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Abstract: The global quality cigar tobacco planting areas are basically dominated by tropical rain forest or tropical
monsoon climate. The overall quality of cigar raw materials from Chinese and overseas planting areas has the certain
disparity by multiple factors. In order to study the chemical constituents, a cluster and comparative analysis was con-
ducted on some domestic and foreign cigar tobacco. The contents of carbohydrates and the distribution of amino acids
reflected the characteristics of cigar tobacco. There were large differences among cigar tobacco samples from different
planting areas in the content of conventional chemical components, and the chemical components of the cigar tobacco
leaves had harmonious percentage in general. The average contents of total sugar, reducing sugar, anatabine, glutamic
acid, linolenic acid and linoleic acid in cigar tobacco samples from Hainan and foreign planting areas were significantly
lower than those in the other three planting areas in China, but the pectin content showed the opposite pattern. In terms
of aroma components, the average contents of carotenoid degradation products such as megastigmatrienone, linalool and
damascenone, non-enzymatic brown-reaction products such as pyrazine and furfural, and solanone in cigar tobacco
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samples from other three planting areas in China were significantly higher than those from Hainan and foreign planting

areas. The average contents of neophytadiene, isoamyl alcohol, pyridine, phenyl ethanol and other aroma components in
cigar tobacco samples from all domestic planting areas were higher than those from foreign planting areas, and the dif-
ference was significant or most significant. These planting areas fell into four categories according to clustering results.

The first group included America areas and Hainan Province in China. The second group included Indonesian areas.
Hubei Province, Yunnan Province was in the third group, and Sichuan province was in the fourth group.
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Tab. 1 Routine chemical composition of some domestic and foreign cigar tobacco samples %
sor BEUR  BR ERE B g4 W EAR RH RK
Index Tota} .Total Reducing Total Chlorine  Potassium Protein Starch Pectin
alkaloids nitrogen sugar sugar
/M 0.92 2.98 0.03 0.24 0.36 3.22 7.46 0.27 6.16
R ME 3.93 4.46 0.42 0.86 2.28 6.14 12.9 12 17.84
R EY 0.42 0.14 0.73 0.32 0.41 0.21 0.14 0.49 0.27
TR X A 2.17 3.41 0.12 0.47 1.56 4.98 9.39 0.61 13.66
] N Al = X4 (E 2.50 3.44 0.21 0.56 1.15 430 9.13 0.61 8.21
[ 502 X 44 223 3.82 0.09 0.38 1.22 4.50 10.50 0.49 1237
¥I{E 2.26 3.66 0.12 0.43 1.28 4.57 10.02 054  11.93
P {4 0.867 0.209 0.043" 0.032" 0.430 0.518 0.131 0.593 0.019"
P A (it p — ] A Al 0.107 0.245 0.008™
P {H (FRE -5k 0.443 0.162 0.376
P {8 (J= N FHoA - [ 41 0.013"  0.012" 0.014"
E P<0.05 P<0.01 .

Note: " indicates significant correlation (P<0.05); ™" indicates extremely significant correlation (P<0.01).
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Tab. 2 Alkaloid content of some domestic and foreign cigar tobacco samples ug/g
F8F5 Index KB Nicotine % 4H 5% Nornicotine Z W Myosmine  fBKIHK Anabasine  Hr 4/ E Hi anatabine
e/ IME. 3.65 172.98 28.42 56.92 51.58
iGN 40.02 2755.78 119.98 238.61 1933.95
5 B 0.51 0.82 0.41 0.45 0.82
T 7= X E 19.15 784.35 87.38 119.15 583.21
[ P H At = X 34 (E 25.18 662.04 56.01 151.68 1367.58
[E A1 = X 41 20.96 677.83 55.99 115.67 535.63
¥t 21.30 698.24 62.82 122.69 690.66
P {4 0.718 0.935 0.048" 0.537 0.023"
P {A (V75 — [ 9 HoAlh) 0.058 0.028”
P {E(& R -5 0.018" 0.855
P iy HoAt - [ A1) 0.999 0.007"
E: T P<0.05 "~ P<0.01
Note: " indicates significant correlation (P<0.05); ™" indicates extremely significant correlation (P<0.01).
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Tab. 3 Analysis of amino acid content of some domestic and foreign cigar tobacco samples %
" P {E (NI
Eq N \ _
el PG~ P~ U5
BME Al 5 T A A X¥{H . =] P A 55 P}:fahée_
.. . TREAK XM Verage - 4, HIH P val P val (other do:
WA Mini-  Maxi- value of verage PfE value vale  hestic pro-
Coefficient  Average value of Average (Hai- (Hai- P
Item mum  mum - other do- X P value . duction
value  value of variation  value of mestic foreign  value nan-other  nan-foreign o
Hainan - produc- domestic  production .
production : . eas-foreign
tion areas production areas) .
areas areas) production
areas)
KEZM Asp  0.035  1.349 0.853 0.328 0.790 0.370  0.434  0.100
42 R R Ser 0.000  0.016 2.661 0.000 0.000 0.003  0.002  0.369
AR EFR Glu 0.000  0.140 0.800 0.021 0.098 0.044 0.048  0.004"  0.001"" 0.157 0.006"
HE&m Gly 0.000 0.014 3.374 0.000 0.004 0.001  0.001  0.295
R Ala 0.000  0.043 1.279 0.000 0.011 0.015  0.011 0.125
MR R Val 0.000  0.018 3.318 0.000 0.000 0.003  0.002  0.532
HKNZEM Phe  0.000 0.016 4.766 0.000 0.004 0.000  0.001  0.088
4R Lys 0.000  0.024 2.687 0.000 0.004 0.003 0.003  0.651
212 R His 0.000  0.011 4.796 0.000 0.003 0.000  0.000  0.088
TR Arg 0.000 0.013 4.800 0.000 0.003 0.000  0.001  0.088
Jifi & Pro 0.000  0.191 2.366 0.000 0.048 0.016  0.018 0.242
WHER Tyr 0.000  0.020 4.795 0.000 0.005 0.000  0.001  0.088
S 0.035  1.800 0.868 0.348 0.968 0.455  0.521  0.079
PECP P<0.05 " P<0.01
Note: " indicates significant correlation (P<0.05); " indicates extremely significant correlation (P<0.01).
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Tab. 4 Analysis of non-volatile organic acid content of some domestic and foreign cigar tobacco samples mg/g

, P {E(E N H
] P oA ; P 1B (1 P - 5 z
] [ [ 4h 7= (E P MO/~ -4
o g PRI g R " SO
BUME BNME gz ey Average ¥y P value
Wi H Mini-  Maxi- = value of Average P (i (Hainan- P value (other
Ttem mum  mum  coefficient  Average value of Average o (Hainan- domestic
£ variation other . value value other do- . X
ot varia value of . foreign . foreign production
value value . domestic mestic . .
Hainan produc- - production areas-foreign
produc- h production .
h tion areas areas) production
tion areas areas)
areas)
R 1734 47.19 0.234 36.53 26.35 32.80 3249  0.131
W] 1.42 3.61 0.266 2.76 2.72 2.02 231 0.015 0.902 0.013" 0.028"
TR 0.32 471 0.690 2.13 1.06 2.06 1.90  0.383
NEER  0.06 0.14 0.181 0.10 0.12 0.10 0.10  0.054
SRR 6.60 113.59 0.549 32.14 58.34 49.25 47.11  0.296
kit R 0.79 2.10 0.263 1.15 1.52 1.35 1.34 0282
T I 7R 0.09 0.42 0.401 0.16 0.21 0.20 0.19  0.641
FrigR 6.03  72.54 0.528 21.17 32.66 39.47 3431 0.150
TR 0.16 0.65 0.396 0.29 0.30 0.29 0.29  0.966
I R 0.18 1.12 0.565 0.28 0.63 0.30 0.35  0.004™  0.004” 0.842 0.002"
PR IR 0.19 1.18 0.587 0.28 0.75 0.39 0.43  0.006"  0.003" 0.306 0.005"
i 50.56  193.16 0.274 96.99 124.67 128.23  120.82  0.192
T P<0.05 P<0.01

Note:  indicates significant correlation (P<0.05); * indicates extremely significant correlation (P<0.01).
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Tab. 5 Analysis of chlorophyll degradation products of some domestic and foreign cigar tobacco samples pg/kg
P (B (5 e - ; =
\ it s ‘iﬁfj PP O
SENR paw po ez T PREE RS V) gy SRS
/. HY IR e PIME P value P value (other
Fra- Mini-  Maxi- Cocffi- X¥E Average Average P i (Hainan- P value domestic
grance-cau ; Average value of value of ~ Average (Hainan- .
. mum mum cient of : Pvalue  other do- . production
sing com- e value of other domes-  foreign value . foreign .
value value  variation . . mestic pro- . areas-foreign
pounds Hainan  tic produc- produc- ducti production .
. h uction production
tion areas  tion areas areas)
areas) areas)
BT 137.35 49015 0335 407.35 310.37 269.48  306.56 0.027° 0.124 0.008" 0.432
IH- £ i 46.36  270.36 0.555 100.92 108.84 110.44  108.09 0.958
B 226.00  629.00 0.262 508.27 419.21 379.92  414.65 0.070
AP P<0.05 "~ P<0.01 .

Note:  indicates significant correlation (P<0.05); " indicates extremely significant correlation (P<0.01).
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Tab. 6 Analysis of carotenoid degradation products of some domestic and foreign cigar tobacco samples pg/kg
P{E (EPH
BEn ST .
o o 7"1“_,‘%’1/% ﬁgjf" fﬂ:lzﬂ‘]{ﬁ ]Xﬁj{ﬁ @W/\ﬁﬁ) _m\ ) P value
- B/ME - FRoRfE * ! Average i P value (other do-
B . . 44 X I{E & Average PE . P value .
. Mini-  Maxi- value of Aver- (Hainan- . mestic
Fragrance-causing mum mum Coeffi- Average value of ace P (Hainan- .
compounds cientof  value of other foreign g value other foreign production
value value A X domestic . value domestic . areas-
variation Hainan . production . production .
production production foreign
areas areas) .
areas areas) production
areas)
B 5 = -1 0.93 18.05 0.830 6.10 14.85 4.05 6.38 0 0.002" 0.281 0
H 5 = Hd-2 3.85 81.62  0.838 28.55 66.67 18.16 28.86 0 0.003™ 0.245 0
H 5 = -3 0.46 7.27 0.747 2.17 5.48 1.79 2.51 0 0.001" 0.581 0
B H = -4 2.81 75.28 0.918 22.05 57.23 13.60 23.02 0 0.001" 0.258 0
R 0.06 1.58 0.894 0.62 0.83 0.24 042 0004 0.322 0.023" 0.002"
Py 0.08 0.90  0.845 0.30 0.56 0.16 026 0001 0.024" 0.117 0.024"
SEAdh IR T 0.08 0.59  0.622 0.25 0.24 0.14 0.18 0.063
B- IR 0.12 0.40  0.300 0.25 0.30 0.21 0.24 0.067
B - & KD 0.19 0.60  0.362 0.29 0.54 0.32 035 0:001 0" 0.52 0
B-K Ey il 0.20 9.76 1.168 1.69 7.75 1.11 2.39 0 0 0.386 0
ik LY R 2.22 4397  0.766 19.76 6.02 9.27 10.99  0.016 0.01° 0.011" 0.434
B-55 5 > i 0.31 1.54 0.425 0.96 1.01 0.69 0.81 0.133
AR MR 3.25 1594  0.393 6.97 4.68 8.58 7.55  0.052
5.6-F &
S g S 0.33 1.67  0.455 0.88 0.60 0.68 0.71 0.398
ke EE N R 2.10 21.09 0.525 11.97 3.87 6.66 733 0001 0 0.002™ 0.101
B 28.10  208.90  0.553 102.82  170.65 65.66 92.00 0 0.006" 0.043" 0
E: T P<0.05 P<0.01

Note: " indicates significant correlation (P<0.05); " indicates extremely significant correlation (P<0.01).
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Tab. 7 Analysis of non-enzymatic browning reaction products of some domestic

and foreign cigar tobacco samples ng/kg
P (M _ ., M
AL 5 AL T
. o s MRS RIS X i )” F-ES) TR
HEY R FoME - BRI 2257 R AL Xy Average  Average il P value h 2 1(116
. Mini- Maxi-  Coeffi- valueof valueof Aver- PfH  Pvalue i, (other do-
Fragrance-causing . Average X (Hainan- . mestic
compounds mum mum 01e‘nt 'of value of other foreign  age  Pvalue foreign roduction
value  value variation | domestic  produc- value other do- produc- P .
Hainan . . mestic . areas-foreign
production tion ; tion roduction
areas areas productlon areas) p
areas) areas)
N e 0.63 1.83 0.306 1.47 1.59 0.97 1.18 0 0.458 0.001"" 0"
A 0.00 0.45 0.877 0.11 0.26 0.09 0.13  0.021 0.034" 0.695 0.006™
TSE I 0.01 0.05 0.471 0.03 0.05 0.02  0.03 0" 0.001" 0.009"™ 0"
2-Z FENEIE 0.01 0.04 0.519 0.02 0.01 0.02 002 0.611
MHA% 0.14 0.44 0.287 0.30 0.38 028 030 0.148
2-Z Bkt e 0.02 0.20 0.814 0.09 0.04 0.05 0.06 0.217
27N 0.03 0.08 0.269 0.04 0.05 0.05  0.05 0.126
2-Z, BRI 0.03 0.38 0.782 0.07 0.08 0.10  0.09 0.626
2-1F 3 K IR 0.03 0.71 0.693 0.30 0.43 0.17 024 0.008"  0.192 0.069 0.003"
2-FF 35 DY Sk -3 - T 0.01 0.11 0.793 0.03 0.04 0.02 003 0.192
TR 0.12 3.38 1.251 0.39 1.65 0.33 0.57 0.001"  0.002"" 0.825 0
2-Z TR K R 0.02 0.14 0.637 0.04 0.08 0.03 0.04 0.001"  0.004™ 0.468 0"
5-FELAge 0.03 0.61 0.802 0.11 0.30 0.13 0.16 0.03 0.018" 0.707 0.014"
2-Z P 3-5- H Lk IRy 0.03 0.14 0.361 0.09 0.10 0.06 0.07 0.001" 0317 0.005" 0.001""
Tt 0.13 297 0.888 0.41 1.03 070 070 0.341
S is 1.95 8.53 0.473 3.49 6.09 3.02  3.66 0.003"  0.009” 0.513 0.001"
E T P<0.05 P<0.01
Note:  indicates significant correlation (P<0.05); " indicates extremely significant correlation (P<0.01).
254 FHEHRBRARER WA TR M PR R A AR, S AR LS

MR R BEE IR (RN E TR ) A Bl B %
IRAEWRAEY IR i | SR OREE ), BN
AR B SRR AR A KA

AEE . R ORI IR IR N R A5 5 i R Y
P, pr R 8 AT, ARV RR D i A R
Wy S AP A e R IX L A
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Tab. 8 Analysis of aromatic amino acid degradation products of some domestic
and foreign cigar tobacco samples ng/kg
& P H Al . PH (#FS . :
HPIUE e o PO
B WK X -EANE HoAt-[E4h)
F BOME A SRR BE oy m-E4h)
ra- e Iz BLIT AR it Average A = b )P value P val P value (other
grance-ca  Mini-  Maxi-  Coeffi- A value of Vlerage; Aver- P1H (Hainan- Hvia ue domestic
using mum mum cient of Vlerag? other do- \;a ue o age Pvalue gther do- (f arnan- production
com- value value  variation V3U€O mestic pro- oreign value mestic oreign areas-foreign
pounds Hainan duction produc- ; production roduction
tion areas production areas) p
areas areas) areas)
o 0.35 2.28 0.360 1.10 1.27 1.38 1.30  0.530
KT 4.05 31.47 0.435 10.08 14.12 16.27 14.55 0.173
TR 0.17 1.25 0.530 0.62 0.32 0.60 0.56 0.228
7 1.51 10.51 0.544 4.41 7.06 3.44 428 0.015 0.060 0.36 0.004"
R 3.08 11.94 0.417 9.55 9.57 6.10 7.46  0.025 0.992 0.024" 0.035"
B 15.80  49.70 0.320 25.76 32.35 27.78  28.13  0.559
PECP P<0.05 P<0.01

Note:  indicates significant correlation (P<0.05); " indicates extremely significant correlation (P<0.01).

Al DI A1 77 DX 5 R P 7 T 2 5 e o i ™
Y SIS 2576, 32.35, 27.78 ng/kg,
T B 7 DXL T PN A= DX A 7= X 4 R R
IR RN R TR B e Y (ELAE AN [R) 25t A et b 3%
AW EMZES . EAM =K AR A R
H4 3.44 pg/kg, M i AT [y H A ™ X {E
7.06 pg/kg, {55 R =X EE 4.41 pg/kg To
BENES, BN XFHMA 2R S
H6.10 ng/kg, BEMTEHNZXIHE,

255 B EEREHES TSN VUM
FALE Y BB T B2, At
BN FER Sy, EEN 0-4,8,13-F941 =4
A B-4,8,13-P AT = . AR R P AT RS
oG F A O J A A, R Bz Z A
R HE W, HA LR K, [FES e

HRBEAE T AR P, R b P R e 2 B R A 3
P Rt R e = O = W Y o 11173
AR, 25 i B A = ) P R BR o it A2 A P
Y B b PR s S R ) AR AR AR D,
FHR 9 WL, S[EIAR A S 08 VO RGeS B it 7 4
R 2 AR PR X P A
DX T A/ 7 X5 35 0 I 3 2 VG R e 28 R = )
SRYMES BN 6.38, 16.03. 3.69 ug/kg, EHN™
X P 2 e TSN X FE P 28 R i ™
Y, 5 /NGRS SRR E AR
1717 TV 7 DX A 7 X35 a6 AR P %) 5 3
PB4 910 5.85. 3.43 png/kg, Y EAL T E K
Hofl =X ¥ E 15.49 pg/kg.

25.6 HesmAmmgitodr HmE 10 9JH, A
LA RE S L BOE = & B 2 AR

x99 ENNIMDBHSHEMHERERKEEERT DS ESHT

Tab. 9 Analysis of cephacline degradation products of some domestic and foreign cigar tobacco samples ug/kg
HAlhy g SR ] =
‘ PRI i P G- Pt Cvrg P fi LA
HEWR o g ey S KEE g = YRR - E )
BuME BoRE 225 =80 Average IME P value (other
Fragrance- - . XI3MH Average ) P value P value .
causin Mini- Maxi-  Coeffi- value of Aver- . . domestic pro-
com-g mum mum  cient of Average other valu@ of age  Pvalue (Hainan- (Halr}an- duction
value  value variation VAU OF 4o i foreign —yaqye other domes- - foreign o e eion
pounds Hainan . production tic production production .
production production
areas areas) areas)
areas areas)
i 151 29.01 1.014 5.85 15.49 3.43 6.05 0" 0.003" 0.296 0"
o5 T 0.09 1.02 0.740 0.53 0.53 0.26 0.37  0.061
S8 .70 30.00  0.978 6.38 16.03 3.69 6.42 0" 0.004™ 0.260 0"
bas P<0.05 " P<0.01

o

Note: " indicates significant correlation (P<0.05); " indicates extremely significant correlation (P<0.01).
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Tab. 10  Analysis of other fragrance-causing products of some domestic and foreign cigar tobacco samples pg/kg
H ; 5
=] Py P(H (1R i P{E (HH
EG  sprex mpy OB gtp-ms)
o o N e 1] it i) M-ESN)  Pvalue
y B/ME BKE TREH HE 75 P val (other
HEYT o , XHfH  Average  averaee ue o
. Mini- Maxi-  Coeffi- lue of g Aver-  P1H Pvalue  painan.  domestic
Fragrance-causing : Average YAueo value of (Hainan- : :
mum  mum  cient of other X age  Pvalue amna foreign  production
compounds e value of . foreign other
value  value variation . domestic . value produc- areas-
Hainan production domestic . .
produc- areas roduction tion foreign
tion productio areas) production
areas areas) areas)
3-L Bk nE 0.79  39.67 1.415 14.42 1.04 5.45 6.63  0.072
LGS 481  13.51 0.339 7.27 9.57 8.24 826  0.494
3-HE M G 0.15 1.43 0.611 0.79 0.97 0.37 0.56 0 0.287 0.003™ 0"
T 0.31 3.61 0.743 1.71 0.87 0.99 .12 0.206
i 0.04 044  0.725 0.17 0.35 0.10 0.16 0 0.001" 0.058 0"
3-FH-2- TR 0.05 0.56 0.719 0.25 0.19 0.14 0.17  0.269
2 J-2- B fs -6 -l 0.34 8.31 0.865 3.34 1.49 1.44 1.86  0.060
FAL AR 0.07 0.63  0.695 0.30 0.22 0.11 0.17  0.003™  0.261 0.001" 0.049"
FALTTEBE-2 0.04 0.51 0.887 0.22 0.13 0.07 0.11  0.003™ 0.065 0.001° 0.18
2,4-55 T 0.04 047  0.759 0.09 0.22 0.09 0.11  0.014° 0.016 0.935 0.005"
3-H 323 1 4 -
| Q?]E 2 0.02 0.18  0.753 0.08 0.04 0.04 0.05  0.096
y- T INER 0.00 0.16  0.633 0.06 0.07 0.06 0.06  0.871
o-FA T 0.02 0.14  0.573 0.06 0.10 0.05 0.06  0.003™ 0.012° 0.412 0.001"
T I 0.18 122 0.672 0.51 0.75 0.29 042 0.006™  0.127 0.088 0.002"
EN L) 0.09 0.57 0435 0.22 0.17 0.31 027  0.051
y-T- Mg 0.02 0.18  0.532 0.06 0.08 0.06 0.06  0.374
R R P 0.10 0.65  0.619 0.22 0.19 0.21 021  0.960
SR P i 0.06 0.21 0.350 0.11 0.09 0.11 0.11  0.726
VSRR P i 0.05 1.16 1.022 0.17 0.66 0.15 024 0° 0 0.886 0"
ARIR W — T g 0.46 348  0.613 2.57 1.38 1.06 144  0.001" 0.015 0" 0.395
LT AC TS 0.01 0.05 0.385 0.02 0.04 0.02 0.02  0.008"  0.005" 0.639 0.004™
R 0.15 144  0.620 0.67 0.45 0.39 047  0.178
4-2 7 H-2-HAR
CIRE-2- TR 0.15 1.50  0.790 0.36 0.67 0.42 0.45  0.385
EN L)
B 1138  66.12  0.509 33.66 1977  20.16 23.03  0.065
PECP P<0.05 ** P<0.01
Note: " indicates significant correlation (P<0.05); " indicates highly significant correlation (P<0.01).
ST R R, hENER X E N AR X THEANZIX T HER T R S A
B A1 77 DX 25 3 00 L O T ) e B i I AE il m?l%FE E T N A X
H33.66, 19.77. 20.16 ng/kg, FEER"XEE 26 BETFHEMAELEZRSBHREST
e N A X AR g A B S F AN [R) 5 738 MR A o AR 2 i 0 . A R4
Hr, BN IXE AR 3-F B TR EAUT RN RIERR, R ARG RABE TR,
FBE-1 S EIEY 0 s W 2% & T EANIX gl 1. R 1 AL, OREE XA AR
B N A DX i i S 2,4-BF TR L o FESMERAT MUK, PR ZKJE R T E R
PATHIBE | SV JRR R HH TG RN R 2T AL T 5 S 4 2 Il FEXCREE 12, BIErEIX N 2 2%, RIS

B R T RSN XA R X At I
i1 T S5 A A B SR AR DO -2 S i R (AR 3

=

B DO 3 28, R E I O 4 280 Horp,
] A D) 1] X5 0 KA I -5 A L X 22 57 Bk

=
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Fig. 1 Cluster analysis based on the chemical composition
of cigar tobacco leaves from different production areas
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