B4TE H Wl B % U R Vol.47, No.1
2026 & 2 H PROGRESS IN FISHERY SCIENCES Feb., 2026

DOI: 10.19663/j.issn2095-9869.20241224001 http://www.yykxjz.cn/

2500, JUAE, EIBRER, SREEEE, WRHK, RSCE, MAF, VLR, BT T T AR RSN T R A E AL, e
A RkEEER, 2026, 47(1): 199-211

LIN, JIANG S, WANGLZ,GUOY Y, YAOL, ZHU W J, QU M, JIANG Y H. Microbial community changes during dried Porphyra
yezoensis processing based on high-throughput sequencing. Progress in Fishery Sciences, 2026, 47(1): 199-211

ETSBEENFXNTERER
MR EB T AT

Z @' o oMY EmRH' EmEED 4% #k'
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(1. HEK BRI B KRR A AR K 5 R B 2R 5 IEA T S S0 IR HE 266071,
2. HEIGFHERFERRAS TRS%E IR HS  266404)

fE T 43 %k (Porphyra yezoensis)fF 4 )% % 0y F ZEE, HMEmmA Xfmg EHEY W
AFERWNERARel, W ERTAREXENTI AR T HAE S HFENTUER, HAEFREELK
AR B EA, RARX M T I REEA T F AR E RN ELASHATRN, AdmRENFHR
REBEAFAHHR A ERAEHBANTAERL, R, SRS FHRTERL T ST ZHEI .
GRET, FREEREETFREHELETE, TRAEEHGHELEEZAL -3, TEHX
TRAERRAVE; FTRBEX KRN EEAFEHENEREZR, RXEETROERAA SN
* 5, M FEERE WA KE KHEE(Olleya), 4 # J&(Maribacter) . 1 /\ #f & J& (Octadecabacter) .
T AL AT H & (Qulfitobacter) % ; £ T 5, FF& S H H A 2 HERIK, DL 4 7 (Cyanobacteria_
Chloroplast) % 1% # ; 7% =15 % ¥ % E & 2k ¥ (Macrococcus) . 7+ k # (Deinococcus) . # #4T H
(Bacillus). 7 3 4T # (Acinetobacter) . 4 # #T # (Chryseobacterium) % ; 5236 o 8 5 818 9% & 5
W BEMH A ERRE, EHREMZERZE, BEEARBENRT RS, AARXBTT T4
LERMEEBATHREN IR T I IR AEEET L, B TR ENT 24, Io
WA TP AN ERERETIRE, W —FHAR T AR ETER RN EHHAEZT
i HA
KR FMELE, BELEY; @AE SN, gRAEN)F
FESZES S126 XEKARIRE A XEHS  2095-9869(2026)01-0199-13

Bt 43¢ (Porphyra yezoensis) /&t R EEA KA 45, 2014) FEEEKE SR AN EEAHLHEAER,
éé(f?él{%, W E A TR PR LA MER  WEEFRMEMZ M EH WA, 2021; 4% K5,
SRR, TR E AP S S 50%,  2020), JEAESR, BEEESE S MR W BRI R, ™
97% LA 1 W) 55 BRE 58 3 3% 51 43 A A2 VL0548 V(5K o SO T 4% B S8 S0l i R R (B T SR A, 2019;

* FAR AR =l 47 AR R R T U5 4 (CARS-50)F1 R FE K P2 B 24 B 5% B AR 45 2% (2023 TD76) L R 98 Bl . 28 4,
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XIEZE 2021; RICFEE, 2018), T 4BELEE 2 5K
SR F) 53 ) R DR A 58 3 Gl 25 )77 i 1) Joe o
PEUPRTET S SG R B, T A0SR i P gl
M 55 5 S5 7™ it BRIV BRI e R 2SR IR, PR UL
BRI T AL R B R 5k . Bt
A A X 4% B8 3 A N T A v B B VR RO AN B
RS AL AR SR A T 438, X TR I A Rk
A R B R R FR AR, 2021),

HAGT, X 2B T 7 b i i BB e
A gD, B A Yk oE 2 2L 4E TR 7R TR
o B, X TR Z R B AR ) A BTl o W
il , PR JG I A TR e s o B AR B 5T (X B,
2021; PNSCHISE, 2022), HARFA 4 K28 ED T
Pl I E RSB A, ARG B R T
PR BRPE, Tovk o S M s R P I i A s R 2
B, HERVERE SR, ShEt 2% ) (RER 5, 2021), 16S 4
T DT R AR — AR SR Tk, B AR
air DNA FVBf & UE D R SRR 25, BeA 4%
GREFRL TR I RUEY), B HTE R Y
BEREIR 4l b St 25 g8 A8 Mk, BARCRR . HEmEE
e R A LS, B S RUE I 2R L B
SEA AR AL B I RE A D OB R SR 1 T R E R R F B
(Sun et al, 2016; Z=AE1H4E, 2019; FRIZILSE, 2023).,

TR BRI SR B SR AL RINZ )G, &
oA TR WKL YIS AR RUFBK . —IX
TR R TR TN T, T ABEE I T
AR, JEEE L WEE. A, — TR R TR
S P TE BB 5 AN BT L S i — 2B AT
T AR R ) B R ESORT AN TR B R 4 R AR Ak T O
PN, EHCT VT INE AS RN XY 3 FARE AL AT
SRR G, R AR 6 hn T &
5 AN SRR 0 TR TR S LR R T b, SR
16S 4" 484~ 1o 30 121 0 57 -2 A XA 18 200 R R A A T
SYHT, TRIE, X TR BRI R i A S AN B B R S T
2R AR 10 25 R R T R A5 0T L, 08 8 E e 3 T Ok
FTR SZ R T o LA AR5 AT Ry ) S 5 3 7= i 1 200 7R
ECeN B v NI /3= 8 S e oy o P 1

1 MR5FE
11 #RERF

111 & KAV A M AE = IX 1 3 &K
REMEM AL B, C BRI FE . &M,
— RN R TR OGN TR B RS, B

MBI RIRE S A 3 0y o SRS BUAE IR ORAE
JE A7 Bz [m] 52 59 % AT 5347

1.1.2 XA AR EORIR (PCA) . BEFRER 2 PR,
e mt M E AR A A FRA 5 A HE 240 DNA $2HK
A&, KRR AL A R A 5 Premix Tag™,
H 7k TaKaRa /A 7] ; E.Z.N.A™ Mag-Bind Soil DNA Kit,
ZE Omega A ; Qubit dsDNA HS Z#ridF &, 3£
[E Thermo Fisher 23] ; 2xHieff® Robust PCR Master
Mix ., Hieff NGS™ DNA Selection Beads, #3445}
Fe (BB A RA T

12 XEHEH

HRXBE LML, ZEE Thermo Fisher A H]; HLIKIX
(BG-power600), dbHt A fAEHEARGIRA A5 B
A% Z St (Infinity 3000), [ Vilber Lourmat 2\ ;
Qubit® 4.0 2¢)%:11, 55 8 Thermo Fisher /A ) ; PCRAY ,
AR R A R A R A w5 MiSeq i 2 00y
A%, ZEE Nlumina A F .

1.3 EIF*E

131 HH L Fi2 1% GB 4789.2-2016¢ &
i EERME B ERE RV SO E )
HEATIAE , 25 R RBRK A SRR TR
132 KoaFegmlzE iR GB 5009.3-2016¢ &
i A E FE bR BRI ) T BT
BTN E .
1.33 @ 4 d  ZHENZ DNA $2H, fif
Ffl E.Z.N.A™ Mag-Bind 1 3£ DNA {5 & X FEAR JE 47
ML DNA 42, (i FHZAEWHEE RS F UK Al Qubit
4.0 I 5E DNA He ¥ 5 5g ki,

ARG FRAN R JE N 4] DNA RO, TRERTT ARE
i FEAT P i RN S I R B 10 AR50 P AR RV 100 pL
TR PCA P, 36 'CHEF7(48+2) ho HIBEIRELZZ vl
WA SEAR E T TS, 8 000 r/min .0 10 min, # -
HW, BERRERZEPMVER 2 K, ] EZN.A™
Mag-Bind 1 DNA 2 & 52 BT i€ i 5L 5 2 DNA,
B[R i B 0T 15 55 40 T S5 R 4 DNA

DNA U5 #17 PCR 4% 5 & it il )7 . R
P PCR ¥ 3863 Kl FE AT R Al A PCR 21 72,565 1 #2
KPR GE 519 (GE 191519 CCTACGGGNGGCW
GCAG 5 [m5]% GACTACHVGGGTATCTAATCC)
% 16S rRNA JEPHY V3~V4 ] 48 K791, 45—
4 PCR ¥ H4{KF . 2xHieff® Robust PCR Master Mix
15 uL, IEXM51H4% 1 ul, Ak 10~20 ng, #4iK



£ 5 WA TR T I R T AR BSR4 2 AT 201

#MFE % 30 L, PCR 254 95 CHlZEM: 3 min, 54>
HEFR(94 "CAEE 20 5,55 CiB & 20's,72°CHE{H 30 5),
72 ‘CHEAH 5 min, 10 CIRIE.

% 2 %51 A Tllumina #20 PCR 3RE 51 Y174
W, %% 2 % PCR ¥3{A%R: 2xHieff* Robust PCR
Master Mix 15 pL, IEJZ [0 514745 1 uL, #4k 20~30 ng,
LKA 2 30 pLo N 454 :95 CHUAPE 3 min, 5 4
TG94 ‘CAEPE 205,55 “CiE k 205,72 CHEfH 30 5),
72 "CHEMH 5 min, )5 10 ‘CHEfF. PCR ¥ )5, i
I 2% B WHBRE I L KR N SRR/, i Quibit 4.0
DGE HEAGHEA TR BN A, T AR SRR 1 1 SR
1RA J5 A Ilumina MiSeq i 7F & 3 47 = 38 &30 7 .
134 HHAG S BELA TR WS G
Mo B aliAb S g A . FREL 10 g T 2R3 5838 i
TIHESE T, A 490 mL LHEBERRERZE vhilk, #o4r
AT, RRIEAT 10 (5RE EERR RS . W IBGE Bk B2 I 7
PEWAS 100 uL 41 PCA A, 36 ‘CEiFF(48+2) h,
B TR VETEAS , PRIV T A 45 5 10 B R 75 61T 00 B
alifl . K 2l AL A TR R T IR (BB 20%) R AF T
80 C. XJIGFRUFHYRARSEA TR 22 QY 0, FEVIER N
WAL R RIE A K4, 2024),

16S rRNA JEHF T . Kol fb i bk A E RN
B, 36 C. 150 r/min PG IR0, RN H
[KIZH DNA $& HU 7] £ 52 R AR 9 JE 1 240 DNA S U4
IR DNA SRR, R 8 519 27F(5'-AGAGTTTG
ATCCTGGCTCAG-3")F1 1492R(5'-GGTTACCTTGTT
ACGACTT-3")§" 14 16S rRNA FEHF51, 50 pL 20
& ZAL$E 25 puL Premix Taq. 1 puL 0.25 pmol/L 1E [ 5]
Y. W51, 2950 ng FH 4 DNA ik, PCR %%
4. 94 °C, 5min; 94 C 60s, 55°C 60s, 72 °C 90 s,
35 MEH; 72 °C 5min, 4 CLRIE. ¥ ™Y &K
BEEERS LIKR , JFE4T 16S rRNA JE KT

PEIATE R S8 o AR b B RV 1Y 16S rIRNA
FERIMFEE A 16S 4 1S+ =38 1P 45 R A5 Ak
MR/, DN #f e oA e 8 B o X A 1Y)
5 BRPL A H JE —— B B3R (Macrococcus) (fir44 4
J1~J5){#i ] MEGA #f:(11.0.13) A neighbor-joining j2: %
HRITFII R G K B R .

T B i A2 P o S I b — bR BRI BR TR A SR
WZH, 36 C. 150 t/min YR EEFL 24 h, ¥IEKE
Jei O T AR B 8 2 TR 24 1.0 0 B RURG B ¥ 1 mL
TXH EP &, BT 40°C., 45T, 50 °C. 55 °C.
60 C/K¥HIFE 10, 20, 30, 40, 50, 60 min, XJ

Wb PRI W TEBGIEAT 10 A5 BERR RS, R IBURR B J5 3
BAEE BB 100 uL ¥4 T PCA P-4 b, 36 CHiFF
48 h Je 1714

PLH R K Hoh — R E RER R A B TR R
Hi, 36 'C . 150 v/min JRIFGEFRL 24 h, K IR
W B ERZ R IEA 1.0, 25IEH A 10%. 20%.,
30%. 40%. 50%. 60% PEG6000 ({73 M, MWHL
TR B 50 uL F 4.95 mL %A Al PEG6000 ¥ 3 11
FWTH, JRFHIRS), 36 CHUE 24 h, XHACFE A9 H
WHEAT 10 F5RBER RS, WRIBOHG R 5 3 ‘BB 1) TR
100 pL 345 T PCA “F-H,36 CHi 3% 48 h J5 A T34
1.35 #IEHH PRV S B K a3 B i B SR
HI Microsoft Excel #K{FHEATIHE, IF LRk &
Je T BT R B L TR T S8, SR SPSS 17.0 Fj A
HEATHE 222001, DL Mean+SD i, 411A] L# R ]
t K. P<0.05 WA B2

Wy J5 15 2 0 SR 4R e 50 8 E i F - Cutadapt B
13K FE ), A PE reads Z [0 4 overlap 3¢ & fifi
1 PEAR ¥4 WXt reads PHENR— K75, B ER
4B 25 FEAS B9 R8s (Martin, 2011; Zhang et al,
2014), & Usearch #1784 70 25850 (OTU) o3
#r, 3FFF Mothur #/4:31% Chao. ACE. Shannon .
Simpson. Coverage #5401 Alpha ZHEVEFE BB
(Edgar et al, 2010; Schloss et al, 2009 ), FJH R #4
T PCA EMA 05 PCoA MK/, ) R
(4 helust pRECFIEERZEMY , 3] ape package 2 #
REHETTZ RIS, RA RDP classifier #/FX}
97% AL BE K- OTU AERIF A4 T 4022450 H , O
FET VRS KF-GE 125 AR & 1 TR 20 A (Paradis et al,
2019; Wang et al, 2007),

2 HBRE5HW

21 FTHRHEEXRMITERIPEZSHHTN

K H 3 FAREMEA 5 A0 T3 1) 4 BE LR
T BBUSAIE I 1 Fin . JREEES T A Ak
75 B0, M 6.89 1g(CFU/mL), Hk ol B Ak,
C el i i e TR BRI, A 5.81 1g(CFU/mL). FE i 7E
SRR IE WV S B TR R, 4 R T 128,
1.61 f10.51 Ilg(CFU/mL), #E AT, A ki
FEATH 78 BBOB WK E 5.15 1g(CFU/mL), 1fif B £
AP C Al FAREASTE 283 — IR TR R T8 5 I 7
SRR TS VR R RN IR T, R TR & R IS
BB 7.41 1g(CFU/mL)FI 7.79 1g(CFU/mL).
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Tab.1

1 3HROUFAFEMIAHHRNEE B

Aerobic plate count of samples from different processing stages of three enterprises

TR
Processing step

FEA B B V% B8 (1g(CFU/mL), AT 34t

Acrobic plate count of samples/(lg(CFU/mL), dry basis)

A 1) Enterprise A

B 1\l Enterprise B

C 1)l Enterprise C

JE 3 Original seaweed 6.89+0.12% 6.81+0.59° 5.81+0.13°
15 ¥k Washing 5.61£0.91° 5.20+0.04¢ 5.30+0.06¢
¥ 70 Blending 5.74+0.80° 5.83+0.09° 5.51+0.18¢
—¥R T ## First drying 5.16+0.85° 6.91+0.55° 7.40+0.01°
T KT 4% Secondary drying 5.15+0.28° 7.41+0.12° 7.79+0.46°

TE: F—3 /NG FRERTE, AR — A P AN RN T BRY BREAS TR 7 SRR A 035 22 57 (P<0.05)
Note: Different lowercase letters in the same column indicating that there are significant differences (P<0.05) in the total
bacterial count samples from different processing links of the same enterprise.

x2 3RGUWARMIRTERPHERSHEEEH

Tab.2 Diversity indexes of bacterial communities of samples from different processing stages of three enterprises

[l FE i gy OTUs Chao F8%% ACE 484k Shannon 84k Simpson f§%k  HHHE
Group of bacteria Sample Number Chao index ACE index  Shannon index Simpsonindex Coverage
S A TR Al 8922245683  248+69 303.36£68.67 299.10+66.74  2.34+0.39 0.20+0.04 >0.99
Total bacterial A2 89 078+21 803 168+12 227.42+16.84 271.73+35.10  1.16+0.01 0.54+0.02 >0.99
flora A3 72 122433 477 122418 162.5349.32  167.96+5.97 0.77+0.08 0.70+0.05 >0.99

A4 65690424 731 52421 107.04+64.84 176.72£76.11  0.08+0.06 0.98+0.02 >0.99
A5 74 549£9 495 52430 103.75+50.45 190.95£109.59  0.06+0.06 0.98+0.02 >0.99
Bl 94201+17 177 160430 214.39+47.50 265.23+70.88  1.43+0.30 0.39+0.11 >0.99
B2 76 606+10 600 122431 166.85+48.22 185.92+75.29  1.03+0.17 0.58+0.07 >0.99
B3 9201447601 152437 202.55+63.49 235.16+82.68  0.92+0.27 0.64+0.12 >0.99
B4 69 844423 246  62+17 125.23+52.45 175.89+49.43  0.05+0.01 0.99+0.00 >0.99
B5 5502549 090  67+9 103.94+£14.78 132.80+38.61  0.08+0.04 0.98+0.01 >0.99
Cl 86 63112 876 298+18 350.16£39.14 346.05+42.00  3.19+0.24 0.08+0.02 >0.99
C2 93 834456 488 263+59 310.13+51.55 309.33+£52.95  2.82+0.12 0.12+0.03 >0.99
C3 8590243 717 23043 308.87+£11.99 323.7742222  2.60+0.05 0.13+0.01 >0.99
C4  113867+76 700 184+3 248.05+31.41 274445552  0.86£0.26 0.71£0.10 >0.99
Cs 8759849 118  176+23 208.50+£30.49 216.03+37.98  0.96+0.20 0.68+0.08 >0.99
TG ERE Acd 3977582676 6743 88.78+16.08  88.73+13.54  1.46+0.12 0.36+0.03 >0.99
Culturable Ac5  41814£2070 5546  68.30+£12.58  75.43+14.15  1.05+0.08 0.43+0.03 >0.99
bacterial flora Bed  34032+4470  68+12  72.56+13.82 75731422  1.19+0.18 0.42+0.03 >0.99
Be5  32068+3619  48+6 59314244  63.04+7.81 0.30+0.12 0.88+0.07 >0.99
Ccd 3999743 647 7946 95.46+5.01  94.27+3.49 1.70£0.20 0.28+0.07 >0.99
Cc5 4756416459  62+37  67.83+43.04  69.92+44.85  2.03+0.23 0.18+0.05 >0.99

TE: “AL B, CplFR i, FRIFHC1. 20 30 40 57 UERA Ak B U BEAEAS | T VEFR T REAS | R AIPR AT REAS |

— U EAEA . ZUCTRFEA; Acd. Bed Fl Ced 7001378 AL B FIl C Al — K TFHRFEA R AT EE SR B, AcS. Bes Ml Ces
IR AL B AL C Al TR TRFEA R T SR AR . R IR

Notes: "A, B, and C" represent enterprises, and "1, 2, 3, 4, and 5" following the letters represent the original algae, cleaning
process, blending process, first drying, and second drying samples of each enterprise; Ac4, Bc4, and Cc4 represent the cultivable
bacterial communities of the first drying samples of enterprises A, B, and C respectively, while Ac5, Bc5, and Cc5 respectively
represent the cultivable bacterial communities of the second drying samples of enterprises A, B, and C. The same below.

FEEHI>0.99, a4 R 2 LLFE SRR AL K 28
B, PRG0S A= 5
OTU H 53N LA T R, YRl B34 i
REAR; o, A il FREREE R R, FRET 79.0%,

22 HWESHEHEST

2.2.1 Alpha % # M54 SPHE S B Alpha ZHEE
BEGHITS, SR WE 20 rAHMP Coverage
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C A FRET 40.9%, FREMEER/D . Z TR
H—W TR L, B AR S A R S AT
FRANAEWEHER OTU BUYBA Kl 5 3 %A
b RE L BR BRI Alpha T8 AR B, ARBEER R4t
JNT., Chao $8%UF1 ACE $8 8K 2 FEEH, A
FEERRIL; 3 KV E PR Shannon $8 8K T4
72 b, T Simpson F8 8 & T4= 6, RN T2 )5
B il ) G TR R R 2 FE MG BTG . RS, B
4k Chao #5415 ACE #8484 )2 C 4214 ACE 48
BEERA Ty, BRI AR AR 1) B A B R R
A& . C _{J:‘\lquéj:f#(}\q:};ﬁ): Shannon 5§
¥t , Simpson FEECFEAR, ELANEE R AE A A BT
Fh i o KR T 5 R TR IR A AT B SR A R
HERT Alpha gﬁﬁ%ﬁi&kﬁ%ﬁﬁﬂ, Zeaf kT
HRJE A A B ALY T R BEE A Chao (ACE
Shannon $5 5L, Slmpson Tbﬁu:ﬂ, I A TR B R
B 2R TR T C Al T AR
Chao. ACE f8¥(F#MK, WEHEF & %ML, Shannon
FRETHE, Simpson FREUCT I, WBEZAEMER —KT
15 A T T o
222 AT EKF e mE AL S R A
OTU A, X B 76 J& K7 b ati A7 4322
0T, TR A IR TTREASAR XS B o LA (R
WE 1 PR, EREENAMFERE R, FraFes it
YE 22 AT B S AR AT . 3 Z AR
MEREEE . A EA A B AR, A A
MRS JEEBEAE AR o IR 7R TR A (Olleyay) , i HE 39.1%;
B il A9 5 A R =F B FE IR, W 4l 7 (Cyanobacteria_

100 -
/o /

S (=) 0
S S S
T T T

FH%}EBE Relative abundance/%

353
(=]
T

Chloroplast) R ELHABXT LA ERE, IR F] 52.7%;
C Al 1 S A R R 2 B e v, AR B MR B IR
W, b H 21.2%, HON AR B AT 16 (Sulfitobacter ) 5
++/\FF I (Octadecabacter), /7 Lt 53514 12.1%15 8.9%.

AN, y-Z2 I AT 7 (Gammaproteobacteria) . JE ) 4T &
(Amylibacter) . #% 3 T & (Polaribacter) 5 i /K B
(Aquimarina)e C b RITIIREAS H 5 A3 31h 5.4%
2.7%. 2.6%5 2.5%, M7 A 5 B b e rh
R T 1.0%; A £ At s ks (Bacillariophyta)
55 v B i B (Psychromonas) /5 348 4.7%, Ti7E B
b5 C Ak 4 J5 e LP- A R o 48 T Pk AR
FIFRTT, A A5 B Ak R AS B i 40 -5 75 K 45
FEHANTR A BT LT, R EA TR TR, S
W2, Hod, A 0l B E V8 AU T R RE
B AR 01% LN, B & ERTHE
(Psychrobacter)H 6.6%f# % 1%L T 5 C Ak FFEATE
HERSRHMZE, BHEEF SRR, £
Ja& ) 7 Lt A B S AR AL, BE A A O A /MR B

Tho BEATHERIAT, 3 ZAHY 26 BE SERAE b S A0 R

FIRFZREPERRAR, BWLLEME AR EE . A DS
B {i )l S5 BE 52 SFEAS i A A LL 2SR 99%, LR
J& 5 MR T 1%; 1 C 4k A 2R BE S 3E E A T8 38
WE, SHEREFEZEEET A LS B lk, B
dit 83.2% M A Ah, T/ \FFE  EE 4.4%, IRTR G
B I 1.6%, #i3CCHE (Lewinella) 5 1 1.1%; 1041,
4¢3 (Chlorophyta) f7 b A i ¥ £, HAEJRHE . 1S
VAT EET 1%, HFEATEBRERNE, SHEFAE
4.4%,

u Olley

L] 0ctadecabacter

= Sulfitobacter

s Lewinella
Maribacter

okdonia
L] Piychrobacter
loro,

u Tenaci aculum
Litorimonas

u Altererythrobacter
Amylibacter

= Agiimarina

= Bacillariophyta
Psychromonas

s Polaribacter

u Hellea

= Arenicella

= Arcobacter
Pseudoalteromonas

] Flavobactertum

s Pseudomon

= unclass ,ed_Cyanobacterla Chloroplast

= unclassified_Bacteria

= unclassified_Rhodobacteraceae

= unclassified” Gammaproteobactena

= unclassified_Flavobacteriaceae

= unclassified_Microbacteriaceae
Other

FU1 2T R S AT o o A

Total bacterial communities distribution at the genus level

Fig.1
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WK 2 FR, Zead THE G 0 2530 58 58 nT BE IR 40 T
RUE 00 2L 180 B A A 5 S AT TR 22 AR K it —
WG, A A iR A b 0 3T O 25 AT 1
(Bacillus) F1 5 BK 14 (Deinococcus) , i Hb 75114 48.0%
F21.1%; B M IFEARTRIEZHEMEEUR, Hp, B
RUBRE 5 ek, o 47.3%, HUCHSHERE, Sk
}19.8% 5 C Al AAEAS Hh R % 33 200 T T AR R
o7 H K AT R ER TR (21.8%) . B4 T B
(unclassified Moraxellaceae) (21.7%) . A 3l ¥ &
(Acinetobacter) (21.5%) . 4 i+ 4 (Chryseobacterium)

100 -
80
60
40
20
ol

T T T

FEXTFEBE Relative abundance/%

A 2]

(14.0%) . % 7% [ B (Kocuria) (6.1%) F & BK
(Paracoccus) (4.9%). IAh, ME 2 ATLIEH, &t
TR, A Al AR AT B S A0 R DR 2R e
FREAR, — T A v %) £/ BRL i 77 (Pseudomonas)
5595 #T i (Arthrobacter) 7 X T4 2 J5 JLF % A K
s B kAR RS IR TS, BRE R
B SR R SRR E N T 93.6% . 4.2% 5
1.5%5h, HAWE RS 0.1%LLF ;5 il C 4l —ik
T 5 R R A A A v T 5% 3 4 TR T A Y 4
AR

B Macrococcus

u Deinococcus

® Bacillus

® Acinetobacter

= Chryseobacterium
Paracoccus

®u Kocuria

® Octadecabacter

u Chlorophyta

= Comamonas

® Micrococcus
Pseudomonas

u Chryseomicrobium

u Arthrobacter

= Olleya

® Brevundimonas

u Lewinella

= Sulfitobacter

= Rhizobium
Exiguobacterium

® Acidovorax

= unclassified Cyanobacteria Chloroplast

® unclassified Moraxellaceac

® unclassified_Bacteria

Other
A T Vs o VI R A I ] ~ N ™
A A N AN AN AN AN A BN AN N N AN AN EN AN |
" Nn 9N nhnn n 9N
SIISEISESSISESTSEES

FER 43P Sample No.

Bl 2 IR REAS b ] 55 77 200 11 B I 2K P-4 b o A

Fig.2 Cultivable bacterial communities distribution at the genus level in samples after the drying process

223 Beta #4547 Beta ZAEMEFE KR
WA o ) T A ) 2 AR R BE o 32 L5343 AT (principal
component analysis, PCA)W] DL B M & 7~ A [A] i T3¢
TR P iR A WA I R AL N 22 S, TR A
Z ()RR I 25 0 2 A5 AR (R SCIEAR, 2023), FEAR Y
PRURERSAEARL , DDA AR (i) o B 00T o 20 T TR A
) PCA EI(E 3)AT %1, A 42k 5 B Al iy BEREAR Z
B P BT, T C Al B S e AR 5 53 AP K Al 1Y
FEESARI , B SR A 2 REE 22 S K. [FIA,
TEVEVE S WA, A 5 B A 07 A2 4k
A B, H—WR TS R TR R AR B
MR, BERASTHAIRREE & . C & THEA S
A B AV YA BRI, 20 TR R S A 22 K

HIPE 4 R, AR AT A REA AT SR A0 B R A4 A 5
ST R BOR 22 5 o A AL A TR IR T A REAS
TR, (H5 B A C Al A REAEE B A,
UL A AV A ARBESSRAE IR TR S, BT
WATHIREAAR L, WSS AE AR, JF Bzl
B RELA B 73 SN R A R A I 22 5
C Al — WS 0T B PR BOREAR (] 2 du AR
T, R AR, T B A A TR ER Y AR
AR AT — 2 R REES , Al Y S B S e 280 — T
B, WA AR AR B s Ak, IIEL S AT
I, B Al — IR TSR RREAR S C Al BEEAS
PHE G, (e WA 4 DA — & AR

I R R P AL M S A A e A g A A 4 2



1l =

845 RET Rl H PP X T AR B S SR T i Y R O A 205

=] Al

10f ™~ A2
A3

-] A4
N A5
: Bl

~ |@mB2

or B3
[ B4

PC2 (4.93%)

Fc1
Cc2
[=]C3
[1C4
Cs

60 40 20 0 20 40
PCI (93.01%)

60 t B
\ 1Al
[1A2
[<] A3
[1A4
A5
Bl
B2
B3
» |[EB4
B5
[#C1
C2
. [ C3
a0k [1C4
30 s

w
(=
T

8

PC2 (17.16%)

(=)
K
G

40 ' 40
PC1 (67.81%)

3 VAN A A A B KO PCA 3BT (A)FH T 1 55 40 B A A 5 6 40 1 A A /K7 (B)
Fig.3 Total bacterial flora at the genus level (A), and culturable bacterial community and
total bacterial flora at the genus level (B)

Cc4-1
4‘—: Bod—3
Ac4-3

] Cc5-2
£ Cod—

Cc5-3

Cc5-1

— e
Bc4—2
L R
Be5-3

F Bce5—-1

Bce5—2

Ac5-3

Ac5-1

Ac4—2

Ac4—1

Ac5-2

c5-3
iy

C4-3
C4-1
C5-2

C5-1

B4 TR T AR v SO TR TR 5 PO % 5 A O R
J 7K BIREAR R B AR AR K]
Fig.4 Tree diagram of distance of total bacterial
communities and cultivable bacterial communities at the
genus level in samples after the drying process

SRR, BRI AR Z 8] A L[] 4 SOl
ME S ATLVE B, TR A ] 15 SR 40 B S
S TR TR B KO PSRRI Ay S i, RS
P25 55 0 5 o MREGR BY S AR B R AT OR B, C 4l
5 AWM. BRI, WRESSHA A
XA i ] 55 SR A TR B REEAT AT, BRASBIREAR A,
il AL B, CHEAN M EIE,
224 KRB KT R Z AR PORCY TR )T
AT B AL, W IR AER | 2 R (A
%, 16S rRNA FEHRMFEEE, 454 16S ¥ ¥ =il
PR, R T RBEE A S TP IR H—F
RIBREE . ¥ 5 RO BB MERFEWE ARG A BW, B
5 Macrococcus bovicus 5 R 4% (8 5), Bt T H
Hh— Rk RYER B J1 AR A2 PR R b T R AR
ERIBRIE J1 7E 40 °C F1 45 CHEH 1 h )5, 0%
AU RAE, MEANRE R 50 C I, BERER al )
RS/, 1 h R 2 4.68 1g(CFU/mL); 4
MR 55 C By, WEGRE %, 30 min J55ET- (K
6)o FIFHAS[HIE FE () PEG6000 R [A] T 5L 4514, 1
EERIEKE 11 WPt T 56877, 24 PEG6000 [k AL
T 40%H, WARA AR AR Z 0 ; 2 PEG6000
JEIAS 50%HT, AR 5.42 1g(CFU/mL); 25 bt
PEG6000 ¥ T, A TR (E 7).

FPEE ST e AN TR s —, I
PR A R E SR B AR R A A, HAT, T A
LRI B SR 1 7 A 2 (B E I 4E, 2012),



206

547 %

M
-

J5

0.01

s

Macrococcus bovicus strain C2F4 (ON041102.1)

Macrococcus bovicus strain C2F4 (NR 044928.1)
Macrococcus bovicus strain AHTR8 (OM319729.1)
Macrococcus brunensis strain CCM 4811 (NR 036847.1)

Macrococcus lamae strain R 16089 (NR 029057.1)

Macrococcus carouselicus strain H8b 16 (NR 044927.1)
Macrococcus equipercicus strain H8h3 (NR 044926.1)
Macrococcus hajekii strain R 16086 (NR 029056. 1)

lacrococcus armenli strain JEK37 (NR 181876.1)

Macrococcus epidermidis strain CCM 7099 (NR 159095.1)

Streptococcus lutetiensis strain YB003 (PP348085.1)

FRYBR B 0 BRI R S8 K T

Fig.5 Phylogenetic tree of Macrococcus isolates

g 9

5 ¥

S

26

F

!

% 3|

Q o,

5 210 —*—45C

c% ——50C

= Iy —— 55T

i 0 ' ' ; ' ' '
0 10 20 30 40 50 60

[} /8] Time/min

Bl 6 il BE%EBIERTE J1 A=K AR (n=3)

Fig.6 Effect of temperature on the growth of
Macrococcus sp. J1 (n=3)

T4 Bacterial count/(Ig CFU/mL)
O = N W A °|°| el

20 30 40 50 60 70

PEG6000%¢ & Concentration/%
& 7 PEG6000 Xf H BIEREE J1 4 K 1520 (n=3)
Fig.7 Effect of PEG6000 on the growth of
Macrococcus sp. J1 (n=3)

AR TS ST s S JEURL , A S0 = A
S BO PR Y EERA, R, X AR BERESR
RN T 3 v B8 T e S RSO A T B AR 2 AR A AT
GIRT, X TR GEA SR R 585 i Bl A W P O i
AR LA R R IE AR ER M EA 5, T

R

10

ARBEERM N T WP R | ERBT SR E
FEX . AW IERCR AL E ANEE XA 3 Zall,
A — A R, AR P et St , i T A A
LN AT AR ME SC/T 3014-2022  T-4BFL3 I TH AR
R ), H& HATHE N A8 EL50 AE F= BRI AR e 1

TARBES S P B 4 B Rk R L W VR i
K TR IR IK . — U0 R4 11T 2R FH 14 58 K 1A 4
45 I, ARBFFERR E 3 ZA AR EE.
L — TS IR TS 5 A B IR T I R BE 53R
FEM R B IE S EGEAT T . 25 R B, AR
T T T 7% i B>6.8 1g(CFU/mL) ., ¥ 7K Hh & A R i
AW, T B T R VR AR I O R (K R AR
2007; Carrias et al, 2009), 7 A A4 34320 1 B & 18
SRBEERRE IR, B TR B0 RIHE AT I T3, 1
THUERRAT, SR AT KIS DR 3 LI e v FI 2L T,
LBk Z G, WEBEIYE IR, EEAERT,
B UIRE I 2 5IRKIR G, il — 5 o il i) 55 SR IR 5
W, IR AR BE SRS TR VR S BB AT T S Y AR Ak .
MZ )5, W DK SRR R E A RYHE T, SR
A E R TINOK , B Zead — IR TR — R T4
BN T 2R BE RS . Hodp P R Al AR il e Zeid — Ik T
P2 G VR RSB 3 T IR RE Y R R A R
—JEAE A E BT MG K BR T DR I 48 A O e AN % B T 1
B E RIS Y, R YT R R AR,
WHTE 35~55 C, HTEAEMRERS, KENIER
R Y B PR T S A P T R R AR MR . R TR
Ja AR B T ECTC I B R AIG, R IR TR R S R B
A A A TR RCR, , e 0 T A5 320G 35k B s o Rt 2L
B A W AE AR K 43 105 BE 2 i R T BROPE 1 9 (Jin et al,



£ 5 WA TR T I R T AR BSR4 2 AT 207

2020; Koseki et al, 2015; #BEHELE, 2020), REEEK
et TG, KO TERE R R, nTRedE s T 8B W E
it PR RE , A m RS TR AATE, WEYE B
ANBIREAR o 38 F A AR IK 33 B R AT Tl s A= 4 1)
AR, SEAANA A WA o ) e A B, (R
FIB A WA IS A R TR] -t R B A Al i 72 A i o
TG A PE o B R R IR E R 2% L FERTG, E
TR R TR SR A AN R S AR E B, TR
2 ) e A U R B 5 A PR e S R e
A N o AT 5 a7 3 PR A K v o T B R
XT3 ZRAM 5 A AR ER T A0 S5 BE 2R SRR ) L 4 B 4
AT M, GERE B, TR DR 535 41 TR
BEE LA B 225, X ST IT 45 555
A= IR, 2012), HUEAHEE, A 5 B 4
b B RE AR S 20 R A AR A B R RIS, T C Ak )
FEATE S PS5 V8 RN 5 B0 20 B TR B S AR TR AN K. 2R A
TR, TR T, A A Y 2R
EREAR, AL LU A E R . X n] g
R 2RI T AR B SR AR T I TR A 4l R T
RO R TE M, TSR R R TR A E B
BH—E W2, RS RS A BRI T F i,
T3 LAFET (Tang et al, 2018; Tk 1545, 2024),
L3V Cit iy S Py = NSRS B 1341 s |
I, ARWFFEIE XS 3 A — K TS R TR 1)
B i PEAT S 8 45 SR 45 A vl a0 43 AT R S 1Y)
A B F5 A0 TR B RESS A8 , R 9T T B VR BB 2 B

Rl o FLIRAN [R) 40 B B0 - BB i v KN A 22 5

PEBOTEHR | V&R 41 DNA S REVER S ekt i
KA B, EZ R AR A T, AT DR A
EATRAHNT R, B —ENS M. LSRR
TN, T AR BE SR S T 5 5 A0 O R R 2 S A A T R
AR WES . NERTTUE N, 2800 T R
A AR R E Rk, BRI St
[CBAPEERTH, REAFE T aE T, v =ik il
EAEM, B8 5K 5 IENE R, Bagl kK
7 W ) A M O R AR, 2023; 5 R AT,
2015; ZERKAYAE, 2009; Z=/DN4E, 2020), BLAh, FEA
WS ER B o L s, S BRI O A B Y L
2, HAXRS . T8 mil A an s sk
P SIEB U s A N c T B U R e (P 1R cg = i
B A B (A TR i RS0 L R R s R G DL 2

TR AR ORI 40 B 2 B 475 GBS A, 2021 X B I 4%,

2022), BREEZAL, AEIATFRAE 3 RV TR
PR A BB L, AN BSIFFR) T2 2 A TR SR
girp, R—FARIEEUR R, T RETS A S W)U TN A AE

(Hamouda et al, 2011); AT I 134 2t 2 sk =
TIN5 AR, REM K R TCRAE (X B 05 4, 2018).,
A AT ARIEEET, PR FERRARZ —.
ZEIUFT P AT 2RI, S — S 22 R PR TR, — ekt
WELsh W IEE, TVE R A 3542 06 . (04 250
RN, 2T TR 2 Ak ™ b e A i v i) 32
BRI ORGSR, 4 DT AR (KK
A5, 2013; ISR, 2016) o ZEAR A0 A R A 2E AT B X
JE LA 58 1) it A2 6 3, AR B AR MR R K
(FEPE 5 55, 2023) o 1 BRI T 25 BE 5 S 0 TR 7 B,
X REAS H L AR A A A EA T s i R i B

A5 45 A F I 004 7R 38 0 R A ) S S
BERRIL, REZHT SR BEER 5 R & b iy n] 55557
T LA E ARIER A RSB, EAIK AR R B0 &
PR TS BBCEAR Y E AN, K E A 2T SR T
P55 R I TS A5 R ARG (LS, 2024), K,
X B AR TR A 32 R AT AT oy b B ARBIFT ik
P — bk BB BR A R AT IR AT SR A2 AR AT
SEILRM, 50 C UL S BOR MR 1B T R,
AT BB SR fr il 2 foff TR AR A P9 B B S o A s 4 T I
S R . AR R, ZMBERTE 35%LL LAY
PEG6000 ¥ i h BEA Toik AR K (A FF-4E, 2010),
I RUBRTE J1 FEMR R IR 3 50%0T, KA Z 5] 3
i, FUERERE 71 HARGRMPTREE . 52
SRR, PEMRR IS o B R ER TR 1 i AR I AR
AR — @ WPLT5ARE 7, DN AE 2558 5 b i
SR T 32 14 T BB S AROK & BEAT G . R — R R A
BRTAE SEBR T 58 30 S v 1 T 32 HLA

4 HRERE

ABEFESAT T 3 FAENMEAL AT 2R BE 5N
Tt R R SR AR O, RS T T AR RS
SAE NN T 3ok i v 200 T T AR 5 48 1 AR A AR B0, T A0 2 4
5T A RAE—— B BRI 265 . DARIEER
SRGE YR LA R FR T 3 BU™ dh R SO R Y
KEERY; SR A E AR, A
IFi g IX R A 14 D B 200 o T RS A AT S 2 5, TR
i SV R B AR RG2S P LR
FRIBRESE 5 3)70 BRI IL 3 B —— 5 U BR T e iUA ER
S ekl BE T A2 PR 22, (H AT R A BT T FARE T
SLIAE RIS TF K AP SR U E W R AR, PR
W 223557 i B 22 xR BT HE B Sl DL
FE, FEBAENN T2 A A% 2 i PR 058 5 B4 A9 AR AR
OU, (AT G AR E R TR K S IROK , 5 0 T4 B K TR 4



208 ook B

¥ B 547 %

IR, TR PG AS B ST UE S A DL FA B ST A2 4 A, 4R 5T
FEEE XA BT BRI EOR , BT BUR EHOR |
VARG, SCHN TS R P R AR X,
111735 3 7 B B TR RO

L % X W

SRR, R, WRMEZE, A5 WD HEGA R N Tl R R
YI#EvE 9 PCR-DGGE 70 #r. & ah B, 2009, 30(23):
35-40 [CAI Q X, LI L H, CHEN S J, et al. PCR-DGGE
analysis of bacterial community during processing of
liquid-smoked tilapia. Food Science, 2009, 30(23): 35-40]

BEIRANE, XGREE, 2K, S5, K IME B i A
RUFFTIUR. 55 %8 Tol, 2020, 46(23): 286-292
[HUANG X Y, LIU C J, LI C C, et al. Research progress in
microbiological control of food with low water activity.
Food and Fermentation Industries, 2020, 46(23): 286-292]

AR 1 S L R S o 3 s oL 2 T R N
T E A AR SO0 . B A BRI 22 4R,
2024, 15(7): 242-250 [JIANG S, LI N, DAI W P, et al.
Analysis of bacterial diversity and dominant bacteria in
dried Neopyropia yezoensis and roasted laver using
high-throughput sequencing. Journal of Food Safety &
Quality, 2024, 15(7): 242-250]

WA, A, XPEEAS, 5%, BRI K B ALK 1 %E 524
UK. KR, 2015, 34(12): 778-782 [LAN S H,
WANG L, DENG L J, et al. Identification and drug
sensitivity of Megasphaera from yellow catfish
Pelteobagrus fulvidraco. Fisheries Science, 2015, 34(12):
778-782]

ZERET, AR R P BORTE i SR A b A .
B A TR I AR, 2019, 10(15): 5091-5097 [LIG L,
KUANG H. Applications of high-throughput sequencing
technologies for food microbiome detection. Journal of
Food Safety & Quality, 2019, 10(15): 5091-5097]

20N, MHE, g, SRR RIRE A Y
WHrE5%E. &S K8 T, 2020, 46(14):
121-126 [LI S L, DENG J C, LI C S, et al. Isolation and
identification of biogenic amine-producing bacteria from
raw bigeye tuna (Thunnus obesus). Food and Fermentation
Industries, 2020, 46(14): 121-126]

XUZT5, B, ERERDY. VoA AL H I I B R .
iR, 2018, 39(3): 7-14 [LIU A F, XIE I, QIAN Y F.
Spoilage potential of dominant spoilage bacteria from
chilled tuna (Thunnus obesus). Food Science, 2018, 39(3):
7-14]

XNWE, ToKM, EENPE, S5, Wiy 2K HIE T & i KRR
PRI Z0 G RE VA 450 5 AR S PRI R TR OGP A A il
2FifE R, 2024, 45(6): 24-37 [LIUN, YU Y X, WANG Y G,
et al. Correlation analysis of bacterial community structure
and eco-environmental factors in water and algae along

Qingdao coast before and after the outbreak of Ulva
prolifera. Progress in Fishery Sciences, 2024, 45(6): 24-37]

XIE, TR, KR, % HACCP IR RIEIIG &L=
BEHL. B BRI 274z, 2021, 12(8): 3399-3404
[LIU Y, WANG L Z, HE D X, et al. Application of hazard
analysis and critical control point system during the
production of sandwich seaweed. Journal of Food Safety &
Quality, 2021, 12(8): 3399-3404]

FESCH, Bt HEs, 4. 900 GORANE 2R RIS S5 3h
AR, AR, 2023, 63(7): 28092821 [REN W B,
CHEN N, LU N, et al. Diversity and dynamics of bacteria in
Pixian broad-bean paste. Acta Microbiologica Sinica, 2023,
63(7): 2809-2821]

IhICHE], JLHRMS, BOS™, 4. TR SR EEH
v S BCPHAS  B R L B TR, 2022, 43(16):
322-328 [SUN W K, SHEN Z P, QUAN H Y, et al. Rapid
detection of total bacterial count of Porphyra yezoensis
based on near infrared spectroscopy. Science and
Technology of Food Industry, 2022, 43(16): 322-328]

R, Eh, FRACER, A5, MR IR ZF AT T R e B Hoas 2k
Ferk. dEE AR, 2023, 23(12): 51-60 [TAN X Q,
WANG D, CHENG X X, et al. Screening and probiotic
characteristics of shrimp paste originated Bacillus spp.
Journal of Chinese Institute of Food Science and
Technology, 2023, 23(12): 51-60]

MR, VLHte, $8%as, 4. SESEE IR IR O ERTF it
. B BRI AE R, 2021, 12(12): 49294936
[TIAN Y, JIANG Y H, GUO Y Y, et al. Research progress
on nutritional quality and edible value of Porphyra. Journal
of Food Safety & Quality, 2021, 12(12): 4929-4936]

BUE PR, AN [ S BH 6 5 2 T PO A o 2 R AT v )27
Be WF 52 A= e (i 3 0F 5 ) {1 F 5 A 22 608 3, 2012
[WU H Q. Epibacterial community structure of several

Dissertation of Institute of

macroalgae. Doctoral

Oceanology, Chinese Academy of Sciences, 2012]

WY, R, ERIE, AF ARIELIEHECRS 5 PO IR E I K
BRI 1470 1 4 SR IECRE 1 a0 Ar. B0l 5 & B Tk, 2016,
42(3): 67-74 [XIEL D, LIL L, WANG S Y, et al. Isolation
and identification of particular spoilage bacteria in Penaeus
vannamel stored under low temperature and analysis on
their spoilage ability. Food and Fermentation Industries,
2016, 42(3): 67-74]

RBALAL, SEATUE, DRARR, 2. RIEEFRIEMUEYE Rk
WF o 9L . WA i@ A, 2021, 48(5): 1765-1779
[XIONG Y Y,MO Z N, QIU S Y, et al. Research progress on
culture methods of uncultured environmental microorganisms.
Microbiology China, 2021, 48(5): 1765-1779]

WEFIR, DR, Felele, 45 2014 4ErpE T UA(RVAIX ., B
R T AR e e R TS GR L. TR WRSE,
2019, 48(6): 998-1000 [YANG SR, YIN S Y, PEI X Y, et
al. Microbial pollution of ready-to-eat algae products in 14
provinces (autonomous regions and municipalities directly



%18 Z=

845 RET Rl H PP X T AR B S SR T i Y R O A 209

under the Central Government) of China in 2014. Journal of
Hygiene Research, 2019, 48(6): 998—1000]

R, wifEm, WA, SF. SERMEIRRMY . TIRETETE R Lk
BAHRTTEHERE. il &I Tk, 2020, 46(5): 306-313
[YANG X Q, HUANG H C, PAN C, et al. Advances on
nutrient components, biological activities and comprehensive
utilization of Porphyra. Food and Fermentation Industries,
2020, 46(5): 306-313]

e, A4, R, A, LT s Y oK T A
VI ZREPES . R A4, 2023, 23(10): 305-314
[ZHANG D D, ZHAO J F, XIE S Y, et al. Analysis of
microbial diversity in maize based on high-throughput
sequencing. Journal of Chinese Institute of Food Science
and Technology, 2023, 23(10): 305-314]

sk, BB, VPP ARBESESE ML PR RO H A R K
JEREZE. FEDKS”, 2012(11): 15-19 [ZHANG M R, LU
Q Q, XU G P. Present situation of Porphyra yezoensis
industry and its healthy development. China Fisheries,
2012(11): 15-19]

sk, B8, R/NEL VLI SRS L BRI, T
KA (B TR, 2014, 27(1): 18-22 [ZHANG P P,
YANG R, WU X K. Laver industry in Jiangsu Province:
Investigation. Journal of Ningbo University (Natural
Science & Engineering), 2014, 27(1): 18-22]

TR, IMEARL, SERUEE, A, W AN T s i AL AR
AR . B TR, 2024, 40(6): 17521775
[ZHANG T, SUN H L, QI F X, et al. High-temperature
adaptation mechanisms and biotechnological potentials of
thermophilic  cyanobacteria. ~ Chinese  Journal  of
Biotechnology, 2024, 40(6): 1752—-1775]

KL, Y. S PR RE I R, 2007
[ZHANG X H. Marine microliology. Qingdao: China Ocean
University Press, 2007]

sKokHE, B, B, 4 CIRKE RN RN R IR E R Y
16S rRNA %5 . ol AL AL, 2013, 40(6): 46-51
[ZHANG Y J, WEI J, WANG W, et al. Molecular
identification of specific spoilage organisms from
ready-to-eat crayfish sterilized by pasteurization. Fishery
Modernization, 2013, 40(6): 46-51]

X, WO, FHRER, 55 SRBEESEIE BN REE XA AT
5%, Ml RlE PR, 2021, 42(4): 199207 [ZHAO L, CAO
R, WANG L Z, et al. Study on the characteristic flavor
change of Porphyra yezoensis before and after roasting.
Progress in Fishery Sciences, 2021, 42(4): 199-207]

RXEHEH, JEEE, $E)E, 45 Lonl HAMS S iRt =25 Bk
e 0 K L 5 SR DI RERIF 9. AW RoR R AR, 2022,
38(5): 149-158 [ZHAO M M, TANG Y, GUO L Z, et al.
Function analysis of lonl protease involved in high
temperature stress and cell division of Deinococcus
radiodurans R1. Biotechnology Bulletin, 2022, 38(5):
149-158]

XA, Tt S S BR T AR /K B Lonl A Lon2 7E &riRUHE

BT IR S IIRE . RO RE B AT
He22 68 3C, 2021 [ZHAO M M. Expression and function
analysis of proteolytic enzymes Lonl and Lon2 in
radiation-tolerant abnormal coccus under high temperature
stress. Master’s Theisis of Chinese Academy of Agricultural
Sciences, 2021, 37-71]

FRFE A, T3E2l, BAML, 45, 16S rDNA 5B SCE LM /INEIR
I A £ REdE. & T, 2023, 44(3): 168-171
[ZHENG J S, HE H S, HU A, et al. Diversity of endophytic
bacteria in crayfish gut analyzed by 16S rDNA clone library.
The Food Industry, 2023, 44(3): 168-171]

JARE, XSO, Eenl, 55, AR G R bR R R AR B AR R
H BT, ZRUfOl R, 2010, 38(22): 11978—
11980, 11983 [ZHOU L P, LIU W J, MA H C, et al. Research
progress on drought resistance of Rhizobium strains and plants
inoculated with Rhizobium. Journal of Anhui Agricultural
Sciences, 2010, 38(22): 11978-11980, 11983]

K, EWRER, 552, . FREESE LR M B i 45
il ST A B A I R, 2018, 9(13): 3353-3358
[ZHU W J, WANG L Z, GUO Y Y, et al. Industry status and
quality control of laver in China. Journal of Food Safety &
Quality, 2018, 9(13): 3353-3358]

CARRIAS ] F, SIME-NGANDO T. Bacteria, attached to
surfaces. Encyclopedia of Inland Waters, 2009, 182—192
EDGAR R C. Search and clustering orders of magnitude faster
than BLAST. Bioinformatics, 2010, 26(19): 24602461
HAMOUDA A, FINDLAY J, AL HASSAN L, et al.
Epidemiology of Acinetobacter baumannii of animal origin.
International Journal of Antimicrobial Agents, 2011, 38(4):

314-318

JINY Q, TANG J M, ZHU M J. Water activity influence on the
thermal resistance of Salmonella in soy protein powder at
elevated temperatures. Food Control, 2020, 113: 107160

KOSEKI S, NAKAMURA N, SHIINA T. Comparison of
desiccation tolerance among Listeria monocytogenes,
Escherichia coli O157: H7, Salmonella enterica, and
Cronobacter sakazakii in powdered infant formula. Journal
of Food Protection, 2015, 78(1): 104-110

MARTIN M. Cutadapt removes adapter sequences from high-
throughput sequencing reads. EMBnet Journal, 2011, 17(1): 10

PARADIS E, SCHLIEP K. Ape 5.0: An environment for modern
phylogenetics and  evolutionary
Bioinformatics, 2019, 35(3): 526-528

SCHLOSS P D, WESTCOTT S L, RYABIN T, et al. Introducing
mothur: Open-source, platform-independent, community-

analyses in R.

supported software for describing and comparing microbial
communities. Applied and Environmental Microbiology,
2009, 75(23): 7537-7541

SUN W N, XIAO H Z, PENG Q, et al. Analysis of bacterial
diversity of Chinese Luzhou-flavor liquor brewed in
different seasons by Illumina Miseq sequencing. Annals of
Microbiology, 2016, 66(3): 1293-1301



210 woooor B % 3 R E

TANG J, JIANG D, LUO Y F, et al. Potential new Genera of new Dbacterial taxonomy. Applied and Environmental
cyanobacterial strains isolated from thermal springs of Microbiology, 2007, 73(16): 5261-5267
western Sichuan, China. Algal Research, 2018, 31: 14-20 ZHANG J J, KOBERT K, FLOURI T, et al. PEAR: A fast and
WANG Q, GARRITY G M, TIEDJE J M, et al. Naive Bayesian accurate Illumina Paired-End reAd mergeR. Bioinformatics,
classifier for rapid assignment of rRNA sequences into the 2014, 30(5): 614-620

(B AR

Microbial Community Changes During Dried Porphyra yezoensis
Processing Based on High-Throughput Sequencing

LI Na', JIANG Shan'?, WANG Lianzhu', GUO Yingying', YAO Lin',
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Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
2. College of Food Science and Engineering, Ocean University of China, Qingdao 266404, China)

Abstract Porphyra yezoensis is a widely cultivated red alga. P. yezoensis is the most economically
valuable species among artificially cultivated seaweeds in China. However, microbial exceedance in
roasted P. yezoensis products has frequently occurred, affecting the development of the P. yezoensis
industry. Dry P. yezoensis is the raw material used for the original roasted (sushi laver) as well as roasted
and flavored (laver) products. The microbial load in dry P. yezoensisis the main factor causing the aerobic
plate count in roasted P. yezoensis products to exceed the standard. The use of substandard raw materials
has resulted in huge economic losses for companies processing roasted P. yezoensis. Therefore, the
changes in the aerobic plate count, bacterial community structure, and dominant bacteria during the dry P.
yezoensis processing must be analyzed for developing effective microbial control methods. Fresh P.
yezoensis is subjected after harvesting to a series of processes to obtain the final dried products: impurity
removal, cleaning, dehydration, cutting, blending, cake-pressing and dehydration, first drying, and
secondary drying. The raw algae, cleaning, blending, initial drying, and secondary drying are the five
critical aspects among these steps that affect the aerobic plate count. Dried P. yezoensis samples were
selected from three representative enterprises in different maritime regions in Jiangsu Province, China, to
analyze the changes in the aerobic plate count and bacterial community structure during processing, and
the dominant bacteria were screened. The plate count method was used to analyze the variations in the
aerobic plate count at five steps processing critical. The total bacterial community in the samples was
examined using 16S amplicon high-throughput sequencing. The structural characteristics of the total and
culturable bacterial communities in the samples during the drying step were compared. The dominant
bacteria were isolated and identified, and their tolerance to the processing steps were analyzed. The
number of bacteria decreased after washing. The aerobic plate count of the samples inconsistently
changed after drying, and the drying process did not produce substantial sterilization effects. The aerobic
plate counts of the samples from two enterprises substantially increased after the first drying process for
two reasons. First, the samples were contaminated if the sponge was not replaced as needed during
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cake-pressing dehydration. Second, the low-temperature and high-humidity environment during the initial
drying was conducive to bacterial proliferation. The number of microorganisms in the samples did not
markedly decrease after the second drying process, indicating that the high-temperature process did not
sterilize the samples, and that the microorganisms were not effectively controlled or reduced. The raw
seaweed harbored a diverse bacterial community, with relatively high abundances of Olleya, Maribacter,
Octadecabacter, and Sulfitobacter. The bacterial flora structures widely differed with the algal harvesting
area. The diversity of the total bacterial community decreased after drying, and Cyanobacteria became the
dominant bacteria. The dominant culturable bacteria were Macrococcus, Deinococcus, Bacillus,
Acinetobacter, and Chryseobacterium. The isolated dominant bacterium, Macrococcus, was poorly
tolerant to high temperature but strongly resistant to drought. This study revealed the critical processing
stages that increase the bacterial counts in dried P. yezoensis and the changes that occur in bacterial
communities during processing. The tolerance of the dominant bacteria to drought and heat were
preliminarily determined. These results provide the basis for controlling the microbial content in P.
yezoensis during processing, laying a theoretical foundation for further the research and development of
techniques for controlling bacteria in dried P. yezoensis.

Key words Porphyra yezoensis; Aerobic plate count; Diversity of bacterial community;
High-throughput sequencing



