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Note: Different lowercase letters in the figure indicate statistically significant differences between groups (P<0.05), the same below.
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Fig. 1 Effect of packaging method on TSNAs formation of burley tobacco
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Tab. 1 Changes of neutral aroma constituents in burley tobacco under different packaging methods
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Note: The data in the table represent the average value. Different lowercase letters in the same group indicate statistically significant differences between
groups (P<0.05), the same below.
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Fig. 2 Effect of vacuum packaging on NNN content in leaves and stems of different types of tobacco samples
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Fig. 3 Effect of vacuum packaging on NAT content in leaves and stems of different types of tobacco samples
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Fig. 4 Effect of vacuum packaging on NNK content in leaves and stems of different types of tobacco samples
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Fig. 6 Effect of vacuum packaging on TSNAs content in leaves and stems of different types of tobacco samples
3 itk R A A R A R O MY, A, &
W

MR LR AT A R AR R A A
gy, ARSI I R P B RS A A G B AR B
BN, RIS 2 TSNAs B 32 2
2 —, o RN A4 it PR - TSNAs F R
[ R B AR 3 192728 S [ 8 B AR et DA B R g iy
MAE 2 5] TSNAs & B2 RK, X5 AR DAL B
WG M TSNAs S 8A %R, 51— J7 IR
FE S 58 #5 T TSNAs TR RBCR AN . AN R 287
S AR EE, 5 TSNAs & 88K, HAE M i
RPN RN, X5 HAEH R R 5 Gk AT

ANER T AR S AE T Bt R #1) 70, J f ef AE

FLMR il A R0 B, DR ) s A S A A
TSNAs & F N BERK o JA P I M A 4w A
THEMER, “HAEAFANR EZERBR, WK
WERSREZm TR, EAEYH S SR T
U0, B S M B 5 T R 5L AR TSNAs
IR, b 0 Fr ) TSNAs &5 & s T 4EAE, (3
A U1 A RIS 750 0 5 i A U 2 JH R P TSNAs 55 5 3
FE T, AR EE S WD RAC, E1
VS M A B AP A, £ 5 R R TSNAs 3 R
fIESE ISP N R W B e N A o e s e VR TR



SRAFIASE SR R A2y SN TSNAs TR R

17

RE B T TG Rl AR S IR A T
AR E AT CRY, WIS R E TSR
A, BETS AR A AR A A B N e
2 TSNAs JE ) 2 ALHL B9,

AT ANWEFER B, o R0 A A A A S LA A
TSNAs [f i —FE LR, HEANS S P,
23 BRI 45 F) NOx A4S0 FT B 22 % i) TSNAS
I RAE —ERIPER] . Z0HFe, TR e m i
HIL 2 W IR R T, G0t B LR TS e AN [
KA (R Rt B AR TSNAs 1) & B B F KT RE
AN . 2 —F£1E)E, 2RSS uRe
HJE W5 P 3 AR AR RO SR B,
TSNAs FI$GilgE fe/)N,  HH U A] W Z RS — e iR
JE _E R4 TSNAs B4R, X AT BE 5 R 12 3
ERER & e P T R A A (B R PSR FA T
FC AL ME I 5 BB A TSNAs B9, 2T 4 &
MR K2 ] it (4 22 A PR AL 1O R SE R A T i

4 g

SO I 000 A R B s 4 3 O SREHAT O, T
R Hh B9 26 75 S, 2 3 ] TSNAs 7% el AR 2,
TSNAs ¥l & & E | T RE B SR 0Mm, HH|
M SR O S B RGE . RES A A A
8 R AR DR K U S R v, SR S A A R
FUk AT EYD RO, $E TR T AR i SRl R
K

SE

(1] FPfREL, BEREE , HIER, & bR B IARLRTIC (1. [ AH
1996(2):16-17.
GUO Juncheng, CHENG Xiaolei, XIAO Hourong, et al .Study
on the aging of flue cured tobacco in southern Anhui Province[J].
Chinese Tobacco Science, 1996(2):16-17.

(2] RELAE . ASIRIBRA S% X V] i O B AR A1 i SR8 ) )
[D]. gLk K2 |, 2007.
CHEN Honghua. Effects of different ageing conditions on the
physiological and characteristics and quality of flue-cured tobacco
in Henan[D]. Zhengzhou: Henan agricultural university,2010.

B]  EmelE, B, R0, 5 B R = B
B2F Fil C3F &6 5 AL 45 b B9 42 4k (7] B R $2, 2004(10):18-
20.
WANG Xiaohui, ZHAO Yunchuan, LI Yanqiang, et al . Changes
of some physical and chemical indexes of redried Yunnan flue-
cured strips, B2F and C3F during ageing[J]. Tobacco Science &
Technology, 2004(10):18-20.

[4]  BAERAR, VERRE AL | R T SR KRR Y
WAL (7], A K244k |, 1997(03):73-77.
ZHAO Mingqin, WANG Yaofu, DU Shibin. Study on the changing
characteristics of Aroma components in tobacco leaves during

[3]

(6]

(7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

aging[J]. Journal of China Agricultural University, 1997(03):73-77.
T, WA, BRI, A5 BRI AL 2 A B
WIS (7). ) PaAR A, 2016, 31(2):8-13.

WANG Weifeng, ZHANG Youai, CHEN Zifeng, et al. Impact of
natural alcoholization on main chemical compositions and aroma
constituents in tobacco[J].Journal of Guangxi Agriculture, 2016,
31(2):8-13.

EEA . EEARL R g R SR SR (LT AT [D]. s
R AR 2 B FT A B 2014,

WANG Yuhua. Study on variation of important neutral aroma
constituents in tobacco leaf during aging [D].Beijing: Graduate
School of Chinese Academy of Agricultural Sciences, 2014.
S SRR AT A W (M. b s s o RO R
2004: 106-108.

SHI Hongzhi, ZHANG Jianxun. Tobacco alkaloids[M]. Beijing:
China Agriculture Press, 2004: 106-108.

L, 2R, Bush L P, 45 L B 16 22 5 46 086 B AT IR
b T AV TSNA & =100 & [J]. A BB 22 4R), 2005, (02):
9-14.

SHI Hongzhi, LI Jinping, L. P. Bush, et al. Relationship of percent
nicotine conversion with sensory evaluation scores and TSNA
contents in cut tobacco and cigarette smoke[J]. Acta Tabacaria
Sinica, 2005, (02): 9-14.

Peele D M. Formation of tobacco specific nitrosamines in flue-
cured tobacco[C]. 1999 CORESTA Congress, October 13, 1999.
Boyland E, Roe F J C, Gorrod J W, et al. Induction of pulmonary
tumors in mice by nitro so-nornicotine, a possible constituent of
tobacco smoke [J]. Nature , 1964, 202 :1126.

El-Bayoumy K, Latropoulos M, Amin S, et al. Increased expression
of cyclooxygenase in rat lung tumors induced by the tobacco
specific nitrosamine 4-(Methylnitrosamino)-4-(3-pyridyl)-1-
butanone: the impact of a high-fat diet [J]. Cancer Research, 1999,
59: 1400-1403.

USDHHS. Harmful and potentially harmful constituents in tobacco
products and tobacco smoke: Established list; US Food and Drug
Administration: 2012. http://www.Fda.Gov/ tobaccoproducts /
guidance compliance regulatory information/ucm297786.Htm.
ST NNK 15 G il 5 A2 1 A2 H 3R microRNA 5 S48 7
[D]. ] : FETER R R, 2013.

WU Jianjun. Study on circulating microRNA as biomarker for
NNK induced lung carcinogenesis [D]. Guangzhou:Southern
Medical University,2013.

International Agency for Research on Cancer. Smokeless tobacco
and tobacco-specific nitrosamines; JARC Monograph on the
Evaluation of Carcinogenic Risks to Humans 89. Lyon, France:
IARC, 2007.

Hecht S S, Chen CH B, Hoffmann D. A study of tobacco
carcinogenesis. 17. tobacco-specific nitrosamines: occurrence,
formation, carcinogenicity, and metabolism[J]. Accounts of
Chemical Research, 1979, 12(3): 92-98.

Hennningfield, J. E., Slade, J., tobacco-dependence medications:
public health and regulatory issues. Food and Drug Law Journal,
1998, 53 (Suppl.), 75 ~ 114.

Hecht S S, Hoffmann D. Tobacco-specific nitrosamines, an
important group of carcinogens in tobacco and tobacco smoke [J].
Commentary American Health Foundation, 1988, 9(6):875-884.
St SRR NG . I R ARl 2 A B O B A A T2 B[],
rp SR 224, 2008,14(S1):41-46.

SHI Hongzhi, LIU Guoshun. Nicotine conversion and formation of



18

r [ 27 4R Acta Tabacaria Sinica 2021 Vol.27 No.2

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

tobacco-specific nitrosamines in burley tobacco [J]. Acta Tabacaria
Sinica, 2008, 14(S1): 41-46.
Burton H R, Dye N K, Bush L P. Relationship between Tobacco-
specific nitrosamines and nitrite from different air-cured tobacco
varieties[J]. Journal of Agricultural and Food Chemistry, 1994,
42(9): 2007-2011.
Hoffmann D, Brunnemann K D, Prokopczyk B D, et al. Tobacco
specific N-nitrosamines and areca-derived N-nitrosamines
chemistry, biochemistry, carcinogenicity, and relevance to
humans[J]. Journal of Toxicology and Environmental Health, 1994,
41(1): 1-52.
Spott O, Russow R, Stange C F. Formation of hybrid N20 and
hybrid N2 due to codenitrification: First review of a barely
considered process of microbially mediated N-nitrosation[J]. Soil
Biology & Biochemistry, 2011, 43(10): 1995-2011.
Calmels S, Ohshima H, Bartsch H. Nitrosamine formation by
denitrifying and non-denitrifying bacteria: implication of nitrite
reductase and nitrate reductase in nitrosation catalysis[J]. Journal of
General Microbiology, 1988, 134(1): 221-226.
WL, 21, S, A ERE A LA (TSNA) B 7E ik
FE (1], RE R AEETR 2010, 26(10): 82-86.
ZENG Fanhai, LI Wei, ZHOU Jiheng, et al. Research progress of
tobacco specific nitrosamines (TSNA)[J
Science Bulletin.2010, 26(10) : 82-86.
Fischer S, Spiegelhalder B, Eisenbarth J, et al. Investigation on the

]. Chinese Agricultural

origin of tobacco-specific nitrosamines in main stream smoke of
cigarettes [J]. Carcinogenesis, 1990, 11:723-730.

Bush L P, Cui M, Shi H, et al. Formation of tobacco-specific
nitrosamines in air-cured tobacco[J]. Recent Advances in Tobacco
Science, 2001, 27:23-46.

Shi H, Wang R , Bush L P, et al. Changes in TSNA contents during
tobacco storage and the effect of temperature and nitrate level on
TSNA formation.[J]. J Agric Food Chem, 2013, 61(47):11588-
11594.

Fhiz . MR E R TSNA TR i 5 RIS IR 36 &
JRE [D]. FBM - TR AR R, 2014,

WANG Ruiyun. Formation of TSNA during tobacco storage and the
relationship with temperature and nitrate contents [D]. Zhengzhou:

SR

Henan agricultural university, 2014.

TR . MEH IO R R TSNAS (7% ROLER S0 AR5 .
FRM K FML, 2017

WANG Jun. Study on the Formation Mechanism and Inhibitory
Technologies of TSNAs in Storing Tobacco Leaves. Henan
Agricultural University, Zhengzhou, 2017.

Bush L, Hempfling W P, Burton H . Biosynthesis of nicotine and
related compounds[J]. ELSEVIER, 1999.

Nestor T B. Role of oxides of nitrogen in tobacco-specific
nitrosamine formation in flue-cured tobacco[J]. Beitrige zur
Tabakforschung International, 2003, 20(7): 467-475.

IV, Edii s, RR , &5 BRI HT A A 700 A B v U
5 0 TSNAs & i /952 i [0]. 00 5 R, 2015, 48(04):19-
22+31.

SUN Wenshu, WANG Ruiyun, ZHOU Jun, et al. Effects of
oxidant and antioxidant treatment on the formation of TSNAs in
burley tobacco stored at high temperature[J]. Tobacco Science and
Technology, 2015, 48(04) :19-22+31.

TR, EE B, 2 B LU I 22 3 B R R
?a#ﬂﬁﬁ’]*ﬁifﬁﬂn [C]// r O A s TNl R A 2

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

LEEHARBI £ . 2010.

DING Wei, YAN Hongxi, LU Yang, et al. Study on the correlation
between the content and index value of main chemical components
in cut tobacco[C] / Symposium on tobacco technology of Industrial
Committee of China Tobacco Society. 2010.

B, & R A SRR MR R AR TSNAs 35
R R S (K AR A IE A (3], o B R 2R 2017, 23(02):
69-77.

JIN Tong, SHI Hongzhi, ZHOU Jun, et al. TSNAs contents
in lamina and midrib of flue-cured tobacco and their changes
after high temperature storage [J]. Acta Tabacaria Sinica, 2017,
23(02):69-77.

XN, 8708, AR, 55 . B ORI 5% A T 06 A e RO At
TSNAs K ILHT A& 5 1424k [J]. ERN | 2018, 51(10):27-
32+38.

LIU Kouzhu, JIN Tong, WANG Jun, et al. TSNA Contents and
their precursors in lamina and midrib of flue-cured tobacco stored
under natural conditions[J]. Tobacco Science & Technology, 2018,
51(10):27-32+38.

Jun W, Huijuan Y, Hongzhi S, et al. Nitrate and Nitrite Promote
Formation of Tobacco-Specific Nitrosamines via Nitrogen
Oxides Intermediates during Postcured Storage under Warm
Temperature[J]. Journal of Chemistry, 2017, (2017-3-29), 2017,
2017:1-11.

U.S. Congress. Family Smoking Prevention and Tobacco Control
Act. U.S. Government Printing Office; 2009.Retrieved fromhttps://
www. fda. gov/tobaccoproducts/labeling/ rules regulations
guidance/ucm 237092. htm.Accessed November 1, 2017.

ER, PIE, JEBR A5 I A A K 2 EAE T
I 5E U ) TSNAs JERIIRZM [7]. JHERHY |, 2016, 49(09):8-14.

WANG Jun, SUN Wenshu, ZHOU Jun, et al. Interaction of storage
temperature and moisture content in tobacco leaf on TSNAs
formation in burley tobacco during storage[J]. Tobacco Science &
Technology, 2016, 49(09):8 14.

JEERE , TRIE , PN, A5 L ARSI AR e s AN
AT RS RIS D). B AR AR A3 2013, 21(7): 844-
852.

ZHOU Haiyan, SU Fei, SUN Junwei,
environment on quality and neutral aroma components of upper

et al. Effects of ecological

leaves of Burley Tobacco[J]. Chinese Journal of Eco-Agriculture,
2013, 21(7): 844-852.
TR, LR AR, R SR TR I e R
TSNAs KRR & B SE BT (1], P EHE AR, 2017,
23(06): 77-87+93.
ZHANG Mengyue, SHI Hongzhi, ZHOU Jun, et al. Analysis of
changing trends of TSNAs and their precursors contents in three
types of tobacco during five years storage[J]. Acta Tabacaria Sinica.
2017, 23(06):77-87+93.
PR, AR, IR, 55 A AR S0 B A e R R
TSNA JELBISEM [J]. H E 4 |, 2015, 21(2)53-58.
SUN Wenshu, WANG Jun, ZHOU Jun, et al. Effect of nitrate
nitrogen level in tobacco leaves on TSNAs formation during
high temperature storage[J]. Acta Tabacaria Sinica, 2015,
21(2)'53 58.

LB, TR AR MRE R R RO R (A A B
—'ﬁﬁé’ﬁfb%ﬁ [7. J<I+$»H§z ,2016, 49(03):91-98.
ZHAO Deqing, DAI Ya, FENG Guanlin, et al. Chemical
composition and fiber morphology of tobacco stem, scrap and
dust[J]. Tobacco Science & Technology, 2016, 49(03):91-98.



SRAFIASE SR R A2y SN TSNAs TR R 19

Effects of packaging methods on the formation of TSNAs in tobacco during storage

ZHANG Mengyue', LIU Deshui’, WANG Jun"’, ZHAO Yuanyuan',
ZHOU Jun’, MA Yanjun’, LU Ximei', SHI Hongzhi"

1 Tobacco College of Henan Agricultural University/Tobacco Agriculture Harm Reduction Research Center, Zhengzhou 450002, China;
2 Beijing Cigarette Factory of Shanghai Tobacco Group Co., Ltd., Beijing 100024, China;
3 Zhengzhou University, Zhengzhou 450002 , China

Abstract: The storage stage of tobacco leaves and stems is an important period for the formation of tobacco specific nitrosamines
(TSNAs). In order to explore the effective methods to inhibit the formation of TSNAs during storage, the effects of different conventional
packaging methods and vacuum packaging on TSNAs content in tobacco leaves stored at room temperature and high temperature were
studied using burley tobacco, flue-cured tobacco, cigar core leaves and stems as the material. The results showed that the TSNAs content in
f burley tobacco leaves after natural storage with different packaging methods was significantly different. The content of TSNAs in tobacco
leaves after vacuum packaging was the lowest, which was 45.45% and 46.02% lower than that of carton packaging and plastic packaging,
respectively, and the content of neutral aroma components in vacuum-packaged tobacco leaves was higher. After different types of tobacco
leaves and stems were stored at high temperature, the content of TSNAs in leaves and stems after conventional packaging increased
significantly, but the increase range of TSNAs in different types of tobacco leaves under vacuum packaging was significantly reduced.
Compared with tobacco leaves stored at high temperature under conventional packaging, the total TSNAs content in cigar core leaves and
stems decreased by 38.52% and 44.80%, respectively that of cigar jacket leaves and stems decreased by 28.57% and 35.86%, respectively,
and that of burley tobacco leaves and stems decreased by 40.65% and 20.84%, respectively. The TSNAs content in stems of the above
three types of tobacco was significantly higher than that in leaves. The total TSNAs contents in leaves and stems of flue-cured tobacco
under vaccum packaging were 21.52% and 38.29% lower than those in leaves and stems under conventional packaging, and the TSNAs
content in leaves was significantly higher than that in stems. Vacuum packaging can effectively isolate oxygen and inhibit the formation and
accumulation of TSNAs during storage.

Keywords: tobacco; storage; tobacco-specific nitrosamines; vacuum packing
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