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Abstract: [Background] Tobacco-specific nitrosamines (TSNAs) are produced by the nitrosation
of tobacco alkaloids with nitrogen oxides during the processing of tobacco, especially during
the modulation and fermentation stages. [Objective] To mine the microorganisms that can
tolerate high-temperature fermentation of cigar tobacco leaves and reduce the accumulation of
TSNAs. [Methods] We examined the high-temperature tolerance, nitrite degradation, and nitrite
tolerance of the bacterial strains derived from cigar tobacco leaves that could efficiently degrade
nitrite and tolerate high concentrations of nitrite at 50 °C. A efficient strain was then selected
and used for a 35-day high-temperature fermentation of cigar tobacco leaves. We determined
the levels of nitrite, TSNAs, conventional chemical components, and neutral aromatic
components before and after fermentation to analyze the effects of the strain on TSNAs and
tobacco quality during the fermentation process. [Results] Three bacterial strains capable of
degrading nitrite at 50 °C were isolated and identified, which were Bacillus mojavensis NY7,
B. halotolerans NY8, and B. subtilis NY9. Among them, B. halotolerans NY8 exhibited the
strongest nitrite-degrading capacity. The high-temperature fermentation of cigar tobacco leaves
with NY8 reduced nitrite by 96.86% and TSNAs by 67.14%. Moreover, the nicotine reduction
caused by the inoculation of NY8 was significantly higher than that of the control group, and the total
neutral aromatic components (except neophytadiene) were slightly increased. [Conclusion] The
isolated strains are suitable for high-temperature fermentation of cigar tobacco leaves and
demonstrate high efficiency in degrading nitrite and reducing the accumulation of TSNAs. The
findings provide inspiration for reducing the harm of cigar tobacco leaves.

Keywords: cigar tobacco leaves; screening of microorganisms; high-temperature fermentation;
degradation of nitrite; tobacco-specific nitrosamines
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AT, BERPERE 35 °CAMER 7 d JE A
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1 A 98 v A3 i Al Y 2 R SRR B e e
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NNN FI NNK 7 55050 N R T 56.48%7F1 57.83%;
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MR 22 BR L . A ERERFI TSNAs % .
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KEHEAM 3.0, #AHE 2.5, NaCl 5.0, K,HPO,
2.5, 121 °CK A 30 min,

TSB [E{AR:F= % (g/L): A 100 mL TSB ik
BRI 2 g BEKT, 121 °CKTA 30 min,

SV i R o — R R R 5L (/L) : K HPO,
13.3, KH,PO, 4.0, WAHE2 44 0.10, #ZHE 10.0,
MnSO, 0.021 8, CaCl,0.015 1, FeS0O,0.0109,
121 °C’K & 30 min,
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Hr, 37 °C. 200 r/min $#£% 30 min J5 1A% T
OB TS B 30 min, RIGHZEY
W . BRI T 5000 r/min &0 10 min,
WA TR DLTE , FHJCTE A 3 LK 2 e WA
&, B 1 mL SR 2 100 mL JCIE TSB )
PRBEFRIL, T 37 °C. 200 r/min R %3555 12-15 he
KRG MR A E R B0 -107) 5 Ik
i F TSB [FEANAR, 37 °CHi 3% 8—12 h, Ak
BATR VR I AT R S 85 TR AR W) T T A ) Rk
1.2.2 WEERTHERBEEENER

PRI TR P52 F0F 100 mL V.7l R Ak e —
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o I R 605 Ve ik I A R 6 1) 52 07 i A 0 TRT A o
1.3 EHMBIEE
1.3.1 EAEFEUE

W5 i 1 H 1 TR R DA R 2R 7 B2 Fh 2= TSB [
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S TR A L R s R T %
132 HTFEYNFEEE

HRYFANE DNA 2505 S i B B iR
T W AR L 40 DNA, %] 16S rRNA Jit
i@ 5% 27F (5'-AGAGTTTGATCCGGCTC
AG-3")F 1492R (5'-GGTTACCTTGTTACGAC
TT-3")iff4T PCR ¥3, ¥ 38 Wsc A T4
AR TR B A7 BRZA w58 B 7, IR0 7 15
) FE K F 4 F AL ZE GenBank $04E 5 31455 5%
5o PCR RWARZR . RN &M EEW)T . ¥
FIXT E A R B R A S SR [25] -
1.4 HAHER 2h PE R R X I8

PR U A3 %) i 5 T ST A R s o i TRT B TR V%
FEFIT 100 mL TSB A RE #7450 °C.200 r/min
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TG fi i 6 55 o
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X2 R RS W, TRAIHE 3-5 min JFAIA
1.5 mL 1.0 g/L $hRZE L "M, IRATHE
15 min, HX 600 pL LA 1 cm Fe@aidr, LIK N
W, T 538 nm AN E RO .
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BAE, VISR ER e B B Ak bR . OB
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7% 12 h fFRFP . $% 2.5%0 R AT
50 mL WASFRER MR E A 1 /L Al 2 g/L Ay VAl iR
R BER FRHL, 50 °C. 200 r/min 4514 F & Bk
F%, WM 1 h W & W 7 v iR 4 2 B2 (ODgoo)
IR IRTETI7E N
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TROH e R S R R AT FH A M AR A T
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JHI TSNAs 5 B E J7 1% R s 350 A
k- O . AR 1.0 g AR, HHDRA
100 mL #EE A, HEMMA 30.0 mL ZEEUA R
(10 mmol/L ZWR%k), BT LA 500 W,
50 kHz)i% £ 4 7 25 B 20 min, ##& 5 min J5 L
2 mL ZXBU% & T 10 000 r/min 250> 5 min, H
I mL B354 0.22 um KAHIER S 3E, BEEA
TS BT P A0 AT
1.7 HFEAE

S & T 0 R R NS =0 s T
HE A FEE A A SPSS 23 £ Microsoft Excel 2019,
YEE 44 Origin 2021 .

2 EREGHN

21 MEERITHEERHBEREFIERSETE
2.1.1 TSR R A ER &b B AR & i

ME B RIAEPI 2] 12 KRB, W
12 PR B A IF AT IR A7 . XIS B0 12 BR TR
PEAT 15 T 55 A R v — AR B R R
i, GREH 3 BRTE AN IR ER ME— A IR R AR A
50 CAMFTFAKRBIFHEK, 45N NYT.
NY8 1 NY9,
2.1.2 BEHMEESRETE

FTEPR NY7. NY8 Fll NY9 471 2 TSB 4
IREEFRILRE SR 12 h G AR VAR A, ea)a e
W 3E 2 WA TSR AN E 1 R PR NY7
VR S RN BRTE . SRIAHRE T . Pl
. GIETE TR NYS B4 2 1 R B0 (5
¥, TR T, boRFa6d, BgEH
HEE PR 5 TR AR NYO B8 7 52 11 (6 A B0 0 R

1 EMEEESRERE
NY7. NY8 Fll NY9 B [l
Figure 1

A. BHICA5RIHNY7. NY8 I NY9 HiXIEARK. D. E Fl F 451K

Colony morphology characteristics and morphology characteristics under optical microscope of

screening strains. A, B and C are colony morphology characteristics of NY7, NY8 and NY9, respectively. D,
E and F are morphology characteristics of NY7, NY8 and NY9, respectively.
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g . RIEDEIE . AR, B, E2K
P25 R RN, 3R Ay S a, i
[CRHPED , g 88 0k, Y HEA 48
FRAE .
213 HTFEMFLETEER

PCR ¥ M35 bk NY7. NY8 Fil NY9 iy
16S rRNA JEPRFA, 22 i A TA ) TAE( i)
JBe 453 A7 B W) 58 G 7 o 8 DNAMAN #1446
Wy 25 R ATPHE, PHEE NY7. NY8 I NY9
FEOHBE 4R 1455 bp, ¥ PHER T HAE R
GenBank %4 %, % 5% % 43 %8 0Q533133
(NY7). 0Q533134 (NY8)F10Q533135 (NY9). [H]

43

A H 75 R 2% 7 R )3 9138 i:f NCBI-BLAST 2%
TE GenBank 4 & Hh 47 FE X, 32 BOMIBIPE &
FF 5K MEGA 7 {4+ neighbor-joining
THERGEKEW . WE 2 iR, BEHENY7,
NY8 #l NY9 5 Z#k ZF fAF AN 99%LA
b, BEE NY7. NYS8 Fl NY9 4051 5 50 gl 2
AT (B. mojavensis) . i £ 2 f#T 1% (Bacillus
halotolerans). #i % 2 4 FT 14 (Bacillus subtilis)ih
TR, BiaTREF S o, e
PR NY7 S50 AT I (B. mojavensis) | B
NY8 Hifif £ 2 0 FT 74 (B. halotolerans). NY9 &
Hili R ZEF6LATF 1 (B. subtilis).

Bacillus subtilis NY9 (0Q533135)

40" Bacillus subtilis DSM 10 (AJ276351)

28

48

98

73

Bacillus mojavensis ifo 15718 (AB021191)
Bacillus mojavensis NY7 (0Q533133)
Bacillus halotolerans LMG 22476 (DQ993671)

Bacillus halotolerans NY8 (0Q533134)
Bacillus nakamurai NRRL B-41091 (KU836854)

Bacillus vallismortis DSM 11031 (AB021198)
Bacillus velezensis FZB42 (CP000560)

Bacillus amyloliquefaciens NBRC 15535 (AB325583)
Bacillus atrophaeus JCM 9070 (MN840037.1)
Bacillus sonorensis NRRL B-23154 (AF302118)

| Bacillus aerophilus 28K (AJ831844)

100 L pocithus stratosphericus 41KF2a (AJ831841)

0.0050

B2 ET 16SrRNA EFAFINHWEMRFEAE R

55 h P 52 A G TE BR GenBank 5% 55 73 3

HAEACR AL bootstrap {H; B RZIE 0.005 0 52 551 22 57973 3K

Figure 2 Phylogenetic tree based on 16S rRNA gene sequence. The number in parentheses are GenBank
accession number of related strains; Values at branch nodes represent bootstrap value; Bar=0.005 0 is
nucleotide divergence.
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2.2 BHRILAEER 2 PSR K T 52 B8 1 6 E
221 FHEERHPERBIAEE R

¥ #k B. mojavensisNY7., B. halotolerans
NYS8 A1 B. subtilis NY9 il B 118 5 0 F 10
TS PR $h e T s 57 BE A W B 7%, I TR IR %5 A
LR AR ER S mr A Ak, S5 3 R, K
25444 50 °C ., 200 r/min , WV iSERENHE A 0.1 g/L
BF, AR NY7 Al NYS Al BR ER B 7R 35 95%
DL E BRI I34 2 3 h, kR NY9 TAYRR L
R ff 3k 95% LA B R BERS Al 4 hy K% 3 h
I, AR NY7. NY8 Al NYO B /51 K
2.693+0.083 ., 3.471+0.325 F1 2.668+0.038; 5%
WA B B KA B R TS o, TR T R
FEAARR 31.11%., 9.87%F1 34.01%, k4
FW, R NYS FI NY7 37 fil§ B2 £ B i 2 15 95%
PL_b s i R/ N TR NY9, HARE 3 h iy
PR NY8 BEIAR% B 5 T bk NY7, B 3 BRI
TE 50 °C. WASERERMREE 0.1 o/L 45144 T WAHER
LR R AR BE T N RE NYS>NY7>NY9,
2.2.2 TAEER LT 5 e HI0IE

B Hibk NY7., NYS Fil NYO il i fh 5
PR T AR ER A et 3R B, 50 °C 200 r/min

L < NY T coicenkmbion ofnitiite |02
E —— NY8 concentration of nitrite
—+— NY9 concentration of nitrite 0.10

0.08

0.06

-+ NY7 cell density
- NY8 cell density
——NY09 cell density

Concentration of nitrite (g/L)

Cell density (OD,,,)
S = YW A Oy e O

Time (h)

B3 HE#H NY7.NY8 #1 NY9 BAZETHFT
HRESETEEE

Figure 3 Variation of cell density and nitrite content
of strains NY7, NY8 and NY9.

RWEERSR, WA A& e A8 v K 25 i A28 AL I
EfREL o ARk, S5 ANE 4 PR, WRSERER
WEN 1 g/L B, BRENY7, NY8 Fl NY9 A
iR R B F 38 95% LA B R BERT R 20 51 4, 4
F5h, KEE4h BRSS9 3.914+0.057
4.256+0.161 Fl 3.458+0.032, BB ILFHR A
1B 22 A T 45 o D AR 288 B2 T AR 2 29 ) 32.84%
14.62%H1 39.11%; MEASERER W B 2 g/L B,

PR NY7 NYS Fl NYO W fil§ iR £ P A K 15 95%

A
10 —— NY7 concentration of nitrite ]
9 —+ NY8 concentration of nitrite { 1.0
——NY9 concentration of nitrite | T
2 E
S 6f |
= 5| 0.6 E
2 .0 g
3 04 &
= 3F -+ NY7 cell density | =
O 4L -~ NY38 cell density 3
- —-NY9 cell density 702 &
ik | ©
0 0.0
0 2 4 6 8 10 12
Time (h)
B 10 —+-NY7 concentration of nitrite
9 —NY8 concentration of nitrite
; - NY9 concentration of nitrite 2.0 =
o I
: 7} 2
Q ; 418 °H
9 6r P T { =
2 5t : / ' 1 ®
: o 5 310 8
= A0 -+ NY7 cell density | i
3 3r X} —-NY8 cell density E
O > -+-NY9 cell density 4 0.5 tg)
1 &)
0 10.0

0 2 4 6 8 10 12
Time (h)

B4 HE# NY7.NYS #1NY9 BAEETHFT
HWERHSETKE A1 gL Witk B:2 g/L
DI g

Figure 4 Variation of cell density and nitrite

content of strains NY7, NY8 and NY9. A: 1 g/L
nitrite. B: 2 g/L nitrite.
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DL R TR 20508 5. 6 A 7h, K& Sh
7K %5 85 4y 51 5.170+0.096 . 4.078+0.147 Fil
3.343+0.037 , i 1A 5% 3 8 3 g5 KA1 28 K I 45 R TR
R BT FEIE 2 58 39.06% . 28.33% Al
34.66%. IRZEIRFN], WRSERERMWEE A 1 g/L
A2 g/L W, BkR NY7 FNYS il R 4 A
KA B TR NY9, Horb T wY R L vk BE
91 g/L I, EiRk NY8 HoA RILH 2 e 11,
TR T BRI B fe /DS, ST R AR AN ) 3 5T
775 WAHIRER MR Ny 2 /L B, SRS Btk NY?7 Tiif
ZHESHLT, HEEME NYS [RIFER R /N
PR R RRIR R, AR T S R B R AR 2
PRSI . B TSR A R R 5 e
10-100 pg/g™, ELAH & BRI (35 d),
13 TN R e 7 1l = R o N S WA 7S
NYS8 B3 A I FH T e S i 1 & a6
2.3 E R E A A& BT 2 B AR ER
. TSNAs &2 &AM &R0
2.3.1 AERIFILAHEREFN TSNAs MELER
PR NYS8 N T 250 K - = R i
P, DA & T A Jo WA AR £k B2 TSNAs (5% 178
b, g 1 R, HER 1 alAL, X
A, WINTERR NY8 & S50 K A R k1% 1
W RRE, PRI 96.86%, EH T2 H4A

) 15.31%; MHFHREAT VA I o 25 SRR B, 78
550 A P v R A R TRT AR NY 8 RE 85 AT AU AIR
NNN. NNK. NAT 1 NAB %, [FEARIEE >
K 65.59%.33.20% .69.38%%1 63.72%, TSNASs
SR FEARIRE R 67.14%.
232 ABAEREENNFERDINPEERES
MELLER

R 75 BN JIN AT R T T R o BT 1) S )
WA T % WIS 25 00 A0 i B REAR 27 i o3 A ep
PEFR N, G5 2 f13 3. R 2 nlAl,
25 X BRZH AN ES IR #K B. halotolerans NY8 41
TER BB SO BB . B MR
WA —E MR, W "SR B AL,
A LS R BEE A T T B, BT N TR AR
B. halotolerans NY8 & [# 5 HH, T~ b i & B &k
KT A, FEOL PR AR Y = T
HEAH, R 3 AT, A PO ARSI bk
B. halotolerans NY8 & B4 )5 , B A — M % w12 BH
AN BB A A, IS NTE AR B. halotolerans
NY8 A& H k7 o 4y o o s 1 T8 1 4L
KGR & B2 % 2L gl KON
TEDANESTEABEAES TEA4, Ko
B, RO, B-55 200 . AN, &
Bk N ER R T A

x1 WMABENETIHRENEESRFIHFRIETN

Table 1

Variations of nitrite and tobacco-specific nitrosamines content before and after fermentation

(3% oA

K B2JG After fermentation

Chemical components Before fermentation 23 (RN N B. halotolerans NY 8
Blank (no strain added) Added B. halotolerans NY8

Nitrite (ug/g) 5.42+0.04a 4.59+0.02b 0.1740.00c¢

NNN (ng/g) 2078.04+12.98b 2619.98+35.67a 713.05+8.03¢

NNK (ng/g) 79.57+2.29b 113.81+0.28a 53.15+2.04c¢

NAT (ng/g) 2666.62+13.89a 2326.76+£32.86b 816.44+4.23¢

NAB (ng/g) 68.42+2.75a 65.93+0.14b 24.8240.29¢

TSNAs (ng/g) 4892.64+31.92b

5063.53+43.49a

1607.48+9.93¢

[RIAT BE IS A /NG B R 7R 22 57 45 (P<0.05). T[]

Different lowercase letters after the same value indicate significant difference (P<0.05). The same below.
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Table 2 Variations of routine components in tobacco leaves before and after fermentation

2 By

Chemical components

K T

Before fermentation

K5 After fermentation

2 HCRINE) %5/ B. halotolerans NY8
Blank (no strain added) Added B. halotolerans NY8

B Total sugar (%) 2.92+0.00a
i J5 % Reducing sugar (%) 1.26+0.02a
JHH% Nicotine (%) 5.96+0.00a
B Total nitrogen (%) 2.26+0.06a
Al Potassium (%) 6.05+0.05a
& Chlorine (%) 1.51+0.05b
HISLL K/CI 4.01+0.01a
Wi LL Sugar-nicotine ratio 0.49+0.00a
2B L Nitrogen-nicotine ratio 0.38+0.03b

2.02+0.02b 1.79+0.00c
0.86+0.02b 0.78+0.00c
5.20+0.01b 3.90+0.00¢
1.87+£0.02b 2.19+0.05a
6.16+0.04a 6.13+£0.04a
1.62+0.02a 1.63+0.02a
3.80+0.00b 3.76+0.01b
0.39+0.01c 0.46+0.00b
0.36+0.03b 0.56+0.04a

3 Wik

TSNAs 1A 1 5 i AR 1) — 2R BUR Y I,
—H PR Z . I 5 T
— R AR Al R R 38 IR A K18, B S5 3L LA NNK
ME—BRUE AR, eS8 —PREZE /AT 05-5402,
WA BL, PIPRTR Y BE A S i S i TSNASs
ik, (HRXT TSNAs BEAR LI I 2 4 itk —
BRI . AHIEGE DL R 6 A Ml — 2 A 7 2 B
% 0 S A S R R R P TR PR AR T B R A
TSNAs, fL#AETREMIRRIENW, A7 AR
HAFEYIR,

e T2 25 it AR I ST B S R A, Al
J& TSNAs KREFHZaHAY, Hairk Ay
T B I AV i A 7 0 i PR 5 A, ek L R
o TSNAs JE BRI 5% 357 LG S 0 1 4 A it
FEX B Gk ) TSNASs B MCE P13y vh
T (28-35 O3R! BARRE MR B, 1
P33 LW FH 25 R v v R k. A B
T} fe 30 0 e 45 2 — FRBEUSAE 50 °CRIIRAMET
A HEAT O S5 S0 19 6 2 vt e ) Rt 32 B
B ZE A AT B. halotolerans NY'8 . K1 i A4 v F
FEMME R L SR, AR T R R

FhIf i /> TSNAs FR, i W Ag R L 7
A% T 96.86% . TSNAs BEFEMK T 67.14%.

TR % R e R T 1) o oA A B S
mi o (H 22 R 2 TR R A 0 Y )
Fisk X AR Pt JBE 7 A A S ) o AR SR R I T
Ji 5 A5t AR R B A2 53 A b P T R B O R A T
TIGE ., 45RERM], BNtk B. halotolerans
NY8 K& [ 5 S FE I & & A AR T B
s PHEFEERE S SRS TR A4, R
Iy, S KA A B-5 S 2L i A A R
g EHE A TS AN B ECI A B
T TE 30 d K WA AR P UEORE b BB L
REEFFEL T, SACHIRE R -3, HREHE
SEEFIA SRS B R, P R R B ]
T, KL, #EMERE B. halotolerans NYS8 X
TR e T A — o R T, (HIR T —
AT PR IR IR .

B. halotolerans N'Y8 M\ =5 7ifi 46 i fifi 15 1 ok
AR EAPE AR, B BT C A SRR
Pk B. halotolerans i i F/IN22 Rl R % 1 A= 1) B
JRB40 5B B. halotolerans NY8 A #0171y
A [, ASBIF SR X b A T S A
AR I, £ R Pk B. halotolerans NY8
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Table 3 Variations of main aroma substances in tobacco leaves before and after fermentation

HTAY 4R KT KMEJ5 After fermentation (ng/g)
Aromatic components Before fermentation 23 ([ (RN E) #hn B. halotolerans NY$
(ng/g) Blank (no strain added) Added B. halotolerans NY8
RN R IREE AL~ Phenylalanine conversion product
#% Z, % Phenethyl alcohol 2.48 22.27 17.24
K Z, ¥ Phenylacetaldehyde 0.51 7.02 3.07
ki @A % 7= ¥ Browning reaction product
2-T L DU R 2-butyltetrahydrofuran 3.75 - -
VG HA 2B A% 7= ) Cembrances degradation product
Hiifl Solanone 9.54 21.84 18.80
PR =4 -4-1% 2,7,11-cembratrien-4-ol 16.64 8.09 8.24
KA N XY Carotenoid degradation products
Kl Damascenone 2.81 3.38 6.34
A K51 B-damascone 0.27 10.29 11.33
4-FHE-B- A K T 1.16 1.28 1.81
4-hydroxy-beta-damascone
-2 % >l Irisone 1.47 8.09 4.69
T E-B-£ ¥ >4l Dihydro-beta-ionone 0.18 - 9.41
4-F2 K -B-2 % 22 il 4-hydroxy-beta-ionone  0.77 - 0.93
F I3 N B Geranylacetone 0.62 2.77 -
E & =} Megastigmatrien 27.11 18.22 16.70
AR N g Dihydroactinidiolide 2.12 1.30 -
L JE RN Farnesyl acetone 2.17 12.24 8.90
35 5 Linalool 0.17 0.94 0.58
HAth Others
5| Indole 1.47 1.79 6.85
54 Isophytol 2.36 - 1.28
5K B Isolongifolol - - 0.93
4L IREE Sclareol 7.29 2.88 9.76
T2 JR M B Sclareolide 1.23 - 5.34
E AR Cedrol 1.46 - -
B3t Total 85.58 122.40 132.20
JHHH Nicotine 517.60 493.95 409.86
A )% Neophytadiene 307.27 892.67 847.99
- KA
—: Not detected.
REESG ,  HRBREr  EATR BE B K T s 4 4 %V{’_\.
b W2 R ) P s LA — 2 R IR B R RE T
AT B 00 TSNAs IRIF A, 6 FA% B bk AR S AL X Bt i) 5 A A A

P13 ALk ¢ 7 BE 3 R o KA B Tt 52 RE 0 1 T

i s 1DV T

o | it 2,

PR T —PREATEREIL ST

FROTIRY et 5% NIV T TR 2 7k BE 0 80 A e DRI A
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