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ABSTRACT - To obtain the optimum condition for analysis of 10 alkaloids in tobacco leaves,
such as nicotine, nornicotine, anatabine, anabasine, myosmine, cotinine, 2,3’-dipyridyl, B-nicotyrine,
B-nornicotyrine and B-formylnornicotine, 5 types of extraction method were investigated by
GC-FID and GC/MS. The optimum condition of alkaloid extraction was achieved by using
methanol:dichloromethane(1:3, v/v) after NaOH treatment. The use of mass selective detector
(MSD) provided unambiguous nicotine related alkaloid analysis. Alkaloids in various tobacco
leaves were extracted with the optimum extraction condition and quantified by GC/MS/SIM mode.
Compared with concentrations of alkaloids among the various tobacco leaves, the concentration of
alkaloids was generally in the order burley > flue-cured > oriental tobacco. In flue-cured tobacco
leaves, the order of concentration of alkaloids was nicotine > anatabine > nornicotine > B-
nicotyrine > B-formylnornicotine > myosmine > 2,3°-dipyridyl > cotinine > anabasine > f-
nornicotyrine. However, in the case of burley and oriental tobacco leaves, the concentration of
nornicotine was higher than that of anatabine.
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<kl (Nicotiana tabacum L))o= F2FH o2 H] 95% AEE A EcHU.S. von Euler, 1965).
3k o] 279 AT Zo|=Eo| Ex3lH, o] Nornicotine¥} anatabine2 nicotines Ajelsla
2 gl A "9 F8A Ve Aoz d 71 ol EAsle S Eo|mEA AL FHL
424 9rHAndersen %, 1991). Fruljolls Wt 2 EAsle 27 2~3% AE AAsa 9len,
2 2070 ojAte] dBZol= FollA nicotine®] anabasine® &£ dZtZolzo ¢k (0.3%E XA
74 22 o g Exgd(Jeffery S, 1955). tHSaitoh 5, 1985).

2 g Eoj =9 nicotine EF UdLTolE F A Zo| = Hull 1719 F5H 54l 7o
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GC/MSZE o] &3 dehal

wk obuel Akl EA9] indicator=4] o)
= glth. oS Eo] nornicotined] @#e] =
gl g AE SelE A8sde A, A7)
% tobacco specific nitrosamines(TSNAs)2] &t
A B9 N-nitrosonornicotine®] 3tsko] =7 et
U= Aoz d#lA glthHecht &, 1979). o9
7rol ol T FT ol Pk AV T &
ZAgole ol of3g wH Wb oYzt
TSNAs 59 54 33EY AFAZ ALste
Aoz 484 ek wely dgu] F gE=E
ot gukg A FAsle AL A
AA g Hrlol] Fog AR LS+ Qi
dutzioz gl <A Rol=F FEAse W
WO & gas chromatography’} & o]Fi glo
o ZAZ7|ZE FIDCai S 2003, CORESTA
2005) 4 NPD(Yang 5, 2002; Health Canada,
199905 AHgelz 9lew YH mass selective
detector(Wu 5, 2002)% EAzlz glor} wmlgk
gZZol ol gt B4 ulu|d AAolck
g ] F dFEZol= EAHY A5 FEA

o n%
HE

N rlo

1

7re] Az B3kste] ololl Tidk el 7w
BAE Fa QHzol= W AR vl dAEo|
) o

aro] EAE 3 girt,
wEld B oadyolde e 9 Adide] &
GC/MSE o]&slo] Yehull & nicotine, nornico-
tine ool wEez  EAlsle

anabasine, myosmine, cotinine, 2,3'-dipyridyl, B

anatabine,

-nicotyrine, B-nornicotyrine 3 B-formylnornico-
tineol] ogk HF F& 9 F4 WS AR,
Z5d o] kol ke =AEACh

ERETT

Alek

chal]l e 2ol= FF EA(nicotine, nornico-
tine, anatabine, anabasine, myosmine, cotinine,
2,3'~dipyridyl, B-nicotyrine, B-nornicotyrine, B
-formylnornicotine) 2 W-5-3E5%74 (n-dodecane,
n-heptadecane, 24'-dipyridy)> Sigma Sci.
(USA), Toronto Research Chemicals Inc.(Canada)
Y Acros Oragnics(USA)2l AEFEE TYslo]

% ggzols FF B4

A-g5 9.

A7 2ol e FFLMNE picotine 100~1000 pg/mL,
nornicotine 10~150 ug/mL, anatabine 5~50 ug/
ml, anabasine 5~50 ug/mL, myosmine 5~50 pg/
mL, cotinine 5~50 pg/ml, 2,3'-dipyridyl 1~20
ng/mL, B-nicotyrine 1~20 pg/mL, B-nornico-
tyrine 1~20 pg/ml, B-formylnornicotine 1~30 ug/
mL W8 ZAT F FEHAFAE sl &
Aol Aol ol&ai3ic.

QEHH] AZR0|E FEWY HlW

Nornicotine, myosmine, anabasine, anatabine
T vl dAR| =g HAZ dged 917
93l chloroform, ether, methanol, dichlorme-
thane, hexane 9] fwujol] at &% &85 ol
S} 7ol AgellcHA 5, 1991 Cai 5, 2003;
Yang %, 2002; Health Canada, 1999; CORESTA,
2005).

B AR 2 g deulel FHF 10 mL, 10%
NaOH 10 mL % chloroform 100 mLE 7}s}o]
ekl £ microfiltration(0.45 pmystFek. ¥
BEX 2 g Yol 10% NaOH 10 mLe} ether 40
mLE 7lste] 2RGIHI5E)S ¥ etherF S A
3t W Ce 1 g9 dgHloll 10% NaOH 5
mL2} methanol:dichloromethane(1:3, v/v) 50 mL
E 7lsbo] AEHgt & microfiltration(0.45 um)skS
o} W D= 1 g Ydule]] 0.05 N KOH - MeOH
40 mLE 713 F 2§53 Hel@Azhsted AHgs
Ack. W EE 2 g9 9l S 20 mL,
329% NaOH 10 mL % hexane 40 mLE& 713k %
AL A2yske] AE4E Agisie,

WEETZE52L n-dodecane, n-heptadecane =
2,4'-dipyridyl & d7lsto] vl zsieict.

38 Ald

Yol H5g AWe A4Y B4 234
& o] 83le] 4A]l FEHEE 3ubE Adldv)
Nicotine 100~1000 pg/mL, nornicotine 10~150
ug/mL, anatabine 5~50 pg/ml, anabasine 5~50
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ug/mlL, myosmine 5~50 pg/mL, cotinine 5~50
ng/mL, 2,3'-dipyridyl 1~20 pg/ml, B-nicotyrine
1~20 pg/mL, B-nornicotyrine 1~20 pg/mL, B
~formylnornicotine 1~30 ug/mL H{9 FXel
tiste] g& Ak

QIEH] &4ZZ0|=E BN

et F dpRol= kg BA3LY] 9t
3z dFAHB10, 2004+d), ©FAHCAF 2004
d), 2EPAAHKB40, 20049), o= slejhAt
(ARC3, 20049), QIEAHINC2, 20039), FI4t
(CKB40, 2003+d)%, wol2lF2 3=4HBIT,
2004\d), u©]ZAHB3F, 20049)E, 22 NEFLS
aglaA whank M120039), 7heFEER IV(2003
), hellely IV(2003W)E 27 FHslo] EAsE
ik

Qlchi 42 Z=0|=9] GC &4

g gARolEg] GC £A4L FID7F #4H
Hewlett-Packard 5890 II Plus 7171& A-&3132
9, columne DB-5(30 m x 0.32 mm id., 0.5 ym
film thickness, J&W, USA)E o] &3l3lctl. Oven
5 Tz 120TolA4 200C7HA 3T/min
£52, 250C7HA 5C/min $E2 52413
Injector®} detector 5+ 77k 220C, 250T,
carrier gast Nog ARgslglon {52 1 mL/
minC & 3tk AEE split modeollA] 1 uL
Fslksict.

QchH) tztz0|=2] GC/MS 24

gkl A Zolxe] GC/MS EA2 Agilent
6890N GC/5973i MSD system(USA)E AH-83H31
o, A g9 o]-23}+= electron impact ionization
(ED) weg 3Pk, GC/MS EA=AL
ionization voltageZ 70 eVEZ 31, ion source
temperature= 230CE 3lgdch. =3 E4% F
Aol WY (2 40~-35022 AR
Columne DB-5(30 m x 0.25 mm i.d., 0.25ym
film thickness, J&W, USA)E o]-&3s}3lct. Oven
2x Zzgalle 100ToA 200C7EA 3T/min
<52, 250C7HA] 5C/min 522 $2A%

EE R R

ol %%

Carrier gas® He& Agsigler olZ2 =78
GCe 2% =707 AAse. dg] dZE
olzol uigt AF I #AL AR m/z& Table 1
o] verigich

Table 1. Selective ion monitoring mode setup for
alkaloid analysis in tobacco leaves

Quantita- Confir-

Compounds RT’ tion  mation

ion{m/2) ion(m/2)
Nicotine 1341 84 162
Nornicotine 16.12 119 147
Myosmine 16.40 118 146
Anabasine 18.55 158 130
B-Nicotyrine 18.80 34 105
Anatabine, 19.92 160 105
2,3'-Dipyridyl 20.56 156 130
B-Nornicotyrine 21.79 144 117
Cotinine 26.82 98 176
B-Formylnornicotine 29.44 147 176

YRetention time.

Zdu 3 ug

QIEHH] Z20|E FEY HlW

Nicotine ¢]ol] w|ek dzzol=o] ¥ FEH
& &3] Sletel FEEulel whE 5E AY
& AE Fig. 1o YeRdigich

Qylal A8l E chloroforme 2 FE3 7%
(A)oll= B-nicotyrine ¥ B-nornicotyrine®] &
o] Yotil, ether® F%3 A$B)olE norn-
icotine, myosmine, B-nicotyrine ¥ B-nornico-
tyrine, B-formylnornicotine Eol YAl Jvelgte
], hexane2.# F%3F Z-$-(E)oll= nicotine 2
o gatEel=y BE Y dEE UEhigl
t}. <vle]l Al ¥ methanol : dichloromethane
(1:3, v/v) EFgalE A8t FEH Co
methanol& A8 F&W DO Afolle 9
Zzwo] wldl ¥ ¥FE ehhgen,

of
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Fig. 1. Comparison of chromatograms of tobacco alkaloids by different extraction methods.

(1 : nicotine, 2 :
7 : 2,3'-dipyridyl, 8 : B-nornicotyrine, 9 :

dichloromethane
ZH(C)oll v|ste] B-nicotyrine, 2,3'-
dipyridyl, B-nornicotyrine, B-formylnornicotine®]
vl2d o2 ghag Jehddch

ZAFZ©F 100% chloroform, ether, methanol,
hexane?] ©|8-& W dZZo|=d 9o
3+EE el Methanol®t  dichlorome-
thaneE E3d3led E3li=et SAEE =249 A
#, RE dHZolEd didle] & FF L &S

methanol FZH(D)E methanol :
g F

nornicotine, 3 : myosmine, 4 :

anabasine, 5 : B-nicotyrine, 6 :
cotinine, 10 : B-formylnornicotine)

DRl e

anatabine,

olx Yang £(2002)8] A%

A BYHE Aolgd. walA g 3

2 EAEs
H] methanol :

& AST 3ol 4832
Ak,
YuHoE Fpzel= B4 A U

E+= n-dodecane, n-heptadecane, 2,4'-dipyridyl
Fol A4HEv 052 FBol=
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|5 dd] F2AY A3, n-heptadecane-> <
] Foll v EAlSHT 24’ -dipyridyl

2,3 -dipyridyl®} Z3sle] 7Z1%=o] n-dodecane
o] WRIEFEAER 73 Al

ULZ0|= FEHO HEM U HAUT

A Zole FFENE GC/MS/SIM £4 3
AFAE A% A, FBAFRIES 0995~
1000 MAE =& HAAAE Jelligich Gzt

< WEEFEE S Eislo] gz

ol FFENS Yduljol] HEt T FEslo]

@ﬂo}ﬁu} ek A4 9 AUEE GHRel

= 34g Y ARE B2 sigsh. s

olE: 4%74] E2 Hrhsida, subs Age
Z3}+E- Table 2°ﬂ veRl g

o= B5g
i+

Table 2. Recovery of spiked alkaloids in the
tobacco leaves

Compounds Recovery RSD"(%)

(%)

Nicotine 89.5 6.2

Nornicotine 106.7 6.7

Myosmine 85.9 7.1

Anabasine 88.4 5.5

B-Nicotyrine 105.4 2.4

Anatabine, 103.9 5.1

2,3'-Dipyridyl 88.2 3.9

B-Nornicotyrine 88.7 7.8

Cotinine 95.7 6.4

B-Formylnornicotine 101.5 7.0

" Relative standard deviation

(4 concentrationsx3=12).

107 EZRol=e] Wi} AAEE 859~
106.7%, B4 o2 %75 FHEZHXHRSD)
E 24-7.8%9] WS JERtch ool A3
BHE AR" FEylew AXE F GC/MS/

A -

QUL & AAHZ0|= &gk TAt

Jutn] ZEZW ggEo|s ek zAlsly] 9
sto] FAFor SIAHBIO, 2004d), =4
(C4F 2004\d), M} AHK-B40, 2004vd), o} 23l
EJUAHARCS, 20044), AEAHINC2, 20034),
TAHCK-B40, 20039)2, wolzlFor ka4t
(BIT, 2004), =]=-XHB3F, 20047)s, 2IE
Zog a4 whaub m(2003l51), Fya-Zet
Iv(20034d), 7HellElY IV(2003)E GC/MSE &
Asldel. GC/MSE full scan mode® EA13}o]
PR RoleE AR, FHLRolrnty A4
Ro g HAs7] flsle] Table 1o Veld nleb
o] EH Aeiste]  selected
monitoring(SIM) mode® #4 ¥ dZgo|= I
FHEFAS A F5YH dFREe|zE A
s} tHTable 3, Fig. 2).

T7H A F A Re|EE RE A R4
nicotineo] 7]-ZL :% FEFE AR 3, YA
dAZoj=o] ek UAH O Z  anatabine >
nornicotine> B-nicotyrine > B-formylnornicotine
2,3'-dipyridyl > cotinine >
anabasine > B-nornicotyrine =o}gith. Wi B
oJg|Ea 2N EES 73+ nornicotine?
FFol anatabine®] ¥FH et £A Jebych =
7t ZAE nicotined] ¥ Bk > 3 >
ofZaEn} > ulF, BT > A% woz ATA
oflA] 7} e fFEo R olEgin thAFow
QUEA AT BE Qo= Fapo] o
A ZAstsict.

Holg|F F vl54tat SuldE vl B oo
nornicotine, myosmine 3! B-formylnornicotine ¥
g2 Fli4te] Al ekt o), nicotine ¥ ©F
B v dARoln ulFAte] A el
229l EL = nicotine, nornicotine, anatabine =
oZ ulgk A Rolze] deke MR o upa
wt > FtelEly > FhekEer o2 eyt

SEhl S dZRolz ERE dAH o=
HolgE > AL > 22|JEE ol &

_.

ion"Hg- ion -

> myosmine >

- 104 -



=

GC/MSE o] &3 gl & dLol= Y £y

Table 3. Concentrations of alkaloids in various tobacco leaves (vg/g)
. . Nornico- Myos- - Ana-  B-Nico- Anata- 23~ B-Nornico - B-Formyl
Nicotine tine mine  basine  tyrine bine  Dipyridyl tyrine Cotinine nornicotine
USA C4F 20,787 2138 124 2.2 40.1 476.9 8.7 0.2 8.7 23.2
Brazil
K-B40 30,736  483.1 19.2 2.2 70.2 973.9 13.4 0.2 21.6 54.2
Argentina
Flue-  ARC3 25,981 3145 154 2.0 56.3 906.7 18.4 0.2 38.0 35.2
ed
o India INC2 17,387  200.5 8.2 1.5 29.5 365.5 4.7 nd” 15.8 13.8
China
CK-B40 28,868  485.9 14.9 1.5 76.5 919.7 6.5 0.2 12.5 35.9
Ig)lrga 20,314 296.2  14.2 1.3 572 11075 7.0 0.3 8.2 22.0
USA B3F 36,107 1,363.4 524 10.5 90.8 1457.3 46.7 3.2 72.6 183.4
Burley K
Bir 21045 90454 2143 164 492 8513 231 59 782 3518
Basma I 16,066 310.5 17.0 5.7 16.5 164.5 3.5 nd 74.9 28.5
Oriental , 583 9861 317 30 17 35 20 10 nd 127 67
Kowak IV 2 . . . . ; . : .
Katerin 15014 1909 114 35 112 875 17 nd 547 172
UNot detected.
200000
Standard solution
150000 . 3
100000
45 7 s H
50000- ISTD 3
| N L 1
8.0 1000 1200 1400 16.00 18.00 2000 20 2400 2600 2800 kﬁ
Burley tobacco 9
150000 7
k i 050 2070 & 10
100000 _:h_/s\._ # 2670 2700
50000 ISTD 5
gho 1000 1200 1400 16.00 18.00 2000 200 24700 2600 2800 3000

Fig. 2. Chromatograms of tobacco alkaloids by GC/MS/SIM mode (top, standard solution;
bottom, USA burley tobacco).

(1 : nicotine, 2 :
7 : 2,3'-dipyridyl, 8 : B-nornicotyrine, 9 :

nornicotine, 3 : myosmine, 4 :
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ZrolE F
dipyridyl, B-formylnomicotine®] 73-$- t}
Wi F5rell wlal wole|Fell A =L e

3

nornicotine, myosmine,

3 a2
tl.  Anabasine % 2,3'-dipyridyl &= 3
AL HolglE, eeldlEFA vt 425F0]3]

=%
4 B
B dAFE okl 3 nicotine, nornicotine £]ol]

Moz EAlehe

myosmine, cotinine, 2,3'-dipyridyl, B-nicotyrine,

anatabine, anabasine,
B-nornicotyrine 2 B-formylnornicotineol] w3t
HH & 271& AEZ Ao2ZH, NaOH ¢Z
2] 2] ¥ methanol : dichloromethane(1:3, v/v)
EAEuE AgsE Aot HH 5 =20l
ok 3 @EREo|to Widt xE 9 AWAdE
=o]7] $J8te] GC/MS2] selected ion monitoring
(SIM) mode® EAstch FAE, HojelF, &
ZAEZ F 11F9 el ARolt kg
4% Az, Q] FHH dF Bl ke
Ao E HojelF > FAF > QellEF &
o2 vebsdch ARl F
anatabine, myosmine % B-formylnornicotine£]
A5 8 dl) FHol wlE A wolelE
oA ARl FL FEFE Ao, ol
2l F3 22 JEF9 7folle noricotined]
o] anatabine®] FEtl =A el AL
e o8 AEE vehA

nornicotine,

mp

t o 2 o8
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