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HE: BRUBEARSBONE(ERS) AR & &) Tim T+ EA8 R AR,
U IR B EAn Yt I REANANEAN RS E. AT I TiLE ¥ XA

HluminaF & & MiSeq K tL B 247 T W Ak £ fis & o B 48 & AL 1 L

HRET, AHAEN

HHEETELQGAENTET. EREN; ERATLE, WHERNERS W & 55 &
INFISANB Y, YEOE T ERSKWTAER, MAAEREYERNRSE, &
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434 BERAS, 4% SET Illumina MiSeqd AR M — P Z2 A 75 ME T30 2 v i) 1R AH 22 Ak 1235

KT 5.0%0) (a2 R i ki UL, B 5T 43 ) 3k FH DA

F AL N ) ERZ K AR il (Trichi-

urus lepturus) A X % [A % (Decapterus maruadsi)
X4, X W 1 % £234F (2015—20174F) Y 42
] e 3 0 I HE AL S LRSS 307, o 2 e Tt
B

F R AE W S 0 5 I T £ A B 7 TR AH
HI, 24K, ENAhE R Rl
2 1 pasom! 5 A% G o i Al HE AT UL S RE 40T
RMZ RIHEKE . FLIRE . ZEFT A RHEKE
ALK, A 2 b7 32 A 2 R AR e i 4l
R G EmEEAE T, HARR
ol TR MAE YR AR 1%, HETRAT
FH A5 F Bl AT AR 738, Handelsman
SEUE R 7% K 4 (metagenome) A& . R
TERFE BT RE M S AL B, A B A
PR 4H FZ0 B R R 2 . 20134F H 3R 49 Tllumina Miseq
W FFF 68 2 FE N A 22 40 TR ER T B,
W B2 R T L XA e B A A TR A AT
WF, AN T g iR, Hily
i o e HBOHE SR e AR O SR
MiSeqill 5 5 A 73 Hr Bk 5 i 18 A 7E 4 F125 °CIt”
Ik B T 0 AR PR VR 22 R R, G5 R T A
R T RGE AR TP A A M, EW T %
i 8 3k — 1% 48 e e £ ot v 8 AR W) 2 AR
(ERER: PRI DEERE A Ry o R R s A N W o

A 5T DA 152 65 1A £0 0 B T Tk R
(9 JLAS DB BR 15 R, 7 ] 2% i DF 2 MiSeq I 17
BRI RE S TR AR AR A, R LS I
B, LU0 28 A% 5 T £ T 1 0 SE AL L IR
B, O — D s N T i B R T A
AL T fapy in T T 2 3 At s S %

1R

1.1 SEIEHR

W 5 65 /K K 30~40 cm, KR 250~350 g;
AR 70~110 cm, K557 500~700 g5 PF {0
By 8 )N A U7 G T, S BT DK R
JEJ548~72 hl 2 LU0 %, iz [nl 5L 5 5 o7 JP
AbEE o S A0 G A B U A, IR
H 2B R DNA, 55— 40 i A7 i 1 12
K HIRIRE 7 2 42 HUAH TR DNA

2 T 55 A ZH DNASR G5 £ (D3350), £
Omega bio-tek/A F] ; 1EAHGI#I515F (5'-GTGCCA-
GCMGCCGCGGTAA-3")FlJZ #H5 #806R (5 -
GGACTACNNGGGTATCTAAT-3 ")l I 1E K I
[H 47 BR > 74 i ; Phusion® High-Fidelity PCR
Master Mix, 2 [E BiolabsZyH]; GeneJETHE B i,
F &, FEEThermo Scientific/ A ; MRSH;I7 3,
I ARAIIRAE R A RS A

1.2 UFE5EF

MiSeq PE250ill 5%, 2 EIllumina/y A ;
PCRIY, 2EBIO-RADZ A ; SQ510C4: H 3
JEK W%, HZASYamato/y 7] ; Sigma-3K307= #1%
HELHL, KESigmaAHE]; SA-900-1JZH % T
fE&, LIBEHRFEARAF; HH- 4508 KA,
HONBRAEALZS ;. SHP-150/E 01 3548, ik %

AT
1.3 SZWHE

M F # e T B 7 ik Fe IAG 5 7Rk
o 5 R g B i U R B EE R IS
Ve, BIMHI(FER16~18°C, 2~3d). Eykid®k
JEWT . EEAET[(30+£2) °C, 2~4 d)ZEAL B, K
Eh R R SRR A 20%, 30 B AR UL £
KW, AT I Tl f P BORe, Xt
THER 5, 230 sURH(L) s MERIBT B . M1 d
(L)FIE®RI2 d (L2); EEBEBTB(L3); THRBYEL:
T4 d (LT HE2 d (L5), X 6mh s 5 654 0 1E
% PR A A R A R A 0 A1 H R Group 1. X Fa1F
o, SR EEND); BRI B HEHI1 d (DDA
fEi2 d (D2); EPERBL(D3); THEM B THE1d
(D4). T2 d (DS)FITH43 d (D6), X 7Rkl ke
i 7E 7% F R 4 48 22 Hh AR i 0 415 B Group 2.
Pl £ 78 B A By Be 4 i BUS 2, BOHL 3 3 0L A A
Ji M, BT A &S, T AEHSE T
20 °CUKFE & H -

40 1 % DNA#) IR o 3 25 g
W, MR KB R AL - 10 &M, I’
RS, W1 mLIBA W E T9 mLKELBR R
FRHPEEFE24 he K 3E E Omegafl £ A FR 2 A
) 241 TR 2 PR 2H DN A$E BUR 5f) 65 (D3350)#E 17 DNA
PRI, $RBCE IR S R & B 45 .

16S rDNA V4 i R &9 PCRY ¥4 B 37 g 4% %t
J Sk P40 9 16S IDNAJE S V4 Be -
WS U, IE R m s 4 ik S 1SEAI
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1236 KopE o R 43 45

806R., PCRIJW{AKRMFEDNA: 2 pL (%30 ng);
PCRE|¥I(E S I]): 442 pL; Phusion® PCRE i £
fiff(PCR Master Mix)!"": 25 uL; MW 7&/KddH,0:
19 uL; BAMKZRS50 uL, PCRIZ N FRIF: 98 °CHii
AEPE+AS P (3 min+45 s), 55 °CiE A (45s), 72 °C
HEAH (45 ), LIONPEIR; H 572 °CL 1k
7 min i A1 1.0%B5 B W € i H Dk Ao Il PCRYY™ 3 7
¥y, {#i F Thermo Scientific/Z\ & A GeneJETI [0 i
R & mO" )
1.4 HEFEEMiSeql F X IE D

P PCRY 14 7=y 1% 2 TR A KL R A BRA 7
647 7% P 21 32 )7 (NEB Next” Ultra™ DNA Library
Prep Kit for Illumina), Jf+FIllumina MiSeq PE250
(PE251+8+251) EHLINF . A & il i barcode & Jf:
B, RIS 23 208 Group 1 M1Group 2, R
T EBRESEEE TS, T LR (raw data)
2833 Qiime X F 14 1845 8| Clean Dataf5, {#f FH 4Kk 4
FLASH""(Fast Length Adjustment of Short reads,
V121134775842, UCHIME Algorithm (v4.2.40)%"
ARGk ARG, K B reads 4 3 i — 45 )%
G, FIHEEC R R 5 AR X Tags™, SEJ5H)
FH# 4 USEARCH (v7.0.1090)"HIRDP classifer
(V220K PR LT 1) TagsiF1797% K EER 2, B
A 4325 B0 (operational taxonomic unit, OTU),

I AR FZEROTUL Greengene B IR [ LU X,
16 B85 B W AE 0.8 F #EAT Y Al i B, JFHIR
(V3. LA A2 = 13 3 B (PCA)EL . [m] B A
X [C 45 41 (Chao index) . L ITH540(ACE index).
A% $5 %0 (Shannon index) M 3% 3% % #8 £ (Simpson
index)K 15 AlphaZ ££ V£ (Alpha diversity), A T
A I 3 B P, F) B Mothur 5044 (50RR B il 2
(rarefaction curve), #x /&1 XFOTUs#EAT 3 B A1
ZREVES T, A5 3 TR AH S5 R 20 1L

2 iR

21 BTatlmERSEES R

K Hllumina Miseqill 7% &5, £t . it
UE A s R e B T 0 T R v Y 13 R
— A3 5341 3555 . K EN252 bpiy T F
(tags), F-HERENN26 2585, Hidh s [ 5 3545
157 23855741, A AR1%184 1175:)% %1, i fa
A W) 2 K P v 1 R 65, ) R PG EE 4k
TR B A HE B o 3 AR AR HO B R
(Y Fp EAT AlphaZe BEPE G 0 107, BN X FG 45
B SUHEE. BARMBEGE K, e AR e 5
BN, R RE T AR AR R R . R
) 0 T B B B R S Alpha 22 BEVEFE B AN 2 1 %
W (B % A A0 B AE OB B B A M R R R R

x1 ERSMTEETMNIEEDRAlphaZ #4
Tab.1 Alpha diversity measurement in D. Maruadsi and T. lepturus during dried- salted processing
it OTUs e EETE%?&L Xﬁﬁ‘é%ﬁl %’FZUE[_%?SI %%‘Z%B‘x%‘aé?ﬂl
samples Chao index ACE index Shannon index Simpson index
L 24 29.00 29.02 1.46 0.31
L1 18 21.00 22.23 0.03 0.99
L2 23 24.20 29.85 1.04 0.48
L3 23 28.00 27.31 1.09 0.42
L4 17 22.00 32.75 0.69 0.53
L5 10 10.50 12.61 0.80 0.49
D 42 43.00 43.24 2.56 0.13
D1 30 33.75 35.07 1.58 0.28
D2 29 39.00 32.90 1.42 0.36
D3 28 29.00 33.36 1.19 0.41
D4 28 28.00 28.63 1.46 0.35
D5 22 22.33 23.47 1.44 0.34
D6 16 16.20 17.31 1.05 0.41
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434 BERAS, 4% SET Illumina MiSeqd AR M — P Z2 A 75 ME T30 2 v i) 1R AH 22 Ak 1237

IR ) i B Tk 2B ) 22 AR MR R S R R R A, AT
M T R ER AR AT R, R 65 78 IR VU B Bt
WA ZFEERS A LA, AT AR T AR b 2
308 ] BE R Oy IR FE O R A A AP s A Al
WS, wall AR, S50 ER
B 1) A ) 2 A PR ER B D, T RE
KA TG BE W REAR S B OB B B, Al A fl
Y 2RI S TR, B3] T f&E Ut
TBr B, P A I 22 AN K, U A R AR
B R R A OR R Y5 N A o S N N [
Y Z R R T RS 151170 AlphaZ HEPE 4%
TR R R AR R 4,y B AT 3R D s A L
BT, DA A RE M 238 Ak B SH
D U 8 B A 7 55 b T A U E

1 73 Group 141 Group 241 [7] AlphaZ ¥ 11 & 1
B, oM s Eoor a5 5, nl o 5O s 4l
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[6] AlphaZZ HEE 24 5% . Group 2 RUBX R R %L, &
Hrdg %k . FARAB BRI B K F Group 1, 1
AR HOU L Group 19/, BEBHEEARIN &,
PR A 25 bL R R 665 3 (112)

2.2 OUT PCAS#R

[ 3 48 7~ I 2 FE i (Group 1M1 Group 2)3 T
OUTFH FEMPCAS T &5 A, PHALAE S R —
A, PCARAS F W/ PCLEY Jr 22 DTk % 4 35.32%,
ER o PC2IYTT 22 TR A 920.08% , M Al LA
FHH, Group 1HGroup 2453 4 34~ 44 i i
BRI, R X SRR G ) AR W R U A M
L, HrhGroup 2 2 LI A BE R, Uil
TERAE A W LT —3,

23 BTaflmERERELs T
PR TE I Tl P A AR O

50
EL
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5 b
o S .D]
H o
g 20 mD2
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Fig. 1 The Alpha diversity indices’ rarefaction curve of samples
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A S EE AT X, XSTOTURE T ##h 43 2591
ZE1 ] (Phylum) FIRH(Family) ik P43 2 45 20 36f 454>
B ah A Bl profiling i R IE AR B (K14, 14]5),
AT efml LWL HE A () 40 Ao A A A i b B
d AL, K BT A A i R BE AR T 0.5% ) Py b
230 A JF i Others, — e SUR X = B =20% 1
HRE LA RRE

Wi 5] 6% R A £ 1Y) TR AH AR 32 o A AR AR T TR
["](Proteobacteria) 1 J& BE b | ] (Firmicutes), X P47}
[T 209 A B 7E W 8] 65 19 6 FF i o115 57.4%
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F42.6%, T AET 10 1 74 B P2 15 52.2% 1
46.2%, 73 A IR AEAE /D 5 UAT 1R ] (Bacteroid-
etes), “F¥I 5 N 1.6%(K14).

& 5 AL 7K S (Family )4 7 5 7 85 K 7 10 75 i
T T B A Y R R A AR A . FEREKF
e, AR 2 TR R VR 2 A PR D R T O (R 65
X 5 Hij T (1) Alpha 22 #E1: J3 Br 45 R — 3. AR
POBRE R E L, 1K B 85 J5URE(L) ) 46 T A v 3
40 K W #T 1 B (Enterbacteriaceae) . i BR 7 Bl
(Enterococcactae) . 5 5. fifl & #F (Pseudomonada-
ceae), 7 47% . 29%H120%, AL AL EE 2
fFT 7 B (Bacillaceae) . 547 & £l (Moraxellaceae) |
7 FU [ 18 Bk (Shewanellaceae) 1 5 4 £} (Vibrionace-
ae)%, BILE TSR AN TE o T R 4 (LR
fin AN ZF AT 7 B (Bacillaceae), X 147 £ &
S NIRRT Y B 0 R BERY B, SRR
90.8% A LML, K 2R AT B M Mt Eh &, Wl it
Z10%Lh b rgEh v B, At TR A AT LT B A
T MR TS B (L2) m A A Bk A, T RE
TR AW AE N T AR IR, i L A
iR BN 3l BR R (Planococcaceae), 4351 2
64%M25%; B TR B, W15 65 i AR
AN — o HE R BRI 245 BR 5 B (Staphyl-
ococcaceae), I H /&54axtL#, #EL4H 405 &
62%F138%, TMI7ELSH I 35 i 58%F142%. 4fF
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AN /%
relative abundance

100 1

B WAFETT  Bacteroidetes

[ JEEERT]  Fimicutes

O ZFKI]  Proteobacteria
80
60
40 A
20 A
0 -

L4 L5 L3 L1 L2 L D D4 D5 D6 D3 DI D2

Ff it

samples

4 EFIVKkEETamIIEhEEdEEn

Fig. 4 Phylum-level community structure of bacteria during the curing processing of dried-salted fish

0 J5BHD)W) 4 B AH b0 B o A R A3
BR & B+ (Planococcaceae), 437 29 (5 26%H123%,
WA FE AL AW R EZh W R INER . 1R
W Bk (Clostridiaceae) . BRI B . & LKA
B BB MER . FLATE FH(Lactobacillaceae) .
AT 5k (Flavobacteriaceae) . 7 EK # #}(Enterococ-
caceae), M\ EHLJf P} (Comamonadaceae) ., #EEK
Al (Streptococcaceae) . #F fFT B A FI A H i TR
Fl(Aeromonadaceae), AL IL1SFHERE, PIFhfa )5
BHER LA AT R R S LR, 16 B AR B A
£, 15 65 JRURE rb i) TR RE 4230 10 7R Al £ DR
oA A S AN B A IR S R HLOA Y 8 IR
P, 0 OB Y TR R 2 R R O L B 65, A
0 il B BE (DIFID2) T 4y, B AF T —F LA
b, BT RS B B (D) BE B>, HAA3F,
A I R 2R AT B R AR AR, 4l 50%
37%. TEA IR T B Be, SR E AR S L
W, i H50%~57%, 5 — R I 3 B S Bk
W BED2, D3, D4FIDSH, 4351 522%.
35%. 33%7%120%, DIFID6NLLZF A FT 3 A 1L 3

W, #24i38%. FEMET I Tak b, #5165
It L WA IR B 28 AT R R % BK
FRL, R R 65 61 B 5 i Y S e
20 5 40.3% ., 16.7%H116.7%, i i H 3 1Y
e 2 TR W AL 5 O T B L B BR B B ZE AT R
A B, o0 42.2% . 17.1%F113.3%.
FLER R, A T ok I b R R R A A
FAFFEAHEEAED, D2FIDSH, (HARXS 3 B <20%,
ANREAE P

3 iR
31 BRSIEaBTIRIHMEYSHEMER

M o 7% H PR 20 MiSeqil] )1 5 6 i+ Jin T
I TR R MR B 2R AT AT, AR
7N, W (BB R A 2R T N T R Y 13 R
ARG 341 3SSEAM )T A, H b ik B 65 48 15
157 23855741, i 315184 1175751, i fa
i o T sk R B A TR 2 R R T R 6
AlphaZ FEME AT R, FERI R R, A fa
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Fig. 5 Family-level community structure of bacteria during the curing processing of dried-salted fish

Yikh ZREVEDI R 2 TR 65, B3] T s At
T BB, WA 220, Ul Al R )
ZAEVE R R R T W IR 65, SR L PR A
M40 R 2 R R IR B34, PCAST BT
W, BRI 7 i B AR D AR R AL A 1

3.2 HReSMTeaEMTMIdREFRAES
FREF

AWFFE T TR K LT T % B 65 K i
o 7E T I Tk R b B R A R A A M 2
S, TR b, W 65 RS £ 5 AR AR B
AL ETRERER T, AT fa il 77 b
AT, P& 1.6%,

BEAKSF B, whG 5Ok b 8 R 65 0 b R R
FEN RO = O S I v vl i N T W ey S €
rf B AT B B R A O R S S BR R
WEF ., WAERER . AT ER . B R
NE R R . HEER A SRR,
Jo FF G RHE S 2[R A DL 34T, 7 W TR 65 R
W 47%M126%. BLAl, IR 65 A f 4 i R
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PERE . R A B N R, 4 5 29%
20%, i S S ER R, 525%. fEMET
T RR R, PR A0 A R R AR K b, R
PR BE R ZEJR AT B R N A I PR3, minEor
45 5 1 B 65 R 40 11940.3%F142.2%, 5 35 ) SF- 1
mi H16.7%R113.3%. BLAbh, 5 B 65 i Al A0 55
WG AERER, P35 H16.7%, i H AL
R NEEERR AR, P35 H17.1%,

33 BERSMEFEAERTMIIEDEME
HIEE{L

i 154 5 Ry AR T 2 MR a2, HR 2
w>5%, “HMERETIE VARG, FHE
FIf, —fRimE, LA ILA &SR & AR
FEMLOEARY, GBS HERT M 20 4
SR IORT 9 4, DN IeT kg, 1S A TR TR
AEAE, BEEI ML TR ICRE Y, AR
W S E A R Y, RS
VR 25 50 S W B 7 A L S5 A R R P,
IR 21 A i P 2L o R R, T | AR T T

g
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44 RS, % % TTlumina MiSeqdi AR EL A8 — Fl 2 g £ 78 i 1 32 B2 v B9 B AH AR fk 1241

PITLAE D, AL M B T RN A B TG TR 55 P8 12 T
VAR S AT AR . IR B (Vibrio) VS B T )& (Ae-
romonas)Z &R H ),

WU 5B DRI LAY T A W B T A4S T
FERR . R M E R . A B KRR FR R
AR TR SR AL . e i B 65 b g AT
[l R SN 0N S SR Y < B =< Rl 2 S
FONPLFATE , Tl o Rt %) J P A 2R AR AH AL,
WA L RS WO . (B RS T T T,
T ol £ 8 DA ] B B T s T8 DS T B S 9D, A
L2FMID1IF i, PR3HJE IR #8 R A IR, AL
P SR I A B B T L R LT A o
o, WY 0 A T R AT £ 2 T e 2 1Y T e
P, DT IR, T L A ) T TR M R
LN AN 0 T R rh A AR A — 3

3.4 HERSMTFEEBTMIdRESILRE
HIEE L

AWEFE ) H R TE T 0 % B A bt Ak D G
PR, EME T Tk fe b, ¥R 68 JLP AR
TFLRR A, BERR AR ELAT BB 8 R 65 v Y
S 34 S B AU N 0.1% 0%, (H e b SF 1 &
N 17.1%M3.5%, Bk TD. DIFID6, HEBKEH
BHEA o P ERAE S RS R B, & R e Y
M BN D3FIDA, 439 1 35%M33%, FLAT B AL
ANREMHBE, HED2MDSH &R, A5
15%H110%. #I5 ZeF o8 47 220t e LR A , I m)
TEPEHT A0 (T R (D3) R T8 (D4) LA By £ 1 i ol
(D2)F 11 (D5) J5 W A AR ZLAT A8 3 8
7% 35 4 Hlumina™F- 5 ) Mi-Seq 4 AR A G i b i
PEREIS AL AL T nl S T b AR B

SE R

[1] B, BERAR, 3. G N L fE b i v 2 34y

FRPER AL T]. &R, 2009, 30(3): 54-57.
Zeng L B, Xiong S B, Wang L. Changes in microbe
quantity and physico-chemical properties during
processing of cured silver carp[J]. Food Science, 2009,
30(3): 54-57(in Chinese).

[2] Sampaio G R, Saldanha T, Soares R A M, et al. Effect of
natural antioxidant combinations on lipid oxidation in
cooked chicken meat during refrigerated storage[J]. Food
Chemistry, 2012, 135(3): 1383-1390.

[3] Sanches-silva A, Costa D, Albuquerque T G, et al.

[10]

Trends in the use of natural antioxidants in active food
packaging: a review[J]. Food Additives & Contaminants-
Part A: Chemistry Analysis Control Exposure & Risk
Assessment, 2014, 31(3): 374-395.

WU VR K R T TR L TR MR R F FE (D). T8
TR R, 2013: 13-21.

Zeng X F. Study on the effect of Suan Yu property of
fermented freshwater fish[D]. Wuxi: Jiangnan
University, 2013: 13-21(in Chinese).

Matamoros S, Pilet M F, Gigout F, et al. Selection and
evaluation of seafood-borne psychrotrophic lactic acid
bacteria as inhibitors of pathogenic and spoilage
bacteria[J]. Food Microbiology, 2009, 26(6): 638-644.
Kuda T, Kawahara M, Nemoto M, et al. In vitro
antioxidant and anti-inflammation properties of lactic
acid bacteria isolated from fish intestines and fermented
fish from the Sanriku Satoumi region in Japan[J]. Food
Research International, 2014, 64: 248-255.

EWTE, AkAF, SRAKA, . R BT i AL
R TR BT 08 B M2 SE D). BT KR, 2016,
12(3): 74-83.

Wang Y Q, Li L H, Cai Q X, ef al. Screening and
identification of antioxidant starter culture strains from
salted dried fish[J]. South China Fisheries Science, 2016,
12(3): 74-83(in Chinese).

[Tt AR A R R A SRR I R SE IR T]. RS 7
KRN, 2015, 11(4): 109-115.

You G, Wu Y Y, Li L H, ef al. Effect of inoculating
compound lactic acid bacteria on microbial, nitrites and
nitrosamines of salted fish[J]. South China Fisheries
Science, 2015, 11(4): 109-115(in Chinese).

AR AR FSE LY T B R 2018 (LY ST AR 4
M]. A5 ELROE H R, 2018.

Ministry of Agriculture and Rural Affairs of the People’
Republic of China. 2018 China fishery statistical
yearbook[M]. Beijing: China agriculture press, 2018(in
Chinese).

Fe, AL, kIR, % PCR-DGGEH A4 #7144t 5L
% 11 R W AR b AN B R R S5 A 1D BANRLAE, 2017,
38(18): 29-34.

Li Y, Wul J, Zhang J, et al. PCR-DGGE analysis of
bacterial community structure in stinky mandarin fish

(Siniperca chuatsi)[J]. Food Science, 2017, 38(18): 29-

http://www.scxuebao.cn


http://dx.doi.org/10.3321/j.issn:1002-6630.2009.03.011
http://dx.doi.org/10.3321/j.issn:1002-6630.2009.03.011
http://dx.doi.org/10.1016/j.foodchem.2012.05.103
http://dx.doi.org/10.1016/j.foodchem.2012.05.103
http://dx.doi.org/10.1016/j.fm.2009.04.011
http://dx.doi.org/10.1016/j.foodres.2014.06.028
http://dx.doi.org/10.1016/j.foodres.2014.06.028
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.03.010
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.03.010
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.04.016
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.04.016
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.04.016
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.04.016
http://dx.doi.org/10.7506/spkx1002-6630-201718005
http://dx.doi.org/10.7506/spkx1002-6630-201718005
http://dx.doi.org/10.3321/j.issn:1002-6630.2009.03.011
http://dx.doi.org/10.3321/j.issn:1002-6630.2009.03.011
http://dx.doi.org/10.1016/j.foodchem.2012.05.103
http://dx.doi.org/10.1016/j.foodchem.2012.05.103
http://dx.doi.org/10.1016/j.fm.2009.04.011
http://dx.doi.org/10.1016/j.foodres.2014.06.028
http://dx.doi.org/10.1016/j.foodres.2014.06.028
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.03.010
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.03.010
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.04.016
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.04.016
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.04.016
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.04.016
http://dx.doi.org/10.7506/spkx1002-6630-201718005
http://dx.doi.org/10.7506/spkx1002-6630-201718005
http://dx.doi.org/10.3321/j.issn:1002-6630.2009.03.011
http://dx.doi.org/10.3321/j.issn:1002-6630.2009.03.011
http://dx.doi.org/10.1016/j.foodchem.2012.05.103
http://dx.doi.org/10.1016/j.foodchem.2012.05.103
http://dx.doi.org/10.1016/j.fm.2009.04.011
http://dx.doi.org/10.1016/j.foodres.2014.06.028
http://dx.doi.org/10.1016/j.foodres.2014.06.028
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.03.010
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.03.010
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.04.016
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.04.016
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.04.016
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.04.016
http://dx.doi.org/10.7506/spkx1002-6630-201718005
http://dx.doi.org/10.7506/spkx1002-6630-201718005
http://dx.doi.org/10.3321/j.issn:1002-6630.2009.03.011
http://dx.doi.org/10.3321/j.issn:1002-6630.2009.03.011
http://dx.doi.org/10.1016/j.foodchem.2012.05.103
http://dx.doi.org/10.1016/j.foodchem.2012.05.103
http://dx.doi.org/10.1016/j.fm.2009.04.011
http://dx.doi.org/10.1016/j.foodres.2014.06.028
http://dx.doi.org/10.1016/j.foodres.2014.06.028
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.03.010
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.03.010
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.04.016
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.04.016
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.04.016
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.04.016
http://dx.doi.org/10.7506/spkx1002-6630-201718005
http://dx.doi.org/10.7506/spkx1002-6630-201718005
http://www.scxuebao.cn

1242

Ko AR

43 %

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

34(in Chinese).

Kouakou A C, N'Guessan K F, Durand N, et al.
Molecular bacterial characterization and free amino
acids composition in Ivorian traditional fermented fish
produced by two methods[J]. Fisheries Science, 2012,
78(5): 1125-1136.

Marui J, Boulom S, Panthavee W, et al. Culture-
independent analysis of the bacterial community during
fermentation of pa-som, a traditional fermented fish
product in Laos[J]. Fisheries Science, 2014, 80(5): 1109-
1115.

TRk, BOEX, TREIL, 5. IR I A P e R
WHFTE ], B 77K R, 2015, 11(6): 114-119.
Zhang J S, Duan Y F, Zhang Z Z, et al. Research
progress of intestinal microbial flora in shrimp[J]. South
China Fisheries Science, 2015, 11(6): 114-119(in
Chinese).

Handelsman J, Rondon M R, Brady S F, et al. Molecular
biological access to the chemistry of unknown soil
microbes: a new frontier for natural products[J].
Chemistry & Biology, 1998, 5(10): R245-R249.

W, ARIAAE, FHESP, 5. MiSeqill /7 0F 78 Uk ¥ pa Y
VAT R 390 1) A 2 P e 9 22 R P[] BUAR B Wl e
2015, 31(11): 120-126.

Xie P, Xu M S, Yun Z P, ef al. MiSeq sequencing to
study the diversity of Microflora in Bulk-marinated duck
meat during storage[J]. Modern Food Science and
Technology, 2015, 31(11): 120-126(in Chinese).
BRRKAY, RMede, ZoRar, & I A b e ) n T
7 B R B R AR AL 23 A (7], B A RLSE, 2015, 36(12):
76-81.

CaiQ X, WuY Y, LiL H, ef al. Changes in fatty acids
during salting and drying of white croaker (4rgyrosomus
amoyensis)[J]. Food Science, 2015, 36(12): 76-81(in
Chinese).

VRIEZE, ¥ K, BTN 255, 45, i I B2 A2 AN [R] B o) 2% 1F
T FERA TR RS AR )], R, 2012,
33(13): 58-61.

Chen S J, Yang X Q, Fan L Q, ef al. Change regularity
of trimethylamine and dimethylamine contents in
Decapterus maruadsi during salting under varying
conditions[J]. Food Science, 2012, 33(13): 58-61(in
Chinese).

MR, 220K, £ 52 B, 5. lllumina MiSeq =8 & 7

http://www.scxuebao.cn

[19]

[20]

[21]

[22]

(23]

[24]

(23]

[26]

I BTRZAR N A A B 22 REVE[T]. T 25 Ak 548, 2015,
31(5): 1129-1133.

Chen Z B, Li B, Wang D K, et al. Diversity of
endophytic bacteria in walnut analyzed by Illumina
MiSeq high-throughput sequencing technology[J].
Jiangsu Journal of Agricultural Sciences, 2015, 31(5):
1129-1133(in Chinese).

BREERR, 250K, £ 5E B, &5, N Illumina MiSeq &8 &
DA FOK N LA 2 FEPE(T]. B & R,
2016, 32(2): 113-120.

Chen Z B, Li B, Wang D K, et al. Study on the diversity
of endophytic bacteria in maize using Illumina MiSeq
high-throughput sequencing system[J]. Modern Food
Science and Technology, 2016, 32(2): 113-120(in
Chinese).

Magoc¢ T, Salzberg S L. FLASH: fast length adjustment
of short reads to improve genome assemblies[J].
Bioinformatics, 2011, 27(21): 2957-2963.

Edgar R C, Haas B J, Clemente J C, et a/. UCHIME
improves sensitivity and speed of chimera detection[J].
Bioinformatics, 2011, 27(16): 2194-2200.

Bokulich N A, Subramanian S, Faith J J, et al. Quality-
filtering vastly improves diversity estimates from
[1lumina amplicon sequencing[J]. Nature Methods, 2013,
10(1): 57-59.

DeSantis T Z, Hugenholtz P, Larsen N, et al.
Greengenes, a chimera-checked 16S rRNA gene data-
base and workbench compatible with ARB[J]. Applied
and Environmental Microbiology, 2006, 72(7): 5069-
5072.

W, T, 8, 25 Tllumina MiSeqill /71 & Wl &
5 2R VO R AR R 2 AR PR, S E TR AR,
2015, 27(10): 3256-3262.

Zeng Y, Jian P, Ni X Q, ef al. Bacteria community
diversity of liquid and solid phases of ruminal contents
of Mongolian sheep analyzed by Illumina MiSeq
platform[J]. Chinese Journal of Animal Nutrition, 2015,
27(10): 3256-3262(in Chinese).

Wang Q, Garrity G M, Tiedje J M, et al. Naive Bayesian
classifier for rapid assignment of rRNA sequences into
the new bacterial taxonomy[J]. Applied and Environm-
ental Microbiology, 2007, 73(16): 5261-5267.

Sogin M L, Morrison H G, Huber J A, et al. Microbial


http://dx.doi.org/10.1007/s12562-012-0526-0
http://dx.doi.org/10.1007/s12562-014-0780-4
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.06.016
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.06.016
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.06.016
http://dx.doi.org/10.7506/spkx1002-6630-201512014
http://dx.doi.org/10.7506/spkx1002-6630-201512014
http://dx.doi.org/10.3969/j.issn.1000-4440.2015.05.029
http://dx.doi.org/10.3969/j.issn.1000-4440.2015.05.029
http://dx.doi.org/10.1093/bioinformatics/btr507
http://dx.doi.org/10.1093/bioinformatics/btr381
http://dx.doi.org/10.1038/nmeth.2276
http://dx.doi.org/10.1128/AEM.03006-05
http://dx.doi.org/10.1128/AEM.03006-05
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.10.034
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.10.034
http://dx.doi.org/10.1128/AEM.00062-07
http://dx.doi.org/10.1128/AEM.00062-07
http://dx.doi.org/10.1128/AEM.00062-07
http://dx.doi.org/10.1007/s12562-012-0526-0
http://dx.doi.org/10.1007/s12562-014-0780-4
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.06.016
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.06.016
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.06.016
http://dx.doi.org/10.7506/spkx1002-6630-201512014
http://dx.doi.org/10.7506/spkx1002-6630-201512014
http://dx.doi.org/10.3969/j.issn.1000-4440.2015.05.029
http://dx.doi.org/10.3969/j.issn.1000-4440.2015.05.029
http://dx.doi.org/10.1093/bioinformatics/btr507
http://dx.doi.org/10.1093/bioinformatics/btr381
http://dx.doi.org/10.1038/nmeth.2276
http://dx.doi.org/10.1128/AEM.03006-05
http://dx.doi.org/10.1128/AEM.03006-05
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.10.034
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.10.034
http://dx.doi.org/10.1128/AEM.00062-07
http://dx.doi.org/10.1128/AEM.00062-07
http://dx.doi.org/10.1128/AEM.00062-07
http://dx.doi.org/10.1007/s12562-012-0526-0
http://dx.doi.org/10.1007/s12562-014-0780-4
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.06.016
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.06.016
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.06.016
http://dx.doi.org/10.7506/spkx1002-6630-201512014
http://dx.doi.org/10.7506/spkx1002-6630-201512014
http://dx.doi.org/10.3969/j.issn.1000-4440.2015.05.029
http://dx.doi.org/10.3969/j.issn.1000-4440.2015.05.029
http://dx.doi.org/10.1093/bioinformatics/btr507
http://dx.doi.org/10.1093/bioinformatics/btr381
http://dx.doi.org/10.1038/nmeth.2276
http://dx.doi.org/10.1128/AEM.03006-05
http://dx.doi.org/10.1128/AEM.03006-05
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.10.034
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.10.034
http://dx.doi.org/10.1128/AEM.00062-07
http://dx.doi.org/10.1128/AEM.00062-07
http://dx.doi.org/10.1128/AEM.00062-07
http://dx.doi.org/10.1007/s12562-012-0526-0
http://dx.doi.org/10.1007/s12562-014-0780-4
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.06.016
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.06.016
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.06.016
http://dx.doi.org/10.7506/spkx1002-6630-201512014
http://dx.doi.org/10.7506/spkx1002-6630-201512014
http://dx.doi.org/10.3969/j.issn.1000-4440.2015.05.029
http://dx.doi.org/10.3969/j.issn.1000-4440.2015.05.029
http://dx.doi.org/10.1093/bioinformatics/btr507
http://dx.doi.org/10.1093/bioinformatics/btr381
http://dx.doi.org/10.1038/nmeth.2276
http://dx.doi.org/10.1128/AEM.03006-05
http://dx.doi.org/10.1128/AEM.03006-05
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.10.034
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.10.034
http://dx.doi.org/10.1128/AEM.00062-07
http://dx.doi.org/10.1128/AEM.00062-07
http://dx.doi.org/10.1128/AEM.00062-07
http://www.scxuebao.cn

4 1

RS, % % TTlumina MiSeqdi AR EL A8 — Fl 2 g £ 78 i 1 32 B2 v B9 B AH AR fk 1243

[27]

[28]

diversity in the deep sea and the underexplored "rare
biosphere"[J]. Proceedings of the National Academy of
Science of the United States of America, 2006, 103(32):
12115-12120.

Hayat K, Zhang X M, Farooq U, et al. Effect of
microwave treatment on phenolic content and antioxi-
dant activity of citrus mandarin pomace[J]. Food
Chemistry, 2010, 123(2): 423-429.

Wt A, B, 20, & T A TR RHE
AR B BRI 2 T A E (] U SRR,
2014, 30(4): 55-62.

Yang P Z, Qian J, Jiang S T, et al. Texture properties,
characteristic smell, microbial isolation and identificati-
on of smelly mandarin fish[J]. Modern Food Science and

Technology, 2014, 30(4): 55-62(in Chinese).

[29]

[30]

MFEL, B, BTG R, S5 N R K E 4
o £t B R A I AR A [T]. RS R T, 2013,
39(5): 213-218.

Liu S C, Liao M T, Zhao Q L, et al. Study on the
freshness and histamine variation of big eye tuna during
storage temperatures[J]. Food and Fermentation Indus-
tries, 2013, 39(5): 213-218(in Chinese).

Vg g, Wiz, B I5 R, 5. UKkgen e 4 R
JeJE W AR AR AL T]. T [ AR, 2013, 13(8):
219-224.

Jiang Q Q, Dai Z Y, Zhao Q L, et al. Histamine
production and spoilage microorganisms variation of the
ice-stored mackerel[J]. Journal of Chinese Institute of
Food Science and Technology, 2013, 13(8): 219-224(in
Chinese).

http://www.scxuebao.cn


http://dx.doi.org/10.1073/pnas.0605127103
http://dx.doi.org/10.1073/pnas.0605127103
http://dx.doi.org/10.1016/j.foodchem.2010.04.060
http://dx.doi.org/10.1016/j.foodchem.2010.04.060
http://dx.doi.org/10.1073/pnas.0605127103
http://dx.doi.org/10.1073/pnas.0605127103
http://dx.doi.org/10.1016/j.foodchem.2010.04.060
http://dx.doi.org/10.1016/j.foodchem.2010.04.060
http://dx.doi.org/10.1073/pnas.0605127103
http://dx.doi.org/10.1073/pnas.0605127103
http://dx.doi.org/10.1016/j.foodchem.2010.04.060
http://dx.doi.org/10.1016/j.foodchem.2010.04.060
http://dx.doi.org/10.1073/pnas.0605127103
http://dx.doi.org/10.1073/pnas.0605127103
http://dx.doi.org/10.1016/j.foodchem.2010.04.060
http://dx.doi.org/10.1016/j.foodchem.2010.04.060
http://dx.doi.org/10.1073/pnas.0605127103
http://dx.doi.org/10.1073/pnas.0605127103
http://dx.doi.org/10.1016/j.foodchem.2010.04.060
http://dx.doi.org/10.1016/j.foodchem.2010.04.060
http://dx.doi.org/10.1073/pnas.0605127103
http://dx.doi.org/10.1073/pnas.0605127103
http://dx.doi.org/10.1016/j.foodchem.2010.04.060
http://dx.doi.org/10.1016/j.foodchem.2010.04.060
http://www.scxuebao.cn

1244 KopE o R 43 45

Comparative analysis of microflora during salt-dried processing of
two fatty fishes based on Illumina MiSeq technology

CAI Qiuxing ?, WU Yanyan', LI Laihao'", YANG Xianging ',
ZHAO Yongqiang ', YANG Shaoling', WANG Yueqi
(1. Key Laboratory of Aquatic Product Processing, Ministry of Agriculture and Rural Affairs,

South China Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Guangzhou 510300, China,
2. Guangxi Colleges and Universities Key Laboratory of Development and High-value Utilization of Beibu Gulf Seafood Resources,
College of Food Engineering, Beibu Gulf University, Qinzhou 535099, China;
3. College of Food Science and Engineering, Ocean University of China, Qingdao 266000, China)

Abstract: By comparing the changes of the microflora during salted-dried processing of the red-fleshed fish
(Decapterus maruadsi) and the white-fleshed fish (Trichiurus lepturus), the dominant bacterium with antioxidant
activity was also studied. In this paper, MiSeq sequencing technology was utilized in two kinds of fish in different
processing phases. The results showed that the microflora of the two fishes was mainly distributed in Bacteroidetes
and Proteobacteria. At the family level of the initial material, there were 7 and 15 colonies in D. maruadsi and T.
lepturus, respectively. All the species in round scad were totally in 7. /epturus and Enterbacteriaceae was as
common dominant bacteria, accounted for 47% and 26% in D. maruadsi and T. lepturus respectively. From the
start of salting, the number of bacteria in both fishes was greatly reduced. Vibrionaceae and Bacillaceae were the
common dominant bacteria, the former accounted for an average of 40.3% and 42.2% of D. maruadsi and T.
lepturus, and the latter accounted for an average of 16.7% and 13.3%. Among the raw materials, four spoilage
bacteria of Enterobacteriaceae, Pseudomonas, Vibrionaceae, and Shewanellaceae were showed in both fishes. The
dominant spoilage bacteria in both fishes during salt-dried processing was Vibrionaceae. Lactic acid bacteria
(LAB), including Streptococcaceae and Lactobacillaceae, only appeared in 7. lepturus. Therefore, during salt-dried
processing, the degree of reduction of bacteria in hairtail was greater than that of round scad, and they all showed a
decrease. The two fishes contained common bacteria and dominant bacteria, but showed significant differences.
The spoilage bacteria of both fishes have been greatly reduced, suggesting that salt-dried processing is beneficial to
reducing the possibility of fish corruption. 7. lepturus could be selected for LAB isolation for subsequent

antioxidant studies.
Key words: fatty fishes; salt-dried processing; microflora; Illumina MiSeq technology; dominant bacterium
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