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Abstract: In order to study the icrobial variation during, the storage of bulk-marinated duck meat, reveal the nature of meat spoilage, and
provide the basis to determine the specific spoilage organisms (SSO), Illumina MiSeq sequencing was used in this study to analyze the diversity
of microflora in bulk-marinated duck meat during storage at 4 ‘C and 25 °C. Bacterial and fungal species diversity showed a downward trend
in general during the storage at4_'C*and 25 ‘C.During the initial stage of storage, the dominant bacteria were Weissella sp., Staphylococcus sp.,
and unclassified Enterobacteriaceae, and the dominant fungi were Debaryomyces sp. 1Z_1257 and Lodderomyces elongisporus. During the
mid-to-late stageof storage at 4 ‘C, the dominant bacteria were Psychrobacter pulmonis and Staphylococcus sp.; during the mid-to-late stage of
storage at 25 .°C, the dominant bacteria were Weissella sp., Staphylococcus sp., Macrococcus caseolyticus, and unclassified Enterobacteriaceae.
During the mid-to-late stage of storages at 4 ‘C and 25 °C, the dominant fungus was Debaryomyces sp. 1Z_1257. Compared with traditional
method, the information obtained by Illumina MiSeq sequencing provides more information of the sample microecology and a comprehensive
description‘of the diversity of microflora in various environmental samples.

Key words:/next generation sequencing; marinated duck meat; microbial diversity; dominant flora

B AL it T RIRL AV , BRORRERE B AREE T WHEINERZ. R, EXAHIRETREE . KNG
REITETR. Wk, HRMEZ . WEEET, w2 g, Hon iR s IR RS, EORE

WS EIRA: 2015-02-06 HEVIRERRAE, (H—LE 2RI AP E A D B A7,
HEWMA: MAERESMTEASIE 2013 £FMELTE (201301) FAMERFEATEE I X AR F RS, Xl
fREET: W (19920), &, WL, W5irE: RAFISTRELE RS 51 Al il b 5 S A AR S e S L MO . (B4
BIMEE: BERE (1963-), B, @+, Hi¥, HRAmE: RRZSIHEE B, IIARITEVIIEFEREZS5AREN, W
300 JEWCAR 5 2 Hh /D 43 TR R R AR K BB S R, R

120



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.11

7 J55 WO 1 € JE MO ( Ephemeral/Specific Spoilage
Organisms, ESO/SSO) M. SSO K H gt r=4yny
TENE i ahs, SONEBRZ, @i EiESSom
PERAEBURT CLT . PRAG A i B, SR TSR
JERl T2, G ATESFREMESR
A, SSOMNIA. [Hk, W 7% mi A il i I 34 1)
EZ R e L.

ERT, ¥ NS A 2 REE T TR 5T 2 2
KL Giss 77 T5 1, /D BOR P A 1 B P 2 Jis Lk

( Denaturant Gradient Gel Electrophoresis, DGGE) B,

PR N DI BE K R 2 M (Restriction Fragment
Length Polymorphism, RFLP) “Fn454£:wmai e
AR TR T LE T

FEGTFAAE RN TR RMES, HER
TR Z AT EEFRI, B AR & ARk
TEYRFOMN, X AT REAER A R AR K w2 . A
HAh G RE T2 AT, B AT (next
generation sequencing, NGS) f A RS i 4= [ Hufif
P E e, IR T A AR,
DA 4540 7 &5 LSRR A T2 L T A 2 1
PERF AT, {HBEZ lumina MiSeqft) & &, MiSeqill
AR AN 5 52 PT DU A A 4 O 1) e S P R i
B BOFBHERCN A BT A B s, X A3
FENGE H Numina MiSeqf5 21 A13E i 4544 FR UL+
1R P AU AP F,  H] AR R
ENEI N ECE =il 522 E

A 78R F MiSeq il 7 i il ¥ <G A4 “C il
25 CIC U FE A A IR S AR, IR ¥ o<1 PRI
oo JEE ISR S I R AR X AR AR, 3R 7
(1) T 2 SR 4 A

1 M55EE

11 g g

MiSeq. PE250: Z%[®. Hlumina; 2720 PCR: [H
ABI; DYY-7C HWkAX: Jbx{7N—; GelDoc-It 310 #t
RS £ %: £E UVP; DW-86L628 HHUKIRIKAH:
T IR TGL-16GB i & U Ol g 5
TGL-20000-CR il & AR & 0ll: Fifgae s,
SPX-250- [I A0 157746 : iRk, QT-2 ek &
R

12 FERA
DNeasy Blood & Tissue Kit: 7% [& Qiagen;
Phusion® High-Fidelity PCR Master Mix with GC

Buffer: 3%[E New England Biolabs; Tiangen Mix: 1t
HRA; GeneJET™ Gel Extraction Kit: 3&[E Thermo
Scientific; Primer 341F. 806R. ITS1 fil ITSIR: ¥
ANHi; WEENG: 3£ Sigma; WEREE: JLREEE;
RNase A: It Z3EE.

13 Jik

131 #d&

WS 24 R A RS e e P Bs , T DK ik s
sk, T4 C. 25 CRele BN Mg =
AFAT, BRI TR AT R L.

1 BUEERT[B] RISt
Tablel Sampling times

BEIC FRAFRT 1A /d
4 0. 3 6. 9. 12.15. 18
25 0.905. 1, 15. 2. 25. 3

1.3.2 DNARIX

DNA HEEUSEE SR Nieminen Z8r 7y (3
fith B 7 aE e 0. FEEL 35 mL AR T — K B0
B, 1300 rimin (4 °C) B0 10 min. FHL 25 mL L
BT R — KA G, 8800 rimin (4 °C)H B0 10
min. W BiE, ERDOET-80 CLRAFLAE DNA $2
By,

By ERT 600 uL hBEELZ R (1
mol/L 11144/, 100 mmol/L EDTA, 14 mmol/L p-37i3&
W), AN 600 U ¥ikERg, 30 ‘CHFE 40 min. 7500
r/min 20 10 min, F_BiE. EEHEESIE DNeasy
Blood & Tissue Kit 15t # 5. 0.6%Fx A HE kB B iRl
G, ¥ 3AFATEEM TS DNA 538, -20 ‘CLRAT.
1.3.3  MiSeq M5

0 B 16S rDNA V3-V4 7 1 5] ¥ Ny 341F

( 5-CCTAYGGGRBGCASCAG-3* ) ! #1 806R

(5’-GGACTACNNGGG TATCTAAT-3") ¥, PCRf% v
{&Z: 15 pL Phusion Master Mix (2x) . 3 uL Primer

(2 uM). 10 uL g DNAFI2 uL dd H,0. RN
98 ‘CHiAr 41 min; 98 ‘CA8410's,50 ‘CiE-k305s,72 C
ZEAH30s, 35MMEHS; 72 CALEMHS min.

B ITSLY 8 5| ¥ NITSIF (5-CTTGGTCATT
TAGAGGAAGTAA-3") BIFIITS2 (5°-GCTGCGTTCT
TCATCG ATGC-3") ™, PCR% BifA %: 15 pL Tiangen
Mix (2 | 3 pL Primer (2 uM). 11.7 uL. g DNAF10.3
uL Mg®* . RNZH: 94 CTASES min; 94 ‘CAFE10
s, 65 CiE:k30 s (FEAMEFRIERL 'C), 72 CLE(H50 s,
154MIEFR; 94 CAME10 sec, 50 ‘CiBk30s, 72 ‘C4E
f150's, 20MEH; 72 ‘CHEH110 min.

121



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.11

2% B BB FEUKATIIPCR™ ), IR IRAT,
[ 2L PCRAZY) (GeneJET™ Gel Extraction Kit),
# P (NEB Next® Ultra™ DNA Library Prep Kit for
lllumina) F£FNlumina MiSeq PE250_EA LI
134 AT

tR#EBarcodets FHLEE (raw data) #75NAA
P EE, H#iZiBarcodeF FIFIPCRY 14 51 #1741 .
ff FJ FLASH ( V1.2.7, http://ccb.jhu.edu/software/
FLASH/) "4 readsHf#:%Raw Tags, i b IRaw
Tags?5 %7 fi fE:Clean Tags, JF/AQIIME (V1.7.0,
http://giime.org/index.html) M 47 4%, 2 Bikat
¥ J5 it Tags 5 Gold database Chttp:/drive5.com/uchime/
uchime_download.ntml ) # 17 btk %f ( UCHIME
Algorithm) UG &K 51, B2k a5t
73 %] Effective Tags . F Uparse ( V7.0.1001 ,
http:/drive5.com/uparse/) b Effective Tags®3 (H
BIE>97%) HitifE5r25 570 (Operational Taxonomic
Units, OTUs) .

VIFhERE: 4B, K OTUsAX = /¥ %1 | RDP

Classifier (Version 2.2, http://sourceforge.net/projects/
rdp-classifier/ ) ¥ & Greengene % 4  ( http://
greengenes .Ibl.gov/cgi-bin/nph-index.cgi) FE474F¢
TR GEEBIMEN08~1) ; HIH, HOUTSIRE
J7 51 FH QUME H [ Blast /5 7 5 Unite_INSDC % 4 J#
(Version 2014.05.13, http://unite.ut.ee) POEATHrF:
BT o
4 Chaolf%k (Chaol richness) #lShannonfi%k
(Shannon diversity indices) PLiFffia-ZFE: (Alpha
Diversity), FFFHIZE (RarefactionCurve) WA
REE
439K 1 B AE P O TUS HIAR R 1 e 81 1
NCBI#17Blastsr#fi, FIClustalX 183147 /7 51ILtxT,
FiMega 6.06 (Neighbour-joiningy2:) X = E i Ak Mtk
ITRGRE BT

2 FERE5E

2.1, o-ZAEER AT

T2 BEEEREA 4 'C (A) F25°C (B) I o -SHElE (cutoff:0.03)
Table 2 a-Diversity measurement in bulk-marinated duck meat duringstoragesat 4 ‘C~(A)and 25 °C (B) with a cutoff value of 0.03

A B

Hf 5 No. OTUs Chaol Shannon A No. OTUs Chaol Shannon
Cule] 0

DO 78 87.75 3.34 DO 85 87.00 3.44

D3 43 48.14 2.86 D0.5 69 72.00 2.19

D6 59 83:00 2.73 D1 78 87.43 2.74

D9 40 42.00 2.65 D1.5 74 75.62 297
D12 39 40.20 3.13 D2 79 84.00 3.27
D15 41 45.67 2.88 D2.5 46 46.08 2.64
D18 57 66.17 3.28 D3 47 48.20 2.92
A 5N

DO 48 54.11 2.05 DO 59 69.50 214

D3 71 73.00 1.82 D0.5 103 116.91 1.58

D6 28 37.33 0.70 D1 55 56.88 1.42

D9 33 46.75 0.90 D15 87 96.05 1.01
D12 26 47.00 0.74 D2 40 45,14 131
D15 28 31.00 0.85 D2.5 40 45.14 1.16
D18 32 34.50 2.45 D3 41 42.00 155

Pt IESALE, 13 ML 510396
AT HIF 727682 25 FL BT 51 o AN R FNT 1A
MM Z REVERBINGR 2 B, TR, Pk
e 1 PR L TR T A A 2 REME R T e SRR T

122

B, AR A AR R S A LT B,
SRy e VNN e A A QNS DR 2
HjEIkEPHEY], H SR AR, PR C
AR d T A


http://ccb.jhu.edu/software/
http://drive5.com/uchime/
http://sourceforge.net/projects/

MR BRI

Modern Food Science and Technology

2015, Vol.31, No.11

—D0
0. —D3 gig 4°C 168 V3-V4
D6

70
60
50
40
30
20

D9

Observed Species Number

0 2000 4000 6000 8000 1000 12000

Sequences Number

80 —DO 4°CITS1

Observed Species Number

0 3000 6000 9000 12000 15000 18000

Sequences Number

1207 *ggs D2 25 C 165 V3-V4

_ 100f —p; D23

]

g :

=

Z

8

Q

=S

7]

=

k)

Z

2

O

o 0 1 1 1 1 1 ]

0 5000 10000 15000 20000 25000 30000
Sequences Number
120 —DO 25 CITS1

pos D2

. 100F — pp D2.5

]

g :

=

Z

8

Q

=S

7]

=

k)

Z

2

O

o

0 5000 10000 15000 20000 25000 30000

Sequences Number
&1 HiEhsk

Fig.1 Rarefaction curve
22 MEMAE SR A

PRl 2 WU ATk S 4 o P4 4
BRI (. AL 5 SO 1 0% BEA
SSBRE. ) 2a K1, BERYIRA A MOS0 RS
FCRIR T BRI AT ERRR . T hF iR Rt
e, VIR T TR (iR

[CE (Escherichia sp.). ZfEAFE (Proteus sp.). i
J5 V075 B T# (Serratia marcesens) B /K £k FG T ( Yersinia
sp.) . BRI B (Erwinia sp.) . $F A6 /K 74 K
(Trabulsiella sp.) FIARZFERIATEERD, H 4 CHI
25 CIEss S ST BRI B R 73 A, X308
TR 832 38 =53, mE 2a 51, (RIERIH T
FERHARKESR, MATEEHE 4 Clesit 5T
BRI . WFAEREH, ARIEX AT R R0
HIVEFIEY, BEE ISR (B H6ER2 , 4 C 125 CIEE R 1
A BN ZE R, 3 1 BRI s P 0 ke
Fe < PR 1 it A R A R BOR E AR
AT AR ot AT R AR i, A A [ Ak
AR e DR P

a 1 0 - Wother

ClPsychrobacter
W Halomanas
O Cobetia
W Enserobacteriaceae
i
aphylococcus

i Macrococcus

100 y [ other
unidentifie

(=]

o0
(=]

Relative Abundance
£ =y
S S

(=]
(=

o
=)

80

60

40

Relative Abundance

20

DO D3 D6 D9 DI2 D15 DI DO DO.5D1 D1.5D2 D2.5D3
Sample Name

4C 25°C
B 2 ETRKTHEESATHEE () FMER (b) EiE
1

Fig.2 Genus-level community structure of bacterial (a) and
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