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ABSTRACT: Objective To explore the bacterial diversity and dominant bacteria of dried Neopyropia yezoensis
and its processed products-roasted laver. Analyze the reasons for the excessive total bacterial count in roasted laver
products. Methods The aerobic plate count of dried Neopyropia yezoensis and roasted laver products were
measured using the plate counting method, and the total bacterial community and culturable bacterial community
were analyzed through high-throughput sequencing. Results After processing dried Neopyropia yezoensis into
roasted laver products, the aerobic plate count slightly decreased, and the sterilization effect of high-temperature
roasting was not significant. The total bacterial community in dried Neopyropia yezoensis and roasted laver products
is mainly composed of Cyanobacteria. And there is little change in the structure of the total bacterial community
before and after processing. The culturable bacterial community structure of dried Neopyropia yezoensis samples
from different sources varies, mainly including Macrococcus, Enhydrobacter, Deinococcus, Acinetobacter,
Chryseobacterium, and so on. After processing, the diversity of cultivable bacterial communities decreases. And the
roasted laver samples were dominated by Macrococcus. Conclution This study reveals the bacterial diversity and
dominant bacteria of dried Neopyropia yezoensis and roasted laver products, laying the foundation for further
exploration of the control technology for the total bacterial count of roasted laver products.

KEY WORDS: roasted laver; dried Neopyropia yezoensis; aerobic plate count; high-throughput sequencing;

diversity of bacterial community; dominant bacteria
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B2 7l); E.Z.N.A™ Mag-Bind Soil DNA Kit(3& & Omega />
F]); Qubit dsDNA HS 3 #1i | & (3£ E Thermo Fisher
Scientific /A #)); 2xHieff® Robust PCR Master Mix, Hieff
NGS™ DNA Selection Beads("H'[# Yeasen 22 l).

12 UFE5EE

Pico-21 20041 Q33238 Qubit® 4.0 % it (GEH
Thermo Fisher Scientific /A #]); BG-power600 Hi k{1 (It 5
B b4 ¥); Infinity 3000 BE AL A% 2 48 (35 [# Vilber Lourmat
/A +]); ETC 811 PCRAX (AL A FEGHT A= P RHE AT B A H);
MiSeq =38 il )5 (% (32 [E Ilumina A &),
1.3 XLWHE
1.3.1 HHEHnE

H IR GB 4789.2—2016C B it &2 E R &L
YIRS TR RO E ) HEF TN E
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{4 Fl E.Z.N.A™ Mag-Bind 133 DNA 35 & % FEAS 1k
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Q)W IR AN HE H 41 DNA B4 HL

FEM U T REVE BEON R, WIHGEE 10 506 EER R
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2 PSR A Y5, 8000 t/min 5.0 10 min, F2%
i, ABBRIEE b e 2 W, VLA EZNA™
Mag-Bind 14 DNA 7| SR EUE [N 4] DNA, RIS SH
AR SR A LN 4 DNA,

(3) PCR ¥ 3 5 /= 3 15 0 57

DNA $#2IUF#47T PCR Y34 R A 2 48 PCR Y 4 7%,
R RERIA PCR I8, 2f—30 R AR E A5 (E
M 3] ¥ CCTACGGGNGGCWGCAG 5 [ [ 5| ¥
GACTACHVGGGTATCTAATCC) %} 16S rRNA %t [ i1
V3-V4 A AR X HATY 8, S5—48 PCR P KR 2xHieff®
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10~20 ng, Mai/k#h7 % 30 pL, PCR Ui 554 95°CTHi
A5 3 min, 5 MIEF(94°CAE P 20 s, 55°CiR K 20 s, 72°CHE
fif1 30 5), 72°CHEAH 5 min, 10°CHRE

55488 A Tlumina Hf= PCR 3451 W1 75 1
4% PCR §'H{A R 2xHieff® Robust PCR Master Mix
15 uL, IESEGI4 1 pL, A 20~30 ng, LK EE
30 pLo SR 45 95°C TS 3 min, 5 PMEFR(94°CAEE 20 s,
55°CiB k20 s, 72°CHEAH 30 s), 72°CIEA 5 min, /5 10°CHE
TEo PCR ¥ H4J5, @il 2%Bi N WHEE e i SRS 0 ST 28 R/,
{1 Qubitd.0 Bt A TR BE DN, I REAS #2121
LRRATRRAGE LAY TR R B A R A W
[lumina MiSeq Il 5 & #F4 7 5538 S0 7

(4)I0 Py K 23-H

T S A5 2 8 S AR R 5, 8 Cutadapt! 1 25 B 5
Yk P4, ARYE PE reads Z[A]AY overlap % Z{#
PEAR!""M4 iix reads PHEZM— 475, $5Ji x4 FEA RS
PR T B R, R RIS A SR . ZERA
Bl Usearch!"E 47 #2143 2% ¥ U (operational taxonomic
unit, OTUYMT, FH %4 Mothur!"i14% Chao. Ace.
Shannon. Simpson, Coverage 35 4{if1T Alpha ZHEEFE%K
38, I ROERFHEAT E W04 43 BT (principal component
analysis, PCA)-‘5 AL FR 4347 (principal coordinates analysis,
PCoA), fliffl R # helust BEFIEEIRIHE, JEFIH apel”
package % {fill B AR Bl i 47 2 PR A 4001, R RDP
classifier® AR PERT 97% MBI AKT-H OTU ARFEJF T
SRS, FRAET TRIE ACT et & E b B TR

2 HERE5HH

21 THEREXSEESRNEZEDB SN

10 T 2R B 283015 HAR X N (9 18 55 7= b A R T B8
W 1 Fin. 10 9T 4BEEE SR L I TRV B8O 8, 1
£ 6.00 1g CFU/g LA I, Hir, TRBESE G3 MW AU =,
k1 7.45 1g CFU/g. FiA T2:BE A TR B S,
ERBIE T TR, b, G6 REAZ B HIE, WE T
WEEERR, FIHET 1.71 lg CFU/g; Rl G10 KA G3
FEA, ¥IRFET 1.66 1g CFU/g. T 4B 4632 G T 2 ),
DR DB I ARk, {[CFBET 0.22 1g CFU/g; Gl FEAR
BT 0.50 1g CFU/g, T IR/

F1 FTEHMEXSHMEE~REE R H(0g CFU/g)

Table 1 Aerobic plate count of dried Neopyropia yezoensis and
the corresponding laver products (Ig CFU/g)

TP R 7 b ZfH
Gl 6.71£0.21 Hl 6.21+0.39 0.50
G2 6.86+0.13 H2 5.60+0.51 1.26
G3 7.45+0.13 H3 5.79+0.19 1.66
G4 6.91+£0.32 H4 5.89+0.44 1.02
G5 6.50+0.44 H5 5.65+0.46 0.85
G6 6.74+0.23 Hé 5.03+0.41 1.71
G7 6.71£0.16 H7 5.89+0.28 0.82
G8 6.52+0.44 H8 6.30+0.18 0.22
G9 6.86+0.06 H9 6.05+0.50 0.81
G10 6.97+0.15 H10 5.31+0.76 1.66

22 HHEZHEMSHR
2.2.1 Alpha % #H5#

XPRESR Y Alpha ZFEPERSEGHFI TSI, S5 L3R 2
3. FrAFEAR Coverage FEEU KT 0.99, Ui B FF4h
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Table 2 Diversity indexes of total bacterial community of dried Neopyropia yezoensis and the corresponding laver products
FE il Number OTUs Chao Ace Shannon Simpson Coverage
Gl 56611 145 198.000000 198.478378 0.147976 0.967014 0.99>
G2 50597 129 172.384615 181.924696 0.141789 0.967716 0.99>
G3 60295 154 221.777778 226.649734 0.184643 0.954843 0.99>
G4 46030 121 197.555556 189.437388 0.136651 0.969149 0.99>
G5 54749 132 169.600000 187.098927 0.140376 0.968026 0.99>
G6 48535 127 191.565217 235.849873 0.138780 0.968541 0.99>
G7 50656 129 160.935484 179.282994 0.191628 0.950624 0.99>
G8 44771 117 149.620690 193.724389 0.144180 0.967495 0.99>
G9 47570 142 175.176471 186.643959 0.182844 0.956467 0.99>
G10 50626 134 210.250000 263.798818 0.162145 0.961383 0.99>
H1 48778 148 247.047619 285.932112 0.202500 0.950071 0.99>
H2 42911 171 216.750000 232.069515 0.336667 0.903538 0.99>
H3 35088 135 201.500000 244.780862 0.193023 0.954246 0.99>
H4 43222 155 243.440000 235.835279 0.204383 0.950450 0.99>
H5 51522 176 251.115385 239.045490 0.252838 0.937465 0.99>
H6 47749 163 266.884615 320.586988 0.193657 0.953658 0.99>
H7 48119 163 220.096774 224.258696 0.182806 0.958574 0.99>
H8 52440 159 258.400000 253.493105 0.229208 0.941517 0.99>
H9 41398 133 180.357143 194.059840 0.164185 0.961617 0.99>
H10 47857 159 249.230769 248.203104 0.233980 0.941151 0.99>
R3 FTEUERSMNEEE~RNAEFAARERSFEEEY
Table 3 Diversity indexes of culturable bacterial community of dried Neopyropia yezoensis and the corresponding laver products
FE il Number OTUs Chao Ace Shannon Simpson Coverage
Glc 49802 101 140.000000 184.998827 0.28642 0.914513 0.99>
G2c 50632 116 140.391304 150.009013 0.899792 0.578669 0.99>
G3c 39393 120 153.066667 146.106413 1.832125 0.221658 0.99>
Géc 40080 113 185.066667 214.208321 0.851665 0.600316 0.99>
GS5c 45025 108 164.894737 178.444166 0.734425 0.674817 0.99>
G6e 47750 125 164.000000 158.617056 0.912023 0.557829 0.99>
G7c 44971 126 155.640000 164.298747 1.301855 0.376521 0.99>
G8c 47746 87 122.769231 150.332798 0.756898 0.560124 0.99>
G9¢c 35127 108 126.600000 135.761803 1.865585 0.223916 0.99>
G10c 56962 128 153.161290 163.987114 1.158233 0.384753 0.99>
Hlc 54446 92 121.062500 126.241281 0.205021 0.948249 0.99>
H2c 47237 95 116.136364 129.040835 0.400681 0.854388 0.99>
H3c 45829 84 113.000000 140.935999 0.544821 0.788179 0.99>
H4c 42655 86 142.100000 160.137215 0.215539 0.945083 0.99>
H5c 41364 93 128.000000 135.953302 0.198259 0.950394 0.99>
Héc 49952 84 115.000000 143.955255 0.800512 0.552660 0.99>
H7c 48081 98 153.500000 142.707030 0.218576 0.944095 0.99>
H8c 48218 130 181.041667 230.616245 0.886692 0.519790 0.99>
H9¢ 35668 87 129.500000 170.590602 0.208753 0.947332 0.99>
H10c 41818 84 132.000000 125.283422 0.717837 0.677841 0.99>
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Fig.1 Barplot of total bacterial communities and cultivable bacterial communities distribution at the genus level
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bacterial flora at the genus level
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