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Table 1 Mass concentration changes of aroma components in tobacco extract pre- and post-fermentation
il 2R AR, RSD/
25 sz FHRIE  pop g, RRKE  pop 0 g %
(pg - mL™) (pg-mL™)
G 56.1455 17.7122  50.6332  18.853 7 -9.82 1.300 8
2,3-T B 46.256 4  24.5114  68.4158  41.9310 47.91 1.662 2
— H W 110.236 9 44.3922  171.5509 34.2493 55. 62 0.709 1
- S — / 7.9164  19.709 5 / /
SRk A T A — / 7.6426  32.203 2 / /
4-TRHEE T — / 11.2621  27.065 6 / /
. KM 98.2568  13.8258  86.2577 14.6873 = -12.21 1.952 7
R R 18.496 6  17.6587  20.8845  8.2824 12.91 5.025 0
3-FFH-2-THH 51.5879  44.0186  77.4587  26.1739 50. 15 1.784 1
5,6— & —6- /3 —2H- MM —2—fifi — / 7.0216  14.5118 / /
B-K L i 18.0625  12.2253  25.9565  17.3859 43.70 1.4559
3-FRH-p- Y = 12.8986  10.7602  15.1956  25.260 2 17. 81 12.967 5
E 5 =M a 119.7658 26.6062 159.798 1  33.454 7 33.43 1.477 1
B2 =ME b 208.8323  52.6663 299.8172 12.928 4 43.57 0.967 1
T2 E 5= 99.5092  35.709 1 123.4251 4.5866 24.03 1.9379
3-RH-B-—E R 9.8642  21.1571 12.9622  24.3585 31.41 12.494 0
3-FREE-B-K I 9.1894  10.7964  10.068 8  28.461 2 9.57 34.716 5
EE = d 223.796 6 32.5419 355.1640  63.970 7 58.70 0.1559
9-F -4, 7-F 5 -3 13.701 6 20.3592 15.4217  9.3614 12.55 14.822 4
2—| e 2.854 1 11.1083  3.423 1 8.256 8 19.94  25.6180
1,2- B & — - R G A 1.141 0 4.9323 0.939 1 1.373 0 -17.70  15.056 9
ZEBRER IR 36.5022  23.8554  42.3103  28.859 7 15.91 7.012 8
oy KAHEN — / 59064  20.5033 / /
o BN U 28.9079  8.2881  35.3224  15.1969 22.19 1.147 8
T ARFENBR — / 16.589 6  32.4155 / /
REEA 8.0937  22.4179  9.0997  37.623 4 12.43 12.752 5
ivgs 3-FRH AR 0.188 6 0.305 1 0.215 7 0.834 0 14. 36 25.674 1
FEAH R 38.2673  8.2737  36.2766  2.256 1 -5.20 4.937 8
i R ARR /BRI,
A2 BMEEIFMER
Table 2 Sensory evaluation results of cigarettes
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Table 3 Quality statistics of transcriptome Reads
qomn GBS i) 5 i Reads B e ]
FRER S ) % Q30/% CC/% s e 2 ST LR e 1%
CK_1 18 133 016 98.95 96. 88 52.00 2.73 98.76
CK_2 25 664 362 98. 77 97.01 52. 14 3.87 98. 77
CK_3 16 330 162 98. 60 96. 66 51.96 2.46 98. 60
YT3_1 23 978 372 98. 69 96.77 51. 81 3.61 98. 69
YT3_2 26 202 016 98. 80 96. 87 51.98 3.95 98. 80
YT3_3 25 562 532 98. 87 97. 05 51.99 3.85 98. 87
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Fig. 5 Heatmap of synthesis pathways and DEGs gene expression related to key aroma components



.74 .

B850/ 20254512 A 4540 % 5 6 1

(R)-ZABIHAN 2, 3-T —WRIEM AN, S5X—
B AR R A58 B AF DG il 114 2 B 2 PR 3 38 K 7 34t
Z LH(P<0.05), I A f L i 2L [l 4 AR a2E T
(S)-ZABIAA 2, 3-T B4 AR, EF T
EORAR N 1 R LAY

MR R P EE R R e —
WAt = ) A L S = AR - K h R 3 Rk -B- 55
T2 S 359 e A e SRR R B4 Z. D.
Long %) WEE R FF 18 YT-3 HhalifbIf 2 4F T —
Tl 2 - 2% 4 AU 4B EhLCD , 75 % 1 19 1
TR RTE 9~ 10 7 B L & AEWREEWIZY, 7 FIF
R AR 3- R -p-5% 2, e v i — DA
B IL " 5 [ i R 2 AR U A R 3 -
—a— 5% 22 30 i WS RS L IR (nugA ) 1Y
WERAL S R G BB & = Y SRR 3-SR -
a5 % 2 -B-D - LI A A W% (OIPG) , T OIPG
AJTE 6 — W R — B — 1) %4 il 11 G 55 (X (bglA | ascB,
gmuD bglX) IR R 7K i A i L o = H
AW, 25 FR R B A SCRE
FERIZRIBACOE KA T AR R BE 1 A5 4k (LI 56) )
IFEMR ST IR R 3- 53 -p- 5P 2 B-K T
L 5 = T J W B 1) T, ERIE T 2 IR
YT-3 & JE A0 0 4 R PT A 4880 o 3 G ook —
g5ie,

3 45ip

A5 R FHEE IR AT YT-3 K A 2 R,
PRI T HRCE A BT, BRI O G R
Qe R PSS AN | Nl e N s T
KW LABIR 2, 3-T “RE RIS N R
P A5 A AR B3 JO e A R 0 R IR G A S G
B SRR 45 9 o | 2K 5 2 T R X i 3 Ik
W ADH H feaB B = RIBHHSC, SABIAFN 2, 3-T
RS T RRAHE Y il budC E LR R IR
Ko Ak, B K A B R R XU 4R
(EhLCD) Fl migA \bgl .gmuD . ascB % b3 K58 1k
TR R AR A O A R A 3 -0
Fe-p—5 W 2 B-KE  H G IR AR, 25 LA
B AR RE R YT-3 KB R 4805 1

BRI A BN L, 4545 5% S 2 27 19 7 1 K SF 7%
M, BRAT T A B3R 12 9 i Jo 838 1) S B I ) 1
, AT IR TE YT-3 & BEAR R AR A 10 T 2
2%,

SE k.

(1] A s ZWAEHAARHEI]. S ALT,
2024,51(18) :107-109.

CHENG S H, SHAO L. Review of cigarette flavoring
technology[ J ]. Guangdong Chemical Industry, 2024, 51
(18):107-109.

(2] RBE AR, ZHEA, % HE D8 H A 2 L8 E

eREEAG R R [ )] AR L AL ,2024,52(18)
166-170.
WUY T,LIU D R,LI R J, et al. Effects of microbial
enzyme preparations on the aging quality of upper tobacco
leaves[ J]. Journal of Anhui Agricultural Sciences,2024,
52(18) :166-170.

[3] ddtd E0k, e, % HERAE TR EN R
BT AMRALT]. P EEE R 2 ,2024,45(2) :99-107.
LIU H K, MAO W L, YOU M, et al. Optimization of
biological fermentation for improving the quality of
discarded tobacco leaves [ J ]. Chinese Tobacco Science,
2024,45(2) :99-107.

(4] AKAE BY BAR E HEHEAABUIATLAR

HEFHEDRUCAEEHEEXRAGHE[I]. F
B % 24 ,2001,7(2) :26-30.
ZHU D H,CHEN R,CHEN Z G, et al. The relationship
between microorgnisms and enzyme activites in flue-cured
tobacco during aging and fermentation[ J ]. Acta Tabacaria
Sinica,2001,7(2) :26-30.

(5] RE,.FH.FHH S ADBERHEDR AL EE

rrEAWHT R R[] R BAR SR ,2022,12(6)
817-824.
HAO J, JI Q, LI L Q, et al. Research progress on
improving aroma of tobacco leaf with bio-enzymes and
microorganism technology [ J ]. Current Biotechnology,
2022,12(6) ;:817-824.

(6] o — BAlhh, @i, & ETHERERENER

REE R FARERS2M[T]. HERK,
2020,53(10) :56-65.
MAO Z Y, HONG Z C, LIU J Z, et al. Characteristic
aroma components in tobacco extracts from Youxi based
on odor activity value [ J ]. Tobacco Science &
Technology,2020,53(10) :56-65.

(7] 7B, E&,BANS, £ BEEARIYHH & REL
B N W R [T]. &R E A Atk 5, 2019 (5)
21-25.



KEP,F: ERMATE YT-3 K BIE 2R EE KRR KT AT AT =75

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

NING Y, WANG J, CHEN X M, et al. Preparation of
Fujian tobacco leaf exiract and its application in cigarettes
[J]. Flavour Fragrance Cosmetics,2019(5) :21-25.

BE AMEE BEN,E IR FAE N FE L
TERARLT]. o EDEE A2 2019,40(5) :60-67.
XUE L, ZHENG Z H, GUO Z G, et al. Screening and
application of aroma-enhancing bacteria for tobacco[ J].
Chinese Tobacco Science,2019,40(5) :60-67.

WU X Y,CAI W,ZHU P C,et al. Function-driven design
of Bacillus kochit and Filobasidium magnum co-culture to

improve quality of flue-cured tobacco [ J ]. Frontiers in
Microbiology,2023, 13 :1024005.

EHCESN BRI, E AN H-4,6-—BEEEE
WS R EFREE T[T TERL
£ 2018,47(10) - 137-142, 148.

HUANG S,HUO M J, QIAN Y M, et al. Screening and
identification of a cembrairiene-4, 6-diol degradating
strain and its application in reconstituted tobacco[ J].

Journal of Henan Agricultural Sciences, 2018,47 (10) :
137-142,148.

PHER, TR, KRS S ARFRABHAERECR
FRBERF[I]. & &5 & WEKR %), 2021, 40
(10) :104-111.

YE J B, QI X N,ZHANG T T, et al. Production of
characteristic  acid tobacco

fragrance extract by

fermentation using microbe from kombuchal[ J]. Journal of
Food Science and Biotechnology, 2021, 40 ( 10 ):
104-111.

REE IR, BEX,F W FB-HE DR REMR
W fFE SR RABABERALI]. 8B TR,
2022,37(4) :86-93.

LONG Z D, WANG M, XUE Y, et al. Screening and
identifying of B-carotene degrading strains from tobacco
leaves and its optimization of fermentation conditions[ J].
Journal of Light Industry,2022,37(4) :86-93.
EHCEEE, R, E AT X 40T f RT-
qPCR EAWE L BB & R EHEE[)]. BT FR,
2023,38(6) :78-84,117.

HUANG S, YAN M Y, CHEN M Y, et al. Excavating
tobacco sugar ester synthesis genes based on transcriptome
sequencing and RT-qPCR[ J]. Journal of Light Industry,
2023,38(6) :78-84,117.

AR A 301 3 2 B PE AR K B 4 R o S AT
HEEWFERID]. A7 ER LA F B, 2022,
MAO Z J. Analysis of substances and preliminary mining
of genes related to oil attribute in zhongyan texiang 301
[ D]. Beijing: Chinese Academy of Agricultural Sciences,
2022.

RITH, WRE RIS RN R R S
A R ALH B[], EDE R, 2022,43
(6):82-87.

(18]

[19]

[24]

CHAO J T,CAO J] M, WU X R, et al. Study on the
formation of fresh-sweet flavor in tobacco mutant T8[ J].
Chinese Tobacco Science,2022,43(6) .82-87.
IxE RO AR, F ETEERNAFNERMAT
WREEMAT R E T B R ANFAR[I]. BT ¥
4% ,2023,38(1) :79-89.

WANG W T, SONG K, YANG C, et al. Macrogenomics-
based investigation of the mechanism underlying tobacco
fermentation by Enterobacter hormaechei [ J]. Journal of
Light Industry,2023,38(1) :79-89.

Rig, BAMR, EHE, % # XA WM FEREET TN
AW B S A]]. EER,2015,48(5) :5-13.
WU Y,LIAO T G, WANG M F,et al. Development and
application of consumer experience sensory evaluation
method for Chinese-style cigarette[ J ]. Tabacco Science &
Technology,2015,48(5) :5-13.

SZUDERA-KONCZAL K, MYSZKA K, KUBIAK P et al.
The combined effect of lactic acid bacteria and Galactomyces
geotrichum fermentation on the aroma composition of sour
whey![ J]. Molecules,2023,28(11) :4308.

EFF ERMAEEMATERNARID]. AN A
M#FE T # % ,2017.

WANG F F. Study on degradation of lutein by Enterobacter
[ D]. Zhengzhou : Zhengzhou University of Light Industry,
2017.

WEIF OB EFF R M. b T B, 2009,
XIE J P. Tobacco flavor raw materials [ M ]. Beijing:
Chemical Industry Press,2009.

HMF ANKE KFRM,E HEEHBE YC-4 0 FF
HEEREFES M) BT F4],2019,34(5)
27-31.

GUO L Q,PIAO Y G,ZHU C Y, et al. Screening and
identification of aroma-producing yeast YG-4 and analysis
of its aroma components [ J ]. Journal of Light Industry,
2019,34(5) :27-31.

HE MAENEML-KFERER 2-RLBENAR
[D]. &% L% K% ,2008.

LU J. Biotransformation of L-phenylalanine to 2-phenylethanol
by microorganism[ D]. Wuxi: Jiangnan University,2008.
VI, R RAL, Bt % F R RE R A £ 4 &
FrA R[], 4 TA2 247, 2021,37(6) :1998-2009.
ZHUANG Y B, WU F L, YIN H, et al. Advances in the
microbial synthesis of aromatic fragrance molecules [ J].
Chinese Journal of Biotechnology,2021,37(6) ;1998-2009.
RENJHEEAT DR BEANEEFRZINEARR
[D]. #0375 &k & % ,2016.

WU Y J. Research of cleavage of tobacco carotenoid about
physiology and adjusting mechanism [ D ]. Zhengzhou:
Henan Agricultural University,2016.

XIAO Z J,LU J R. Strategies for enhancing fermentative

production of acetoin: A review [ J ]. Biotechnology



.76 - B2S51 20054E12 H 4540 % 5 6 M)

Advances,2014,32(2) :492-503. microbial transformation: CN 201510466265.5[ P ]. 2015-

[26] LONG Z D,DUAN N X,XUE Y, et al. Characterization of 12-16.

a mnovel lutein cleavage dioxygenase, EhLCD, from [28] LIANG Z J, FANG Z X, PAI A, et al. Glycosidically
Enterobacter hormaechei YT-3 for the enzymatic synthesis bound aroma precursors in fruits:a comprehensive review
of 3-hydroxy-B-ionone from lutein[ J]. Catalysts,2021,11 [J]. Critical Reviews in Food Science and Nutrition,
(11):1257. 2022,62(1) :215-243.

[27] BT, R, ELHR, % ETHENEMEK3-HE [29] HUANG S,ZHU L,WANG K et al. Unravel the supremacy
,3—%&5 = ] Fa B—% Z LBy 7 % . CN 201510466265. 5 of Klebsiella variicola over native microbial strains for
[P].2015-12-16. aroma-enhancing compound production in reconstituted
YANG X P,YE J B, MAO D B, et al. Method for the tobacco concentrate through metagenomic analysis [ J ].
synthesis of 3-hydroxy-B-ionone and B-ionone based on Metabolites , 2024 ,14(3) . 158.

Aroma components and transcriptome analysis of tobacco extracts
fermented by Enterobacter hormaechei YT-3

ZHANG Zhiping' ,LEI Meng”,XU Boli',LU Changtong’ ,ZHAO Jiaming’ ,ZHANG Xiao' , WEI Tao'
1. College of Food and Bioengineering , Zhengzhou University of Light Industry ,Zhengzhou 450001, China;
2. College of Tobacco Science and Engineering ,Zhengzhou University of Light Industry , Zhengzhou 450001, China ;
3. Technology Center, China Tobacco He'nan Industrial Co.,Lid.,Zhengzhou 450016, China

Abstract: [ Objective] To enhance the aroma-improving capacity of Enterobacter hormaechei YT-3 fermentation on
tobacco extracts and elucidate its conversion mechanism. [ Methods] GC-MS was employed for qualitative and
quantitative analysis of aroma components in fermented tobacco extracts. Transcriptomics was utilized to investigate
the molecular mechanism underlying aroma production during YT-3 fermentation. [ Results] Post-fermentation,
both aroma quality and quantity of fermented tobacco extracts were significantly enhanced. The concentrations of
phenylethanol, acetoin, 3-hydroxy-B-ionone, and megastigmatrienone increased by 55.62% , 50. 15%, 17.81%,
and 39.93%, respectively. Transcriptomic analysis identified 1552 differentially expressed genes ( DEGs),
comprising 746 upregulated and 806 downregulated genes. DEGs showed significant enrichment in pathways
including amino acid metabolism, butyric acid metabolism, and carotenoid degradation product synthesis. Genes
such as aryl alcohol dehydrogenase (ADH) , phenylacetaldehyde dehydrogenase (feaB), a-acetyl lactate synthase
(ilv) , acetoin-forming diacetyl reductase (budC) , and 6-phosphate-B-glucosidase (bglA) are critically involved in
the biosynthesis of key aroma components in fermented tobacco extracts. [ Conclusion] E. hormaechei YT-3
efficiently synthesizes aroma components using substrates in tobacco extracts, providing a novel approach to further
enhance aroma quality.

Key words: Enterobacter hormaechei YT-3; tobacco exiract; aroma components; gas chromatography-mass

spectrometry ; transcriptome analysis
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