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Abstract

Tobacco is one of the largest economic crops in the world. As a long-standing tobacco product, ci-
gars are popular around the world. Fermentation is an important part of the cigar preparation
process, which affects the quality of cigar leaves and the quality of products. Microorganisms play
an important role in the cigar fermentation process. In recent years, studies on the relationship
between cigar fermentation and foliar microorganisms have increased. However, our understanding
of the changes in the structure of the foliar microbiome and the mechanism of the formation of
special aromas in cigar products is still unclear. The purpose of this paper is to explore the re-
search status of foliar microorganisms in the process of cigar fermentation, integrate and sort out
the research in many aspects and fields, and comprehensively analyze the structural changes of
microorganisms with metabolome, genotype and environmental conditions. The purpose of this
paper is to discuss the current status of research on leaf microorganisms in the cigar fermentation
process, and to integrate and sort out multifaceted and multidisciplinary studies in order to dee-
pen the understanding of the cigar fermentation process.

Keywords

Cigar, Fermentation, Foliar Microorganisms

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1 55

M S 2 BB R TR — o TAER— TP LA AR MR R g, AETH RS 2l 1] i
ZHROP A, WANEMIAA, HIREIAEE LA R B0 [2], 3K = ER O AR A A AR T3 v A P
ZE5E, WAL AHE TG I AR, 1 P T 50 e S B i A (4 M 30 A AT AT P e ) TR, DAR
DRIt AR 8 23 (3. T2 1) a0 PR 5 i vt 6 ZB00 9 A (R R R, CO gl Al PRI
S5, DA HY MR ITD 22 BF R XUR 4] -

Sz G AR BAT S M AR, WIRRE, fed, REMITTANR, XERREINTES
WA AP REVE B S DA O . UTEEOR, [ A S T i Mk b A 1855 T ol 2 e v 2L B (0 W 72T 4
M7, 2T FEAIL, AT A AR E 2 SRR R E R, thEEL EEARE,
MR PR AT RS SER IR E At SR AT, e R B R A T E AR I [5].
SR, BRATTS et Gl 25 W 28 45 A PO AR A B 5 0t ) e TR R R A AU RO BLARI B T ARSI 1 BRI, Al
O FH e B Py BRI Ut T A A R AL AR A, FE R R R R R I ShRE R, XA
BEVE AR HLEEAT 00T, PSR BAR G AR 7= L2 AT 5 S ool . ARSC R EBRIT Tl R Wi 72
MR AABR, K2 05T 2 SV B AT G, R REM a2t S AL I
R CA BB R R IR R 0T, DUINROG S5 00 A B A (R B A

2. EFniEMH YL B
2.1. EMEENTE
500 T S S A T B A FR S S 0 5 I, OSSR A SRR, 4 i

O

DOI: 10.12677/hjas.2023.1311146 1075 AL R


https://doi.org/10.12677/hjas.2023.1311146
http://creativecommons.org/licenses/by/4.0/

@

Sl

b o S5 VERE I — AR ik, R TR AR .

FEREET b, S SR RBURIE, o BRI S N TOREE. WEBLT, HRKE
SRR pE LT AN TR, (BB RAKBAEN T, RIS 5 320, 5 ) 52 31 % AT B
9% NLREEATCLUE I HIRRE, HREHNGESE 4~8 JH, FINR G kA= i K 6]
SN T RIEIEZ R, H AT E N ER R AR ERE . AR ERE, UL RAT )
AR R BERE ALK K BER 7] ARSI RIAA s A AR B I BAAAE AR, (BRI kA
P SR HIE A — B, AR N UORBES ZUCR BN BUREAT - ORI R H BRI BEAT — IR BEAL
St 5T, DAE R Tl AR i 75 3K [8].

2.2. ETnkERF

T B B 7 N =805 AU e UEfE R . FHOCREMEFH[9]. 1950 42, Frankenburg A1
Andersen ZE[1O1FHARSRE H T MM A BEROBGAE F R UL, fE AR Y, FERTAMDEE. S8 A
R AN SE AL AT MR, 8 IR SR OB, S R B AP, X AR E B S B ATL A1) (¥ S A
TER 5REE R E S, BAE 19 t20 80 A, /AMEFIRE R it 1 AR A e A AL I E ARG, A
TER B PR A i e R EAE . Reid SR[11] 80 kI, TES M RIAFEREMEME R, I H
BB AR AT, MRS 5 AR W R AR SRk, R TU S Ak R R AR TR AR YA F (A
FORRKERZ , BETCRIN, BRI R P B B T MRS B, A R RTIA GG R, R I ke
T FEA12]. RIS, B R FEIIE B R B R v 2 E 1 S VR T B DA G, IXARRETED)
HARBHIERN S5 T A KB R [13]

AR 2 5AGHE A IEEE T T B A, OSSR T ) S AL A e I B
;B AR R 3T 5 0 FLA Ak Sy /Ny T35 S0 5 [ 141 o S 00 R B R ARE A e v P L 25 0 A S A e
KB 2% 1 5 D5 T A

3. HEREIRFATINR
3.1. HEfEMEE X5 3%

TN B3R 0y, AEAE AT B ME SR E TR Fr, GEARI B, i A g i 4120
REMPEAT e B AF AT RE A 0 LA AL . SRR SEAL, MM RIEAAE AN . R BEEE
LA A R T AR S5 A A 00 » K S Bl 2 W e P T A A 00 » T 5 00 P T Al 20 2 T o 4 R 2H B[ 15]

TR TR A, AR Bech, AR L AR R [16], (H TR AR A
WORAE R E AR . RS S X00755[17] [181E I o #r /s it A e e b, fE1TDKP B, AR e st
(2T A SR RE T ] AT IR ], e RS A S T3 T TN iR ], X — i et
KEH R SF 10T I 4 R — B A AL #R S 2 T IESE SAR S HA, T2 — A RE A,
TP AL A A AN — AN, AR, AS[R] S AR S i AR 3 S B ORIk .

3.2. HRFFEMEAR

DA X Tl A 0 BT 7 A2 AR R AR SR B (0 % ST AR 998 SR A S5 [20] il 7 B Al 4 e th =5
AP ZEAEATIE . R R S i A S R, (EOR ARG B AR AR R IR R A 0 R
K, AR RE R . XA RN E AR T RES HEAT R SR A AN B 19%, X AREEE TR AL T I L 1
YEH, BUESEIR TR T

DR SfgtiiRE, il R A HORGES IR OB MR SR, AR I, BEhS) I L. B

DOI: 10.12677/hjas.2023.1311146 1076 b k=


https://doi.org/10.12677/hjas.2023.1311146

wHEE %

FH— AR PEARANWE D, Geis WEER AR B R . RERA ., B, Jusk AR AR
LA EWZFATIRI, RN SR R ) RIE 153 AR A BAE FH[21]. XS5 F AL IR A
HERIH—AINECEIE IR T SR TR R A YRR 078, VRN T AR R eI 72 (1 4k
fit, FENT IR E D BEE AR TS . 5 2 AL AT A SR I R T ()3 — 40U R R o B 5 =
B, R AR I AR SR AE T i R X — W T AT AR 2 A

TEREAR T30 b, 305 XA ot At FH B9 B IR P LT SR I TR A A 40, B 850 B B SR U A4,
HEAT Mumina myiE &7, ik 16srRNA 7 Bz 3R 2000 7, K00 i (9 0 4 RStudio #E47 4b 22
HEW, BREY I R S BN AS A A5 i o BRI R AR AT 455 T o

3.3. EMmMHEMEYRZEEMY

AR R A B S H S BE B A R AR AR, (EAETTKOP A RRSE Al P LS w112
JEEER ] AT ITARER R ], KPS ET2 78R . R ERRG I ESR, HEBEL
HAMME. rRlsei A IL A HIR A M a R EE . FafEE. BRRERE. WamEapeE, F
CLBKR R M) AR, AR SR EAL. ERENEAT L, hER g hL, BRitz 4,
MR R S R -

T E RO A RRAFAE — € RE L B IENE, (EETZ AR ZE 57 . U 55 0 R 2B )
FIGE A A IR R RE IR . R TWAR 22100k B 2 K JE N B2V B2 8 vl S AN o [ AN [R] 55 7 ot b 3R 4T A
W, KIAFMX CTL M EY 2R E% . BEERETTERMIIX CTL F XS, Mz sb X K
B, TR IR T 1T o PR 25 TR AR, IX AT RE PR 9 S S ) U0 22 3 R 30

TR L AR AR BB, AR IR AR (23 R BRI B T, AR T 1 D ARIAHDR = B2 2 BRI 1
I, JEEER | BEIASEIR B R R SN 5 A AR R P L, A RIR IR B, £ 20°CTT,
R T L P2 D05 26°C N R b S R A ER R AR R BERIE ;. 60°C R A I AR A LB, G
R T, UG, P P T RO = P B B B T T IR, 90 2 R o B D P T v Y K A1

FERAN KR, AV SRR AR AT AR AL, k=255 [241 A IR T 55 0 2R A 0 5 4 1w s
B TR ] 2 R A AN R M BT, B R = A R A ER TR R R IR I N, SO LS
J& . AERIRSERIWT SRR, AR 20°CHREE T Al 28 K, T hh R B L T R AR X R H 85.2% %
iK% 26.33%. P ZE[25]0F UL, P R A AL AR T B S TR R R E S, XS5k
5 S [26] 45 2R — B

50 ) 2 AL 2R R i i T E A R I LR R, R R AR T MRS A R, BT
BRI G BRIR RO B AT SRR R CE AN 7] it 5 750 A - 02 A R 1) S B B 7 (EAEHERUR I8
AR, AR AR, FE AR 36 KE, S ILHR AN FEEARZERCR; FIRE, HhEs
BARTERZ B A A0 S s L3, EE AT Z 18 AR 2 BEAR SR A Z2 K

T ED R AR AR B R R B A ) 2 AR AN B M B 3R o AE Al [ AR ELAR 5 T, A R
W “CHmETIThG” . SRZHERICHE T TR R [ (A 2 O e, Kt BE ARRE i1 40 TR A 7E I
AR SR A KB N5 A R 22 AR E I AR Z0BRTE AN B iR (Alcaligenaceae) /2 “AE L EHLY . 5
KX BABGRMIEA R R EHRE - REIALERT I, hESEEIRE 2R, 5HA
ML A 2 AR [27]

3.4. WEIHkEK
2R AT R T T E RO ST IR A R DS A 2 Pk R T AR R E

DOI: 10.12677/hjas.2023.1311146 1077 b k=


https://doi.org/10.12677/hjas.2023.1311146

@

Sl

ARRIAEE, A AL RS IR 2 52 BN TR TR I K AR AR, AEAEA IR AL B AR+, BED
Gy Z BN EATG S, BRI, USRI e R IR A A S . SHEER, AFRZERRL A
(e b 3 18] ) =5 7 T ol 2 ) BB AR AR, (HZERADIRAROR, R R A M 2 R AN R L AR A
ARG, BTABTTE RSB RE BB, i AV WA,

4. B

Z I FCARR YT, T AR Tk A B AR T (S e AL, JEEER . TR RE]L K
LRI TRENRAMTIORARET: WaEkER. FOrER. BRRER. WA REE. i
B HEAR AR R AR OB R, SR A S e it Wl R R A DG B R 2 54K
WHgte, KD TR AN T TR, CAHR i A TR S A F) it S R i

SR, 0t A P A X TR A DR AT AL A AL o A Ja BTN A AR FERN T A T ok 2
VIR 2 BEVERIZRE, T AR RTE BT T8 75 95 A BOR At Rl 4 SR B S M T AE Y I D RESE R, 3 —2b
WA E A I R R A A BRI, R T R M S 1 R M S R BRI R R, TR S
T 5 A SR B SCIRBE . 5O, SR RT DO I AN AN IR R B 7 A A0 A I B R
IR, NN T2 5 KSR EM B AR, AWIT A8 IR AR IF B T 500 ol
S TR TR AR bk, T AT SR R AR IE AT AR S

E&WH
B S A B L AR A B U E (202312)
S 3k

[1] Ferreira, H.S., et al. (2019) Characterisation of the Mineral Composition of Tobacco Products (Cigar, Shredded and
Rope). Microchemical Journal, 151, Article ID: 104196. https://doi.org/10.1016/j.microc.2019.104196

[2] Gushgari-Doyle, S., Schicklberger, M., Li, Y.V., Walker, R. and Chakraborty, R. (2021) Plant Growth Promotion Di-
versity in Switchgrass-Colonizing, Diazotrophic Endophytes. Frontiers in Microbiology, 12, Article 730440.
https://doi.org/10.3389/fmicb.2021.730440

[3] il Jrk, ZEARAK, S, T nhnn A IR B I R R R R R O AR AR O], T AR AR R, 2022, 49(2):
158-164.

[4] Zheng, T., et al. (2022) Effects of Inoculation with Acinetobacter on Fermentation of Cigar Tobacco Leaves. Frontiers
in Microbiology, 13, Article 911791. https://doi.org/10.3389/fmich.2022.911791

[5] Xue, F., et al. (2023) Metagenomic Insight into the Biodegradation of Biomass and Alkaloids in the Aging Process of
Cigar. Bioresources and Bioprocessing, 10, Article No. 45. https://doi.org/10.1186/s40643-023-00667-y

[6]1 XI7E, m#, b, & HHENREE T2 REBAEMBE ARG R[] <kl R, 2023, 51(14): 18-21
24,

[71 A%, B2 Sk Al RS RE). REMRS, 2009, 26(11): 119-120, 127

[8] FBFRFE, B, MR, & FAHSHHM Tk = JOR B AR 4l b 5 A I S AR AR A A AT (3], R I
1, 2022, 28(5): 121-128.

[91 k7, ZES, B, 5. 550 R R A 2 AR B AR R[], H O R SR, 2021,
23(10): 171-180.

[10] =5, F3C, FRE, & Saifrt KA RL]. £ MEHE, 2022, 13(18): 64-67.

[11] 43, FFx, A4, % SHMEENT 7T RLI]. W15 SO 22 223 (E SRR 2EAR), 2020, 32(4): 60-63+68.

[12] Wang, Y., et al. (2023) Cultivation and Application of Nicotine-Degrading Bacteria and Environmental Functioning in
Tobacco Planting Soil. Bioresources and Bioprocessing, 10, Article No. 10.
https://doi.org/10.1186/540643-023-00630-x

[13] BAEEEK, 3557, RUEMMBE A BRI G A B b BN S 0], PR 223 AR, 2007, 23(1): 314-318

DOI: 10.12677/hjas.2023.1311146 1078 b k=


https://doi.org/10.12677/hjas.2023.1311146
https://doi.org/10.1016/j.microc.2019.104196
https://doi.org/10.3389/fmicb.2021.730440
https://doi.org/10.3389/fmicb.2022.911791
https://doi.org/10.1186/s40643-023-00667-y
https://doi.org/10.1186/s40643-023-00630-x

wHEE %

[14]

[15]

[16]

[17]

(18]
[19]
[20]
[21]

[22]

[23]

[24]

[25]
[26]

[27]

Costa, O.Y.A,, et al. (2020) Cultivation-Independent and Cultivation-Dependent Metagenomes Reveal Genetic and
Enzymatic Potential of Microbial Community Involved in the Degradation of a Complex Microbial Polymer. Micro-
biome, 8, Article No. 76. https://doi.org/10.1186/s40168-020-00836-7

ERERE, ARORAE, X TURE, 5. MRk AT I 1A] 68 AR T ol 2B 0 A L S AT SE[I]. v L E R R 2, 1997(4):
15-16.

FLAE, SRIRGE, RN, & SN LRESSRE P TMEN X 2] EMEARER, 2016, 6(3): 188-192,
230.

Wu, Q., et al. (2023) Interaction Analysis of Tobacco Leaf Microbial Community Structure and Volatiles Flavor
Compounds during Cigar Stacking Fermentation. Frontiers in Microbiology, 14, Article 1168122.
https://doi.org/10.3389/fmicb.2023.1168122

Liu, F., et al. (2021) Microbial Community and Metabolic Function Analysis of Cigar Tobacco Leaves during Fer-
mentation. Microbiology Open, 10, e1171. https://doi.org/10.1002/mb03.1171

Liu, T., et al. (2022) Phyllosphere Microbial Community of Cigar Tobacco and Its Corresponding Metabolites. Fron-
tiers in Microbiology, 13, Article 1025881. https://doi.org/10.3389/fmicb.2022.1025881

kA, S, XA, & WG H382 FHiEM AN F A B A A R VA 2 REVERAE S 0 A [0]. b B
%, 2021, 27(2): 117-126.

Hao, T., et al. (2018) The Genome-Scale Integrated Networks in Microorganisms. Frontiers in Microbiology, 9, Ar-
ticle 344946. https://doi.org/10.3389/fmich.2018.00296

Zheng, T., et al. (2022) Analysis of Microbial Community, Volatile Flavor Compounds, and Flavor of Cigar Tobacco
Leaves from Different Regions. Frontiers in Microbiology, 13, Article 907270.
https://doi.org/10.3389/fmich.2022.907270

Ren, M., et al. (2023) Effects of Fermentation Chamber Temperature on Microbes and Quality of Cigar Wrapper To-
bacco Leaves. Applied Microbiology and Biotechnology, 107, 6469-6485. https://doi.org/10.1007/s00253-023-12750-7
Yao, L., et al. (2023) Heterogeneity Changes of Active Bacterial Community on Cigar Filler Leaves after Fermentation
Based on Metagenome. Bioscience, Biotechnology, and Biochemistry, 87, 1056-1067.
https://doi.org/10.1093/bbb/zbad071

Jia, Y., et al. (2023) Development of Candida Autochthonous Starter for Cigar Fermentation via Dissecting the Micro-
biome. Frontiers in Microbiology, 14, Article 1138877. https://doi.org/10.3389/fmich.2023.1138877

Zhang, Q., et al. (2023) Microbial and Enzymatic Changes in Cigar Tobacco Leaves during Air-Curing and Fermenta-
tion. Applied Microbiology and Biotechnology, 107, 5789-5801. https://doi.org/10.1007/s00253-023-12663-5

WhF5. R A T A W e B HAE N TR Bl FE X 55 an AR e 5 (K A [D]: [Ai 22 6118 3], R T pg
koK 2, 2020.

DOI: 10.12677/hjas.2023.1311146 1079 AL R


https://doi.org/10.12677/hjas.2023.1311146
https://doi.org/10.1186/s40168-020-00836-7
https://doi.org/10.3389/fmicb.2023.1168122
https://doi.org/10.1002/mbo3.1171
https://doi.org/10.3389/fmicb.2022.1025881
https://doi.org/10.3389/fmicb.2018.00296
https://doi.org/10.3389/fmicb.2022.907270
https://doi.org/10.1007/s00253-023-12750-7
https://doi.org/10.1093/bbb/zbad071
https://doi.org/10.3389/fmicb.2023.1138877
https://doi.org/10.1007/s00253-023-12663-5

	雪茄发酵过程中叶面微生物研究现状
	摘  要
	关键词
	Current Status of Research on Foliar Microorganisms during Cigar Fermentation
	Abstract
	Keywords
	1. 引言
	2. 雪茄烟叶的发酵
	2.1. 雪茄发酵的过程
	2.2. 雪茄发酵的机制

	3. 叶面微生物的研究现状
	3.1. 叶面微生物的定义和分类
	3.2. 研究方法和技术
	3.3. 雪茄叶面微生物的多样性
	3.4. 研究挑战

	4. 总结
	基金项目
	参考文献

