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Determination of Organic Acids in Tobacco Leaves by HPLC
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ABSTRACT : This study was carried out to improve the analytical methods for determination
of organic acids in tobacco leaf by HPLC. The samples for HPLC analysis were pre-treated by
means of SPE. The calibration curve for each acid was linear and R’ values ranged from
0.9990 to 1.0000. The limit of detection were obtained from the calibration curves and their values
were between 1.39 to 4.87 ug/ml. Recovery rates of organic acids were between 88.6 % to
98.5 %. The concentrations of organic acids among the various tobacco leaves were compared
to the concentration of organic acids, were in the order oriental, burley, flue-cured tobacco. In
the case of flue-cured and oriental tobacco leaves, the order of concentration of organic acids
was malic acid, oxalic acid, citric acid. But in the case of burley tobacco leaves, the order of
concentration of organic acids was citric acid, oxalic acid, malic acid.
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S 712wl (Nicotiana tabacum 1.)2] A% 9] =59l BIE= challo 2%, Td9x], v|g9
I} Azgdel o3 AR o g LHVF EAlsl NOs 9 <kl wet 2@+  UckUinshu,
W, dgule] - Fo3 9&L dhf(Davis 1999).

S, 1999). AF7A &A9 dehulel] Eafsle 712 dule] stab gl Fo%t Qg e
F71L 1700F0 oj2n dubdow A & ekl F329] indicator24] o]-§¥ 3 glrt(Jana
7143 w3 |14, AR Al e e %, 2003). FwA {71439 acetic acide}
t}. olE §7]4F # oxalic acid, malic acid, formic acidx @lle] =g 2h-g Fo] Yl 87
citric acid®} acetic acid’} =& stgko g7 ZA vle]] 23S Fu] v|FutAyg {742 oxalic
sl Azede] AA 71 F 5~18 BE XA acid, malic acid 9 citric acide <3}3) =lo)

tHLeffingwell %, 1999; Tso, 1990). $7]4 Y oollE ste g tiREE gl shel] el 33

*2tA K} ¢ 305-805 tHAFAAl ST AAF 302 WA, KT&G 9397
*Corresponding author : KT&G Central Research Institute, 302 Shinseong-dong, Yuseong-gu, Daejeon
305-805, Korea

- 130 -



HPLCE o] &3 A&

g ol Aulol] E4& FE Aoz IA Yot
(Jinshu =, 2002; Abdallah %, 1970). o]&
olf2 gl W F14 TS EHske AL
SlEA H7he HER olg¥ 4 Alx AF W
el 47 2 A7t 9% A AEY S 3L
o},

AA Gupie] RIS EASE PHeE
gas chromatography”} F& o|%3 glor #H&E
Az FIDE Agsha ek o) WS $71%
S methyl, butyl esters, =& trimethylsilyl
FEAE HYAA EAsle dolck(Yang 5,
2002; Bartolozzi =, 1997). o]+ &2 RelF
7} A% AEE BolU(Ng F, 2001) Hxhsix
AAe] Azre] wol e7Hw FEA3} HAHE A
ok Shu e sl4g w3 e wao) k.
wWeld 2 dFoAE HPLCE ol gsle] ot
I 2§74 geke BAskaAd sigleh. HPLC
Ag Y SPEE Agslo] HAXHE sl
£ M SEAR B BEE AXA e
g BALe Ae BFA7IL 24 A &vlE
LS F4F B ohel Alg HEe clean
up o] =g gl Aol k. oM
6714k oxalic acid, citric acid, malic acid,
malonic acid, formic acid ¥ acetic acid®] &
A 93 2T AR Axska Y
34 S B 2ASKIH
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L7124 #EEA(oxalic acid, citric acid,
malic acid, malonic acid, formic acid, acetic
acid)& Sigma Aldrich(USA)A}e] A58 74
sto] A-gskich.

FZ 8N oxalic acid 0.1~1 mg/mL, citric
acid 0.1~1 mg/mL, malic acid 0.05~0.5
mg/mL, malonic acid 0.1~1 mg/mlL, formic
acid 0.1~1 mg/mL, acetic acid 0.1~1
mg/mL Y2 =AY F TEHFNE st
$714 Aol o] 23193 ch.

A
&
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e

F 4712 9%

QUEH F 77|14 =EH

HPLCS} GCE ghil] 4714 BAS ulms7]
el oHe3 22 W EE APsigich. HPLC
B2 9jal e 2 gol 2 N HeSOs 8
40 mLE 7hsle] AXIZHEE 150  rpmellAd
shaking?r % filter paper® ola}slgict, o3}
% 892 solid phase extractiong o]&3}o]
clean up #3-& A}, Oasis HLB extraction
cartridge(200 mg, Waters, USA)E MeOH 4 mL
9} 284 4 mLE conditioningdt ©hg ojztEl
g0 3 mLE loadingslgirh. £ofo] extraction
cartridgeS E3F5b1 20 % MeOH =8 2 mL
F AolE ¥ Hopdl SHES A HolF v
HPLC F]JAIER o]-&3}3ict.

GC 24< sja g 10 goll 12 % HSO04/
MeOHE<H 60 mLel Wi FFEA glutaric
acid’} Z3% MeOHE-H 40 mLE 7lsle] 204
7+=ot 150 rpmell4] shakingdt # filter paper
2 of3kslgiet. olzbel £ 50 mLe} & 100 mL
2 2 7Z7)e) @3 CHCl; 15 mL#% 38lof
AX FEsn FFE CHC &4 5o
Na,S042 $5-g #AAstz 50 mL $3 Fhx
Aol AL F A HolE )& 0.45 pm filterZ
olstelo] GC 2PN R o] LalTHKTEG Tl
AR EA4).

B8 AlE

348 AP A4d St FEHEE ol 8t
o] 3utA] v g 3ukE Adslgivt. Oxalic acid
0.1~1 mg/mL, citric acid 0.1~1 mg/mL,
malic acid 0.05~0.5 mg/mL, malonic acid
0.1~1 mg/mL, formic acid 0.1~1 mg/mL,
acetic acid 0.1~1 mg/mL H$]9] F%ol tis}
o] e Algsid

QUEl & FolAe] HPLC 24

L 714 BoAe ola)] HPLC(Waters, USA) S o]
2319931, %72+ photodiode array detector
(PDA) & AL&3l9ict. 2 Aminex HPX-87H
(300 mm X 7.8 mm I.D., Bio-Rad, CA, USA)
¢} 7+= 2#1(30 mm X 4.6 mm 1.D., Bio-Rad,
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CA, USA)& A8+t 7149 HPLC £4]
Z71e HH3elr] HelA EALEe} ol
Aol AVIE AEste] AR AR, BALEE
25C, ol A9 A7l 0.032 N HzSO=
stgdel. §42 0.6 mL/mine® 31 AFE
10 pLE F5dct.

Sl & 7I1AQ GC 24

Sl {714 B8 93 GC(Hewlett-Packard
5890 II Plus, USA)E o3y, AZV|=E
flame ionization detector(FID)E& A-&slglvt.
72 DB-WAX(30 m X 0.32 mm i.d., 0.25 ym
film thickness, J&W, USA)E o|&3lgic}.
Oven &% =272 90 CollA 230 C7A 5 T/
min 52 5 AR, 3087 SAXHC
Injectors} detector &%+ 230 C, carrier gas
E NoE Agslglor] 442 1 ml/mine g &
9rl. AlZ+& split modedA 10 plLZ FUs19
=3

Qe RIIA £EW bl

24 e B4 kel A4l deE vl
HA3o] 2713l w}a} Aol £a8)E Az
o] Z7kehAl B3 B4 Dol AL Aol
Gg BHES 47 Wiolh. Qubdoz EAz
B gt e Bl He BAEZ Zm
2429 ¥ B ARAE A wed Ao
& AR WAL F g $UES Foln
24 o) 3RS Fol7l AL 1EHY ¥
Aulg Aese Zo] a3tk GC Pl A

r

_l

Aelohge HPLC wye) Axeisgol wle) B
o wollg Aok shu AlZ w3 Bol Lok

(5]

7148 methyl7]| 2 §-243 7] $leiAl= 20
A7kl wbe A7R8 Axjol s}l liquid-liquid
extractiong A ¥ AXof dl= T X2 A
o] Baslrl., Ky2R4AF ZEFdwle] oxalic acid
¢} citric acid, malic acid®] 3483 =&
GC wlo Alget AnE Table 1o Vel
t}. Oxalic acid7} 72.6 %, malic acid”} 60.3 %

o} B
61 #430] ohd
PLC el 24zl

B 21]3} J)r % 1?]11 ok ZhAd
solid—phase extraction(SPE)& Ax {7)4-&

Fgsinz o2 A2 WHel vl 28sm ¥
4 gl Homz Re AUAE ZE 24 @
2 98+ %2 2oz dR

H

Table 1. Recovery rates and concentration of
Ky2R4F individual organic acids by GC

Recovery RSD Con.

Compounds ™ g7 %)  (mg/g)
Oxalic acid 726 20 1672
Citric acid 1078 23 15.15
Malic acid 60.3 2.2 25.51

RSD : Relative standard deviation.

FIl4 FEHol M2ty ¢ Nus
714 EF80S HPLCE B4 3 =kd
A3k Azt ARQASRRY 7 0.9990~1.0000

75)—

A2 L AAAE vehligch. =3t A
AUse 35E A AAE =2dE 3ok
7 3 BER %7%6%04 SHHE A3 A
£ Table 24 VehAS)

6712 §-7] 4kl cﬂ*} 94*°L 88.6 %~98.5
%, FNEZARSD)E 1.6 %~4.4 %2 ¥
£ vERAgIE. ol Azt RE 4% we
E Adxe ¥ HPLCE #4sh= Wl 671 #7)
A EAo) 85 F 9l& Aod Aggrh

do W o mlo

Table 2. Recovery rates of individual organic
acids by HPLC

Compounds Recovery(%) RSD(%)
Oxalic acid 98.5 1.6
Citric acid 98.6 1.6
Malic acid 97.8 4.4
Malonic acid 99.5 1.9
Formic acid 95.9 2.6
Acetic acid 93.4 4.2
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T8 Eet 24

6719 f71AES HE3A(LOD)S} A
(LOQ)E Table 3o dehiigld, #HAEAIE
1.39 mg/mL~4.86 mg/mLE vehlglz, Az
A= 4.17 mg/mL~14.61 mg/mLE Vel
oh ggsl S8 Beke B4 A B2
@olel  Ky2R4F$} F4Fozs I=4HC2L,
2004yd), w]=AMBAF, 2004vd), FZAHTYA,
20043) &, WojgFoze IHTAHCIW, 2004
d), 3AHABATR, 20041)E, 2eqleZo g
Brlelo}4t ulAnt (AB, 20054), o}lZwuolAt
A= (AG, 20041d)8 AHEslel HPLCE HA4sl4
tHTable 4).

EFEHQ Ky2R4AFS] f714F ek u|3Ad
A9l oxalic acid, citric acid, malic acid’} &
ol] BaF wie} Zo] 7 B S AR
o}, ok EEW k% oxalic acid, citric
acid, malic acid7} B39 o8 A8l v+

Ae g2 ko2 Eafeiglch %""H%—-ﬂ 2.9l
EF F 1Y s=E B KIE_OI]/H malic
S el |k
o, H]Oi Z£2. citric acid, oxalic acid, malic
acid =& Jepgel. el S 014 o

Eﬂzﬂa—i LBNEE, HolglF, A o)
911:}.

acid, oxalic acid, citric acid <%

Qe

=

= fro1at
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% 24
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Table 3. Limit of detection and quantitation of
organic acids by HPL.C

Compounds By (il
Oxalic acid 1.39 4.17
Citric acid 3.25 9.75
Malic acid 1.95 5.85
Malonic acid 3.00 9.00
Formic acid 3.22 9.66
Acetic acid 4.87 14.61

g B

B e gdl f B4 A9 A7
Al7la EAub-g AAstazl HPLCE o] 83l
3| 251k GCE o) gsh= W
& 71 FEske el Aa Bl ¥
2 5 A B4 e AgAE g
glol A4S fEAS A7le A glo) 7t &
Z£3143 SPEE A8e A &4e AR
k. HPLCE o83t §7149 EAyE d7%
Az} gE2gNe ARALRY)7L 0.9990~1.0000
HAZ 2 A4S vEhla, 582 88.6 %
~98.5 %= 433t kg vehiigicl. webA

Table 4. Concentrations of organic acids in reference cigarette Ky2R4F and various tobacco

leaves by HPLC

(mg/g)
Oxalic Citric Malic ~ Malonic Formic  Acetic
Ky2R4F 24.24 17.90 40.97 2.17 0.22 ND
Korea C2L 13.82 8.10 75.52 0.78 0.28 0.84
Flue-cured America CAF 15.92 5.50 46.4 0.86 0.36 1.14
Cina TYA 11.78 6.84 65.74 0.92 0.18 0.52
Korea ABATR 28.04 32.12 17.48 1.32 0.10 ND
Burley Korea C1W 2830 5846 2362 164 ND  ND
Bulgaria Basma 27.98 8.90 63.92 1.44 0.56 ND
Oriental .
Armenia Samsun 50.86 25.28 41.18 1.94 ND ND

ND: Not Detected.
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Fig. 1. Chromatograms of organic acids in standard and extract sample

(1
5 : formic acid, 6 : acetic acid).
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