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Abstract

This study established a novel separation and identification method for wax extration from to-
bacco leaf surface using gas chromatography-mass spectrometry (GC-MS). Specifically, we ex-
tracted the constituent of tobacco leaf surface wax with methyl tert-butyl ether and methanol
mixture (9 + 1, v/v), followed by family separation using the silica gel solid-phase extraction me-
thod. Surface wax extract was then divided into surface wax extract nonpolar, weak polarity, and
polarity, followed by GC-MS analysis. Using this method, we determined the composition of wax
extracts from tobacco leaf surface in China. We separated and identified 26 different kinds of al-
kanes and 12 alkyl alcohol. Among them, alkane is th emost abundant, accounting for 61.4% of the
total separation material. Among alkanes, most of which are C16~nC34 alkanes, i31 alkanes and
27 alkanes are the most rebundant; The highest levels of alkyl alcohol as docosanoic alcohol, fol-
lowed by 20 alkoxide, the content of the two compounds in the fractions II relative content was
62.5% and 20.6%, respectively. The alkyl alcohols show the characteristics of the even carbon
advantage. The alkanes and alkanol were selected for the moisture retention test to evaluate the
moisturizing property of cut tobacco in low humidity environment. Our results showed that both
alkanes and alkanol could improve retain moisture properties of cut tobacco.
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S WU Be 05 A R B o b AL 22 s DA 7 A5 B SR 3 — RS B (GC-MIS) R AZ R 3L 4R
(NMR)ZEHIAR S B WG RSy, HATEREAIN v R I si, % E t 100 RMUEWH Y. 1R
[S]2K FH = SUH e e I e JH i R T o, 4R BOR AR TS, S tne i g, - RAATAET BSTFA it
ITRTHEACALEE, fTH GC-MS jET, GC-FID jE&, %7€ H g f 2 ks it F 2okl eRifn =
W52, Arrendale [415R FH =& ot e ot 5 S SR TS 5, 985 7E 80% Y BE/K VA RH Lot 2 [ HEAT 430 1L,
CUEAH & A Sl R FIIRITE, FAE PR B X =R 4 70 AT 20 85, SR 18 438 Sephadex LH-20
BHATIRAE B, B RS GC . T (61K H =S Gt ve I 3 SR TS o, Be sk i
i 308 o e s R AR AR SO R S AR AR L SRR RIRR I 3 AN, H R AR R4 43 20% — FALHH
() R O AT R AL, HEAT GC-MS 23T . VN [T]VAKRE A o oNAT kL, FH & A IE O 3 Ff
A, RAEERE . INPGERIE RN ARG GIE R IR R R T . 5 R, SITEE RIS USRI T
IECRE, HimINAGE SRR IGR s S s, PR ES, EIRERAK. HieShik, UEDE
PR T DY R 2% B s R R A3 (ORE 7, ELRH A Bl o o (R A 1 2 35 AR PR 4 R AT R Va7

O e 2 T et o 2B 4 o IR B AR PR R T T R AR . RST8] L T AUA S KB L ST S K
RKFEG B GEMIKR, PRERRPMLIOKESHESRRE MM, 5RKERFEHXN
Fife BT CogHeo~CasHrp Z 8], FRMG e SR NN BN R L2 K it rp LG IF FE xR 22 G 1k e (o, 45
SRR e R M 22 R R 1 Re R — e R RE AR SR, SRR SRR RO, R 22 ORI PR R B iR
B 5. Kolattukudy [219A A TG i BRI 07 A FEAH DG B oy e A6 i MR R T Ak S 0 i B R sy, X
ity 5 R T i o 558 e R MR R T RO 85 R S 31— B PR D, S B BRI R K T, ARAE R 0 T
AR, X LR AR TR IR 5 52 BB, TSI 5 SRk J) . HHEHEORAE Davis D.L [9] IR 5T
U, MR R AR (BOPRME o) Dh R A2 AR 3R, REA Bh T 97 b7k o AR AR R, EEE oA
5 = R TR 1 w2 2% g 7 T2 T TS RSO T o 5% tHESEE [ 1O 7T T 9% O R v 2 T ol o %o LA 0 Ik B O B i), &%
TSR B B s MR R SR TS T S, R R AR 2, IR AR, SRR E T BRET, me
A, WK T MBRAT. Oliveira [L1] AR 745 SRR, Py 3R B /K 7 BUR AR BE 1 — A B[R 31 2 o
MGy, AN 2 R JEERE o DRI, Ko JOR R O e 5 AR e (R 12 B )R AR R A3 HEA TR N 9143
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2.1 RAlSHH

FRESRUT JEmE . FEE. ke, oK. IEMBERIRIR(CiH6~CaoHs)s HHF CoHssn CaoHeon CaoHean
CaiHess CaHes N-CagHess (ZE/E 4 99.8%, 2£[H Supelco AF]). —HEEEE(97%). —+ I (97%). —
+ VU BERE(99%)  — /N KEEE (97%) . —+ J\BERE(99%) =+ Kl (97%) LA K AT A4 ik 71 BSTFA & 1%TMCS
DL i At CH,LCL, ¥ T Sigma 24 7] (St. Louis, MO,USA). [E=+—ike. E - +iukee. E -+t
JEIE T 1675 52 (L) AL R Tl & A7 BR A =1 (TCI Shanghai); —+ kel -+ heREe 18675 52 (L) Lk
Tk R A BR 22 ®](TCI Shanghai); 72 HLER . AR 1IEC ke oK LB Jo/KIERE . Jo7K NaSO,.
KOH. KCI #1#hEg 400 T E 25 5 A1 Eilg b iR G PR A Al o
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Mk} T+ 545, 100~500 mg fEAR SPE 44:(100 mg/1 mL, 500 mg/6 mL).
ST I B A 22 i ER 22 R A PR B AT A Fl R A R

2.2, MR EROZENEES S

FR2) 10 g Hrie L THE ISR AR S (H i EE), 7E 50~100 mL FEJEUT JE k- R VR & VA
9+ 1, vW)FiRFE 4 x 25, THUE, KGIEHIERE 28 R BIE T (EHAERT), REFREV(E Ay M EE,
TS R A S B (S R A B L grem 2 ). REEURAE I LA 1.

4 10 mg HIEE R 414> 5 20 mg FOREREE - 545 R A IRATEREIFAE 3 mL [ LR T S SRS,
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FHUERE, i GC-MS 73#fr: H 2.5 mL IECbi—HEAUT FBEB + 1, vIV)BElt, 7389470 11, 7 NI B
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Figure 1. Isolation of the wax fraction: solvent partitioning of the whole-leaf wash from tobacco leaves
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Figure 2. Isolation of the wax fraction by SPE: column chromatography
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2.3, HHRERERNLEE

2.3.1. FEIRESRY GC-MS EM

GC-MS 73 #1 it F (A 28 Agilent 5975C “URH (43 - 5T 1 IBC FHAX, 43 #% 4 HP-5 ms capillary column
(30 m x 250 pm x 0.25 pm) B ik 2 He, 99.999%; Wik 1.0 mL-min™; #ERE D6 280°C;
BEREE: 1 pls BERERER: UREERE, 4 W EG: 10: 1 JHERERF: 60°C (Imin), BL5TC minT FHEE
200°C, LL2°C min ' JHEZE 250°C, LL5°C min™t F}EZ 300°C( 10 min).

B HTETED; HTRER: 70 eV BTURIRE: 250°C: fRENLRIRSE: 300°C; rArdt: MU
GAT R HTAS: FE: 2: ERRTEE: 40~500 amu; VAFIAER: 4.5 min.

MR Hp e A0 I R AR AE 0 ) R R B TR GC-MS g T

2.3.2. BRIREASH GC-MS EtE
T T Ny IRT414> 1 A7), 0 100 pl 1: 1 (VAV) I EE 25 To/KIENE/BSTFA (=8 L BERE) (&
1% TMCS, =MHIE&RERL) 80°CATAAL 1h, IIAZ 1 mL taili4l CH,CL #ikt 5, 1 uL #k GC-MS 23 #r.
GC-MS 7r#7: etk DB-5MS (30 m x 0.25 mm x 0.25 um; J & W Scientific, Folsom, CA, USA); #
ARSLRIE . HERE VRS L RS . SRR AR THERE Y SRR RS GC BRAE &,
JoT B AT I 2% O HRAE SR A WL 2R e R 70 eV, G HZ 50~600 m/z,, EM 2000 V, SIM #{ERLL,
R TN miz 57, 75 PLM 103.

2.4. ¥R R REE TN

WERRFREL 700 g MHZ%, 920 EE 7 4, 23 9IWEhE 0.5%0 31 %i. 29 ki 27 ki —HeEE. o hERE
F11.0% 27 KEfIE OB, WFE AIARIE N 31 ek 29 feke. 27 Fike-0.5. 27 fiike-1. 20 FelEAl 22
FelE; SRR Cobes B FETE IR (T)22°C . MIGHEE (RH) 60%5%1F R -5 48 h; ARG Rl FEE T
22°C. RHA0%ZAF T, [HFG— i TRIEURE, S SRS vRI e M 22 &K 2, R4 00 22 P £ 1k R K
3. R5118
3.1 MHEM A REERENEERHFARLE
3.1.1. RIEBFIREREF

ST 0 5 R e B B F AR, BFE IR S k. S5 BT R - R A A,
PR T X HE P T o 2H 40 BB B, AR 1. WA R, WMERCRAIAEFINT S 3 AR EURCR
e, DLER IR BUS RN, WE S a4y 1 SRBUSCR B, DU RSRUT JERE - R SR Bk
R Ko

Table 1. Selection of extraction solvent
1. RIEAETIAERE

‘ $EHR (mg)
el —
I R M| Hor Mo
AR 91.5 57.2 14.8 19.5
M 89.7 59.1 13.9 16.7
TR 88.6 51.6 155 215
AT 36k — HEE (9 + 1, viv) 97.0 60.8 16.9 19.3




Mot 2%

3.1.2. REBREEML

DU B0 T BBk - HREVR A MONVE R, VRN T SR I EO 0 2 T 03 40 23 PR USRS SRR
2R, — IR, XS 5 4120 AR BURIE 90.01%, RIS T, X 5 4143 (R BUR £k 98.15%.
HOR PR IR IE R 2 IR

3.2. HEM A REERESHEIBESEE

3.2.1. AMREERFERMEASHENSE

SR, BRI R B SR B o BN ARR A . SRR AR =AM Y, AR R AR
WRVERR )« SSRRAIERR T FOBR PR AR 73 A 5 523 70 61.4%. 18.2%1 20.4%, BV 35 K i ot v AR AR
Hikeke e oA E LK 3).

3.2.2. {845 | BYLERRSE
A2 RS FTZH 23 | Ry 43 ) 4 26 AL 3 A 4), FEERUFNIEMBER, bR
SPATAE nC11~nC34; i it ke ke 3 BERFAE J IE =+ — e (C31) Al IE = +-Lke(C27) M XS & & 70l 5 16.97%
(C31)H01 13.66% (C33). I & & E i i MK K 7 = — 88 (C31). IE -+ JLE(C29)~ IE =1 =% (C33)
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Figure 3. Relative distribution of cutlcular wax of tobacco
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Table 2. Optimization of the extraction times
2. RERBRAL

} $HE (mg)
RHRIREL -
It 0 A (B R %) Moy | Ao Ao m
H—IK 80.4 (90.0) 52.2 10.9 17.3
W 73(8.1) 55 0.8 1.0
B 06 (0.7) 0.3 0.1 0.2
U
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Figure 4. GC-MS chromatograms of the alkanes from tobacco

& 4. MEMHLEERE GC-MS

Table 3. Relative distribution of main nonpolar fraction of cutlcular wax of tobacco

3. M REKERERR MBS 5

ETRs WY ¥ LR B I 5] (miin) AHXT B 5 (%)
1 E+—h CuiHas 9.114 0.64
2 ISR VAV i CieHas 21.826 0.54
3 EAttk CiHss 24,051 0.55
4 E+ )\ CigHsg 26.167 1.00
5 E+ Ik CioHao 28.185 1.12
6 E= 4 CaoHa 30.167 1.42
7 Eo % CaHas 32.367 2.30
8 Eo ok CaoHag 34.828 1.37
9 Eo+=k CasHag 37.524 1.19
10 E AP0 CasHso 40.416 0.64
11 E=+ Tk CasHs, 43.450 1.06
12 EZ ke CasHss 46.577 0.64
13 E=ttkt CarHsg 49.757 13.66
14 EZA)\kE CasHss 52.913 1.22
15 L S AR iCoHeo 54.847 0.91
16 Eo Ik Ca9Heo 55.873 9.84
17 =1 aCsoHe, 57.633 5.42
18 E=+4 CaoHe2 58.209 2.78
19 b e iCa1Heq 59.475 11.22
20 E=t—4 CaiHes 60.175 16.97
21 K=+ a CaHes 61.452 9.78
22 E=+ 4k CazHes 61.873 4,07
23 Btk CasHes 63.024 1.41
24 E=+=% CasHes 63.405 7.56
25 S =AU kE aCasHzo 64.307 1.48
26 IE=A DUk CasHro 64.875 1.20
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3.2.3. {4 11 BYLE AR 4S4E

2 KU 2R 1 W20 S 12 Fhvm e B (06 4), FEERAr 9 1-Fe ke, B sy A /£ C18~C30;
W T R B e ) R e I R A e, AR B 62.5%, LR T RERE, HOAHXT R 20.6%,
HAR @GR &= UK. EFEs g, (UslB b 80U iE. = —iE. =45
TR AR, AR A RO R AR N 6.3%. FIH b R AR R A A
fiE.

3.3. AR R SR LR B4 oy BRI RE

IR, BT 2R WAL AR R RS, HE B AR (R R e S,
U A G A R M S RAEALE . AA AE — 20K ALY, SR Mt 2Kk e i 31
FEAEFI8], BB PR K AR IO LB A, (RO Y] S bl 22 5 TR, KR
THTH R PR 5 KK A (9], FEUBI (R fRIARE R AT, ik, MR PRI I & B0 4 Fhbike . 2
B, SIS S, 4 HE WIS A8 2 T , HR S 22 ARK P R - 141 4 JEAE IR E 40%.
R 22 CARAF T, MEAINAN  F  J  J 22 8 ) 5 7K R B P T8 P S0 5 R
5P LUE (1) SHBRREELEL, Mg et ML oK N F XS HRRE, ek 3
BB (2) MM B gbe s e, LI JOK B 5 5 . SRR SRR, Bk Ry 2
AR 2 AT — S IR BRI, 8\ T B A 2 T8 R 1 53 T DRI 22 B2 6 40 S35
JE KSR, AT A8 S22 ) fROK P i o
4. Ghig

1) SCHRLEREY], FEAUT HERE - FRER A + 1, VBRI, RERNT IR 23 BT GC-MS
ARG B BRI T 7%, T AT S S T2 Bt 4123 9 5 15 5

2) S B AR AL b Bk A . biket nCBL K B, o AERR AL AR
B RLHIT 30%. FEkR A IR AL (AT KR 2

Table 4. Relative distribution of fraction Il of cutlcular wax of tobacco

F 4 M REEERE S 1| BV

G HAEY) ¥ LR B B ] (miin) AHXT B 5 (%)
1 1B\ B CisH3s0 18.75 1.1
IEJUlE CigHaO 20.55 0.3
3 IE A CaoH4,0 22.87 20.6
4 EZ A CxuH40 24.81 4.2
5 E+ =g CxH40 26.72 62.5
6 EZ+ = Ca3Hag0 28.54 1.1
7 IE APy EE CaHs0 30.31 34
8 IEZ AT CasHs20 32.56 0.9
9 IEZANEE CasHsi0 33.69 21
10 EZ AR CxHs0 35.84 1.4
1 IEZ A\ CasHsg0 36.88 1.6
12 E=+/ CaoHs:0 40.28 0.8
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Figure 5. Effect of alkanes and alkanol on the moisture content of cut tobacco
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