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Metabolic characteristics of different flue-cured tobacco varieties
and grades and quality improvement effects of nicotine-degrading
bacteria on tobacco leaves

WANG Jitao"?", ZHU Jingjing', AN Zichao', FANG Zemin', WANG Xiaojie'"

1 Anhui Key Laboratory of Biocatalysis and Modern Biomanufacturing, School of Life Sciences and Medical
Engineering, Anhui University, Hefei, Anhui, China
2 China Tobacco Anhui Industrial Co., Ltd., Hefei, Anhui, China

Abstract: [Objective] To investigate the metabolite differences among different varieties and
grades of flue-cured tobacco, as well as the impacts of nicotine-degrading bacteria on the quality of
different grades of tobacco leaves. [Methods] This study employed untargeted metabolomics to
identify and analyze metabolites in fermented tobacco leaves of ‘Yunyan 87 and Yunyan 97°,
specifically B2F and C2F grades, while also examining the influences of nicotine-degrading
bacteria on the quality of different grades of flue-cured tobacco leaves. [Results] There were
significant metabolite differences between tobacco leaves of different varieties and grades. A total
of 131 differential metabolites were identified between the samples of ‘Yunyan 87’ and  Yunyan
97°, while 138 differential metabolites were identified between B2F and C2F grades. These
differential metabolites mainly included amino acids, flavonoids, alkaloids, and their derivatives.
Analysis of KEGG metabolic pathways and enrichment levels for differential metabolites across
different varieties and grades all indicated that flavonoid biosynthesis pathways were the most
prominent. Furthermore, this study successfully isolated two bacterial strains, Pseudomonas sp.
TRY and Pseudomonas sp. TR14, from tobacco-cultivated soil, both capable of utilizing nicotine as
the sole carbon and nitrogen source. Inoculation of the strain combination into different grades of
tobacco leaves significantly reduced the content of nicotine, protein, and starch in lower-grade
tobacco leaves. [Conclusion] This study reveals the mechanism by which varieties and grades
affect the quality of tobacco leaves through the flavonoid biosynthesis pathways, and verifies the
improvement effects of nicotine-degrading bacteria on low-grade tobacco leaves, providing
theoretical support for the improvement of flue-cured tobacco quality and the optimization of
fermentation processes.

Keywords: flue-cured tobacco; differential metabolites; tobacco leaf fermentation; untargeted
metabolomics; nicotine-degrading bacteria
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Figure 1

PCA score plot. A: Positive ion mode of ‘Yunyan 87’ and ‘Yunyan 97°; B: Negative ion mode of

“Yunyan 87’ and ‘Yunyan 97’; C: Positive ion mode of B2F grade and C2F grade; D: Negative ion mode of B2F

grade and C2F grade.
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Figure 2 OPLS-DA score chart and OPLS-DA replacement test chart. A, B: OPLS-DA score plot and
permutation test plot of ‘Yunyan 87’ and ‘Yunyan 97 in positive ion mode; C, D: OPLS-DA score plot and
permutation test plot of ‘Yunyan 87’ and ‘Yunyan 97’ in negative ion mode; E, F: OPLS-DA score plot and
permutation test plot of B2F grade and C2F grade in positive ion mode; G, H: OPLS-DA score plot and
permutation test plot of B2F grade and C2F grade in negative ion mode.
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metabolites between ‘ Yunyan 87’ and ‘Yunyan 97°; B: Cluster analysis of differential metabolites between B2F
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Table 1

characteristics of tobacco nicotine degrading strains

Basic physiological and biochemical

Test indicators Pseudomonas sp.  Pseudomonas sp.

TRO9 TR14

Gram staining - -

Kanamycin - -
Ampicillin + +
Methyl red - -
V-P test - -
Glucose + +
Sucrose - -
Maltose - -

+: Positive; - : Negative.
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Figure 6 Changes in the content of major chemical components in tobacco. A: Nicotine content in tobacco
leaves; B: Reducing sugar content in tobacco leaves; C: Total water-soluble sugar content in tobacco leaves; D:
Total nitrogen content in tobacco; E: Chloride ion content in tobacco; F: Potassium ion content in tobacco. CK
represents sterile water treatment, TR9 represents treatment with the single bacterial agent Pseudomonas sp. TR,
TR14 represents treatment with the single bacterial agent Pseudomonas sp. TR14, and F represents treatment with
the composite bacterial agent of Pseudomonas sp. TR9 and Pseudomonas sp. TR14. One-way analysis of
variance was used for significance analysis. ** indicates a significant difference (P<0.01), * indicates a

significant difference (P<0.05), and the absence of * indicates no significant difference. n=3.
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Figure 7 Changes in the content of macromolecules in tobacco leaves. A: Protein content in tobacco leaves; B:
Starch content in tobacco leaves; C: Cellulose content in tobacco leaves. CK represents the treatment with sterile
water, TRO represents the treatment with the single microbial agent Pseudomonas sp. TR9, TR14 represents the
treatment with the single microbial agent Pseudomonas sp. TR14, and F represents the treatment with the
compound microbial agent of Pseudomonas sp. TR9 and Pseudomonas sp. TR14. The one-way analysis of
variance was used for significance analysis. *** indicates extremely significant difference (P<0.001), **
indicates significant difference (P<0.01), * indicates significant difference (P<0.05), and the absence of *

indicates no significant difference. n=3.
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Figure 8 Changes in nicotine and macromolecular content of tobacco leaves at different levels. A: Nicotine
content in tobacco leaves; B: Protein content in tobacco leaves; C: Starch content in tobacco leaves; D: Cellulose
content in tobacco leaves. Control: B2F and B3F tobacco leaves treated with sterile water; B2F: B2F-grade
tobacco leaves treated with the compound microbial agent; B3F: B3F-grade tobacco leaves treated with the
compound microbial agent. The #-test method was used for significance analysis. *** indicates extremely

significant differences (P<0.001), ** indicates significant differences (P<0.01), and * indicates significant
differences (P<0.05). n=3.

P4 actamicro@im.ac.cn, 7 010-64807516



U 5 | AR, 2026, 66(2)

639

3 WwhH&Eh

1o M AE R A B TP A Bl — RN E A=A
PRACHHE B, LA RRAE T8 Bl 5 A B R
SEVIM S, ASTE] b Fh B S5 G 0 0% SR AR = 4
P& AR R 2 S, X2 R HEY
M Je Rt i 421

AW 5K FARSE ) A QI 4 2 e S E
F o de ek AR 1 781 AR . 7E A
87 Fl =4 97 Ff b Z M1 452 thy 131 2z A
Y, FEARE -EAER . R SRR .
Wit 2 . IR T AR, AR RRILBT B, AR
i S5 e B8 R BE TR 2> S o R A e B N
A RESS | MRS | M SIS A S S 1 XU 1l 5
o HH R 3 5 F D24 A 87 R -
B TR . N-SM R T 2 R 5 i 25 2 S R M L
FAN AT A,k il R X A
Jei B4 2 S i AR i S A R 1 1 0 BT 4 R
FHRL, 2 HER B H AR T it — 25 e A R
Az 2 B OGRS B SRR AL S
IR B AR P N E AR B, BE
AL A R 2 | B 2E LA B R I 2 25 A R )
B, BEEEEm R EA R, H e S5t
TR VIMIEL, M & | AR AT S
Y R w97 e, EEET =M
87", XWRERSFE =MW 97T HFAHEMT =
M 87 M H BN 2 —, FESEBR N 38 i 4k
K R BRI A] A« = 00 97 MR- 3 . ARAF ST
K IN C2F S GAMM A S P 2R B . W HE TR A
AR R 2 22 F RN A B s,
MR ) ot 283k — FR 90 A Ak I g ml R A /Ny
TR R, 5 MR B A R DT R
TE =R 87 UL K C2F S5 G0 M & v BR A7 AE 1
FE . WL R . TR TSR, M2z
SRR AT A2, RHXEy)
Jo AN BE [] B A kg 52 Wi 0 e e R S5 4 %) s w5
2SR, I AR A X R R A 5
M 3R AR = B E R, RS A R AR

W9 Z [ A AH B AR AR DASEEE, e iy ¢
A E AR, ARt

SR A2 oy AR, JRE SR o F
W 5 ) X AR I TR T LA W R e
Rl AR B o DA B OGS A, AR
S-SR etk R E A
FiVER FE LM & ALY, H S R ] 5
1 PR A CHEVE R, O a2 B SR
M-S PMEYE, BRI BR B R B A 1ER 5
MR I G 2 A R, SRR R
BEAR, JE R S mad vt 2 X A i R e 14 e RN
VRSN T DigRara o N 115 A IR Ay o RR A N
g1 o3| A8 I B e B I DA ROBE G L 2 A 45 ]
R PR I R et B A A R R e )
R bRZ Pl AR o £ Y R RN AR YR R
B BRI Bt B R S A
ORIl N ot e I AN SRS A e
YR & ad ] BE S AR R R, B
Tl A B AR, R AR R s, O
By . RIS AR IR AR E Y R, T
JR A et FE b, AR T A A A R A T
S UCE M B AR AR, AR R A B RN 2
SPEUT fln, Zhang ZEURIESY K B FH 2E A
FFRE « ARSI TR AN v B A IS R A o 1 4
BB AR TER . AP YRR N A R R T
AIREAR A AR AT B b B A 35 ) SO AR a5 i
Jia ZFWNE 3 A WAL KE Candida $5F0 3 35 i K
-, SR RIIBEE R B HEAT, TR R
RAVEmE B B, XURAS B o3t & I 4
Al o AT INE S AR Hh 7S I TRO #1 TR14
A PR R 28 fof DT 51 i, R v R e S I
TR, H R f . JEm et
MR FEEL, BEES s LA, X —24k
A7 Bl T e R R T, B A I A
o . Z2 WIS FE A, 38 A S R ) A 2
S{OR NI RN N D 0N R e e
Y, AT LA S50 A R vl %) I R (An D 1 )
LRI B (AN 25 1Y), S S B I i XUk

http://journals.im.ac.cn/actamicrocn



640

WANG lJitao et al. | Acta Microbiologica Sinica, 2026, 66(2)

YT, A8 SERLAE N Y . 07 A R A R
i 7= ) R T R R 7=, O L CE R I ) S
HIPR R, AR AR, WA
R, BGEREEY Zhe PR R,
B. altitudinis YS193 % 4 Rl ZEFHT 18 414 kb HEAH
W& RE 15 d 5, HEnE R LS 20 Rk,
R KRB SR, JF B 5 05 iR E LM AR 1R
FAOC B4R R A WK T 3 38 . AR5 Al
R E BE TRO A1 TR14 1R v] fE i i iRkt
X R B ST R AR, (A S SRS

Sl B N T R AR, T
PRI L R T AR IR DL RO S R 25 5
FELMHEBMLGEA MW, XA R S g =
b R O T R R AR 25 AR RIORPOL, ARHF I R I
B 00 R 750 T AN [] 5 AR I ) Ao BB SR A7 7 22
5, EEAWHAGHET, K559 B3F M 1 4H
BRI P 5 2 2 T R, AR A st SR T B 2
X 0] BE S B AR AF AR B3F &A1 B
A RE R KT, X W) L K
AR ORHCE R Y . R AR
R UE P PR AE T R T R R H bR, PR
W B A R ARAFSUER T AR
FILEM I & B h B R EAEH, A&
PETHRAL TR L

1 SRk A= FH

TR PRAEBTIR . SCHURE . 45 2R A AR
PG RERBR: SUREIE. ZRMT . BdEar. T
PACFERG %S 5 27w BB MR SC R IeE; J7
PR RIMATSOTIE . BUHAE B, BEE SR B
e MUSHE PEA L GO AR SRS

£ E
{E& FIZE SR A T RR

VEF PR AEAT A n] BE S R M AS SR o8 AR
B2 g ol AR AR

P4 actamicro@im.ac.cn, 7 010-64807516

RPN

[1] WU XY, ZHU PC, LI DL, ZHENG TF, CAI W, LI JH,
ZHANG BY, ZHU BB, ZHANG J, DU GC.
Bioaugmentation of Bacillus amyloliquefaciens-Bacillus
kochii co-cultivation to improve sensory quality of flue-
cured tobacco[J]. Archives of Microbiology, 2021,
203(9): 5723-5733.

[2] HUANG JW, YANG JK, DUAN YQ, GU W, GONG XW,
ZHE W, SU C, ZHANG KQ. Bacterial 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.

[3] WU Q, ZHU Y, FANG C, WIJFFELS RH, XU Y. Can we
control microbiota in spontaneous food fermentation-
Chinese liquor as a case example[J]. Trends in Food
Science & Technology, 2021, 110: 321-331.

[4] LIU PP, LUO J, ZHENG QX, CHEN QS, ZHAI N, XU
SC, XU YL, JIN LF, XU GY, LU X, XU GW, WANG GJ,
SHAO JF, XU HM, CAO PJ, ZHOU HN, WANG XS.
Integrating transcriptome and metabolome reveals
molecular  networks involved in  genetic and
environmental variation in tobacco[J]. DNA Research,
2020, 27(2): dsaa006.

(5] XUE e, B, AR, AidE, 24, BE, BB

M, B, B RN L Bd g AR DX AT i Rl A 7 s ST

FE[I]. WA BRE, 2022, 63(4): 695-700, 766.

LIU GX, YAN HX, MAO DP, ZHA XD, LI SJ, CHENG

YM, GEN RM, CHANG AX, LUO CG. Study on

production demonstration of new flue-cured tobacco

varieties in Southern Anhui[J]. Journal of Zhejiang

Agricultural Sciences, 2022, 63(4): 695-700, 766 (in

Chinese).

XUELFR, #RIER, XUHaAE, ok S, Tl b, FERk . 2 MBI

st R E AN [ B A 72 DX AR 7 i it 5 22 S 20 [T,

IR R 2R (A AR, 2022, 53(1): 109-114.

LIU KL, CAI XJ, LIU YH, ZHANG YZ, YAN D,

CHENG S. Analysis on growth, yield and quality

differences of two flue-cured tobacco varieties in

different typical tobacco producing areas[J]. Journal of

Shandong Agricultural University (Natural Science

Edition), 2022, 53(1): 109-114 (in Chinese).

(7] Tfh, ZEfoc, 225 . 4% M B2F 5 B3F IR ¢ Y 5t F K&

R[], SR, 2025, 27(1): 114-119.

XU W, LI FY, AN QC. Reasons and solutions for the

mixed grade of B2F and B3F of roasted tobacco[J].

Journal of Green Science and Technology, 2025, 27(1):

114-119 (in Chinese).

BRI, R, o2, kDB, A, TR AR, 2K

Ml e 25 AL R A 2 B 205 TR it o A A S 0], A

BHE, 2016, 49(11): 26-32.

XUE L, ZHU QF, JI XJ, ZHANG ZF, DONG JX,

CHENG S, CAI XI. Correlation of chemical components

with overall sensory quality of tobacco leaves in south

Anhui[J]. Tobacco Science & Technology, 2016, 49(11):

26-32 (in Chinese).

(9] 230, ARJF M, ForBE, A, TR, PR, TR .
TRAT 5 i A8 X B2F 73 A7 A [R) 80 B fiff DR A8 i [ ], A<l
5HK, 2020, 40(2): 46-48.

—
N
=

—
[ee}
—_



2=

% AE | TAEAE, 2026, 66(2)

641

[10]

[11]

[13]

[14]

[15]

[16]

[17]

Wt Ee, SR, REENE, el S RARR, KRR, ML,
FEAR, MAZKOH . Bt R A DX, C2F A8 40T i 42 T i 1],
R AR, 2021, 27(17): 148-150.

YANG YZ, ZHOU JX, CHENG HP, YANG ZL, LU SL,
ZHAO K, YE CR, ZUO WW, BAI YC. Measures to
improve C2F grade quality in wannan Anhui tobacco
growing areas[J]. Anhui Agricultural Science Bulletin,
2021, 27(17): 148-150 (in Chinese).

HONGE, R, 50T, AR, AL, XA, Pk
e, RS W UK, TRARIE, TRASIE . AN [R5 5 e 7
Wi 5% AR DX 38 07 PR RIS [T R RO B2, 2022,
61(7): 89-94.

CAO JY, XU YP, ZHOU FF, MENG DR, ZHENG SF,
ZHAO LG, SUN YH, LI XC, PAN YH, LEI FH,
ZHANG BY. Study on the adaptability of different flue-
cured tobacco varieties in Shizong county typical tobacco
areas[J]. Hubei Agricultural Sciences, 2022, 61(7): 89-94
(in Chinese).

SR RAF R, XS, A, B i, i, TR,
BET AR AT 2 o B Th 28 108 MR 1 5 5| Fh 2
SEBH A BT T]. FPIEIAS I, 2025, 47(2): 33-39.
YI M, CHEN ZL, LIU YJ, XIU CL, ZENG JM, YE M,
DING CQ. Analysis of quality components of ‘Zhongcha
108’ and ‘Zhongbai 1’ introduced to Ziyang using non-
targeted metabolomics[J]. China Tea, 2025, 47(2): 33-39
(in Chinese).

FK, AL, ARLE, BOEESE, VR AR AL TR
Py R T R DDNADRE B i R L R EE AN A S o
2018, 20(7): 56-62.

WANG L, YANG LJ, ZHAO JJ, HUANG HT, XU ZC.
Application of omics analysis technology in tobacco
research[J]. Journal of Agricultural Science and
Technology, 2018, 20(7): 56-62 (in Chinese).

HIREBR, X3, 40 2%, BPRRE, (14K, JFRESC, VR ZE,
T, WA, BRFs ik, 22, R, e Tk
UPLC-HESI-MS/MS % 19 3¢ £F 2 5 Ji i A 45 AiE 7
Hr[J]. PR A4, 2023, 36(12): 2678-2684.

SHEN SL, LIU T, ZOU Y, GU HK, HE Y, YIN NW, SUN
FJ, CAO TM, YU QW, CHEN XE, LI C, LI CB, QU
CM. Metabolic characteristics of Jiucaiping 2 tobacco
leaves based on UPLC-HESI-MS/MSJ[J]. Southwest
China Journal of Agricultural Sciences, 2023, 36(12):
2678-2684 (in Chinese).

CHATTOPADHYAY S, RAMACHANDRAN P,
MALAYIL L, MONGODIN EF, SAPKOTA AR.
Conventional tobacco products harbor unique and
heterogenous microbiomes[J]. Environmental Research,
2023, 220: 115205.

ZHAO L, ZHU CJ, GAO Y, WANG C, LI XZ, SHU M,
SHI YP, ZHONG WH. Nicotine degradation
enhancement by Pseudomonas stutzeri ZCJ during aging

process of tobacco leaves[J]. World Journal of
Microbiology and  Biotechnology, 2012, 28(5):
2077-2086.

ZHANG LY, MALI J, SHI JF, Al KB, HE L, ZHU MJ, HU
BB. Study on tobacco quality improvement and bacterial
community succession during microbial
co-fermentation[J]. Industrial Crops and Products, 2024,
208: 117889.

(18]

[19]

[20]

[21]

[22]

(23]

[24]
[25]

[26]

[27]

(28]

[29]

[30]

SUD M, FAHY E, COTTER D, BROWN A, DENNIS
EA, GLASS CK, MERRILL AH, MURPHY RC, RAETZ
CRH, RUSSELL DW, SUBRAMANIAM S. LMSD:
LIPID MAPS structure database[J]. Nucleic Acids
Research, 2007, 35(suppl_1): D527-D532.

SHIN JH, PARK YH, SIM M, KIM SA, JOUNG H,
SHIN DM. Serum level of sex steroid hormone is
associated with diversity and profiles of human gut
microbiome[J]. Research in Microbiology, 2019,
170(4/5): 192-201.

LUO D, DENG TT, YUAN W, DENG H, JIN M. Plasma
metabolomic study in Chinese patients with wet age-
related macular degeneration[J]. BMC Ophthalmology,
2017, 17(1): 165.

ARFIR, FWHE | H AN R G4 8 T M]. b B
AL, 2001

DONG XZ, CAI MY. Manual of Systematic
Identification of Common Bacteria[M]. Beijing: Science
Press, 2001 (in Chinese).

ZHU JJ, WANG JT, AN ZC, SHEN C, DONG HX,
WANG HJ, PENG ZX, YANG B, LIU JJ, WANG XIJ,
FANG ZM. Microbial community succession during
tobacco fermentation reveals a flavor-improving
mechanism[J].  Frontiers in  Bioengineering and
Biotechnology, 2025, 13: 1627842.

] AR e 52 Jrg R R e ot AR DU R
SRl YO/T 160—2002(S]. b at: Fr bR H IR,
2002.

AR L 52 Jrg R R o)t B ) 0 3 U B
% YO/T 217—2007[S]. db5T: o EbRifE it ikt 2007.
AR e 52 Jrg R R ot S T S S U B
% YO/T 162—2011[S]. Jb3T: sh ERRHAE T ARAL, 2011.
] AR e S Jrg . R R R ot R B U
1k YO/IT 161—2002[S]. Jb 5t o [ A5 o th R 4k,
2002.

G e 52 Ry R KR o i A M ) A
S shik: YO/T 159—2019[S]. dbat: HrE ks IRAL,
2019.

SeF, I M, SRR, m g, AR, S, SR,
K, PNEESHE, W HE IR R, A, PSP, RREE . A
B AL Tt KUK S AL ). 2Rl B,
2024, 52(24): 158-162, 187.

CHAT Y, QIAO YM, GUO CS, GAO PL, WANG S, DOU
X, GUO XW, TIAN S, SUN HY, Hubisgalt, YANG XM,
SUN ZY, HAO J. The formation rules of flavor substance
with roasted sweet aroma in leaves during the early stage
of aging[J]. Journal of Anhui Agricultural Sciences, 2024,
52(24): 158-162, 187 (in Chinese).

A, T LAY, SE R, B, MR 2L, A =0, PR,
ST, PR, ST D, AR, SRR . R K326 JA
PR 2 U L AR TR S XA 0] Tk
Bl2£, 2025, 66(3): 615-622.

GENG SW, DING YS, CHAI YX, LU Y, LIN YH, BU
YH, FU YY, AI KB, SUN JX, ZHANG WG, LI XY,
ZHANG SY. Stability and regionalization of nicotine,
total nitrogen and nitrogen-nicotine ratio in Chuxiong
K326 tobacco leaves[J]. Journal of Zhejiang Agricultural
Sciences, 2025, 66(3): 615-622 (in Chinese).

BUEFIL, JUETR, ALRE, W2k, BB, TEE, Ht

http://journals.im.ac.cn/actamicrocn



642 WANG lJitao et al. | Acta Microbiologica Sinica, 2026, 66(2)
ARV, PR Rl LI T it S A B X R 7 I Y PRI B K A IR A AT 0], LR R A4, 2019, 25(1):
Mal[J] ;rfiu%ikﬂ%, 2024, 52(23): 159-161. 86-92.

[B31] £

[33]

[34]

[35]

[36]

JIA HJ FAN XS, ZHOU QN, SHOU AF, LIANG QY,
WEI JK, LU D, SHI BF, SHEN FK. Effects of foliar
spraying magnesium chloride on yield and quality of flue-
cured tobacco[J]. Journal of Anhui Agricultural Sciences,
2024 52(23): 159-161 (in Chinese)

B, R, Tﬁﬂ]% A, B, X, B CRE, A
'jiiE Wikl 4, 5 205 . ATV B0 2 K T A 3007 K
KE B ARGy WM R FE 0 [J/OL). & AL B, 2025:
1-5. (2025-02-25). https://kns. cnki. net/KCMS/detail/
detail.aspx filename=AHNY20250225001&dbname=
CJFD&dbeode=CIFQ.

WANG ZY, XU J, SHI JF, DONG Z, LI YF, LIU F, TAO
GH, ZHOU XY, CHEN KQ, CHAI YX. Effects of
different potassium concentration on the growth and
nutrient uptake of flue-cured tobacco at seedling
stage[J/OL]. Journal of Anhui Agricultural Sciences,
2025:1-5.(2025-02-25). https://kns.cnki.net/KCMS/detail/
detail. aspx filename=AHNY20250225001&dbname=

CJFD&dbcode=CJFQ (in Chinese).

FEIFE, FIOW, P, TR, WK, IR, £
W, S5 —8%, T4E. 24‘&%&%@&1%1%%#&ﬁ551fﬁ
KRBT TLHAOAL, 2024, 52(11): 180-188.
WANG CL, YUAN WB, LU ZW, GAO WK, ZENG FD,
JIN BF, WANG WH, CAI YX, WANG W. Study on
difference of metabolites between two tobacco varieties
and its relationship with quality[J]. Jiangsu Agricultural
Sciences, 2024, 52(11): 180-188 (in Chinese).
FHUT R, SKiEEe, 2wy, g, FEARBE, BRZE, B Ay,
AL O] R AR B A LR B R O B S i BT
KIRAHTI]. B4l 2=4H], 2023, 54(8): 2279-2288.
SHAO JM, ZHANG HY, LI Q, BIE R, ZHUANG ZL,
QIU J, JIN DM, CAO JM. Free amino acids content
characteristics and their association with leaf quality of
Sichuan flue-cured tobacco[J]. Journal of Southern
Agriculture, 2023, 54(8): 2279-2288 (in Chinese).
R, E%)%%E'EHJD}F,%F@I IR, BB, 2RI

e L P b R A B o S S UL
S [T]. W R AL RS2 4R (A A BHEAR), 2016, 42(2):

152- 156

XIE LW, LU XC, PEI XD, JIANG BW, LI SD, WEI S, LI
F. Effect of amino acid content on main nitrogen-
containing compounds of flue-cured tobacco in the
process of curing[J]. Journal of Hunan Agricultural
University (Natural Sciences), 2016, 42(2): 152-156 (in
Chinese).

R, SKRARBE, TP, MR, AU, 2 5E i, T,
R, L S, ST TR X 2 RS R 2
SEACE Y A BT (0] T 5 b IO B 5T, 2024, 42(4):
22-28.

LU AZ, ZHANG LY, WANG PP, CHEN XY, DU SS, LI
XF, WANG H, ZHANG Q, Al SL, ZHANG LX.
Differential metabolites analysis on two varieties of
fermented cigar leaves in semi-arid region[J].
Agricultural Research in the Arid Areas, 2024, 42(4):
22-28 (in Chinese).

e L, AN, B — e, sk IR, FLAERE, P05 A,
T, ARSI . g A AR o S B B O B Rl I A A H

P4 actamicro@im.ac.cn, 7 010-64807516

[37

—

[38]

[39]

[40]

[41]

[42]

[43]

[44]

GAO YB, LI CG, CHEN EL, ZHANG MG, KONG DH,
SUN ZW, SHI LF, SONG ZP. Analysis of key enzyme
activities and expression of regulatory genes in synthesis
of flavonoids in flue-cured tobacco[J]. Acta Tabacaria
Sinica, 2019, 25(1): 86-92 (in Chinese).
GeiL, XUGHA, BRAEA, 3SR, IBUHD, BLASC, TEAFBE,
151/]\75, SRAANE . BT AL A b < R385 A4t
K ok A b Z2 W AR A B A AR AR, v AR 2
2024, 40(6): 135-142.
JIN L, LIU YS, LIN JF, ZHANG WW, GU G, WEI SW,
WANG RQ, XIE XF, ZHANG BH. Polyphenol
metabolites during flue-curing in tobacco ‘Cuibi No. 1’
leaves: dynamic changes based on metabolomics
analysis[J]. Chinese Agricultural Science Bulletin, 2024,
40(6): 135-142 (in Chinese).
Wiy T, Bk B, Bt e, Z#HH, 2%, BRI o
., LI, A IG, ZEk . o I 7 I A
WA 2 19 22 53 23 M (3], 1A R 241, 2024, 30(3):
95-104.
YANG HY, GENG ZL, YAN TJ, QIN YQ, LI AJ, XIE
LW, GENG ZZ, SONG SX, SONG ZP, CAI B.
Differential analysis of metabolome of cigar tobacco
leaves after curing in typical production areas of
Hainan[J]. Acta Tabacaria Sinica, 2024, 30(3): 95-104 (in
Chinese).
REN MJ, QIN YQ, ZHAO YY, ZHANG BF, ZHANG
RN, SHI HZ. Effects of microbes and metabolites on
tobacco quality in “Humi” characteristic fermentation of
cigar tobacco leaf[J]. Process Biochemistry, 2024, 143:
186-197.
MITSUI K, DAVID F, TIENPONT B, SANDRA K,
OCHIAI N, TAMURA H, SANDRA P. Analysis of the
reaction products from micro-vial pyrolysis of the
mixture glucose/proline and of a tobacco leaf extract:
search for amadori intermediates[J]. Journal of
Chromatography A, 2015, 1422: 27-33.
WANG F, ZHAO HW, XIANG HY, WU LJ, MEN X, QI
C, CHEN GQ, ZHANG HB, WANG Y, XIAN M. Species
diversity and functional prediction of surface bacterial
communities on aging flue-cured tobaccos[J]. Current
Microbiology, 2018, 75(10): 1306-1315.
CHEN YJ, ZHOU JF, REN K, ZOU CM, LIU JJ, YAO
GM, HE JS, ZHAO GK, HUANG W, HU BB, CHEN Y,
XIONG KS, JIN Y. Effects of enzymatic browning
reaction on the wusability of tobacco leaves and
identification of components of reaction products[J].
Scientific Reports, 2019, 9: 17850.
FLLW, FYEN, 2R, BHOR, KRAVE, P, K&,
SRR B AR A S LR TR A AR DGR
SE[I]. PR A 23], 2017, 30(7): 1533-1537.
WANG HG, DONG WJ, DOU YQ, MAO XX, ZHANG
JX, YANG K, ZHANG X, ZHANG ZF. Research of
correlation ship between starch content and sensory
quality of flue-cured tobacco[J]. Southwest China Journal
of Agricultural Sciences, 2017, 30(7): 1533-1537 (in
Chinese).

= R

R, Xz AR A S R AR AT



2=

% AE | TAEAE, 2026, 66(2)

643

[46]

[47]

(48]

FE[J]. g SCHE Rl T AR, 2019, 31(2): 67-70.

PU J, LIU YY. The correlation between the content of
cellulose in cured tobacco and the quality of tobacco
leaves[J]. Agricultural Science and Engineering in China,
2019, 31(2): 67-70 (in Chinese).

WEI P, LI GH, GAO S, XIONG B, TANG XB, TONG
YX, LIU ZC, LI D, FANG ZQ, YAN QS. Effectively
reinforcing  rolled  reconstituted  tobacco = with
carboxymethylated cellulose fibers[J]. Cellulose, 2023,
30(11): 7129-7140.

LIU F, WU ZY, ZHANG XP, XI GL, ZHAO Z, LAI M,
ZHAO MQ. Microbial community and metabolic
function analysis of cigar tobacco leaves during
fermentation[J]. MicrobiologyOpen, 2021, 10(2): el1171.
JIAY, LIU YF, HU WR, CAI W, ZHENG ZJ, LUO C, LI
DL. Development of Candida autochthonous starter for
cigar fermentation via dissecting the microbiomel[J].
Frontiers in Microbiology, 2023, 14: 1138877.

53, RITT, MO, Tl ACE, R, 5KIA, E81.
25 W 4R A1 T TR B T 808 0 08 I JB v 4 9 A

[49]

[50]

% [ Al BL#, 2023, 52(9): 173-180.

PAN Y, WU QY, LI LL, SHI YZ, TAN ZY, ZHANG J,
WANG J. Application of polyphenol oxidase producing
strains in improving the quality of cigar tobacco
leaves[J]. Journal of Henan Agricultural Sciences, 2023,
52(9): 173-180 (in Chinese).

ZHOU Q, YANG JC, FENG YJ, YANG ZC, WANG YX,
ZHANG Z, ZHANG TT, LIU WZ, XU YM, YANG YF,
HUANG JH. Analysis of the effects of Bacillus
velezensis HJ-16 inoculation on tobacco leaves based on
multi-omics methods[J]. Frontiers in Bioengineering and
Biotechnology, 2024, 12: 1493766.

W SCIR, 8, W, 250, e, v/ N, v 5, )
TR . R R A ) T A R R B8 DA R
RORVT[T]. TR 4, 2024, 64(4): 1044-1063.
YANG WIJ, YU J, YANG CL, LI H, YANG JP, YANG
XQ, YANG Y, XIANG HB. Optimization and evaluation
of a compound bacterial agent degrading autotoxins of
tobacco[J]. Acta Microbiologica Sinica, 2024, 64(4):
1044-1063 (in Chinese).

http://journals.im.ac.cn/actamicrocn



