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AR R AR R TR ER AT TSNAs S EHAT TIE, FHaW THMIEK R (SR 1D AE GRS AR 3177 5 B
SRRSO AL L, 2k 16 A SRR BE & B AL TE BN 1.14%~5.42%, P19 3.02%, B0 5 B 12 AL TE BN 0.11%~1.47%,
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= NNN S50 TSNAs S ing E 25K —.

KR HARME; WOPR JEBEIL: TSNAs: MG BEEBE

TR, EEASETFRREMBERKTFRE ANAB) o IEHHEW T, WS E 5 SV 92%
&, SRR REAAAWIG O, EHMEEIE Db, BB S EA B 3%, H2 R
B, P EAEERAE LR R TR ISR . U SRR S I 2 A B R AR, A
HAR AR BRI s, FERLRE BRI, PREmS S n P ST e )
AR o I A A AR ) 4 RSN R X A P A EE E R 2R 2 05T 1Y, (B AR T A )
HEVFMER A WS (TSNAs) FIEREFREE Hiful.

s MR B A A 2 A DU AR, o S AR AR R SR A ) LR TR, R
% (nicotine, NIC) . P& 4HHH (nornicotine, NOR) . 5 G A R T UK 9 N A s Ry AL IRl
LS, (anatabine, ANAT) . fRARMHH (anabasine, R R A A A N 73 ATE G (NNKD  Efi 5%

BEEWB: W)IEWHEAR “FRS AT TSNAs KR AL (SCYC201915)

EERA: JH ol (1998—) , (R FiAE, FENFHERE LT TT, Email: 927536884@qq.com
BEESE: w2E (1963—) , AR, FENFMERIEAFAF T, Email: shihongzhi88@163.com
WFSHHEA: 2019-10-09: MILEHAREHEA: 2020-03-24



a5 16 ATt b b 0 MR f 3 K b5 I s MR TSNAs & (58 & 19

P (NNND o RSB R B (NAT) LA 2
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JHI TSNAs (17 58 J 5 A= Wi 28 BoRn £ 5 55 1) %
F, 6T Wi B TSNAs 2 53w 1 I 2 TR AR K
BB RHE RS TR S AT TSNAs & &, &5
0 R ) e A B LA . Ak, FRAT
1E 2016—2017 “E7E VY )1 & & i F LRSS, RS

HrlE 1 16 A Z 0 el R 1S I TSNAs kA4
BRANRE R £h 5 &, dEMI 0T T TSNAs & & 59
TENKR, BENEE TN SRR,
A RBPEART A TSNAs 2 25k .

1 #REFE

L1 RXIadret

AR H (1) 25 At R E D] AR T 2w K
fili]F1 CDF H PR w55 R ALER M, JLuk 16 AN i
Fh, Ho i fb fh A5 Cubad (CX1)  Havana92 (CX2) .
K 15 (GH-1) . K3 2 5 (GH-2)  Besuki/No (BN)
Cuba-Brazil (CB) , #ifi:ts i Fi €145 MNC. MSCA.
MFZS. PC. MFPP. OLOR. NJ. DMD. MKK.
CP2012. GH-1. GH-2 B4~ F E 2010 &£ FF 45 51 Fh
EEME, Ea&d2F /AL CX1. CX2.
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Tab. 1 Name and code of tested cigar varieties

HAC A Cigar wrapper

s A Cigar filler
S

35 code JE 4 FK name 5| FPoRIE source 185 code JE 4 FK name 5| Fi KI5 source
CX1 Cuba4 2z P R MNC MNC CDF A #]
CcX2 Havana92 Z M MSCA MSCA CDF A #]
GH-1 K195 SE i MFZS MFZS CDF A #]
GH-2 K25 STE i PC PC CDF A 7]
BN Besuki/No CDF A ] MFPP MFPP CDF A 7]
CB Cuba-Brazil CDF A OLOR OLOR CDF A 7]
CP/2012 CP/2012 CDF 7]
NJ SRS KR
DMD ES NV IR KR
MKK e [ e JH i et KR

1.2 REHE

I T 2016 R ALV )BT RS, TR
e, HHUR S EIEF . SRR FEEALX HHE51,
HE 3R LB AEE RIS E B MR
Ja, FERE R AT, B S M LR B SRS T HE
BRI 3 R, AL EE SR 2 ke BERE,  EEE
EREVIRE, WURTIRE R, BT UK ORI o
1.3 HmiERE
1.3.1  AEWh oy I e

& A B S, R T, AN EE

Y 200 mg FE ST A DB EREL,  $REGAT A H R
T (MTBE) o #25US HE il i Agilent 7890A
T (3£ [ Agilent Technologies 7 &) ) A il - & K
B ORI 35 72 B 40T 4 FHAEYDBR CHRB . B& R
BARTEIR RGO & 2 IS EZ A
AR, BAPRSIBIT IR YC/T383-2010.

JRBREE Ak e 7 PR A0 2 R R | BRI B
ST AL RN S s A O RS BN E AT e S B N o 8

JHBAELAL B/ (PNC) = [ BB & &/ CHARR
B RIS E) 1 X100%
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1.3.2 FHER R AN AR R 5 A0 w2

K H,S0,- K BRVE I 52 Il NO,-N & &,
SR FE R 22 5 S NOL-N £ i 12,

1.3.3 TSNAs 70l &

JH I FE G TE B B AR A T S M) RS TSN AS
. M E 5 IR N TE LR SPE - A 1 1 B 1 Bk
(SPE-LC-MS/MS) 7% (SPE-LC: Spark Holland,
Symbiosis Pico) ; (MS/MS: AB Sciex triple quad
5500) P FREL1.0000 ghfdh 50 mLAEIE, MO
40 pL 4R 5AR I ARVETRORI30 mL 100 mmol/L £ R4
W, R =I5 R LLFEE200 1/mindfk % A HL60 min5
110.45 pm/KAHUERE, WCER BT K FHLC-MS/M Sl
TSNAsE & . 4P TNSA S &2 IR NTSNAsE &

1.4 BHAESH

K H Excel 2016 F1 Excel # A4 3E47 B4k 20 B A ]
K; A SPSS 17.0 #AF3E4T 5 Z 43 ¥, H Duncan's
X AR BRI R TSNAs S5 48 bRk 47
T3 225y TR 2 55 A 56 o

2 ZREHGH

2.1 AEEFMT TSNAs R HEEYSE 5
21,1 AN[E)E 0 R A s AR A 2R A3 Mt
B3R 2 AT, R[] 35 50 o b  HAE  E E A
EREZER, A SR 0SS =IEE N
1.74%~6.05%, A=W~ 3B N 3.63%. MHBH &
BALIEE A 1.14%~5.42%, “F¥IN 3.02%, [

R 2 EINAE R EYRAHERE S 8RB LR

Tab. 2 The content of alkaloids and nitrate and the conversion of nicotine in different cigars

o 5 P B % WmEE e REANY /) (ng/gd
S BB BORIRER BT IS8T 1% EREE  WAHER
ity MNC 3.55de 025g  0.0027k 028 ¢ 4.08d 6.78h  1019.10h 2157 ¢
MSCA 3.63d 025g  0.0026k 0.30 f 4.18d 6.49h  1055.40h 2262g
MFZS 3.56 de 0.17h  0.0238h 0.30 cf 339¢ 4581j  1469.52¢ 3452¢
PC 2.14j 032¢  0.0265¢ 0.16 k 2.64h 1296¢  1392.58d 32.22d
MFPP 3.99¢ 0.17h  0.0294 de 0.25h 444 c 405k  1061.56h 2279 g
OLOR 2.55i 029f  0.0276 f 0.21i 3.09 fg 1024 f 71272k 12.85k
NJ 5.10b 0.43d  0.0336b 0.34b 5.89a 7.68¢  779.27j 14.74
DMD 2.76g 0.14i  0.0286¢ 0.141 3.07 fg 499i  2174.72b 54.46b
MKK 5.42a 026g  0.0377a 0.32¢ 6.05a 4.65ij  1470.49¢ 34.46¢
CP 1.55k 0.11j 0.0027k 0.08m 1.74 6.36h  1276.88¢ 68.33a
“FIME 3.425 0.239 0.0215 0.238 3.857 6.878 1241224 31.856
5 RE % 35.83 40.01 63.02 36.56 35.45 40.89 34.07 55.20
i CX2 3.42¢ 0.82¢  0.0327c¢ 0.42a 4.69b 20.13¢  1063.2%h 2281g
CX1 1.14m 147a  0.0144] 0.31 de 3.00fg 53.12a  1143.37g 18.77h
GH-2 1371 026g  0.0027k 0.131 1771 15.61d  857.04i 16.96 i
BN 2.68h 096b  0.0233h 0.32cd 4.00d 20.23b  2259.23a 26.27 f
GH-1 2.36i 0.30ef  0.0303d 0.25h 2.94g 11.23f  1240.31ef 27.87¢
CB 3.17f 0.15i  0.0193i 0.20 3.17ef 440 1199.70 fg 26.74ef
FEIE 2.3567 0.66 0.0205 0.2717 3.2617 22.2867  1293.823 23.2367
A R /% 39.58 77.89 53.80 37.35 30.63 77.47 38.03 19.48
w/ME 1.14 0.11 0.0027 0.08 1.74 4.05 712.72 12.85
SN 5.42 1.47 0.0377 0.42 6.05 53.12  2259.23 68.33
P 3.02 0.40 0.0211 0.25 3.63 12.66 1260.95 28.62
FrifE % 1.22 0.37 0.0123 0.09 1.24 12.78 434.34 14.52
AR/ % 40.22 93.52 58.12 36.61 34.20 101.01 34.45 50.73

T - [RBIAPR A AIRNG 7R TR dh A 22 508 GEit 58 3 (P<0.05) -

Note: The value in the same column without the same lowercase letter indicate significant difference among varieties (P < 0.05).
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EEMATEE N 0.11%~1.47%, “FHI1{E 0.40%. Y
Folt 2= ek, DA B JOR R A S P K, e (DA AE 23 22 5
T BB AT A RS S M0

250 I AR B B R R B A 1) R, SRR
AL RGN 5.03%~53.12%, “FHIMEH N 12.66%, i
o T O il 2 1 36 78 S R IA 101.01%,  BEBHAEA
) A AR ORI 22 57 . JBR & B 5 R AR 5 1
BV R R R =R

MR &, O &R 5 A S R TSNASs #if
WO RAFAE R E 225 SR MBI, e
Pl AR el B R B BRAS TR B R B AR
R WE AR, B B B R B A 2 (1 S
PERAR, R RN RBP4 Y0

TERBG, HRME A R, P R e
[T ATy il
2.1.2 ANE) S M b R R R B R I 2
TS REN (K2, FHEHHKRE S &
WeR T AHER Eh & &, ANE) Tyt it ARl IR 28 & AR
G X BN, P I9ME N 1260.95 pg/g, EAH IR
BB E N 28.62 ng/g, 5 R E & AR
B A e A L, R TR kR A R 3k & B I AR S R R
TE b B 1B) 0 22 S /)y, IXR] g 2 bl TR e ) g A%
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Tab. 3 Comparison of TSNAs content and ratio of different cigar varieties

o B /(ng/g) 7 TSNAS [ EE] /%
NNN NAT NAB NNK TSNAs NNN NAT NAB  NNK
Fits  MNC 173244 2104.66b 113.79b 244.54¢  419543d 4129  50.17 2.71 5.83
MSCA 275429¢ 271728a  176.56a  581.4la  6229.54b 4421  43.62 2.83 9.33
MFZS 809.96j  1336.33¢ 53.26f  24449e¢ 2444.03h  33.14  54.68 2.18 10.00
PC 496.03 k 365.61] 8.80m 137.681 1008.12k 4920  36.27 0.87 13.66
MFPP 1080.07h  1552.42d 6527¢  280.65c 297841f 3626  52.12 2.19 9.42
OLOR 3078.24b  1821.05¢ 83.01c  31551b 52978lc 5810 3437 1.57 5.96
NJ 907.811  882.41h 34.08i)  182.95g  2007.25j 4523  43.96 1.70 9.11
DMD 90.03 m 61.74 k 5.02n 2496k 181.74m 4954 3397 276 1373
MKK 1253.05g  1090.19f 38.17h 236.55¢ 2617.96gh  47.86  41.64 1.46 9.04
CP 300.20 1 309.85 13471 167.35h 790.881  37.96  39.18 170 21.16
FEME 1250.21 1224.15 59.14 241.61 2775.12 44.28 43.00 2.13 8.71
A R Y% 79.96 69.64 90.94 60.01 70.92 15.87 1628 2893  49.61
B X2 2145.82d  1290.97¢ 42.75¢  18020¢g  3659.74e  58.63 3527 1.17 4.92
CX1 6643.85 a 974.92g 27.23k 113.10j  7759.10a  85.63 12.56 0.35 1.46
GH-2 1220.78 g 724151 34.03j  270.11d  2249.061 5428 3220 1.51 12.01
BN 1567.27f  864.69 h 72.62d  163.45h  2668.03g 5874 3241 2.72 6.13
GH-1 917.38i 728.521 37.29hi 193.30f  1876.48j  48.89  38.82 1.99 10.30
CB 868.191j  1128.08f 33.49)  18227g  2212.02i 3925  51.00 1.51 8.24
FIE 2227.22 951.89 41.24 183.74 3404.07 57.57 33.71 1.54 7.18
5 RE % 99.44 23.77 39.27 27.72 6524  27.04  37.02 5146 5329
H/ME 90.03 61.74 5.02 24.96 181.74 33.14 32.20 0.35 1.46
IEIN| 6643.85 2717.28 176.56 581.41 7759.1 85.63 5468 5146  13.73
FHME 1616.59 1122.05 5243 219.91 301098 4926 39.51 1.84 9.39
PR 22 1572.63 686.74 43.62 119.64 2016.76 1256 10.30 0.70 4.50
A 5 ZH /% 97.28 61.20 83.21 54.41 66.98 2549 2607 3827  47.95
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22 AEZEASFEN TSNAs E2 54

HH3 3 A1, ASE S Al A ) TSNAs & &2 2 2H
HARZEZESR, ARSH SRR TSNAs 32 536 N
181.74~7759.1 ng/g, ~F-¥J{H 4 3010.98 ng/g. TSNAs
FH AP E U NNN S, FIMEN 1616.59
ng/g, H NNN & &M R, MWER/AMER 90.03
ng/g F &t K1 ) 6643.86 ng/g, & 7 R E N 0.97,
NNN 55 5 148 14 35 5 80 R el 75 52 F°0 J0R i 2 £ 26—
B, FRUMRBEL 1L T B R S Y S S NNN & &
B hnEE VIR OC

5y Mt 4 B TSNAs (5 & TSNAs [ Eb 1] & %0,
= A M o NNN T NAT ~F 3418 4 510 N 49.26% Fi
39.57%, BT &5 HL L, 2 EEE R TSNAs, HA
&) 5 7 i Bl NNN AT NAT 5 TSNAs [t 41 2 7 &
%, H NNN H 7 i el ok, 4 33.14 %
~85.63%, F5Z P B AL B () SRR, A = A
B AL 2R S Pl NNIN 5 B Al 7. NAT 7 4 Lh AR
Y0 N 32.20%~54.68%. NNK (5 &1 TSNAs [ Lt 451 °F
%155 9.39%, LA NAB JIT 5 HL 7 ik

RS o L N SR LTI S P o B )
TSNAs. NNN & & & 3 & T #ifi .5, NAT. NNK #

NAB & &K Tt i A0 A TSNAs & &
SP-H44E 43 93 8 3404.07 ng/g A1 2775.12 ng/g. HiiAL i
R NNN & & FH{E A 2227.22 ng/g, A& Hifits NNN
TTEM 178 f. AiAK fh Bl NNN/TSNAs (0] ~F 3518
LLEN=TI R T UNSRY
2.3 TSNAs 5446, MR &2 Z ERHEKES T
Xof BT AT AR DG A, 452 T ASE S
Bl TSNAs 5 H AT R Z MK KR (R4 .
B T 4 AT, NN S5 8 00 i 15 2 A 00 i e Ak 26
I MR 2 AR &R, A IE RS04 0.802
0.794. TSNAs 55 [ HH B A1 08 55 % 1k %6 2 ] 47 7E
W AR &R, MK RE 08 0.676 F10.672,
NNN & &5 & TSNAs & EAAHK R 0942, &
B NNN 7 &% & TSNAs &% &= o1k /R K, NNN & &
18 I A TSNAs & 3 m (R A hab,
NAT & & 5 37 00 5E080R S A4 M i i B4 06 R 3t b
BRK. NNK & & 566 20 53 B G, 5 B
FIEBR A 2R 2 AR 25 R DG . RS R R Ak 2R A
B AR 2 TR R A OCOR R o IR 2h 5 AR AE <
[ AATEAR 38 TEAH R R R

R4 EHNME TSNAs SB54YH. HERESENHEXRAY

Tab.4 Correlation coefficient between TSNAs content and alkaloid and nitrate content in cigars

TGS R ORI BTG S iR HERER WAEEREE NNN NAT  NAB  NNK TSNAs
O ik 1
% AR B3k -328%%* 1
BARIERL  0.594%%  -0.168 1
PR 0.515%%  0.253*%  0.519%* 1
SAEPEE 0.870%%  0.117  0.598**  0.695%* 1
BALZE 0.590%% 0.923%* - 290** 0.021 -0.174 1
fiH R 2R -0.228*  0.153 0.064  -0.171 -0.177 0.289%* 1
TAEERE:  -0.109 -0.246* 20.02 -0.394%% -0.256*  -0.161 0.554%* 1
NNN -0.368%* 0.802%*  -232%  0.246%  0.016 0.794**  -0.03 -0.311%* 1
NAT 0.390%*  -0.077  -0.024 0.426%* 0.397%* 02 -0.176 -0.257%  0.194 1
NAB 0.123  -0.057  -0.143  0.138 0.128 -0.035 0.471**  0.052  0.034 0.688** 1
NNK 0.294%* -0.390%*  -0.161 0.022  0.121 -.404** -0.135 -0.19  -0.175 0.665** 0.638** 1
TSNAs 20.199 0.676%%  -223% 0.349%*  0.139 0.632%* -0.075 -0.360** 0.942%* 0.509%* 0.279** 0.094 1

T WA * BRI ERA G FE L (P<0.05) , bif ** HRREZRA@EGIHERE L, (P<0.01), T* HRREZRLLIHE L (P>0.05) .
Note: the value followed by * indicate that the difference was statistically significant (P<0.05), the value followed by ** indicate that the difference was
highly statistically significant , (P<0.01), and the value without * indicate that there was no significant difference (£>0.05).
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Fig.1 Correlation between NNN and nornicotine content
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Fig.2 Correlation between NNN and nicotine conversion rate
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A TR A AR R B IR A BE D AR SR I i A ik . R T
B B A B AT R ARG e 1, B RBAR 2 5
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e MR R, Bk, e, AL
T 2 A R ) A R R 2 1 3 5 R ORI 5 o S 48
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FHA it ol P IR % A, 36 A B8R R 5 1 v T 000 e ol
B NNN & 2B S 2, 5 85UR M NNN & &= Al
& TSNAs S EFPPIMEE S T A i P Bl
2 v 1) DR IR AT R 2 R A [ i S R 0 T
ARIE—BI T . AWFFER B NNN & &= 5 B 5 e
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IR A4E 2R 25 N B 72 45 5 U, NNK. NAB fl NAT
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IR, PR R BES A T B0 NNIN B A S 38 4
RBMER R GRS R, W MESRST B2 R,
RETASERIEREZMRZEm, Kk, 7ERR&
PER X — RS 6 T, SRS BB BN,
FOXT TSNAs T2 B 520 25 5 B 18 4% TR 32 T BRI 52 T
1448 55

4 Lt
»

S0 RS [RVRE B A7 1 Rk 1) 54 JOR sk 2 A )
L, R ] AR S AR L R AR R B E R
= M AR B NNN R TSNAs 5 & 5 B Bl 5 & A1
TR AR AEEAR B35 P IE ARG R R, BRI 1L 3 5L
ee R 5 R 4 vy A 5 i R I NINN R TSNAs 7 & 4
AT E R, XS A AT R IR B R 2
B Z 3 A TSNAs & & 1A 80815
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Nicotine conversion rate of 16 cigar varieties and its relationship with TSNAs content in
fermented tobacco leaves

ZHOU Di', SUN Yuqil, SHI Hongzhil, YANG Xingyou“, ZHOU Jun', LU Ximei',
BAI Ruoshi’, YANG Weili’, ZHAO Yuanyuan', QIN Yanqing’
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Abstract: [Objective] This study aims to investigate the difference in nicotine conversion rate among different cigar varieties as
well as the relationship between nicotine conversion rate and TSNAs content in cigar tobacco. [Methods] The alkaloids, nitrate and
TSNAs contents in the middle leaves of 16 cigar varieties were analyzed. [Results] 1) All cigar varieties had the problem of nicotine
to nornicotine conversion at different degrees. The nicotine contents of 16 cigar varieties were in the range of 1.14% to 5.42%, averaging
at 3.02%; and nornicotine contents changed in the range from 0.11% to 1.47%, averaging at 0.40%. The nicotine conversion rate ranged
from 5.03% to 53.12%, with the average value of 12.66%, and the variation coefficient of nicotine conversion among varieties was as
high as 101.01%. 2) The average nornicotine content and nicotine conversion rate of cigar wrapper varieties were significantly higher
than those of cigar filler varieties. 3) The content and proportion of TSNAs in tobacco leaves of different cigar tobacco varieties were
significantly different. The variation range of total TSNAs content was 181.74~7759.1 ng/g, with an average of 3010.98 ng/g. The content
of NNN was the highest, with the average value of 1616.59 ng/g, and the variability was also the highest, with the coefficient of variation
as high as 97.28%. 4) Correlation analysis showed that there was a significant positive correlation between nornicotine content and NNN
and TSNAs content in 16 cigar tobacco varieties, with the correlation coefficient between NNN and nornicotine content reaching 0.802.
[Conclusion] The high level of nornicotine content resulted from nicotine conversion is one of the main cause for the increased formation
and accumulation of NNN and total TSNAs in cigar tobacco leaves.

Keywords: cigar; varieties; nicotine conversion; TSNAs; nicotine; nornicotine
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