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Abstract: [Background] Tobacco flavor is an important auxiliary material in cigarette production. Microbial
contamination usually occurs in the processes of transportation and storage of tobacco flavor, especially the
residual casing, which could cause spoilage of tobacco flavor. [Objective] To investigate the diversity of
spoilage microorganisms in the deteriorated tobacco flavor and identify the main spoilage microorganisms
causing the deterioration of tobacco flavor. [Methods] Dilution plate counting method was applied to
monitor the microbial composition of the deteriorated tobacco flavor from Yunnan, Fujian and Guangxi of
typical hot-humid areas in China, and then the 16S rRNA, ITS or 26S rRNA genes of the isolates were
sequenced. Furthermore, verifiable experiments were used to identify the main spoilage microorganisms
causing deterioration of the tobacco flavor. [Results] The tobacco flavor samples from the three typical
hot-humid areas in China were with different degree of bacteria, molds or yeasts contamination, and the
bacterial contamination was the most common. A total of 76 bacterial strains, 9 fungal strains and 42 yeast
strains were isolated. The 76 bacterial strains were distributed in 2 phyla, 4 classes, 5 orders, 10 families and
15 genera. Ralstonia, Citrobacter, Enterobacter and Bacillus were the dominant genera. The 9 fungal strains
were distributed in 3 classes and 6 genera of the Ascomycota phyla, with 1-2 fungal strains belonging to each
genus. The 42 yeast strains were distributed in 6 genera of Ascomycota. Pichia, Wickerhamomyces and
Saccharomyces were the dominant genera. The bacterial composition of Yunnan and Fujian samples was
obviously more than that in Guangxi. The fungal composition of Guangxi and yeasts’ composition of Fujian
were more than those in the other two sites, respectively. The verifiable experiment results showed
Citrobacter, Enterobacter, Bacillus, Ralstonia and Pichia were the main spoilage microorganisms in the
tobacco flavor samples. [Conclusion] The study on the composition of contaminated microorganisms and the
confirmation of spoilage microorganisms in the deteriorated tobacco flavors could help to control the
contamination of microorganisms and the spoilage of tobacco flavors in hot-humid areas in China.

Keywords: Tobacco flavor, Spoilage microorganisms, Diversity, Community structure, Verifiable experiment
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ARSIy, BRI 1 R 5
IS . 2 BRSPS A TN TR | 25 A
FERESEIRIZ0 DNA HHREL, 2% RO RIE N R
B BRZF 5E R PCR P38 AN . 407 16S rRNA 3
K53 145 912 20F (5-AGAGTTTGATCCTG
GCTCAG-3")Hl 1500R (5-GGTTACCTTGTTACGA
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ATAAGCGGAGGAAAAG-3")HI NL4 (5-GGTCCGT
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5 AL DR e 8 22 M IE S, B e AR 3 [
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B EmAE, R E S RE BT, 2
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TEEREERENEAE, F3 . FRIES 4 NMRE
FERRY ;s S MBI E TG B R AR
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ARG BT 10.00 1gCFU/mL.

JIT 25 5% 72 JEU ARG T T G A P 1 TR AR 4 A
TEES . BB R A MRE GG, 154
HHTE 1.00-9.20 1gCFU/mL 2 [a] , 4015 Yt Jy %
Wy HUOEEERE, A 13 NSRS AAAE RS
gu 5T SRR N L 86.67%, 15 iR TE
3.54-8.07 1gCFU/mL ZIf]; fFAERERT5 YL IRE S
A 114, SRS BRI 73.33%, TSYLRTE
2.00-6.81 1gCFU/mML Z [A] . AS[F] X A8 B A (175
PeUEWRRFHBBAR (R Do m® 7 2Bk
B RFEEERS Y, B 1 AR AN AL
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S TSA B3I 15 78 B b b 43 B85 3t
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10 R 15 8 (3 2), 15 AN B ZFE 0 LA
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Iy AN BB 76.32%. ARTE T TRMRAEL . H .
BHRUR GO L 2R £, 36 3 X
3H6FF 118 A 188k J8 FIERER | (Firmicutes),
Hi B 23.68%, M GTE 192 H 4 FH4 J& . 7E2N
DRI L, v IR (Gammaproteobacteria) i
34 ¥k, 5 44.74%; BB E N (Betaproteobacteria)fi
22 #k, 1 28.95%; EEFUATERIAN(Bacilliyfi 18 ¥k,
23.68%; oL (Alphaproteobacteria)fi 2 #, &
2.63%. 7E 3K &, M B (Enterobacterales)
FUA T G B (Burkholderiales) HALH B , 43514
34 BRFN 22 Bk, 4359 44.74%F1 28.95%; HIRKE2F
MUAFER H (Bacillales) . FLFFHR H (Lactobacillales),
B I AU 2 MRJE TR H (Rhodospirillales) .
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Table 1 Microbial compositions of the deteriorated tobacco flavor samples

KA R 5 ] I 28 T g
Sites Samples Bacteria (IgCFU/mL) Molds (1gCFU/mL) Yeasts (IgCFU/mL) Microorganisms (IgCFU/mL)
= 1# 5.60 6.34 6.48 18.42
Yunnan 24 6.59 6.28 6.15 19.02
3# 7.42 0.00 7.04 14.46
4# 7.72 6.72 5.48 19.92
St 8.00 2.00 7.00 17.00
6# 4.49 2.85 3.54 10.88
T# 9.20 2.30 3.92 15.42
Ginye 8it 6.30 5.44 6.04 17.78
Fujian o# 1.00 6.81 0.00 7.81
10# 3.57 5.16 0.00 8.73
11# 6.61 4.70 8.07 19.38
12# 1.70 0.00 6.15 7.85
13# 6.32 3.00 6.19 15.51
i) 14# 5.24 0.00 5.86 11.10
Guangxi 15# 6.56 0.00 7.13 13.69
x2 ERBEBPHRERERZHR
Table 2 Composition of cultured bacteria isolated from the deteriorated tobacco flavor samples
I"] Phylum ¥ Class H Order Al Family J& Genus
BTE ] y-7BTE B 4 tt i B [T A att s
Proteobacteria  Gammaproteobacteria Enterobacterales (34) Enterobacteriaceae Enterobacter (14)
(58) (34 (33) TR 1
Citrobacter (15)
B (BRG]
Klebsiella (2)
5 IR R
Leclercia (2)
BR/R=F R U R E
Yersiniaceae (1) Serratia (1)
BT B2 (EEAE: =] (EENRMEE VNN
Betaproteobacteria (22) Burkholderiales (22) Burkholderiaceae (20) Ralstonia (16)
ATE R B A
Burkholderia (3)
RF T IR
Paraburkholderia (1)
B H R PIRFAF R
Comamonadaceae (1) Delftia (1)
Oxalobacteraceae (1) ENE T
Herbaspirillum (1)
oIV R 44 LLIRR H TERAT B HIWEAT B R
Alphaproteobacteria (2) Rhodospirillales (2) Acetobacteraceae (2) Gluconobacter (2)
JELREGT] AT R 4 25 MUAT i H ZFFUAT B ZFHAT R
Firmicutes Bacilli (18) Bacillales (9) Bacillaceae (8) Bacillus (8)
(18) JEFHUFT AR JEFHUAT R
Paenibacillaceae (1) Paenibacillus (1)
FUTH H B R R R A ER R R
Lactobacillales (9) Leuconostocaceae (2) Leuconostoc (2)
HEBRER FLIREE

Streptococcaceae (7)

Lactococcus (7)
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33 #k; 1A5E IRE RN Burkholderiaceae) 20 ¥k;
il #F W B} (Bacillaceae) 5 8 #k ; 4 Bk B £l
(Streptococcaceae) fi 7 tk; J& T HB IR 4 QI #}
(Yersiniaceae) . MNEHJIFEFH Comamonadaceae).
Oxalobacteraceae . BETRFTEFlH(Acetobacteraceae) .
2K F 0 FF B Bl (Paenibacillaceae) X W = K 15 F}
(Leuconostocaceae)f/L, US4 1-2 #ko

76 BRANAEIR /3K ER AT WLE 1, F2%
o3 A1 75 75 /K R & (Ralstonia) . F7 48 TR AT 16 &
(Citrobacter) . W¥F 15 J& (Enterobacter) . % T )&
(Bacillus) . ZLER J& (Lactococcus) . 1A v K &
(Burkholderia) . 15 [T & (Leclercia) . 551K
J& (Klebsiella) . it & (Gluconobacter) . W] Hi B
W& (Leuconostoc) . 10 [RTH & (Serratia) . JEZF18
FF 18 J& (Paenibacillus) . ¥N2 1 J& (Herbaspirillum) .
BIA v K & (Paraburkholderia) . A8 /R 7% 55 1 &
(Delftia)® 15 1@ . HHhE/RIREE . FrERFT
W& . AT R R R R AR, 25
G E AN R 21.05% . 19.74% . 18.42%71
10.53%.

R JH ClustalX 1.8 FIFXS K 16S rRNA FE[A T

1.32% 1.32%
132% 7\ [ '132%
1.32%

.639

E1 76 BRARAERE T LKFERNSH

ST Z B, F MEGA 6.0 I RGE R B,
#1471 000 K Bootstrap ZeiT2#kk:, 455 UL 2.
REKRETaE R BN, AR RS s G dn
RER 2RI VM 533 1433
], A4 -1, 12 f 13 W3, 535l h 495y
TNV y-BI RN . B IE RN o-BIE T
11 73 SN ERER], Ao ST 2R FAT 7 49
R, 78BS 2KF E M E B AELAF R E
H
23 SREBENSTBEEMREREIN
RAEREMERT SR L SDA, AR ST 43 25
alifb 53] 9 RETE, XEEE PR ITS FEK ¥ 41 il e
TSR (& 3) BN, 9 WREAATETFREA]
(Ascomycota) , HeHFE5C A (Sordariomycetes) i 3 ¥k,
W N (Eurotiomycetes) 5 tk, JEREH N
(Dothideomycetes) 1 ¥, K ClustalX 1.8 317
RIPR ITS AR ZE X5, il MEGA 6.0 F# 5
GREMREIRER, BRER IS RERRE N
3RS I IR L 4332, A5 oh385e i an |
A S TR A RN RE TR A o T 43 S A0 955 Tl Bk e i H
(Calosphaeriales) 2 #MTE5¢ H (Coniochaetales)

= Ralstonia

= Citrobacter

= Enterobacter

= Bacillus

= Lactococcus

= Burkholderia

= Leclercia

= Klebsiella

= Gluconobacter
Leuconostoc

= Serratia

= Paenibacillus
Herbaspirillum
Paraburkholderia
Delftia

Figure 1 The distribution of 76 bacterial strains from tobacco flavor in genus
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100 TC142 (MK459510)
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35 Baullu(\ nealwnn U656111)
825giTC121 1\/]](459489;
91'TC114 (MK459482
[TC140 MK459508)
100 I’ae)é/ ac&lhgs lélmo:sens/s SD85)97)
100 { Leuc senteroides (CL G48660)
TC148 (MK459516)
60 ,Lactococcus garvieae subsp. (NR 152050)
TC173 (MK472697) n
58 1001 ractococcus formosensis (NR 114
Cl171 (MK472695)
100 TC170 (MK472694)
100 Lactococcus nas ulile/‘milis (KR611319)
57 C176 (MK472700)
Lactococcus lactis subsp §NR 1 164433
Lactococcus lactis subsp. (NR 113925
Lactococcus lactis subsp. (NR 040956)
Lactococcus lactis strain (NR 0409,
TC172 (MK472696)
ssL TC174 (MK472698
73 C175 (MK472699) —
0.02

B2 ET 16S rRNA EEFIIMENERERF P ISRAFNR G L BN
Figure 2 Phylogenetic tree of bacteria from the deteriorated tobacco flavor samples based on 16S rRNA gene sequences

: 55 N4 NCBI GenBank #3555 733 74 Neighbor-Joining #:# Bootstrap fi(1 000 IKHK); HrR AR M
Mzﬁﬁ%ﬁ&%. NG
Note: NCBI GenBank accession numbers are presented in parentheses. Numbers at nodes indicate the levels of bootstrap support based
on Neighbor-Joining analysis of 1 000 replications. Bar: Substitutions per nucleotide position. The same below.
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88 | TC206 (MK465188)
4‘99# TC207 (MK465189) |
98 Pleurostomophora richardsiae (AB364695)

o TC204 (MK465186)
100 ! Coniochaeta sp. (KX100347) _

| TC202 (MK465184)

100 | TC203 (MK465185)
Byssochlamys spectabilis (KT824760)

100 99 | TC209 (MK465191)
Penicillium phoeniceum (AY742694)
f‘j[ TC205 (MK465187) 11
991 Penicillium simplicissimum (KM104578)

100 |Epicoccum sp. (KX965725) __|

| TC208 (MK465190)

—
0.05

100[{ Exophiala sp. (AF050267)
751 TC201 (MK465183)

3 ETITS RRFIEEZHNERBRDSRABENRRELEN

Figure 3 Phylogenetic tree of molds from the deteriorated tobacco flavor samples based on ITS gene sequences

18K 153 A A A E B H (Pleosporales) 1 1 ; 111
oS HE 2 1 B (Chaetothyriales) 2 R FTHLRE 7 H
(Eurotiales) 3 ¥

TR IR b, 9 PRE T 50 A T TE W 14
5¢ J@& (Pleurostoma) . B#95¢ )& (Coniochaeta) . HMH
25 14 )& (Exophiala) . 58 (Penicillium) . A58
(Byssochlamys) . it BR & (Epicoccum)&s 6 ™)@ ,
BT EE 1-2 BRE
24 SREGNSBEEMRZLE W

KM YPD IR B IG5 42 PRIgERE
26S rRNA D1/D2 [N Jy 1 1 & A EEXT 45 R (18] 4)
WR, XEERMTETREET 1 6 NME, ahili
i 2 W BF B & (Candida) . 15 L K B & )8
(Debaryomyces) . W E} 1 J& (Saccharomyces) . EE 7R
P EE & (Pichia) . WRAME BELE TR R (Ogataea) . EH
TR TR & (Wickerhamomyces) . S EEIRIEEREJE | 4
T B T B R D IR B T A AR, ER ORI B
A 14 8k, GRS 33.33%; ANE AR
B8 12 Bk, 4 28.57%; BEEFJE 9 K, 15 21.43%.
HARBRANME TR DA | A5 22 T B v AN R e B
J& 3@ 4. 2 F L Bk

PPk 26S rRNA D1/D2 J¥41 %8 ClustalX 1.8 #ff:
ZEHXIHIMEGA 6.0 B RGeK BMra R R,

ARG G R 4 SRS 1L 1L 1
VI 330 15 3CHBERE R Saccharomycetaceae)
56 B BE TR JE 5 1 4 32 ok 18 R R R R
(Debaryomycetaceae), 3522 B J& FI1E A
BERE IR 5 111 5352 R R R IR RN Phaffomycetaceae)
ALIG AR B BB TR 5 VI 43 3 R Be R B 1 R
(Pichiaceae), {I4EEE AR R FIRKANIE BELE TS -
25 THREBPSEREVNEFRESR

P25 5210 15 A BThRbE R, 2 AT PUkE
(S 2 IS 9.76%F11 8.19%, HAy 7 A= F I
6 MMREAFE AN E I TE 0.05%-1.99% 2171, B
RF) VURES o HE—25%F = 1A ks TR i A= i)
FAFL AT 4 R (3R 3) B, H = ra At i o3 S 3 4
10 4V &@ . B 2 B MEEE 3 AR, fmEFeD
I 1148 B L ADJEAEEEE 6 4N, ) PIRE
an AT 3 ANE L B 4 DR AR 3 ANE . s
A VR e 7 S A A A i v 28 T %) TR R AL (0 i)
10, 11 AME)HBZF G ANE), AR
RIS . FTERAT AR . SRR R TR
B P AR ARG o B A A A A LR B R (4 A
B2 FHAMHGHE 2. 1 ANME), maEredm P
P RETRF A R (6 1NJ@) 2 T HAR P (30 25
3E).
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Figure 4 Phylogenetic tree of yeasts from the deteriorated tobacco flavor samples based on 26S rRNA D1/D2 gene sequences
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Table 3 Composition of cultured microorganisms isolated from the deteriorated tobacco flavor samples in the three areas

RFEH il

Sites Bacteria

=M BFTEE . FERRITER . AR Bk BiR. HEREC D)

Yunnan EjE . HRKEE. ST EE. FATEE . 25 Coniochaeta, Penicillium
(2 strains)

FAUAFERE . Rk . FLERER 10 1)
Enterobacter, Citrobacter, Klebsiella, Leclercia,
Ralstonia, Gluconobacter, Bacillus, Paenibacillus,
Leuconostoc, Lactococcus (10 strains)

wE AR AR R . PR . DEIRE B ETEA )
J& . KRR AR . BHASCRR)E . UK Pleurostoma (1 strain)

Fujian
Rprwm . FURMIE . FATRE . FLkEmEAL 1)
Enterobacter, Citrobacter, Leclercia, Serratia,

Ralstonia, Burkholderia, Paraburkholderia, Delftia,
Herbaspirillum, Bacillus, Lactococcus (11 strains)

I TR AR . ZFARUTEIRG 1)

Guangxi Enterobacter, Citrobacter, Bacillus (3 strains)

BRI i B
Molds Yeasts
BB R . WERED . BEaR Rk
JEG 1)
Candida, Saccharomyces, Pichia
(3 strains)

R R . FE R | etk
R ERIRTEREIR | BRI T A R
AT A BT R (6 1)
Candida, Debaryomyces,

Saccharomyces, Pichia, Ogataea,
Wickerhamomyces (6 strains)

SRR . HEE . MERE TECAEEEE | BERERE . SRR
& ZREFRE )

‘G

Exophiala, Penicillium, Epicoccum, Debaryomyces, Saccharomyces, Pichia

Byssochlamys (4 strains)

(3 strains)

2.6 RIERAIGZER

WX BIPAT 76 BRANTE . 9 PREZTIAN 42 PRIE
BT ROIERES . 5 a5 R o, eSS 3 K, 5l
EERERMEA 27 ¥k, BEEA 3 #k, HPZ
TR TE B AT IERRAT B 45 6 B, WA & FFLek
WIBA 5 vk, M EE . SKIREE . P RE
J& . VR IREB A R R E A 1 bk, d0EChweE)
WwE . BERETRE AR R A 1 bR 25 10 R
B, A 65 PRIETEFAEALRT, Hh 4R 44 tk.
FEIR 3 ARFNEERE 18 Mk, T E oM AT R AT 1 &
10 %, WFFRE 9 tk, ZFAOFT e A R IR & &
6 ¥k, FLEKHEJE 5 0k, #WHTETE 2 tk, (AOnRE
J& . W REE . wERRERE . PWHEREE. K5
FOFF IR 8 FIIH ER R 45 1 Ak, BRIERTRE 1 4k, H%8
J& 2 tk, ERORTEREIE T R, BERRRR S bR, 40E4H
TR R 3 Wk, 2slebliae 2 bk, BRI R
I8 I 7 S S N1 A 5 2 291k S R R |
Y FERATERIT WS I 8 . SRR
TR IR R S IR EERE S , 00 o A A B W A
ME(65 O 15.38%., 13.85%. 9.23%. 9.23%#
10.77%.

3 W54

PRITCAE 77 I AR 00 FH ARG AN AT 3k fo b A7 7E 6 A7
FHEHIEIRT, e et F v 25 5 2 BIRUE YIS
Y | AS o, H o 2 B A B T s ek
PPl ARSI G L ARG 3 LR
DX A AR BT AE , BOMIRA . RGEH T T8
ARG RE YRR, . BRSNS L
TR SRR, oS AR i b A AN TRV R B 1 4
W B BRI Yy, AP TS Yedioh i, OR
BB TS Y, 5ok RaE XA =B RN . 5E
S % AR JO A A A A VA A VBRI ARG A A 5
SRR AP A T AU KRR A R
TR, AN BRI RS R R Y b
AWFFE A AR A A AR 2 127 MRS QLA
W, ZHTE 76 MR DS 9 MR WERE 42 B

FIr SR AR, 15 YR AN B 0 B R 2 PR
REE, SMAE21T4HNS H 108 15)8, Hid
IRIRHE . M E . A 8 S E AT R
SRR . TR IREE 2 R B R R &
i (0 E B AN i 2 — 7, HED AR A %R
TR T RER LA . APRETRAT R . WA IR 1 2
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Figure 5 The distribution of 65 spoilage microorganisms in tobacco flavor samples

PR ACR . R R dEl. AL A
RS i F 25 Y i . R A 7 T
W EN R . BASRSE 6 e, BRI
BEE 1-2 PR s R 0 AT TE T RE R T TR 22 B B T i
TELAIRERE RS 6 M, HrhHaREE R | Akl
P B BT e e B T R SR U AT o I LE R R A B
R R i S N T AU Y 32 0 e O T
W, BlnsE R . AP, ACRSE™ M R
Tl F B Y B 2R R RS 3
FGYT, B IRREREIR | R 22T T R T
JERH R AR B PORE R R s
AT YT, BBR R LG R R
T, = SRR A i o 0 P TR R A A A
Wi 2E5, e SRR . A T L R AT
HIFEA R

MR AZ FOR DL R 7R, 5 A8 e
AR T S KR R LS B SR BB AR R A
TR, LRI A DRI 25 A fiff iz 211 I A5
Ao APERITIEDE . AT RE . AR . R

PR Ji 11 B 1R T i 1 5 | R R A 2 o 1 2
JEMAAEY), XA S EORTT . FLlih
YOBE BESK KRR AR b SN T AU B DL
TR, ARG 4 S Ay A A T T IR
AT I 3B ARG DAL B R B X PRl PR 25

REFERENCES

[1] Lynm D, Lawrence BM. Flavor technology-casings, flavors and
supplier assessment[J]. Acta Tabacaria Sinica, 1999, 5(4): 12-15
(in Chinese)
Lynm D, Lawrence BM. fIFEHAR-FHRFIFAG[T]. P HE A
%, 1999, 5(4): 12-15

[2] Huang YF. Study on the analysis of flavor and flavor material for
tobacco[D]. Hangzhou: Master’s Thesis of Zhejiang University,
2007 (in Chinese)
R MRS AR AT BT SE (D). BUM : WL A L
AL, 2007

[3] Baker RR, da Silva JRP, Smith G. The effect of tobacco
ingredients on smoke chemistry. Part II: Casing ingredients[J].
Food and Chemical Toxicology, 2004, 42(S1): 39-52

[4] State Tobacco Monopoly Administration. YC/T 164-2012
Tobacco flavor[S]. Beijing: China Standards Press, 2012 (in
Chinese)
FE F MR %325, YO/T 164-2012 JEFAAE[S]. dbmt: HhE:

WEH AL, 2012

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2132

(DGXYESE

Microbiol. China

(3]

(6]

(7]

(8]

(9]

[10

=

[11

—

[12

—

[13

[t}

[14

=

[15]

[16]

Zhang YJ, Jin WB. Tobacco Flavor and Fragrance[M]. Beijing:
University of Science and Technology of China Press, 1996 (in
Chinese)
KAk, S WHF RS M]. st
AR, 1996
Baker RR, da Silva JRP, Smith G. The effect of tobacco
ingredients on smoke chemistry. Part I. Flavourings and
additives[J]. Food and Chemical Toxicology, 2004, 42(S1): 3-37
Liu XJ, Qin YH, Zhang H, et al. Influence of HXD process on
effects of tobacco casing application[J]. Acta Tabacaria Sinica,
2016, 22(4): 23-29 (in Chinese)

XUHREE, ZeHfade, skAE, 45, HXD TP SRR iR i
1. P EEEAR, 2016, 22(4): 23-29
Dong GF, Zhang Q, Wang HY, et al. Effects of different
temperature and constant temperature time on content of

carbohydrate compositions in tobacco material liquid[J]. Acta
Agriculturae Jiangxi, 2011, 23(10): 85-87 (in Chinese)

g U, ﬂ@i FTAE, S5 AN]SR X A AR R
ORISR B B B [D]. YT PEAR 244, 2011, 23(10): 85-87
Xi A, Sun KJ, Li DG, et al. Research on the design of blend type
tobacco casings and flavors[J].
2015(6): 7-11,16 (in Chinese)
B, IV, R, S RGN ARG D]
FRENE AL, 2015(6): 7-11,16

Zhang TG, Liu ZC, Zhang F, et al. Application of pH value in

evaluation of quality stability for tobacco liquid[J].
Agricultural Sciences, 2014(6): 61-63 (in Chinese)

R AR

Flavour Fragrance Cosmetics,

Hunan

HRAE SR, XUPEA, Skig, S5 pH ETENEFTRRA B R E T A
T T[], TR AR, 2014(6): 61-63

Zhang LN, Xu LP, Xu SQ, et al. Study on storage of extra tobacco
flavor returned from factory[J]. Anhui Agricultural Science
Bulletin, 2013, 19(16): 143-146 (in Chinese)

SKREEHE, VPRI, PRalem, S5 AR5R R AR A RO B
W), LR %3, 2013, 19(16): 143-146

Dang LZ, Zhang ZY, Zhang J, et al. Analysis of microbial
populations of metamorphic flavors and fragrances have been
prepared[J]. Journal of Yunnan Agricultural University (Natural
Science), 2016, 31(4): 707-712 (in Chinese)

SEALAE, IR, kfl, % CHla A B AR T A R
BEAHT]. Al K24 B AR FL2, 2016, 31(4):
707-712

Dang LZ, Yue R, Dong WH, et al. Deterioration of tobacco base
casing materials: causes and aroma component variation[J].
Tobacco Science & Technology, 2018, 51(2): 16-24 (in Chinese)
SN, IAE, EIC, SF MO B R R A oA
PSP, MR, 2018, 51(2): 16-24

Snyder AB, Worobo RW. Fungal spoilage in food processing[J].
Journal of Food Protection, 2018, 81(6): 1035-1040

Pinu FR. Early detection of food pathogens and food spoilage
microorganisms: Application of metabolomics[J]. Trends in Food
Science & Technology, 2016, 54: 213-215

André S, Vallaeys T, Planchon S. Spore-forming bacteria
responsible for food spoilage[J]. Research in Microbiology, 2016,

[17]

[18]

[19]

[20]

[21]

[22]

(23]

(24]

(25]

168(4): 379-387
Huang BY. Study on the separation and control of spoilage
microorganisms in soy-mung bean milk[D]. Guangzhou: Master’s
Thesis of South China University of Technology, 2011 (in
Chinese)

. R SRR A Y 4 S R [D].
%%}ET?(#J& RLEL, 2011
Liu WR, Chen S, Xu Y. Identification and characterization of
spoilage microorganisms

JM:

in aging Chinese rice wine by
culture-independent and culture-dependent technologies[J].
Microbiology China, 2018, 45(1): 120-128 (in Chinese)

XISCEE, BRI, fd. BRI B A AR W ) 43 88 S 0]
T padfe, 2018, 45(1): 120-128

Janior JCR, Tamanini R, de Oliveira ALM, et al.
diversity of thermoduric spoilage microorganisms of milk from

Genetic

Brazilian dairy farms[J]. Journal of Dairy Science, 2018, 101(8):
6927-6936

State Health and Family Planning Commission, State Food and
Drug Administration. GB 4789.2-2016 National food safety
standard Food microbiological examination: Aerobic plate
count[S]. Beijing: China Standards Press, 2016 (in Chinese)

R DAMTRETZ RS, FEERZ N IEEEMAR.
GB 4789.2-2016 B in AR R FAE WK
SBGSELS]. AbRT: thEpRE R, 2016

National Health and Family Planning Commission. GB
4789.15-2016 National food safety standard Food microbiological

examination: Enumeration of moulds and yeasts[S]. Beijing:
China Standards Press, 2016 (in Chinese)

R AR A B RS GB 4789.15-2016 i 2 H %K
FRUE B CE R T A AR B ERCS). dEat: T ERR
HEH ARAL, 2016

Li WIJ. Establishment and preliminary application of the method
for isolation of intestinal aerobic dominant microorganisms[J].

Chinese Journal of Microecology, 1999, 11(5): 315-316 (in
Chinese)

I JHIE T AR B RS XA RII].
[ A 252 2Rk, 1999, 11(5): 315-316
Yan YW, Zhang H, Liu L, et al. Isolation and identification of
dominant microorganisms in rhizosphere of continuous cropping
with peanut[J]. Acta Microbiologica Sinica, 2011, 51(6): 835-842
(in Chinese)

gitfh, sRer, XUgg, % EFERA FARPR HIRILABUEDN
IrEFEED]. BAEYIEIR, 2011, 51(6): 835-842
Ni HM, Li XM, Xie LH, et al. Diversity analysis of cultivable
bacteria on leaf surface of yellow sun-cured tobacco during
curing[J]. Acta Tabacaria Sinica, 2015, 21(1): 95-99 (in Chinese)
fRerty, 225 Mg, Wamie, S5, W BAR VR S0 1A AT 5 A R
HIZFEPEDTTED]. PR, 2015, 21(1): 95-99
Miao CP. Microbial community characteristics in rhizosphere soil
of panax notoginseng[D]. Kunming: Doctoral Dissertation of
Yunnan University, 2015 (in Chinese)

W, SRR LAY IS FRE[D]. B BRI
e AR, 2015

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



K

ORISR e ] S TR A X8 R P 5 v S WA W ) AP o0 A

2133

[26]

[27]

[28

[}

[29

[}

[30

=

[31]

[32]

[33]

[34

=

[35

=

[36

[}

[37]

Weisburg WG, Barns SM, Pelletier DA, et al. 16S ribosomal DNA
amplification for phylogenetic study[J]. Journal of Bacteriology,
1991, 173(2): 697-703

White TJ, Bruns T, Lee S, et al. Amplification and direct
sequencing of  fungal ribosomal RNA genes for
phylogenetics[A]/Innis MA, Gelfand DH, Sninsky JJ, et al. PCR
Protocols: A Guide to Methods and Applications[M]. Amsterdam:
Elsevier, 1990: 315-322

Kurtzman CP, Robnett CJ. Identification and phylogeny of
ascomycetous yeasts from analysis of nuclear large subunit (26S)
ribosomal DNA partial sequences[J]. Antonie Van Leeuwenhoek,
1998, 73(4): 331-371

Thompson JD, Gibson TJ, Plewniak F, et al. The CLUSTAL X
windows interface: flexible strategies for multiple sequence
alignment aided by quality analysis tools[J]. Nucleic Acids
Research, 1997, 25(24): 4876-4882

Tamura K, Stecher G, Peterson D, et al. MEGA6: molecular
evolutionary genetics analysis version 6.0[J]. Molecular Biology
and Evolution, 2013, 30(12): 2725-2729

Shi ZX, Du HL, Ou X, et al. Isolation and identification of
spoilage bacteria in canned peaches[J]. Food Science, 2009,
30(21): 278-282 (in Chinese)

SR, AHULR, RO, . BREESL R O P A3 s alifk
RIS, B aEE, 2009, 30(21): 278-282

Li XM, Mi QL, Zhang T, et al. Tobacco flavor deterioration
determining method: CN, 107782854A[P]. 2018-03-09 (in
Chinese)

M, KA, sk, & —FhRE RS AR ) E 7
5 HE, 107782854A[P]. 2018-03-09

Chen YC, Xie XB, Shi QS, et al. Species identification of
industry spoilage microorganism and the resistance analysis[J].
Microbiology China, 2010, 37(10): 1558-1565 (in Chinese)
FRER, HHME, RDH, S5, Tl Wik PR R Kbt
ZEPESY ). A 2EaE R, 2010, 37(10): 1558-1565

Tanveer A, Farooq U, Akram K, et al. Pomegranate extracts: a
natural preventive measure against spoilage and pathogenic
microorganisms[J]. Food Reviews International, 2015, 31(1):
29-51

Pinto L, Baruzzi F, Ippolito A. Recent advances to control
spoilage microorganisms in washing water of fruits and
vegetables: the use of electrolyzed water[J]. Acta Horticulturae,
2016, 1144: 379-384

Zaragoza J, Bendiks Z, Tyler C, et al. Effects of exogenous yeast
and bacteria on the microbial population dynamics and outcomes
of olive fermentations[J]. mSphere, 2017, 2(1): €00315-16

Hu LW, Mu WIJ, Guo JH, et al. Locked nucleic acid-enhanced

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

quantitative real-time PCR detection of Ralstonia solanacearum
in tobacco planting soil[J]. Tobacco Science & Technology, 2017,
50(12): 14-21 (in Chinese)

BRI, ROCH, WEE, & ST OUETI R (LNA)KS B A
M4 e AT R R €/t PCR AN [)]. M RHEE, 2017,
50(12): 14-21

Feng JR. Bacteriological quality and safety evaluation of raw
milk and the source of harmful bacteria in Gansu province of
China[D]. Lanzhou: Master’s Thesis of Lanzhou University, 2017
(in Chinese)

TR, TN A B LR W) o 2 VAN BT 3 2 TR
SAHT[D]. 22 PR 2R S, 2017

Rawat S. Food Spoilage: Microorganisms and their prevention[J].
Asian Journal of Plant Science and Research, 2015, 5(4): 47-56
Cai RK. Study on the quality and microbial diversity during the
fermentation of large yellow croaker with sweet rice wine[D].
Hangzhou: Master’s Thesis of Zhejiang Gongshang University,
2017 (in Chinese)

SR T BE. R A B ST B A W TR 2 R AR A 5T (D).
BUM: WO TR RS 24083, 2017

Ledenbach LH, Marshall RT. Microbiological spoilage of dairy
products[A]//Doyle M. Compendium of the Microbiological
Spoilage of Foods and Beverages[M]. New York: Springer, 2009:
41-67

Yang HH, Chen GG, Liu Y, et al. Study on isolation and
identification of the spoilage microbes in bottled tomato sauce
and their characteristics[J]. Science and Technology of Food
Industry, 2014, 35(1): 164-167,173 (in Chinese)

WHLrer, WREIW, XV, S5, Aizhe IR 3 At b I WO 23 2 4l
BT[], B TR, 2014, 35(1): 164-167,173

de Souza Sant’Ana A, Dantigny P, Tahara AC, et al. Use of a
logistic model to assess spoilage by Byssochlamys fulva in
clarified apple juice[J]. International of Food
Microbiology, 2010, 137(2/3): 299-302

Rao Y, Chang W, Tang J, et al. Study progress on spoilage yeast in
food products[J]. Food and Fermentation Technology, 2013, 49(4):
61-64 (in Chinese)

es, FAE, RV, S RN PR R OF SRR D], A
HEBRHE, 2013, 49(4): 61-64

Liu YY. Characterization of microflora and their functions on

Journal

flavor compounds in Shaoxing rice wine[D]. Wuxi: Master’s
Thesis of Jiangnan University, 2015 (in Chinese)

X ZHE. G I AR R T A B LR KU i
WABFSEID]. JC8h: VLR KB L2 e, 2015

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



