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Producing area discrimination of tobacco leaves based on mineral

element fingerprinting technology
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Abstract: Objective: This paper discusses the feasibility of using
mineral element fingerprinting technology of to identify tobacco
producing areas, screens out the effective indicators, and
constructs the discrimination model of tobacco producing areas.
Methods: The contents of 20 mineral elements in tobacco leaves
from 11 producing areas were simultaneously determined by ICP-
MS, and the data were analyzed by variance analysis, cluster
analysis, principal component analysis and discriminant analysis.
Results: The contents of 16 elements were significantly different
among producing areas, and principal component analysis
resulted in 6 principal components, with the cumulative variance
contribution of 89.253%. Using linear discriminant analysis, four
elementsmineral, K, Mn, Se and Ba, were screened as the
effective indicators to discriminate the geographical origin of
tobacco leaves. The established discriminant model could
accurately distinguish tobacco leaf samples from different tobacco
producing areas. Conclusion: Significant differences were showed
in the contents of mineral elements in tobacco leaves from 11
producing areas. Four elements, K, Mn, Se and Ba, are
important indicators for distinguishing tobacco producing areas.
Mineral element fingerprinting technology can be wused for
distinguishing tobacco producing areas.
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Table 2 Descriptive statistics of 20 mineral elements in tobacco leaves

LR AL fe/ME IEPN:] - E e ERRE/% 1t B2 U P&
Li mg/ kg 0.56 7.14 2.441 2.244 91.896 1.553 1.246 <0.010
Be mg/kg 0.01 0.04 0.018 0.010 57.405 1.597 2.145 0.395
Na mg/kg 14.54 28.17 21.894 4,726 21.585 —0.078  —1.158 0.235
Mg g/100 g 0.14 0.31 0.226 0.055 24.204 —0.196  —1.110 <0.010
Al mg/ kg 64.26  290.39  116.636 69.642 59.709 1.861 3.349 0.050
K g/100 g 1.39 2.33 1.903 0.252 13.225 —0.526 1.056 0.039
Ca g/100 g 1.13 2.35 1.779 0.432 24.265 —0.102  —1.716 <0.010

mg/kg 0.12 0.55 0.251 0.137 54.450 1.232 0.882 <0.010

Mn mg/kg  108.87  521.51  266.235  138.318 51.953 0.709  —0.932 <0.010
Fe mg/kg 81.72 25733  131.621 56.417 12.863 1.406 1.080 <0.010
Co mg/ kg 0.21 1.79 0.574 0.440 76.578 2.493 6.837 <0.010
Cu mg/ kg 1.88 18.16 8.134 5.375 66.081 0.602  —0.910 0.241
Zn mg/ kg 15.27 66.80 34.858 15.067 43.224 0.982 0.849 0.001
Se mg/ kg 0.06 0.54 0.206 0.152 73.753 1.533 1.357 0.041
Sr mg/ kg 16.59 101.41 39.969  23.385 58.508 1.930 4,985 <0.010
Mo mg/kg 0.02 0.35 0.169 0.117 69.157 0.555  —1.246 <0.010
Ag mg/kg 0.01 0.07 0.018 0.018 101.528 3.089 9.929 0.200
Sb mg/kg 0.01 0.03 0.020 0.008 41.857 0.263  —1.409 <0.010
Ba mg/kg 9.10 35.13 20.569 9.890 48.080 0.093  —1.898 <0.010
Tl mg/kg 0.02 0.08 0.045 0.020 43.974 0.279  —0.280 0.049

R3 THRTRBXMEDN

Table 3 Correlation analysis of mineral elements

T Li Be Na Mg Al K Ca v Mn Fe
Li 1.000

Be —0.097 1.000

Na  —0.068  —0.294 1.000

Mg 0.300  —0.137 0.225 1.000

Al —0.166 0.162 0.419  —0.116 1.000

K 0.096 0.629* —0.569  —0.370 0.167 1.000

Ca 0.371  —0.012  —0.220 —0.246  —0.340 0.180 1.000

v 0.278  —0.004  —0.143 0.254 0.520 0.159  —0.320 1.000

Mn 0.180 0.532  —0.061 0.218  —0.060 0.608* —0.041  —0.065 1.000

Fe 0.357  —0.033  —0.121 0.246 0.549 0.166  —0.080 0.936" * —0.152 1.000
Co  —0.174 0.744** —0.253  —0.332  —0.112 0.229 0.187  —0.235 0.089  —0.262
Cu  —0.259  —0.266 0.426 0.178 0.425  —0.108  —0.041  —0.029  —0.052 0.116
Zn 0.280  —0.060 0.168 0.165 0.385 0.216 0.556 0.259 0.118 0.493
Se 0.354 0.589  —0.501 0.205 0.235 0.615* —0.134 0.625 " 0.361 0.637
St —0.107 0.500  —0.194  —0.261  —0.466 0.032 0.416  —0.636" 0.049  —0.607"
Mo 0.394  —0.133  —0.131  —0.420 —0.516 0.196 0.760" * —0.588 0.142  —0.472
Ag  —0.200 —0.231 0.192 0.074 0.388  —0.061 0.357 0.229  —0.211 0.403
Sh 0.164  —0.234 0.154  —0.014 0.139  —0.338 0.159 0.370  —0.475 0.486
Ba  —0.199 0.603* —0.144 0.153  —0.299 0.322 0.060  —0.463 0.647% —0.519

Tl —0.021 0.586 —0.264 —0.570 0.387 0.483 0.215 0.152 —0.097 0.241
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LR Co Cu Zn Se Mo Ag Sh Ba Tl

Li

Be

Na

Mg

Al

K

Ca

A%

Mn

Fe

Co 1.000

Cu —0.285 1.000

Zn —0.236 0.515 1.000

Se 0.187 —0.172 0.127 1.000

Sr 0.859* * —0.259 —0.255 —0.145 1.000

Mo 0.057 —0.191 0.124 —0.341 0.389 1.000

Ag —0.303 0.457 0.800" * —0.158 —0.331 —0.137 1.000

Sb —0.118 —0.200 0.182 0.066 —0.248 —0.118 0.342 1.000

Ba 0.556 0.106 —0.082 0.084 0.633" 0.099 —0.261 —0.705" 1.000

Tl 0.690* 0.024 0.116 0.432 0.395 0.021 —0.069 0.075 0.093 1.000
Toox NTE 0.05 GO R MG 5 » » HTE 0.01 G OB MG % .
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Figure 1 Cluster analysis of mineral elements
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Table 4 Component matrix and the cumulative variance

contribution rate of each variable in the first 6

principal components

. E RS
LR
1 2 3 4 5 6

Li 0.119  0.203  0.368 —0.397  0.606  0.214
Mg 0.353 —0.062 —0.387  0.081 0.596  0.575
Al 0.541  0.442 —0.103  0.418 —0.397 —0.132
K  —0.336 0.749 0.151 0.140  0.202 —0.481
Ca  —0.262 —0.031 0.930 0.063 0.167  0.146
\% 0.680  0.620 —0.126 —0.241  0.027  0.032
Mn  —0.368 0.362 —0.226  0.325  0.630 —0.103
Fe 0.733  0.628  0.126 —0.147  0.026  0.106
Co  —0.717 0.352  0.032  0.010 —0.432  0.390
Zn 0.418  0.266  0.616  0.539  0.250  0.133
Se 0.056  0.909 —0.141 —0.202  0.214  0.090
Sr —0.864 —0.058 0.173  0.032 —0.226  0.398
Mo  —0.487 —0.296  0.689 —0.089  0.288 —0.230
Sh 0.521  0.022  0.364 —0.418 —0.304  0.328
Ba  —0.739 0.129 —0.261  0.483  0.253  0.208

75“2; 25.973 19.891 13.589 11.824 11.382  6.595
kA /%
’%ﬁm‘ 25.973 45.864 59.452 71.276 82.658 89.253
A/
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Table 5 Verification of discriminant model based on
mineral element fingerprinting
I 7 7 DX G 4 2R
S1 LM RBEFES AL PR X
S2 = Sy P4 R A X
S3 T SR % 7Y ¥ 0 X
S4 WA K S KL BRI X

AF P4 R A DXL KV B A X
FE P4 R A DX LR KV B AR X

S5 VA
S6 TR 3% P T

P AR X T )G T T R B ) D Al T R AR T
Hh A X 2 IE A

A A A R B LR o M 4 R B H R
WAL A3 8 b A B, o R B O Y A O L 7 A )
70 2R AR G BRI M F A B AR
RHEE o A T 25 R P IR (] — i b TR — 2 Y A
EEAT WA X O o WFIE S BB S A0 AT T K g A 1]
P 3 DX A) . T K Min, Se J Ba 4 AICR A HRY
R A T T X 2 P D A e AT O AR L AT A
7 T2 XU AR AL B A8 0 DX 23 SR AR TR B R T B
3 i

IO HL R A S S T R B E T 11 A
S B 20 RO BT R AR . 45RFRYL 1L A
A 16 B FOCR G RTEAE A AT B R 1L A
7 M FR) 8 P23 530 3R S PG e A DX R AR b O XA
S WA 0 R B A 0 RS B Y A A A
BE 5% Al F 7 X8 ) 22 4 W 43 41 s K M, Se & Ba
A G AERE i 3 28 R OGS S LA HLSEE S ¢ ) ) A
YRR A0 T A 0 DR A Sy P R A X T b
e AR X 3 1 19 T JBE TG 3R 4 053 A R S e X T
FE0 o Ja SEal it — 4 K™ DX ™ M ke A, 4 3 B i
ST S SRR U B A e DR T

2 % Uk

(1] KA, TRVCH, MRV K, 45, T L0AMBIE &5 & KRSk L1 52
5 ] 1k LS B 7 3t R S (], D63 24 56 23 #r, 2022,
42(9): 2 830-2 835.
GENG Y H, SHEN H C, NI H F, et al. Support vector machine
optimized by near-infrared spectroscopic technique combined with
grey wolf optimizer algorithm to realize rapid identification of
tobacco origin[J]. Spectroscopy and Spectral Analysis, 2022, 42(9):
2 830-2 835.

2] i B, P87, EAFR, &5 5 0 rb A A1 0L DX 38k R AiE 3 A
B M55 50 00 it S AN g B A 19 56 R[] JE R R, 2016, 49€12):
21-27.

AR BTV RTERLTRAREBEH =X A5

GUO W M, CAI X J, WANG X M, et al. Regional characteristic
distribution of middle leaves and its relationship with appearance
quality and physical properties of flue-cured tobacco[J]. Tobacco
Science & Technology, 2016, 49(12): 21-27.

B1 BB, Tk =8, ARHvK, 5. BT 2506 508 B AS 7] ) 3 v 2R

R[] A WU 24, 2010, 41(8): 178-183.
WEI C Y, ZHANG Y H, SONG Y B, et al. Hierarchical cluster
analysis of tobacco leaves from different areas based on fractal
color[J]. Transactions of the Chinese Society for Agricultural
Machinery, 2010, 41(8): 178-183.

(4] Bt iy, M, 2%, S5 T LA ik a0 B BOR AE N i 7 3t 2 3
Y R 3], = K2R CA SRR D, 2011, 33(D: 77-82.
DUAN Y Q, TAO Y, ZHE W, et al. Application of near infrared
spectroscopy in determination of the producing areas of tobacco
leafJ]. Journal of Yunnan University (Natural Sciences Edition),
2011, 33C1): 77-82.

[S] 0, 252858, Wbk, 4. & F U L0 A6 Y PLS-DA 53k

SR A 7 L[] A RERLEE, 2013(4): 56-59.
SHI F C, LI D L, FENG G L, et al. Discrimination of producing
areas flue-cured tobacco leaves with near infrared spectroscopy-
based PLS-DA algorithm[J]. Tobacco Science & Technology, 2013
(4): 56-59.

(6] R E, EAR, Taom, 5. 7 LU0 B 0 0 i v R AE R ) R

Y SR T 5 7 H U (D). M FERH, 2013(D): 58-62.
LIU L, WANG J, LEI Q, et al. Cluster analysis of characteristic
volatile component in flue-cured tobacco leaves from Liangshan
and Yibin and producing area discrimination of the same [J].
Tobacco Science & Technology, 2013(7): 58-62.

[71 GAJEK M, PAWLACZYK A, SZYNKOWSKA JOZWIK M 1.
Multi-elemental analysis of wine samples in relation to their type,
origin, and grape variety[J]. Molecules, 2021, 26(1): 214.

[8] B4 B, SBULFT, BRUD, S5 £ b ™ st 99 U K% o 31E B A BF 58 0 R
JHIT BRI (0], E AL B2, 2012, 45(24): 5 073-5 081.
WEI'Y M, GUO B L, WET S, et al. Study on the technology of
tracing and confirming food origin and its application[J]. Scientia
Agricultura Sinica, 2012, 45(24): 5 073-5 081.

[9] AR 3¢ &, JRA, oo, &5 £ 24 IR U™ i 7 b ) DB AR B T 0t e

[ &5 & BTk, 2022, 48(14): 328-335.
DENG S Y, YIN P, ZHANG Q, et al. Research progress of origin
traceability technology for food and drug homologous products[J].
Food and Fermentation Industries, 2022, 48(14): 328-335.

[10] X8 iUk, A F ¥, T CAL, . AR 45 R 5T 98 U5 4L 2% 5 i o0

RO W 555G PO [I/OL]. H E AR B R 4] (2022-12-
27) [2023-01-15]. https://kns. cnki. net/kcms/detail/detail. aspx?
FileName= NKDB20221223001&DbName= CAPJ2022.
ZHENG S L, SHI Y T, WANG F Q, et al. Analysis and
comprehensive evaluation of the content of mineral elements in
flowers of different tea germplasm resources [J/OL]. Journal of
Agricultural Science and Technology. (2022-12-27) [2023-01-15].
cnki. net/kcms/detail/detail. FileName =

https://kns. aspx?

27



28

E i # 38 FUNDAMENTAL RESEARCH

[11]

[12]

[14]

[16]

(17]

[18]

NKDB20221223001&DbName= CAPJ2022.

R, fISFEPH, T0E. 250 S BT 0 R TR A 3R S
HORBEFEHE R[], £ 752270, 2018, 37(5): 1 574-1 583.
TONG C Y, HE S Y, DING H. Research progress of element and
isotope identification technology for the origin and quality of tea
[J]. Chinese Journal of Ecology, 2018, 37(5): 1 574-1 583.

PhiR, SBEHE, AR, & PG BUE F= 0P 58 vk Jg (0],
B 3%, 2017¢1): 19-26.

CHEN C, JIAO Y Y, ZHENG Z H, et al. Research progress on
mineral nutrition of watermelon and melon[J]. China Vegetables,
2017C1): 19-26.

B, AP, BN, AL AL B R AR B L 5
FREFAET BT 1] P [ EHLAM BT 427, 2022, 12(6): 103-111.
ZENG T T, FU T T, HUANG Y C, et al. Analysis on character of
mineral elements in Shizhu coptis chinensis franch and rhizosphere
soil[J]. Chinese Journal of Inorganic Analytic Chemistry, 2022, 12
(6): 103-111.

BT, N, S, L ORR AR BIIE IR S T 5T
TCH SRS B TR AP T [J/OL]. Hh A6 v PR 2 2 ). (2023-02-
25) [2023-02-28]. https://kns. cnki. net/kcms/detail//21. 1546. R.
20230224.1520.008.html.

JIAD D, YIN H B, WANG D, et al. Dynamic changes and
association analysis of mineral element of gentiana scabra bge. and
rhizosphere soil in different growth periods [J/OL]. Chinese
Archives of Traditional Chinese Medicine. (2023-02-25) [2023-02-
28]. https://kns.cnki.net/kcms/detail//21.1546.R.20230224.1520.008.
html.

1A, SRIRAN. B T 0 5 48 80 3% A 28 e V0 8 7
(5@1#,?1[]]‘ Al TR AR, 2017, 33(2D): 216-221.

LU B X, ZHANG D J. Origin traceability of Heilongjiang soybean
using fingerprint of mineral elements [J]. Transactions of the
Chinese Society of Agricultural Engineering, 2017, 33 (21):
216-221.

DAVIS R, BOYD C E, WAKEFIELD J, et al. Trace element
concentrations in white leg shrimp Litopenaeus vannamei from
retail stores in the EU, UK, and USA and the ability to discern
country of origin with classification models[J]. Current Research in
Food Science, 2021, 4: 655-661.

ZEHE, W, IR, 5. ICP-MS 3k T S [R5

9 FRAHCEE 0 2 19 B s B B TP (7], P AL 25 A AR, 2022,
37(5): 8-14.

LI J, HUANG Y S, LAI H, et al. Determination of 9 trace elements
and quality evaluation of the root of rubia schumanniana pritz.
from different origins by ICP-MS[J]. Northwest Pharmaceutical
Journal, 2022, 37(5): 8-14.

F4 . P58 OO & ) A Y AR TR 55 0 1 5T R R
WE5E[D]. MF R A S8 Al K2, 20210 19-27.

BAI Y. Stable Isotopes and mineral elements traceability of
pasturing and barn feeding cattle meat in inner mongolia[D].

Hohhot: Inner Mongolia Agricultural University, 2021: 19-27.

[20] # 15¢

[21] #1348, Hik3E, £JF, 45 ILP5 4

[23] XA,

[24] At S HRE, 2

[25]1 & &1L,

B 25T H | 2023 £ 3 A | RaSHM

[19] SR 26, XK &, &M, . Aoy —Ab 3 DL 3l 2y 2 500 0k

19 7 A 2 R
2018, 46(1): 77-83.
WU S C, LIU T A, GE J, et al. Pattern recognition of the

3 [J]. 900 R O R 24 22 4 CH R B 22 RO,

producing areas of flue-cured tobacco based on naive bayesian
classifier algorithm base on the contents of chemical components
[J]. Journal of Henan Normal University(Natural Science Edition),
2018, 46(1): 77-83.

T B ROK B B o0 2 B ik BUE A D). B
Lﬁmﬁ, 2022, 38(4): 89-94.

YANG X C. Mineral element discrimination of selenium-enriched
rice in Ningxia and its quality evaluation[J]. Food & Machinery,
2022, 38(4): 89-94.

o 10 F g EOTR R
5 [3]. 12 5 5 AL, 2020, 36(7): 72-77.

KE F J, YANG W Y, WANG D, et al. Determination of ten kind of
metal elements in different varities of Jiangxi famous tea[J]. Food &
Machinery, 2020, 36(7): 72-77.

DA, AR TR, TR EME, 4. b iR o0 B O X 25 8 M ot
AR B AR R R B R R [J/OL). AR 2% . (2022-10-
24) [2022-12-15]. https://kns. cnki. net/kcms/detail/detail. aspx?
FileName= ZWZZ20221021004&DbName= DKFX2022.

GUAN Q L, PIAO S Y, ZHANG S W, et al. Effects of medium and
trace elements on photosynthetic characteristics, carbon and
nitrogen metabolism and yield quality of cigar tobacco leaves[J/
OL]. Crops. (2022-10-24) [2022-12-15]. https://kns.cnki.net/kcms/
detail/detail. aspx? FileName = ZWZZ20221021004&DbName =

DKFX2022.

B, HE R, L ORRBF A RO RS

JR ) O R AT BT[], WAL AL 2, 2022, 61C18): 100-102, 158.
LIU L P, WANG J, SHI Y Z, et al. Analysis on the relationship
between mineral elements and sensory quality of cigar tobacco
leaves in Laifeng County[J]. Hubei Agricultural Sciences, 2022, 61
(18): 100-102, 158.

L SF. 20 20 e [ A A X R
bt AR AE AL 23 BT (0] R F R, 2016, 37(3): 86-92.

SUN J P, WU Z H, LI X J, et al. Analysis of regional variation and
major varieties of flue-cured tobacco planted in China in the
twenty-first century [J]. Chinese Tobacco Science, 2016, 37 (3):
86-92.

EIE, FR2F SC. (A g 0 0 ot B JXURS: DX 3 ) A A (7]
v [ A B 2E 4R, 2019, 25(4): 1-9

LUO D S, WANG B, QIAO X Y. Explanation of national
regionalization of leaves style of flue-cured tobacco [J]. Acta

Tabacaria Sinica, 2019, 25(4): 1-9.



