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Abstract: To reveal the relationship between the dominant microbial communities on tobacco leaf
surface and the quality of tobacco, the structure of microbial community in tobacco with different

qualities was analyzed by high-throughput sequencing technique, and the volatile aroma compounds
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were detected by solid-phase microextraction coupled with gas chromatography-mass spectrometry
(SPME-GC/MS), and the dominant microbial species related to the formation of volatile aroma
components in tobacco were analyzed by calculating Pearson correlation coefficient. The results
showed that the dominant bacteria in tobacco were Variovorax, Spingomonas, and Bacillus, while the
dominant fungi were Sampaiozyma, Aspergillus, and Cladosporium. The bacterial communities were
related to the difference of tobacco leaf qualities, and the relative abundance of Variovorax,
Spingomonas, and Rhodococcus was up-regulated in the high-grade and middle-grade tobacco leaves.
However, the fungal communities were related to the geographic location differences of tobacco
leaves. The contents of volatile compounds were higher in high-grade and middle-grade tobacco,
such as furfural and 5-methyl-2-furancarboxaldehyde of caramel aroma, and sweet milk-flavored
vanillin. There was more a-nicotine producing irritating smoke in the low-grade tobacco. Combined
with the correlation analysis, a positive correlation was found between bacterial species and various
volatile aroma compounds in tobacco leaves, and Rhodococcus, Variovorax and Bacillus were the
main flavor-associated bacteria in tobacco. The results showed that the dominant microbiota in
tobacco played a critical role in promoting the formation of tobacco aromatic quality, which could
provide a theoretical reference for the realization of tobacco quality improvement and damage
reduction, as well as the targeted regulation of flavor based on the microbial technology.
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Fig. 1 Column diagram of relative abundance of bacterial communities on the surface of different quality tobacco

R B 20 B8 A 7% 7R B K B R AR B R AT
PCoA LA FRAE AN [6] it 57 S it v 200 TR 7 7 205 4 110 22
S R 2(a) . AN TEHEVE Y 2 FEPE S H SR AR
i BT DG AR, b S R S5 R AR TR T AR AL
SN SEMAAAE 2R B AE T PCL w0 5 1 =
T IR 2 A0 AR A S B 23 A T PC2 B

PE—2538 5 Welch’s ¢ A6 56 23 B 40 - 41 7 78
TEJE KT 10 25 Sk | A () 45 9 i ok X6 =
JEHRTERT 10 £ B 25 5 35 09 4 0 A, 45 28 L 1#12
(b)o b AT SRR 25 55 T8 32 20N B0 R R
(Variovorax ) . ¥ 2 B % Jfl b4 J& (Spingomonas ) | £1.
Bk # JB  (Rhodococcus) . 1A 76 2 /K K H 8
(Burkholderia—Caballeronia—Paraburkholderia) , H. X
2 S DA R AE b A AR e R G T
TN SR MR 2 R A AR O v 2 R R 25
R (WL 2(c)), A 22 5 40 TR ) A 32 2 0 o i
W J& (Pseudomonas ) i ¥T 1 J& (Enterobacter) | 4
YT JE (Aureimonas ) 12 1 J& (Pantoea) 25 20T
B (Paenibacillus )45 , A & (B0 5 & (A ureimonas )
12 2F J AT T8 (Paenibacillus ) 76 & 2 40 0 i B i
i,

PEWTF I ARG |, ZLBR 1 JE (Rhodococcus ) TE i 75
AL W7 T HA Pe S 0 S ) B RAT
ek ik A Y T 5 W TR TR 5 2 2 J AT R A g T
A 2T AU SIS 2 O, DT A2 2 A - Ak
EmEEE AR AR, KM EREREZ HNE

W, W27 TR (Pantoea) 167K A8 9% & B 4 €6 i
A (Aureimonas ) T 45 M 19 N A= TR B v 9 & B0 %
O S I 1 T A VR TEAE T RO A AL i
RAF 2277 X0 R i eh S AR ARSI AT GRS A e
FEEALE A & B KR T E 8 (Enterobacter)
XoF MR | A R 25 R A i v 1 A e e A o AR
TS A 2 S g RO AR e A R R B A 1) A i
AL E A — 2 R L 80T et i 22
SRR T 2
22 AEGREMEREEREREENSE

X 12 A~ AN [ b JoT 0 o 3 T B R R 2R AT O
Br, JE3RAS 811 724 Z A ¥ 5, I HEREE] 10 1T,
561 Mg, 1 580 > OTU,, B F 2R T 1%, th
Kl 3(a) AT, LRV L7226 ] (Basidiomycota ) |
HF BT (Ascomycota) i . H & 3(b) /A, 7E )&
K B VAR AL RIERE (Sampaiozyma,28.43%) (1
% (Aspergillus ,24.51% ) . ¥ /8 % J& (Cladosporium ,
9.50%) FE¥ 05 & (Alternaria,6.67%) %y 3. A
b BT B IS WA RIS T AR R ZE ST
SO AR I R R AR T S R O 22 S

52 A 24 TG T BR AR S 00 B 5 B 28 — L A T
J& AW R I i i A B 8 TR
] AE H TR A 8 ¢ T HAEBE A AR i i) BAR 2
REFFIE . 22BN B R WK R o3 85 th Rip
2y [T B TR PR AT B i 2R B S R T A S
T A K FE 438 1 Sampaiozyma vanillica F A ¢

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 41 Issue 12 2022



B3

N

ot

FWH,F . AR SRR A B S AR R R W RIRAT AL

EHM
03 R=0.327 8, P=0.005 000 =1}
LY-1 LY-2 " }f Variovorax [ | —e— #+0.000 001 721
0.2+ Lo Sphingomonas F I—e— * 0.0323
Rhodococcus [J == l —e 40,000 62
< MY-2 Burkholdera-Caballeronic-Paraburkholderia =l ke #40.000 001 772
g [Hy2 °HY- Rhizobiaceae = LB 40,000 001 279
« *MY-1 Bosea [P ) #0.00001734 &
S0 Ralstonia ® + 001523
£ HF-2 Geobacillus [ ) * 0,029 04
MF-2 a LF-2 Enterococcus | ® * 0.01879
0L - - hella | ) + 0.01166
N[AF-I AH]::_l LF-1 Cohmella] % .
A 0 4 8§ 12 4202468101214

-0.2 .
-02  -0.1 0 0.1 0.2 0.3 XS ELE/%

PC1(33.79%)
(a) PCoAZSHT

AR B 2 53/ %
(b) ARSI 20 T8 VR (1) Welch’s #4556

mmyY
Pseudomonas — I—.—l: *® 0.04023 EmF
Enterobacter — —o— * 0.03699
Aureimonas h : e * 0.006 819
Pantoea [E—— —e— ! #x 0.002 185
Paenibacillus [l '. & 001055
Massilia [fm o v 00001585 £
Curtobacterium F a # 00193
Kocuria ] ‘ #0001 082
Brevundimonas L ® w## 0.000 907 5
Pseudokoneococcus L ‘ * 0.01402

0 2 4 6 8 10-8 6 -4 202 4 6 8 10
HEXFEIE% AR 2 5%

(o) =Fd. A AT 7 1) Welch’s e 56
Y Sy 5 F AR L F AR A AR S ML S 3R B AR IR SR ARRE L P<0.05 AR X E] 95%
E2 AERREMREAREFEEERESHT
Fig. 2 Analysis of the difference of bacterial community on the surface of different quality tobacco

= Ascomycota HY-1
= Basidiomycota
mothers HY-2!

N = Sampaiozyma
— G LSPe8I S
W Cladosporium

HF-1 I Alternaria
¥ Didymellaceae
HF-2 W Epicoccum
0= MY-1 o — ¥ Filobasidium
s W Gibellulopsis
= MY-2 I = others

MF-1 I

MF-2! I

Ly-1 O

LY-2] I

I

e —

0 0 a0 e R0 100 0 0 40 e 80 100
HEXT R /% AT %

(a) TET IK-P_ BB REA O E

(b) 1EJE KT E IR B REA O 5

B3 FREHRMEMEEHFFHENFEEFEKE

Fig. 3 Column diagram of relative abundance of fungal communities in different quality tobacco

fifp RS N 17 45 RE T, SR A 249 R A S A XUR
BTN, A Tt — 205, IMEEF 2R
e Bt v 2 B HR EL A i W 2 AL A W N 1 B
PRI AT A8 20k 7 R 0 o 0k A L8 | B
TR Jm 55 S AR v e L A JBS A LR, B S SO
AR AR 5 M I AR SR G

AR A o R VR B 2 AR B 2E AT PCoA,

S5 UL 4(a) o ASTR) S5 G A i rf BB R T X 4
FERAR A5 M B AR DG . 2= B R At Y 0
FE SR A2 PCL Sl 0], 2 BH AR - v 50 7 7 2 2
S XA 5 AN [R] S5 G b TR R R Y 25
A o R Welch s ¢ K6 56008 4 2 A1 25 B 9 FLTAT
R T 22 57 000 45 R ULIEL 4(b) . = ma M it ety
% (Aspergillus ) B A& (Cladosporium ) | F % 15

GRSt A 20225815128 IEEH



RESEARCH ARTICLE

HUANG Hemin,et al:

Study on the Correlation Between Microbial
Communities and Volatile Aroma Compounds in
Tobacco Leaves of Different Qualities

R=1.000 0, P=0.003 000

0.2} LF-1 oy
JHY-I A AF
oLY-1
0.1}
S o HY-2 LF-2
Q HF-2 &
s o
= MF-1 MF-2
[ A
© M2 MF2 a HF-1
0.1}
MY-1
[}
-0.2F ® HY-2
0.4 02 0 0.2 04
PC1(72.76%)
YR = F MR, AR R
(a) PCoA%THT
my
Sampaiozyma | — : F—&—i ** 000008049 =F
Aspergillus F —e—! ®0.02502
Cladosporium | Py * 001239
Alternaria I L]
. [ He | 0.004 922
Didymellaceae F el *0.01091
Epicoccum [ ‘: # 0.005 14 -‘E
Filobasidium F a8 *= 0.02333
Plectosphaerella |y B & 0.005498
Hannaella h ) *  0.01101
Fungi |y B s 0.04924
0 10 20 30 40 50 30 20-10 0 10 20 30 40 50 60

MR /%

AN 22 57 /%

YOz B SR PR AN FE P <0.05, EAEX[A195%.
(b) 25 e FHAR 2™ DX I B R VR Welehs #4656

4

TERFEHEEREERESN

Fig. 4 Difference analysis of fungal communities in different quality tobacco

J& (Alternaria) 55 % W R Y AP A X FE B E & T
e TR e U LA S b 2 I R
(Sampaiozyma) VA KA il vh AR XS 5 B2 8K 1) P b ol
Uz R, M R 25 e R TR )
b IO - v B SRR
2.3 AEG@REM FIER SRS ST

5 2 VA S A DEA M i B A R R
i i SPME-GC/MS i A~ [7] fh J52 48 ik i (1) 445 4
PEALG W, 45 R UL 5, FEIA5 62 4% At sy, 1
5 16 FPERZE (15 FhE2E (9 FPEE2E (6 FhARZE (6 Fil
ARIRIE 5 BIIEES RN 7 Fh A 5 2K S T A it
A0 | A R A A 3208 T 2 O3 X i Y
A RIIZ R AT — € (9 52 00, Al LU i 08 =) s A
RIS D3 A AR 2w R R A S S AR
A AR A 4 AP G ) A X B e R R T I
TR o S80I A R R R AT,

A5 AR A0 R SR A 5 A R 2 AN R S T AR A
DX I3 T, 3 — 45 R 55 40 R v 1 0 A 4 R B AR
P o TT Hu S5 76 B 5 00 v (Rl A W i v 04k 2 1
2 A AR PR Ik P A B R ) ) T A ML S A
TRV 1A DI BEAR NS P, 0 B A v Xk T A - 0 o
TV Tl e 42236 T Ry SRR (P, AT i 2 A 1 7 <
e,

Y S B AN [ SR e o b 4 M
Iy 225 Tl A PLS-DA A5 5 42 A [7) 45 26 08 0 i v
PR AT G BT AR L 6(a), = Al
e TR I A R P B O 22 S W EUOR [ g b
S5 R PR SR A R R 2 S R R, R AR A
A BORZE ST

BT PLS-DA #5115 2 % 5 R ML 5 W i)
AR B B AR (VIP) , JH o i 4% 45 & P Ly
Xt A PR i 23 2K 53 £ B e i E R A B RE T 1]

BERE JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 41 Issue 12 2022



FRA,E . AR SR A B RS AR LR S 0 R BT R

3
By
2 .F
EEEENEO R RS |
| A1, 3- ;
| LR PR L LES
| | 6-0. 35, 6- A -2H-M I 0 W
HE EER 0 324 Mg -2, 5-—H -
B EEE i i
HEEEE Em R+ -1 (78N
H N IR A ] -
HEEE B 'H 5 7 X 5 i
==.ll II= .[3;, g;ﬁﬁ@’%ﬁi—%%éﬁ P37
-ZA — 0| E
u NN ECE N i
N EEN [ | EER )
HENEE 3-&%—%:%7(%%
N EEN ECE e
H BN [ [ | SR h) B A
| BN 4 GRRIETHE) 3, 5, SZHIE2 IR CE-1-
ENCEE W g
[ | | 5-FRJL s
ECEEN N LB YA
B 557 L
[ | | FSebS
1 [ [ [T
B EUEEN SEHIEE
i N || i
» EE B ¥Em
[ | ] W0 skt
EEEE 3 (R B 4y
EE
- =l ;‘g%%ﬁﬁ@?
EEE B é%@
Fim
N N Exa )
N iTe
H EE N +Pm
[ ] LR
SR
DR -y s
| 13-H1 3+ DU RS
N TR 2.
[ | | 5 -
ENEEENE AR T B
| [ | KA L0
ENECEN A 1 H
| S RRR
| T IR P
e onEes pHYCE
) ? 5]
[ [T B[] T i P2 £ T
[ | y-Fa i
EE B B e
L | | ES
N EEEE Emm
EE N 3PP 2 e
| | | | B oz
[ 1] BWE - o g s B
|| | 1, 5, 8- Wifr — /s
[ | B o
EEEEEEN H %
[ | B g
L Tk
oo
TEESESRRSS3EES
HE
EY

Y Oz AR F A A A R

B 5 AREFREHERELERSRERE
Fig. 5 Cluster heat map of volatile components in different quality tobacco

6(b) Fr7n  VIP (K T 1 (5 6) 45 KMo A
23 Fh, EEN 2-L LM (Cse) 5—H JEBERE
(Cig) I (Cs3) (5-F H MR (C) (B &L =S5
B(Cp) .a—K i (C;) 5S-F2 33 2 (Cy) o= JE 1y
T (Csp) AW FEFFAREE (Co) L X =R A (C1) 55

X LU A LA 2 N R S R AR,
R a— K S BA R M AR B =
A B Sy T, AT A kg A KU A 5 6 0 I o
PRI AT AR (4 98 A0 5 A A

e VIP HR T 1A 5295 RV Wy o T 3 4]

Lk St AL 2022 FE 41 BE 1218



RESEARCH ARTICLE

HUANG Hemin,et al:

Study on the Correlation Between Microbial
Communities and Volatile Aroma Compounds in
Tobacco Leaves of Different Qualities

L
MY1
HY-2 8MY-2 Hy-

-10 5 0 5
Ra{1]=0329  R[2]0.297 1]

(a) PLS-DAZ #1547

[ 5.1
]

0.5F C 2-¥Hk-5-WJE M e
= c,mxxm mv-ig %y ek LLLTL I
£ C, M*W:’m 2 THY-l i@ By, me,w
S 0 - \»\0 oo “1 :
S — T IR
) E gl ' Y
g B FmaE R C K LW XJ‘WH 2
e @ Hi2g | MW
305 wr2@ 1 e o

NS ] nr- @ C, i 2

em B C 4 GUREETID 3,05, - ZHIL2- R OE-1-1H

-(;.5 0 0.‘5 1?0
pe(eorr)[1], t(corr)[1]

RA[1]50329  Rx{2]=0.297
(o) BEEHRMERS (VIP> 1) 1A

£0000000000000008000000

UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU

A LIRVIP > 1,

(b) PLS-DA[{VIPE

3x10+ %% MHM

N 7.0
ol ' 514X103 P EL
o ] 0.021 *
e 0.039
] b 0.041  *
W] —_— 0.072
] T 0.082
o ————— 0.084
ot 0.091
i ot 0.158
! == 0.224
I — 0252 s
I —— 0.254 =
1 ——— 0.274
! Fre 0341
! S he
ol o 0.570
| Her 0.620
| Lol 0.754
I ——t 0.764
| o 0.800
ol | ) - ) 10.998
o 0 88.5-15 10 05 00 05 10 15 20
SRR A 5% SRR R 2E R %

P <0.05, {5 X 11195%.

(d) SIS T AR Welch’s (R 56

Y Sz B AR F AR @A R B HMORT L 43500 b P SRR A5 A

6

A [B G B KA HE £ M KUK A 5 PLS-DA 3 47 #0 & S 47

Fig. 6 PLS-DA and difference analysis of volatile flavor components in different quality tobacco
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