RS, ZEW pH BEREMK, BR
HEFHFEIREE T MY 12 h )5, Btk L13 iR
HAREERY, HAKEEMRZE, ODgoo EZET
Z, R Y A B m, pH T REZ18; Hik L1378
60 h EH B WA TR, REEW S pH T FREI2,
HAMEFEARA, Bk L13 K 0~72 h, OD fHIEK =
2.96+0.057, pH M 6.14+0.130 T F& 3| 3.52+0.008,
ME 4T IE BB L13 BAEKES pH 2 5%,

REARYLHEBAEEK P, mE s aTa, L3 K
AR AE B 2 35 IR 2 v @R YR B 0 3 0 T S 3 R
ik, HAeKkBHEERRPTERY SN EE -7
FRTPENESE. SXTRAML, FEEFETE
& BN 4% B, ERIARILEAZF M, Y&
o & B R 8%, 12% F1 16% B, Bk By A= K8
ZIARE RN, 37 BB E R AR
HE WK, BETLPEER 4%, 8% 1 12% B,
BRI AERKES REERTE 2.0 Lk, UEBIE Bk L13
fRI TR £k 4 BB % 35 B 12%, Karendash 23213744 T
AFE NaCl E BT EIATHE. AYAFEMEE
BT R, & B H B 0 50% B}, NaCl & & 451
H 7.2%, 6.6% F1 5.2%, Gonzalez ZBU B 53 T %,
FFH R-604 ZEARFAE T T b, Bra b M
Bk Ye E 5 logio CFU/mL FF#f, 7 5 #f NaCl & &
(0, 1%, 3%, 5% F1 7%) B M17 BG Il E 4K E
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Fig.5 Salt tolerance of L. plantarum 1.13
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W TEE 6 H, L13 [ ODgoo (B FEE 55 78 E A pH B
/NTI BRI, AR 3 B 5B B[R] A S K 3 2 9
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6.0 B, BEHRER B LE K BIN ODgoo (EFE 2.5 &5 X
pH % 5.0 F1 4.0 B, B #RER 2 4K HARY ODgoo fEL B
AR T 1.5; 24 pH 4 2.0 F13.0 B}, B #R A ODgoo
{E¥3Z B ™ E RN, H ODgoo (AR T 0.5, IEK
1B 2.0 BFVENTH BRPEIG AR, 15 H B BR L13 AT B 14
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Fig. 6 Acid tolerance of L. plantarum 1.13
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i [ B SE K 2 BB TR B R R IR E T Z B E
X5 EREYIATE L13 & pH 2845 B AR R
fof 76 B Bk L13 BT BR ¥ 50 A7 A, pH /DT 4.0 B, 1
PRA TR R, FAEKAE SR T Mo BRIL R BV P B 15
W BFE R B pH PR ZE 4.0 T EH G BZ W
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Fig. 7 Effects of fermentation time on pH and viable
bacterial count of P. yezoensis
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Rk, I A L aESE Y, B 8 ATLE H, %
0~48 h, ZWtk L13 KRB ABEE X ZWH AL
B 7 W R B ) U] A SE G T S B MR, RBEE 72 h
it, FRAP {8 35 3| 2.79 mmol/L, 27 T 176.23%;
DPPH- H i E R RE T 75.1%, E T 131.79%:;
ABTS" BHEERRFE R 85.2%, E T 123.62%,
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PLEALTE M, 4R B8R B FRAP {H#1 DPPH- §
H L 75 R BB O W B (E ER A P8R 5, 4 1k (78.40+
0.51) mM TE/mL #1(3.44+0.10) mM TE/mL, Aya
&B6Ia83 T L. plantarum & EEX PRI R HLE L
WIS, REEREEL 35 °C3E3 3 dJ5, £ pH 6.0 %
%t ABTS*, DPPH- HEFR AT EIAEE
K& 143 B e X BB AN T 24.63%, 58.31% F1 60.27%,
ARG RS EH MRS, L. plantarum
L13 ZER/5 RE IR T AR BE LR S MNP ELRE )T,
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= FRAP{f = DPPH- [IHILIHIR%

350 "= ABTS T AT ERR 190 = 190 2
T 30f ’80§§~80‘~}ﬂ-
2 = 1,02
S 25t 1708 190 &
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< 140 &

5 10t B 140 @
= r 130 1 m
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8 AEMBEXNFRERXSEREUENHHM
Fig. 8 Effects of fermentation time on the antioxidant
capacity of P. yezoensis

4 E5

Bt B K R R SRR RR RE D BRI ALRR
W, mEHPEBAR LRI AN RS
B L13 YR B S E Bk . 2233 16S rDNA 7 5l & LA
KRG RE WIS B2 7 AR SEY AT
B RAHUE R 100%, BAEZE KA L. plantarum,
HAEKMLR T, & KE pH BTG HREER R
P o 283 it SR AT R 1 R 4 R B B AR L13 AT 26
ABEEIA B 12%, THERME A B pH 5.0,

Btk L3 EARE R PAKBRRL, HEK
bEE KB R IERK 2T RE R BRKETE
W, BRI, &BEEEZHIRIUK FRAP
{5343 2.79 mmol/L, X} DPPH- A L& B % 1% 5|
75.1%, Xt ABTS" Bt 2 15 K ik 3 85.2%, B #k
L13 KA LR R AR LR SR E L
EHE .
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