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Role of microorganisms in tobacco fer mentation and alcoholization:
areview

LI Xiu-Ni LI Meng WAN De-Jian LILin-Lin CHEN Dong DING Song-Shuang’

SHI Xiang-Dong’

National Tobacco Cultivation and Physiology and Biochemistry Research Center, Henan Agricultural University,
Zhengzhou, Henan 450002, China

Abstract: Microorganisms play an important role in tobacco fermentation and aging. In this review, we
address the role of microorganisms in tobacco fermentation and aging, including the distribution of
microorganisms on tobacco, their application and research progress. The division of microorganism on
tobacco, the dynamic change of microorganism during the process of fermentation and aging and the
application of inoculating microorganism are mainly introduced. Some research and application results
showed that tobacco leaf microorganisms could shorten the period of fermentation and aging, improve the
quality of flue-cured tobacco, reduce harmful substances and improve smoking safety. Finaly, the
subsequent research of correlation studiesis also prospected.
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AR it S A A A AR, ML A AR A
FL BeEE AL AR 3 Ayt Bk
SUF M R B AR LR R A e, s B 20
N, A RDREE I R A HLB O (INTERs | 3
JEWs RS R T SO IR A S ACE I, i
FLBe A R AR T 2R A HLR 7 1 B Fe AL /oy
T, AT RS S A K e AR R R A A
i it 5 A R A e ) 22— U8 DSk oA
AL, AR R X R Z, BRIT R
REMAYIX R GHERICER, 1 H AR 20
RN AT S A DY R e AN I . AR SO
MR RWCE Y BRI R . Bl eV A T
TERR, IR R E R B AR IS

1 AR Y
11 WMHHEIX &

M RAER R 2, BumlE R, ENMTE
SRR G P SEANTE DS, S Jr g SR
KA FILEAE, JEHGEY) FEER MG SR ]
B T s, R Bt rh A5
5-8 JIAMMAE, IO NN . BEE . A
FERETA (Yeast) 4 K38, HPMRERERZ, R
BRZ, WREEERD, B RO R,
2 T £ 45 2 04T 14 )8 (Bacillus) . BOIR ZE 0 FT i @
(Clostridium) F1 2 14 3L #F I J& (Sporolactobacillus)
8w, HA LIZFAUAT 1 & (Bacillus) b AL 3 A
B BB NEENE; MR WA RS
J& (Streptomyces) . /N TR] & (Micromonospora) il
371 I & (Kineosporia) 3 1~J& , HA LU & A ¥,
BB IR RV AR B Y E A RELE 520
AT RS RS RIS A I 7 X L i
JERMIE A O AERR PR R, A R R
J'&, e iE I R LR A | T VA b S B T
TR IR SR S am ™ ARk, it 16S
rRNA LA S s A58, A rh o =
{7 19 Sk JEE BE B 1] (Firmicutes) T 19 % 71 1
(Bacillus) . Z¢JEH[ ] (Proteobacteria) T At 2 12
(Pseudomonadaceae) /2 it £k 1 ] (Actinobacteria) T

(14 14 Bk B (Micrococcaceae)™ . su 251815 i 16S
rRNA  J B] o B S PEF AR DA L AT 3 R - 2R T 4 25
F| 84N TG, KI B R AR
12 1 i & (Pantoea) FI X B it T J& (Pseudomonas) . 11
Huang 2511 FH BRI - BEK i 2 25 (Restriction
fragment length polymorphism, RFLP)/#rd A & #1
Pe B N IR R . APPSR A Roche 454
FLX SRR I 730 3 A 45 SR 2 W AE I I SR AR K 2
WA &%, HrpJERERT | (Firmicutes) i Lt
iR i, T ERETR ] A 7 32 S b A7 A 2 8 2R 2 1t
FH & (Bacillus lysine) F1IFLFT i J& (Lactobacillus) .
Wrate LM MiSeq i N HOAR N 2 B i
#a ., SCMHRIIT, AR . TR LU AR X SRR
FRI R JRRE S BT (4 B, 3 DX I I A R
I ¥ TR ] (Ascomycota), [a]— A [|] 7= i
SRIEAL MR LT R IR 25 22 57 F 2RI AE LA s
) o P T o [RVAREEET E m AR, Rl
P, AR, R RORR R AR R,

TS AR )R I T, R
K250 MR A 0 A 9 3 I 068 R ) B A A F
95, 1933 4F, Reid 5P RLIFRE TSm0
AEYIRRSE , S5 R R AR R A TEE K
P E R EME SR . b+
MFER . ME, 98 E METEHAT N TR BER T
HMLEZ KR THT 23 B 4 B 8 Fh kR, ik B
R ZEFFT I (Bacil lus cereus) | LK 2EAAT 14 (Bacillus
megaterium) . Afi %L 271 [ (Bacillus subtilis) . #2IR
AT I (Bacillus mycoides) . W& HVIg I 25 0 FTF
(Bacillus stearothermophilus) . ¥ Ik Zf 1 #T &
(Bacillus circulans) . %4 /) 2F 7 #F B (Bacillus
pumilus) . BE4E 2 #0114 (Bacillus coagulans) . H:H,
B R AT o5 e AT Y 50%LA |, HKE
R RZEHFFIE, o5 19%2 4772,

g5 PR, SR REY TR RS 14 FhAHEE . 9 A
B A 4 TR (3R 1) Jeie B N AMIFSE 22 R ]
farh Iy ORI A kA T 2, S SRR AR
ABCER M T a3, BRIz . Ay
ZEFUFT P a8 DO | AR TR PR DA R R
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Tablel Satistical table of microbial species of tobacco!® 215

4 Bacteria T Mould 4R Actinomyce
ZEAUFF & Bacillus Hi%5)8 Asperillus 75T B Sreptomyces
BRRZF AT A& Clostridium H% 8 Pencillium /NI Micromonospora
ZEAIFLAF I & Sporolactobacillus F7 & Mucor 1 JE Kineosporia

T B i i J® Xanthomonas
BRI B Micrococcus
FEHF1#J& Corynebacterium
RKSC I & Erwinia

i /\ B BRI 8 Sporosarcina
J AT Paenibacillus sp.
J% T % )&% Enterobacter sp.
FrEIRAT I Citrobacter sp.
12 14 )& Pantoea sp.
BBt J& Pseudomonas
FLAFE ) Lactobacillus

% & Rhizopus

3L #175)& Cephalosporium
/NMEEE)E Syzygites
T2 @ Coremium

FRJI )8 Fusarium sp.
AF%J& Tichoderma

%K Micrococcaceae

SRR R, PRI R AT b AR — B LA
PRBATAE, B R BEEE AR REAT KA 2 AT
AT 2. R AR 8 2 B 25 T A
1365 e L sl O L7 ve ) s e 2 N i fs A O L R X Vi -a
UL 2 A W B R A A A e R o H
225, AN[RLE AP AR 25 AR P B A 22
S, RE GRS, BERAEE AR, Hit,
PN A7 38 R 25 A 7 1 0T 22 AR Al A i 25 e
Pk 2t 5 R AN A [ 14 Jir DR R80T LA D) 485 A5 00 i
it M M v | RN ) M SRRl e
RIS T R E MR HE R AR, X
IR S R AT H IR
1.2 M EEEACEREPHEINTL

HA I e N A 3 A i o ol 2 0 T 5
AR AL, Bt AR & AN AL AOEA T, AR 1 Y
WEEW IR T B AP, B oy — i R
AT T A A A R A I K R A
A KBTS, o nT RE SR A W 2 AR RS B A
RS R, YA AR, AR P
Bk R RS2 Bt 25 iS008 PRI R RE A R R 46 2%
(445 25 T RS di Giacomo 25125 il DGGE Hi A %
GWIST T =K Toscano M- I A5 o s R ) 2

b, K INAE K ) A #i25 BR TR RH(Saphyl ococcaceae)
FFLIRFT B H (Lactobacillales) 4 4 LA, B
B REEIFHREER pH (TR, SRR E SO T
PR o P M2 AT T Y RE 23 KT 7 A —
BRI, BT S8 pH dE—2E8Em, e
R Je W e B i R FE R M TR R AR . X4
e R AP A A e P g BF S 2536 P AT BITIE
Sz MARAE PO R 42 d S5 Y25 I T e T 43
KA AT, 2R R BmiemAk 30 4~ A
i, R RO R B R S (R R R
X A AR A N T R A X ELFSE A H T AN
— RIS, YRR S2ge B AR B A IBORE ik
NG HIECE SAEE L 0, 6. 12, 18, 24 FiI
30 A MR . N TR MR B IR« S0 fm
BURCE TR AR, REEE N 45°C, #
X B PR R AE 60%—65% 1), A 0, 3. 6. 9.
12, 15 d JeBukE . WFRas R B, FEm ey,
0 B P ZE AT RO LA AN TS, B K R
PEAT, N1 e a5 o A ik 2 T 5 A BT e
1M HARBEAL P RO A T %5 Rk T B 2 R 30
NS MEFEUCH, BRI AR &
PERgmEE R, N TR BRI hlR IR, P
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22 ] kP B 1 25 S X R et 3R T i 2R 0 1) ol 288 R B
AT A B E R

AN, W 2SRRI R R B T — MR
WABMMS, ML 18 AN, FEERFT
B MR B R, (H7ERELEEAE] 30 4
AW, FriEmArwE i —o b B, RO R & TH
Ko 1Rk, WHFEE X RS WA IR AT s P
— U I IS i AR S A R AR R, DI S A
I A0 21 558 1 A8 Ak DA R S i oA Ak 2 B4 L 61 1Y)
A K
1.3 MWMEMEVMXASHEZHFRXLR

JR A REREAL B AN i R by, BREE IR B FAH X
D B R 2 B R A R T A P R A R
T IREE SRR, AR T A PRI A 4 1
BTG | AL Rt T 25 520 AR 2o
K EETEA 2 (DNA-ITS 2 Fhric g &1
AR 5 IEAM EAR AR RN ER
wihds . BRIE AR, BA FEMEY . iR
JEAE 20-35 °C, Vi E 85%6 25 A= - Py, nf:
HERMAEY EA mMEY), FEREN 49 °C,
FEXHR LA 60%H 4T % . b, MR FE
Ty n B i 7 (Aspergillus) . #R %5 B 75 (Rhizopus) |
PR ER IR = F 15 °C, {2 KT 60%iH,
LI FR 22 AR R B UEA TR B8 . i AR R
Y R AR 27 f 42 T (Clostridium: anaerobicus) /& —Fi it
WIRE I 5 HREIE IR TRl FEAN IR L
s IR R PR RS T

YT UL EAENL, FESA AR A IR 0 e PRI
UL S AR T ol DR 2 TR PR A R I L R A
T R EFIRESSHIAE 49 °C 24, RIS IREE 1R AN
BT 60%, LUMEAT H A HbIE N £5 A P R 2
ook, MIMIREIG A IRRT . 40 %0 A IR IsAb 1 i)
Hi.

2 MRS R A R P B B A
21 AATRMEEHNEDY

KRS A RIS 2 ARLRMART 5 47 2
YIRS BRI RS A ORI 8O F

i i H A i ol A2 0 5 5 4R R 5 0 I ) e di B
A A R o T N TR Y RIE ST 45 SRR B Al 4 S A &
T AL i TR B U AT - BB B 2R A

T RS A0 A 5 70 90 5 T g G A
WA A s % R R I (Pseudomonas

putida)® | & LT Nic22!® | R i HF-10
AT ZUTSKDE® | - 14T 1 (Agrobacterium
radiobacter)®™? | g 41 44 WY W K E  EA-17
(Arthrobacter histidinolovorans)® | [ [C 3 #F i
11L.140 (Microbacteriumbarkeri)® | 4R J% {73
5-28 (Sinorhizobiumsp) K HoAk -4t | g HR it
IR T H H R GZUIFR -YC02 (Spindle-shaped
Lysinibacillus)? | 1 % ¥ 5 K B O W
(Senotrophomonasmaltophilia) Fl &l %5 45 % 7 FT
(Bacillus brevis) 45 ; AT EAREE 1 B AT 04 -

I B % 96 FF 14 (Bacillus cereus)®? | 2 7 AT 1 &
F-Y-11 (Bacillus)® . 4k & (Micrococcus)*! | #F
148 (Bacillus) ™ | mEH S0 iy 6 1 TR BE AR 1
T 25 T AT K ) i 2 0 54 1 70 8L T A TSNAS

MREDA : BRI g AR
TR SRR e m Y, T

TR 5 S 0 B e B BRI : ZEAAT R /N ER
0 SO A FRAF Y | VA 2 A AT 1 (Bacillus
siamensis) V16 Rk | i ZEAAT I (Thermophilic
bacillus)®¥4%
2.2 A ALRIHE B

FE R % T AN Ak Ao R P AR P A T AE AR
RARRE b5 H™ A A ¢ . AL e
VR P e 18 2 R 4 S (o A SRR BRI 2T 4 3R ) M
ARSI N 05T, BT AR R e A e g i
F1%) 2 L B 0 3 Py SR PR A 2e ek lm) i, T4
MR B R i R A/ NS BT ATR 4 75
F| 85 BRFBEANTA, A RS AR LT R T
RN . VEMEE . A . RO 2R
SUE RN, NI . WG AT R AR T
¥ ZE AT I (Bacillus amyloliquefaciens) fit) 7 il fE
B0, HEWT AT A& AT RE S ek R W AR b Ky
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TR AR R 2E T R BT B T R K
ST SNEA HADREAT VR . X e e 4 056
FR R R Mk DPE-005 77 A fit S Jie ik B
vy i w193 T S S (A S e = 4 1 )
BEM TS 6, DI (A5 K0 S B A A A BT T
B, I OB TR . 2R RS R
5L C3F g v i1 4k 255 B S5 A MInR i
S, EERLA JEE S i S AMIMBHE AUE L. S34h,
WHRDRTEAMENIMIBETE, Bretfaz
5% SN AN AR A T AR 11 Tl R 21 24 25 Tt ) 7 A O
FIELE Sy 511K S%FI1 48 °C 4514 F ¥4 & B 12 h,
A3 M HAR 2 043 1T LA 2 BUAR I PN B 1 R AT
T 15.6%. EWES RIS T 14.9%. MR TR
W] BRI LTRSS AR, 5 2 SRR E AL,
FRAE R ZEE SR L4
R FIBEACEE B3F, C3F Fll X3F S5, 75—
S N AR P9 25 5T L 2 0 U L AR 2 A (B
FI0 . VERTE . £FAEZEEE . SECH) Hom AE T
FRNH RS A AL PR, (R REAA e I
TEALA A T sl 5 i =2 )
FEERIE AR R R TCHE A IMERUE RN T H £
MPRFE S0, K, XA e RS B R AR
R ILH4ENERF A

3 YA R EEREEAL T R 1E
31 HEFEIAN & BEANEZ (L ATIE]

M 2 VEHIE et & B RREAL )y AT A (il
. B0 IR 4 g I ) — i 15-45 d. &5
HHR— T B ek 2 R R, Ak ) B e
1-3 AEARSE . KORSCIRARSE SR, fEhAnT
G FF A 25 0 400 R 08 ) S 4 A - T R A
143264 19 fikzg i, Koller® ket e S
AT 2 R RN B TR,k R B 1 T o 5 A
T B )R R i, L R B AT B A
i L2 s 1 o 08 R T ol I AR 8 2 FEL T T e
AT REENA4EE 8 d, ZIGaEEcs i
T K 8 d FERE{L 90 d 5L A 4k Kk Ti% 20d

FEEEL 730 d-1 005 d AMAT B AR AR I,
XA R . BEALIRM RN R TT &, AT DA4A 56
AEBTE, MRECR EAEEAL A, HAA B R4
IR
32 MEMRM&EER
321 FEIEEMEERSESE

SR ALY 95% LA F 2R (JE T, JRMHE
W BRI B o A R A Y R R AT
FEMME N AMIFFR S, BN R Civilini
238 4 1045 FF I (Arthrobacter oxidans) 2. ik
TIFFIE pAOL FLE BB A B 55 3 R A R A R A 11
BCRIEAT THFSY, 455 A 30 SR A o T oo e AR
RO YT s Chen 25139 PRI Ko R AR 398 v 7
Bl —MRBEA RUFE AR I Nic22, XRTE
pH 6.5, ¥l 30-34 °C 444 T RERHR LY 73.1%I1)
HABK; Ruan 2515 P RE R F0075 Ye i) 3 2y B9
F—RMBCR B B HF-1, 2R A TR 3R 25 h
J R AR 3R b 99.6%0 A% ;  Zhong 2518
R IR MATE ZUTSKD 7E—E 44 F 12 h
N RERF AR S R 36 97% MR . [N pFgE 4%
I 25 37V 7 5 R 0 0 3 v 6 106 31—k B LA
el Ay W — 3k Y058 11 S T A S3EAF B SRR o - A TR
(Agrobacterium tumefaciens), % 75 & MBI F7
LB 3% 48 h 5 AT RR MR LY T1%I MR ; (R B A
81 ok 1T R MR A A A W i — 2 i s ) e AR i
IR AR EA-17, FEIATRAR AT % 80%LA 1%, 5
ARELEWIFERY, DR 110140°%
MU R bR 52890 95 HR I #6222 25 F6FF T T ok
GZUIFR-YCO2M | 1 2 25 B 5 oA 1 1 ) s 2
FRUAF PSR HAT R B PR BRRE )1, R TEE
& TR 2R A foA: 4 RIRT A A - o o BILR
HaZ, AR RIREE T RE, MEEEmAT T T R4
A LA

B R AR AR R R S A
F BB BRI, HB etz I mmnt
dit SRR A 5 (e RV 3 ) M M BOR A I
R IEREAL A R P AR AR B BRI X B
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H a7 2 264 7055 i AT F A 2 5 0 e =
BURZFAARR , HUE A K & (Micrococcus)
FIREHGE S, HIHE TANE . AT 5 E R i
[ 5T Btk 0 AL R 43 3 11 T R il o 2 S TR
SN TR, TR R Y Mo
ZEHAT R R IR TE P, 28 S R 25 T
FHF SRR AR, TR v ) 2 5 & =
1% 13.53%; 1G4 K E bk F-Y-11 CHTHE)R)
Tl B TR R R 22 A T T, AR B R R R
29.32%. WEKE B Mg ST, 1zquierdo 251
R PR ORI & 5 4 7R (Bacillus) 5 5 TR A 4
ol -, 57T (0 e R A 5 Mk 25
1) FFY g A R Ak LR - 2 B A ot O v v 1
RALE DR A3 AR . T 40 s A - b B
R, BN LRSS . 1 RNEPETRERER 1
E 1 I TG T T S A A 2 A2 T 0 AT AR R
SRS R B RAL, EAE SRR TR, N
TEAL 224 e T 5 e o ok Oyt i ik
A=) e T S AR W R 25 oy T AR AR R 0 Ak
Sy b, R AR A 41.34%, AT,
B KT B P Hp B 1B i PR A L B
E i
322 BEEMEMH TSNA =

M S At (Tobacco-specific nitrosamines,
TSNA) & —Fl S 4A A FEY, AR08
DR FIE P A i (TSNA) 75 8, 382 e M o
b A AR — AR S s . B RTE U
ST FH T A AR ) o 4y T R A (0008, )
FH 5 280 il Ak 41 7 (Denitrifying  bacteria) il 44 il iR
R IF ORISR, PR RO, TIsH]
TREMG TSNA SRR . BB R A T1-2,
T2-2 B K R B R A ks AR R 2 1mi , 73R
J&F 28 °C. MXHEE 45%1) 414 N EEfL 14 d B AgR
AR R 4> Bk F] 2.25%7H1 8.05%, FiEfk 21 d
BF I i PR R B IR R e, 43Ol aA B 19.90% Fi
20.99% . HHN, Fl 6 MR ERER FIIF R RR LA I
RE SRR INAE AN BT, 3 FH 3 Rl =CAb B

il R R, BEE A TSNA 5 5 BEAIG
27.56%-99.88%"Y . FIMURHR . AR . 0
R TR B AL B IR S A B, TSNA & im0 il B AIR
53.11%. 72.8%7F1 48.96%"Y, TSNA i iFF{E K
KEEE T2 4, (B S AR & B
IR% TSNA RO P2 75 e 25 0 AR S A 2 7
FIHEI A R Tl — R
323 #EMEMESYIRESE

K I AT R T B L 4 ) O R R
Z—, TERFEEE TAEMMES T, MR R IAE
R AV R - v A 4 T i %9 () st 2 3 8 1
R . 1953 4F Tamayo 25 et T ik
YRR A SRS, AFFTUESE ZE AT B AN
JNERTA AT DA, IRV 2 = A ik
VIR AR AR ARE o 910, 2 TR S A e ST A
SR N R R R T R B, (U Sy
TR T A AL BT B 7 £ 7 22 B e 1O b
M5, 7EHM TR s i AFAERY . Ik
TR V16 BT G , 2R T AT A
R S A — A AR B A A 3 X A
F R B B, MR S | R B
W | RIS, ARG I & A AN TR AR
FERRGIN . Ak, FEEAGE &R FIRIRMA Y
KRG ORARIR, I TG ST, AR AR
R R A AR B R AR THY . AR B ITE R
R R BE RS M RUEY . B R EEARE,
Al B AR SR P R AR, BRTEINAME A AR
ZFRME G [ T XA, 952 T RKERA,
3.2.4 HIFEMEIT

TR & TEREAL B A, AR S S
BUAM R4S, BAEH TR SEHE T45E
Ko WFFEE MG BT th T 5 #RAEHEGUED
(M1, M2, M3, M4, M5), KBHXHEIRIE, M
22 FIVIR 3 188 TR %) A A BT 38 A AN () R B 1) 41
TIPER, PRl ML BRI SR o B
X — bt 5% 25 2 R R A A AR R AR R RE T
BEAR, HA SIS A PR i A 25 AR B
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HAZ T FREEIF ARG ML AR BARZ PR,
DL I NRIBIEFEA S T AR ME
4 JRE

TAE R AR e R B AP, i A e
THARF, Xl =Tl BTk, seli T
b B Tk AR BREE g 25 22 AUl AR T EE
LM, Horp, AR A B BARAR R N 7E
AR, AR RO B — R BEE A
ATTRS WA R DGR iR, e ke 2R ok T
SRR AR D8 TE RIR R, SO AR L 4 A
FEE R AEE A2 A M M e il b ) AT
FONLH EEARIAELLT 345 : 5—, TEARRIA
PR IR 18] F [ S K AR i A A, il
WA BERAS s 25, M IR S e E RO,
IBFPEE ORI D RUCRIM R T SR lk 2
TR E R =, FRMRCE, BRI TSNA
T, SRR A R e BT R
FEAERERIRAS | ARG A B T T
WGBS, I BAEDITE AR A A i vk
LeES% L BN AE S R RN AE 7 R BAS , S5 At
KAWFFE P R ot — 2L AT

ULAh, BfE B AE Y TR AR5 T B i 4
i, ARGEARSRANTAT LUt g N A RAR B M T
oLl A ) I Bt R e RE
RN B il k™ PRy B I BAAR KRR R ™,
FRDFAN L) — BERT 50 SRk (B IR | HL AR K
AL INEAAY 3 Ff, B DL IR S BB
ARSI, X BE AR HEAKRBE 17 L
NECK IR R RIE] , B GUI R A E Y
Jo B i, i R IR R X R ORI ] B i
o 2L

REFERENCES

[1] Wang RX. Tobacco Chemistry[M]. Beijing: China Agriculture
Press, 2003 (in Chinese)
FEaHr. MRLAM]. deat hERO R Ak, 2003

[2] Xia L, Zhang J, Wang YL, et al. Research progress on the
application of biotechnology in tobacco fermentation[J]. Journal
of Anhui Agricultural Sciences, 2010, 38(22): 12013-12015 (in

Chinese)
Hig, KiE, Finss, 5. EYHORTERM LB B T
HER[. e, 2010, 38(22): 12013-12015

[3] Zhu DH, Chen R, Chen ZG, et a. The relationship between
microorgnisms and enzyme activites in flue-cured tobacco during
aging and fermentation[J]. Acta Tabacaria Sinica, 2001, 7(2):
26-30 (in Chinese)
RRME, BRBE, MR, S5 RBAH A R 5 AN TR B R rh
AR A B S BTG PESC R AR [T]. B AR A#4R, 2001,
7(2): 26-30

[4] Tang L, Zhou B, Hua YK, et a. Research advance in
alcoholization technology for improving quality of tobacco
leaf[J]. ActaAgriculturae Jiangxi, 2013, 25(7): 53-56 (in Chinese)
FEEE, RV, B, . AR ARG T P A BT
HERRLJ). VPG 24, 2013, 25(7): 53-56

[5] Zhao MQ, Li XQ. Review of the action mechanisms of microbe
in tobacco fermentation and application of biologic
preparation[J]. Journal of Gansu Agricultural University, 2007,
42(6): 84-91 (in Chinese)
XA, ZEen. AT 4 A BRI R A R I F A STk
JEL. HftRll K#2%4k, 2007, 42(6): 84-91

[6] JinXY. Effects of compound biological additives on organic acids
and free amino acids during tobacco aging[D]. Hefei: Master's
Thesis of China University of Science and Technology, 2006 (in
Chinese)
SeHt. TG R WA IR X B R A R A LR i 15 L
FERR E R AT EAE (D], S T ERLEROR KRB+
fLi 3¢, 2006

[71 Zhao MQ, Li FF. The application and prospect of the technology
of microbe and enzyme during tobacco leaf fermentation[J].
Chinese Agricultural Science Bulletin, 2007, 23(1): 314-318 (in
Chinese)
RERER, 505, BRI RIRG = BT IR R 19 b g T B e
L. v E 4 EEE R, 2007, 23(1): 314-318

[8] QiulY, Zhao MQ, Yue XM, et al. Isolation and identification of
the microflora on tobacco leaves during the natural fermentation
of flue-cured tobacco[J]. Tobacco Science & Technology,
2000(3): 14-17 (in Chinese)
ERSE A, BERER, M, & ARABHEM T HEY X AR
B4 S 2 [ ). EERHE, 2000(3): 14-17

[9] Sun YY. Research progress of microorganism in tobacco
fermentation[J]. Modern Agricultural Science and Technology,
2014(9): 302-303,306 (in Chinese)
INE T MR B O WA g R[] BRI B
2014(9): 302-303,306

[10] Shu M, Fan H, Yang Y, et al. Isolation, identification and
characteristics of nicotine degrading strain from tobacco waste
extract[J]. Microbiology China, 2017, 44(5): 1028-1037 (in
Chinese)
PO, BEIE, WVE, SF. DRIRM- BRI T T R AR T 0 A
FE VR[] TRAEYIFiE iR, 2017, 44(5): 1028-1037

[11] Zhao MQ, Qiu LY, Zhang WQ, et a. Study on the changes of

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



TP M) SRR K T A AL P A IS f

1527

(12]

(13]

(14]

(19]

(16]

[17]

(18]

(19]

[20]

(21]

biological activity of flue-cured tobacco leaves during aging[J].
Journal of Huazhong Agricultura University, 2000, 19(6):
537-542 (in Chinese)

BAERER, BRNZ AL, TRAERE, 45, BRALWIRE MR o AR i ok
AALAIFEET). A rhfol K24k, 2000, 19(6): 537-542

Xie H, Han ZL, Zhao WN. Effect of microbia fermentation on
internal quality of flue-cured tobacco[J]. Journal of Mountain
Agriculture & Biology, 1999, 18(4): 227-230 (in Chinese)

R, SEAEL, AR, T 0 A IR R A A i BT RS2 [].
1Al A W=, 1999, 18(4): 227-230

Zhao MQ, Wang BX, Li FX, et a. Anaysis of bacteria
communities on aging flue-cured tobacco leaves by 16S rDNA
PCR-DGGE  technology[J]. Applied Microbiology and
Biotechnology, 2007, 73(6): 1435-1440

Gong J, Liu YR, Li YY. Comparative analysis of microbial
communities on tobacco leaves between clone library and
high-throughput sequencing[J]. Journal of East China Normal
University (Natural Science), 2016(3): 92-101 (in Chinese)

JBMZ, XEMRC, 2. AR RE AR Py PRI Jr i1
PRI ST [, AR R 2 24 4l A AR BE 2 IR, 2016(3):
92-101

Chen XM, Lin Y, Liang SL. Enzyme production anaysis and
structure identification of bacterial communities on the tobacco
leaves[J]. Genomics and Applied Biology, 2016, 35(7):
1760-1766 (in Chinese)

M/MB MRS, BRI R E AL MR R Sl AL S e S
T3 AT[]. BEPRIZR 2 55 1 A%, 2016, 35(7): 1760-1766
SuC, GuW, Zhe W, et d. Diversity and phylogeny of bacteria on
Zimbabwe tobacco leaves estimated by 16S rRNA sequence
analysis|J]. Applied Microbiology and Biotechnology, 2011,
92(5): 1033-1044

Huang JW, Yang JK, Duan YQ, et a. Bacteria diversities on
unaged and aging flue-cured tobacco leaves estimated by 16S
rRNA  sequence analysis[J]. Applied Microbiology and
Biotechnology, 2010, 88(2): 553-562

Shu M, Fan H, Liu J, et a. High-throughput bacterial analysis
on aqueous extract of waste tobacco scrap[J]. Tobacco Science &
Technology, 2016, 49(4): 1-7 (in Chinese)

SPI, BEPE, XA, S5, R i A R U AR K B
TR T[] IHERL, 2016, 49(4): 1-7

Chen SY, Li JJ, Lin J, et a. High-throughput sequencing fungal
community structures in aging tobacco strips from different
growing areas and stalk positions[J]. Tobacco Science &
Technology, 2018, 51(4): 12-19 (in Chinese)

Wit X, 2595, AR, % JET R T AR R R
AL HOREEAL I I ECTRRETE 45 M 404 (). IATERLEL, 2018, 51(4):
12-19

Zhou JX, Yu LF, Zhang XM, et a. Analysis of fungal community
composition on the stored tobacco surfaces[J]. Mycosystema,
2018, 37(4): 434-443 (in Chinese)

FZE, W, KB, &, iR B RS E
HJ]. W25, 2018, 37(4): 434-443

Reid JJ, Mckinstry DW, Haley EE. Studies on the fermentation of

[22]

(23]

[24]

[29]

[26]

(27]

(28]

[29]

(30]

(31]

tobacco |. The microflora of cured and fermenting cigar-leaf
tobacco[J]. Pennsylvania Agricultural Experiment Station
Bulletin, 1933, 356: 1-17

Zhang XJ. Studies on artificial fermentation and microflora on
leaf surface of cigar-wrapper tobacco[D]. Zhengzhou: Master’'s
Thesis of Henan Agricultural University, 2006 (in Chinese)
SKIDEUR . TR B M TR I T8 M R BUE Y X R 5T
[D]. FBMI: TEE A KA 283, 2006

Gong J. The diversity and dynamic of microorganism on
flue-cured tobacco leaves during different aged phases[D].
Shanghai: Master’s Thesis of East China Normal University, 2015
(in Chinese)

2. )5 AR R T UE Y 2 R KRBk BhAS[D]. 1
T SRR 2 083, 2015

Wang Y, MaLL, LU X, et a. Effects of single and mixed culture
solid state fermentation on main chemical componentsin cigarette
blend[J]. Tobacco Science & Technology, 2015, 48(11): 47-52 (in
Chinese)

FA, By, BIK, . BRI A ) I S A IR A A
2l A2 sE A ). AREERNE, 2015, 48(11): 47-52

di Giacomo M, Paolino M, Silvestro D, et a. Microbia
community structure and dynamics of dark fire-cured tobacco
fermentation[J]. Applied and Environmental Microbiology, 2007,
73(3): 825-837

Du J, Zhang XJ, Wu G, et a. Studies on leaf surface microflora of
cigar-wrapper during artificia fermentation[J].  Current
Biotechnology, 2016, 6(3): 188-192,230 (in Chinese)

FEAE, SRIGELE, R, 5. HAINA N TR IR AR A T A
WIX RO, AWE AR, 2016, 6(3): 188-192,230

Li XQ. Study on quantitative detection and mutant breeding of
dominant bacteria on aging flue-cuerd tobacco leaves[D].
Zhengzhou: Master's Thesis of Henan Agricultural University,
2008 (in Chinese)

ZRIGEniR . TR A R T I A TR A 14 e AN 5 R R K
WFFE[D]. HSM: T RI A KA L2335, 2008

Yang JK, Duan YQ, Chen CM, et a. ldentification and
phylogenesis analysis of cultivable microorganisms on tobacco
leaf surface during aging[J]. Tobacco Science & Technology,
2008(11): 51-55 (in Chinese)

Wdpds, BT, Wi, . B mm Rim T 85 3R v
YEFRGERF /T[] MERHE, 2008(11): 51-55

Zhou JX. Effects of microbial communities on quality of tobacco
leaves in different storage environments[D]. Guiyang: Master's
Thesis of Guizhou University, 2017 (in Chinese)
JAGE B AR ARSI YIEE X Al i o
BERH: BCMIR 2L 2E A8 3, 2017

Li YF, Wang RL, Chen HX, et a. Identification and biological
characterization of microorganisms resulted mildew cigarette[J].
Tobacco Science & Technology, 2017, 50(6): 9-15 (in Chinese)
FUREE, EBLSE, BRHE, & SCR R R S KRR
PPERFPESR LY. HEERHE, 2017, 50(6): 9-15

Li SL, Wang YJ, Zhang BB, et a. Effect of roasted-rice leachate
on tabacco microorganisms during fermentation processJ].

B [D).

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



1528

TEY I8

Microbiol. China

(32

(33]

(34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Tel:

Chinese Journal of Bioprocess Engineering, 2016, 14(2): 41-46
(in Chinese)

AR, EEAH, K, S BRI RS A e AR P
YIRREIA ] A 4rhn T3 7R, 2016, 14(2): 41-46

Koller JBC. Dertabak in Nature Wissenschaftlicher[M].
Augsburg: Land Wirts Chaftilicher and Technischer Bezichung,
1858

Civilini M, Domenis C, Sebastianutto N, et a. Nicotine
decontamination of tobacco agro-industria waste and its
degradation by micro-organismg[J]. Waste Management &
Research, 1997, 15(4): 349-358

Chen CM, Li XM, Yang JK, et a. Isolation of nicotine-degrading
bacterium Pseudomonas sp. Nic22, and its potential applicationin
tobacco processing[J]. International Biodeterioration &
Biodegradation, 2008, 62(3): 226-231

Ruan AD, Min H, Peng XH, et a. Isolation and characterization
of Pseudomonas sp. strain HF-1, capable of degrading nicotine[J].
Research in Microbiology, 2005, 156(5/6): 700-706

Zhong WH, Zhu CJ, Shu M, et a. Degradation of nicotine in
tobacco waste extract by newly isolated Pseudomonas sp.
ZUTSKD[J]. Bioresource Technology, 2010, 101(18): 6935-6941
Li J, Zhao JX, Tian FW, et a. Isolation and characterization of a
nicotine-degrading strain Z7[J]. China Biotechnology, 2007,
27(11): 82-85 (in Chinese)

AR, BT, HFEA, S —RRBEARAN R R L | S M
FRFERFSEL]. o A AR SRR, 2007, 27(11): 82-85

Wu LW. Isolation of nicotine degradation microbe and its
application in the tobacco stalks composting fermentation[D].
Wuhan: Master’'s Thesis of Huazhong Agricultural University,
2013 (in Chinese)

TR A R AR MR BTl 2 400 %) O 20 e A R FE 8 A 1 o 4 3
[D]. DL Aerhofll KA 2013, 2013

Zhao LP, Xia ZY, Lel LP, et a. Isolation and nicotine degrading
characterization of strain 11L140[J]. Journal of Yunnan
Agricultural University, 2013, 28(3): 366-371 (in Chinese)
BT, EARIE, HAIE, %. MRk 110140 (% 5E 1
PERRRFVERTZED). =m0, 2013, 28(3): 366-371
Chen C, Ma GH, Lei LP, et a. Isolation, identification and
characteristics of nicotine-degrading bacterium strain 5-28[J].
Tobacco Science & Technology, 2012(5): 74-78 (in Chinese)
MR, R 5, SN, SE. NHORRSR AN 5-28 IRk SR %
FEFIRERAFELY). BRI, 2012(5): 74-78

Zhou JX, Zhang XM, Hu DM, et d. Isolation and identification of
ammonifying bacteria in the flue-cured tobacco and
characteristics of degrading organic nitrogen[J]. Chinese Journal
of Ecology, 2016, 35(11): 3005-3011 (in Chinese)

JZE, R, SNy, S5, BRACKAM: AL AN o 4 KA
PURBARPELD). 7B A2 44K, 2016, 35(11): 3005-3011

Li N, Wang CG, Zeng DL, et a. Isolation and identification of
Bacillus cereus and its application in cigar leaf fermentation[J].
Acta Tabacaria Sinica, 2012, 18(2): 65-69 (in Chinese)

B, ERE, B, . WHZFFTTE (Bacillus cereus) i
3 O AR K PRI, o PR AR 274,

(43]

[44

=

[49]

[46]

[47]

(48]

(49]

(50]

(51]

(52]

(53]

2012, 18(2): 65-69

Feng ZZ, Chen TC, Hu XH, et al. Solation, screen and
identification of Bacillus with high proteolytic activity from
tobacco leaf surfaces[J]. Acta Tabacaria Sinica, 2012, 18(1):
101-105 (in Chinese)

WEE, KRR, SER, S5, 3R e R A A 1 BT
T B A0 43 1 L B LS (). R 23k, 2012, 18(1):
101-105

lzquierdo Tamayo A. Bacteria in tobacco fermentation[J]. TA,
1958(2): 2146

Maik VS, Semp BA, Bravo HG et a. Thermophilic
denitrification of tobacco: US, 4685478[P]. 1987-08-11

Zheng QA. Study of the application of microorganism
quality-enhancer in manufacturing tobacco slice by papermaking
process[J]. Journal of Zhejiang University of Technology, 2004,
32(4): 442-446,458 (in Chinese)

KA. T AR 3 A A 7 e e e A 4 B 1 o
TR WL Tl K254k, 2004, 32(4): 442-446,458

Sun Z. Screening of denitrifying bacteria and its application on
TSNA reduction[D]. Wuhan: Master's Thesis of Huazhong
Agricultural University, 2011 (in Chinese)

PNBL. PR AL K T e O TR O 7 2 K% FHFSE[D]. B
Herh R L2418 3, 2011

Zhu ML, Li TF, Wang AY. lIsolation and identification of
endophytic bacteria in burley tobacco and reduction to TSNA
contents of burley tobacco[J]. Acta Microbiologica Sinica, 2004,
44(4): 422-426 (in Chinese)

RIS, 22K, TR R, N AR 20 B 1 50 28 M8 B AR
N-EAiSHE & SR ). P24, 2004, 44(4): 422-426

Li W. Studies on decreasing nicotine by endophyte in tobacco[D].
Changsha: Master’'s Thesis of Hunan Agricultural University,
2011 (in Chinese)

Al AR TSNABFZE[D]. Kvb: W&l KA
2R, 2011

Tamayo Al, Cancho FG. Microbiology of the fermentation of
Spanish  tobacco[R]. Rome: International Congress of
Microbiology, 1953: 48-50

Yu X, Li YS, Liu D, et a. Isolation and identification of an
aroma-producing strain and optimization of its fermentation
condition[J]. Acta Agriculturae Zhejiangensis, 2016, 28(4):
670-675 (in Chinese)

RF, AU, X, & — PRI E R o s e ROHR
WEF AR AR WAL 44, 2016, 28(4): 670-675

Chen X, Zhang TD, Dang LZ, et a. Study on improving tobacco
quality by using Bacillus siamensis[J]. Journa of Yunnan
Agricultural University (Natural Science), 2016, 30(2): 322-327
(in Chinese)

B¢, SRR, SESrARR, 5. IR PG 2 AT BB A B
W[, mrRafol Rz FSRERF, 2016, 30(2): 322-327
Chen CQ. Study on effect of tabacco’s quality through exerting
addictive in tobacco factory[D]. Zhengzhou: Master's Thesis of
Henan Agricultural University, 2008: 5 (in Chinese)

WA . BN AE A HR AR 7 e DG Rt SS9 [ D).

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



TP M) SRR K T A AL P A IS f

1529

[55]

[56]

[57]

(58]

[59]

(60]

(61]

HH TR Al R 2B A8 3, 2008: 5

Chen XM. Identification of culturable microorganisms from
surface of air-cured tobacco and its application in tobacco
processing[D]. Guangzhou: Master's Thesis of South China
University of Technology, 2016 (in Chinese)

/N PG 0 9 AT AT 5 R 2 0 ) M B HEAE MR A T
BRI [D]. T M AERGEL TR 2EA 248 3¢, 2016

Chen ZY. Research and application of bio-fungicide with Bacillus
spp.[J]. Chinese Journa of Biological Control, 2015, 31(5):
723-732 (in Chinese)

WRASIE. AT RS AR R i S ). A B
VAR, 2015, 31(5): 723-732

Deng GB, Li XM, Li CB, et a. Improving tobacco quality with
pectin-degrading microorganisms[J]. Tobacco Science &
Technology, 2003(11): 17-18,20 (in Chinese)

METE, I, 0K, &, BRI EECEE ).
JH R, 2003(11): 17-18,20

Li GD, MaHY, Yu JJ, et al. Effect on using cellulase to degradate
cellulose in flue-cured tobacco[J]. Chinese Agricultural Science
Bulletin, 2008, 24(12): 256-259 (in Chinese)

FEME, D, TRE, 5. 4R a4 R
FEFZCIL]. Hh e384, 2008, 24(12): 256-259

Ruan XW, Ren B, Chen WF. Effects of enzyme on internal quality
of tobacco leavesJ]. Food Research and Development, 2005,
26(1): 67-68 (in Chinese)

BUHERs, AL, BRIVEE. R AR AL BEm ). &
shBESE S5FF &, 2005, 26(1): 67-68

Li ML, Xia BL, Zhang Y. Study on exogenous enzymes to
improve the chemical composition of tobacco leaves|A]//2005
Symposium on Tobacco Chemistry, China Tobacco Society
Industrial Committee[C]. Haikou: Tobacco Society of China,
2005: 565-567 (in Chinese)

BT, BN, k. ANIRRRE AR M AL U B ESY
(AL A B 22 Tl %l 72 5y 2 A B AL 25 2 AR B 253830
SE[C]. I ThE A 2, 2005: 565-567

Wu X. Preminary study on enzyme using to improve quality of
tobacco leaves at Yuxi[D]. Kunming: Master’s Thesis of Kunming
University of Science and Technology, 2011 (in Chinese)

SR B 70 B R AT YR S A I DA i B A ) 2 A0F 5[ D).
ELBH: BB T2 2 A8 3, 2011

Wang JL. Studies on the development and mechanisms of
protease enzyme preparation used in tabacco[D]. Kunming:
Master's Thesis of Kunming University of Science and
Technology, 2012 (in Chinese)

FARE. 0TI g R AR B AR LRI 5 [D]. B
BRI R 25125 0 3, 2012

(62]

[63]

(64]

(65]

(66]

(67]

(68]

(69]

[70]

[71]

Liu MS. Application of lactase in tobacco leaf fermentation[D].
Kunming: Doctoral Dissertation of Kunming University of
Science and Technology, 2009 (in Chinese)

X FURMBRETE A & B A b Y T SE (D). BB
EL W BE TR 261383, 2009

Song LY, Li ZH, Liu YT, et a. The study of the application of the
bio-enzymes on improving the smoking quality of the
reconstituted tobacco[J]. Journal of Guangxi Agriculture, 2009,
24(5): 33-36 (in Chinese)

K5, 2k, X, . A Ym0 o s JE T
PWTERLBTRIBFSEL). | P4 ~#HR, 2009, 24(5): 33-36

Schenk S, Hoelz A, Kraup B, et a. Decker K. Gene structures and
properties of enzymes of the plasmid-encoded nicotine catabolism
of Arthrobacter nicotinovorangJ]. Journal of Molecular Biology,
1998, 284(5): 1323-1339

Ma L. Study on changing tobacco chemical components for
improving its smoking quality and safty by bio-technology[J].
Journal of Zhengzhou Institute of Technology, 2001, 22(3):
40-42,45 (in Chinese)

ThAR. T A= 1 R BT R Ak 2 3 4 1 T i R
SR, M T RRA B2, 2001, 22(3): 40-42,45

Sun WS. Effect of nitrate nitrogen level in tobacco leaves and
nitrate scavenger on TSNA formation during high temperature
storage[D]. Zhengzhou: Master’s Thesis of Henan Agricultura
University, 2016 (in Chinese)

PV P A 725 G2 e i A T A R ke 8 5 9L g ot R
TSNA JERAIZIR[D]. K- TR Al K200 207383, 2016
Li MY. Advances in improvement of tobacco leaf quality by
microorganisms[J]. Industrial Microbiology, 2006, 36(3): 43-48
(in Chinese)

B PSR SRR R (T, DAY, 2006,
36(3): 43-48

Grether-Beck S, Igloi GL, Pust S, et a. Structural analysis and
molybdenum-dependent expression of the pAOl-encoded
nicotine dehydrogenase genes of Arthrobacter nicotinovorangJ].
Molecular Microbiology, 1994, 13(5): 929-936

Zhao Y, Zhong GF, Yang XP, et a. Bioconversion of lutein to
form aroma compounds by Pantoea dispersa[J]. Biotechnology
Letters, 2015, 37(8): 1687-1692

Ma XK, Daugulis AJ. Effect of bioconversion conditions on
vanillin production by Amycolatopsis sp. ATCC 39116 through an
analysis of competing by-product formation[J]. Bioprocess and
Biosystems Engineering, 2014, 37(5): 891-899

Liu S, Cui K, Zeng ST, et a. Anaysis of blend and aerosol
composition of two heat-not-burn tobacco productsJ]. Tobacco
Science & Technology, 2016, 49(11): 56-65 (in Chinese)

XS, AP, RS, S R R AR R AT AR
BB, 2016, 49(11): 56-65

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



