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Vi =3 * 710 mL, & R (7 mg/mlL) R PIF5,100 pl,
70 “CACGA NP 50 min, B EHE 5 min, A&
I TCKBRIREN IR A 2 mL IE L BE A B 2 min, F
IMAIEC 483 mLAKLEREHL 2 min, A HEE R B 15
mL IF SRR 0. 45 pom SALIEIE , ERESIHT .
2)GC/MS %A, LA FEA, GC(Varian3800) /
MSD(2200) ; @341, HiAE R D-60 £ 9% E 4 4
(2 mX0,25 mmX0.25 pm) ;4 HrHE, CP-5 A% E
A HE (30 m X 0. 25 mm X0, 25 pm); HERET R
PEFAE R .10« 15 0F BE L1 0 pls dERETR
JE.250 Cs 8 A WA R (4 FE N 99, 999%) . i ik
1.0 mL/min, FFEEF H:50 C.2 min; 4 C/min
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JEG T EE (ED s B R, 70 eV It i 40
FEl,35~350 amu; I FI LR , 2. 0 min; B F IR B,
230 °C BRI IR, 260 °C 5 B FBEEEE , 200 °C,
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Table 1 Retention time and characteristic ion
of non-volatile organic acids
75 HHLER 7 B8 B[] AL B U
No. Organic acid Retention time/min Characteristic ion
R
1 10. 326 233
Malic acid
O
2 e 10. 877 113
Fumaric acid
N
3 ﬁ*ﬂ& 13. 620 273
Citric acid
+m
4 29.734 285
Tetradeconic acid 7
5 Foam 33. 201 313
Hexadecanoic acid
¥ iR
37.210 337
Linoleic acid Cig: 2
AR
7 37.330 339
Oleic acid Cig:1
/N R
37.818 341
Octadecoic acid
9 o 18. 481 275

Hexanedioic acid

1) * FRWHRY Internal standard.
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1. R Malic acid; 2. & B M Fumaric acid; 3. F7 B2 Citric
acid; 4. 0 . Hexanedioic acid; 5. 1 VU & Tetradeconic acid;
7. MR Linoleic acid Cig: 23 8. JilIfiE Oleic acid Cis: 1.

E1 BHBERENGC/MS EEFRELE
Fig.1 GC/MS chromatogram of non-volatile organic acids
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1. 38R Malic acid; 2. B SR Fumaric acid; 3. #7# Citric
acid; 4. € - Hexanedioic acid; 5. 1 P48 Tetradeconic acid;
6. 172 Hexadecanoic acid; 7. Willi# Linoleic acid Cis: 25 8. il
iz Oleic acid Cig: 13 9. /AR Octadecoic acid.
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Fig.2 Chromatogram of non-volatile
organic acids in tobacco
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1~6: FRFRM . E DR R TR MR hR 1.2,
3,4,5,6 shows malic acid, fumaric acid., citric acid, tetradeconic

acid, linoleic acid Cyg: 2 ,o0leic acid Cig: 1 respectively.
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Fig.3 Influence of the volume proportion of boron

trifluoride to methanol on derivatization of organic acids
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1~6. FRPERMR . E DI R, U8R Wl hER 1.2,

3,4,5,6 shows malic acid, fumaric acid, citric acid, tetradeconic
acid, linoleic acid Cys: 2 »oleic acid Cys: 1 respectively.
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Fig.4 Influence of time on derivatization of organic acids
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Foo B4 W, BER AL ] 9 50 min i 5 16 800K
ey o R B A B AR A5 1 2 I E) 50 min, iR
70 °C L =HALH - HEE(V/V)= 3+ 7,

) WERAL - W AR E M. MR 47 AR & Y R fL A
TBCORE I VR 0D B U HEAE T I % it B 30 min,
FREREII T 3B 8 h b AE 1 U IRaERE 5 R, R 2
Je AR S VA LR I A Wy e 1T AR 5 P s 40y e T
PR LLME . SR WoR, Br A% 1y 6 Bl 3R 45 & A 1L

i P P 7= e T B -5 P s 06 T AR B B4 A B
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Table 2 Stability test of derivatization products
AL 7
A jﬂ i . 1 2 3 4 5 RSD/ %
Organic acid

qiﬁﬂﬁ& R 0.675 0.701 0.698 0.687 0.615 5.21
Malic acid
hﬂgjﬁ& . 0.197 0.185 0.204 0.239 0.212 9.77
Fumaric acid
)F‘J%EM . 0.836 0.913 0.103 0.925 0.867 4.82
Citric acid

s X R 0.397 0.402 0.369 0.386 0.412 4.18
Tetradeconic acid
DI i

”HM o 6.241 6.826 6.372 6.192 6.303 3.99
Linoleic acid Cyg: »
L 7.390 7.458 7.396 7.102 7.386 1.90

Oleic acid Cig: 1

D1~5 5 FAMERRE, 1,2,3,4,5 shows the frequency

of metered, respectively.
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x3 AHNBAEMRERE
Table 3 Purity and concentration of organic acids
T W% BB (mg/ml)
Organic acid Purity Concentration
SRR Malic acid =98 4.1
& &2 Fumaric acid =98 0.3
PR Citric acid =98 2.0
+ PUfig Tetradeconic acid =98 0.4
R Linoleic acid Cis: 2 =99 2.0
MR Oleic acid Cig: 1 =99 2.0
) .8 Hexanedioic acid =98 7.0

Iy SR B LR H HLIR IR A AR AR IR 0. 5.1, 0,
2.0.3.0.5.0.7.0 mL B F 10 mL &M (HN
1~6%5). %A 50 pL & R . W B E 4. 155 6 4
AN [ J3t 2 R B AT BILRR TR B A MV T (R ) . 430l
B 1.5 mL W 76 S5 A H ER AL A5 00 24T H R Ak
BC1.5 mL IE B2 BU 3 0. 45 pem B FL 8 A5, 2
AR .

2 GC/MS 43 HJa - B 46 A7 HL IR s A 06 1T X 5
P e T AR L, DA R A AR RE S 45 BIL TR 1 VR
FCAR . B Excel 42 B8 5/ — 3 ¥ 19 ) 4% 4 HLIR 09 b
W 26 B AH OC R F. R & 5 AL, 7E T I AR Y
VR B PR P L BT AR B 0 AT LR A v ol 2k 2k b G
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x4 FBAUNBRRERTHNRERE"
Table 4 Standard solution concentration of organic acids
mg/mL
ﬁm& . 1 2 3 4 5 6
Organic acid
R Malic acid 0.205 0.41 0.82 1.23 2.05 2.87
# DR Fumaric acid ~ 0.015 0.03 0.06 0.09 0.15 0.21
FPEBEIR Citric acid 0.10 0.20 0.40 0.60 1.00 1.40
Bl . . 0.02 0.04 0.08 0.12 0.20 0.28
Tetradeconic acid
EIEC %
.{mm A 0.10 0.20 0.40 0.60 1.00 1.40
Linoleic acid Cig: »
WAE Oleic acid Cig: 0.10 0.20 0.40 0.60 1.00 1.40

D1~6. KL

7 Number of samples.

x5 AIBAENEEDERAEMEXRY

Regression analysis on calibration and correlation coefficient

2 A |l )9 5 KRB R

Regression analysis ~ Correlation

Table 5

A LR

Organic acid

on calibration coefficient

SERFR Malic acid Y=0.432 9X+1.210 6 0.999 2

& % Fumaric acid Y=2.541 0X+0.139 1 0.999 6
¥R Citric acid Y=0.500 6X+0.379 6 0.999 4
| PUAZ Tetradeconic acid ~ Y=1.992 0X+0.302 9 0.999 2
W3R Linoleic acid Cig:»  Y=4.166 3X—0.040 1 0.999 3

M2 Oleic acid Cig: Y=3.619 0X—0.0229 0.998 9
2) 7k R R A S R, AR A [ A SR
TR 47 PRI 22 304 5 WCEATINGE T 5 Ol E

®6 FHEMNEAMKRE

Table 6 Precision test
A PR Organic acid 1Y/ mg/g) 2/( mg/g) 3/( mg/g) 4/(C mg/g) 5/( mg/g) RSD/%
SERR Malic acid 4.873 4.865 4,724 4.528 5.032 3.93
& D ; Fumaric acid 0.067 0.063 0. 059 0.069 0.071 7.32
Fr#E R Citric acid 0. 306 0.295 0.321 0.311 0.284 4,72
[-PUfZ Tetradeconic acid 0.158 0.163 0.169 0. 147 0.151 5.63
WEA R Linoleic acid Cis: 2 1.174 1.098 1.164 1.179 1.201 3.34
MR Oleic acid Cig« 1 2. 445 2.249 2.438 2.324 2.521 4.51

1)1.2.3.4.5 5 M F R E RS, 1,2,3,4,5,shows the frequency of metered, respectively.

(R AR R A oAl 22 (3R 6 TR BCHE S 5 YO AT I T A%
PR B B mg/g) . ZE RN, BRI 6 Fh A
MLIR B9 AR XS AR R 224 3. 93 % ~7. 32 % » X Ui W] 5
2 IR AT

BU1.0 mL A HLER IR & b BE B T 15 25 B 22
T 8 BRI R 22 R A IR T B AR Y 47 X AR
22, FEFAEP B S AE T 6 I br BE 5 o in b £f 1)
FES AT AR BE 3 I HEAT GC/MS 40 M, 115
SR EELER D,

R7 ERERRAR

SRR X A7 7 KO 22 AT TR0 6
HoAm bR U 36 B AE 79. 50% ~101. 35% 2 [a] .
TR S AR R A LR R B D O
20 E 25 0 LA MER L 8 A AR R ME A ML I e i

B A7 PR bR VEIE W 1 mL JE 4T = B SERE b
b FZ B 10 WK, 49 B AR fE e 25 (Sg) , #% 3S, AN
10S, 158 J7 35 o 4G T B N 5 5 B (6 8)

8 HEMBLRMEER

Table 8 Detection limit and quantitation limit of method

6 BR (LOD)

Detection limit

E R (LOD)
Quantitation limit

A YRR

Organic acid

Table 7 Results of the recovery of the method(n=3) ng/1. vg/g ng/L pg/e
L BE S/ mg B W5 i/ me L., CERM Malic acid 0.51 1.37 1.53 3.69
Organic Sample jjﬂ)\i/mg Determination Rl % 7 Ly Fumaric acid 0.48 0.07 2.02 7.61

acid valye  Addtion value Recovery e Citric acid 0.72 0.14 0.61 1.59

P + R

PR ; 0.08 0.09 0.09 0.15

Malic acid 4.873 4.100 8.746 0 94. 46 Tetradeconic acid 0

B Wl

ES® 0.067  0.08  0.1510  97.67 Hexadecanoic acid 0.08 0. 10 .09 0.2l

Fumaric acid

Frism 0. 306 2. 000 1.896 0 79. 50 Linoleic acid Cya s 0.06 0.09 0.17 0.39

Citric acid

TP MR Oleic acid Cis: 1 0.23 0.19 0.09 0.63

L. 0.158 0. 400 0.538 5 95.13 + \fix Octadecoic acid 57 12 18 32

Tetradeconic acid J ctadecolc act 0. 0. 0. 0.3

TR DS IR (LOD) 2 3 A5 1 i 22 5 2 1 BR (LOQ) 45 10 %5

Linoleic acid Cis: 2 1174 2.000 3.2010 101.35 W22 . LOD equal to 3 time standard deviation, LOQ equal

g to 3 time standard deviation,

2.445 2.000 4.372 0 96. 35

Oleic acid Cig: 1

% 8 R AN 22 A HLIRR I B 5 M TR L
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0 17 5 3%k 8 A AL TR A Tk RE S Y I ) R S
F o T L HAS: I BR S 2 A T A 22 v B 2500 649 A7 HLIR
5.

3R A 22 A HLRR 1Y 5 . e, 3t
Xt 8 AR LML AT T E B, £ 9HRE

71N o AN [) 7 b 0 5 R 1) AR 22 v A BILTR 1Y) i 25 5 B
b Qi AS B SR R R i 97 PP IX (C3F) 12. 021
mg/g. F/NE R 67 X (B3F) 2, 441 mg/g; W i iR
BAREER AT PIXK(USBD 3. 603 mg/g. /N h
5% FEIX (C3F)0. 093 mg/g.

x99 HMLPHIBRNEE
Table 9 Content of the non-volatile organic acids in tobacco mg/g
i G 5 ss gy W WO TR + gz MR MR EglEg i Tl g R
Sample Grade Malic Fumaric Citric Tetradeconic  Linoleic acid Oleic acid Hexadecan- Octadecoic
number acid acid acid acid Cig:o Cig:1 oic acid acid
17 L10T 11. 439 0.223 0. 365 0.012 0. 980 2.096 1.923 1. 273
2% B3F 4.802 0. 147 1. 549 0.119 0.481 1.551 1. 259 1. 406
37 C3FL 4.873 0.067 1. 306 0.158 1.171 2.445 1.775 2.034
4% US-B1 6.967 0.012 2.111 0.239 3.603 2.436 2.851 0.973
5% C3F 6.868 0. 060 1.574 0.017 0.093 0.276 0.921 0.479
67 B3F 2.441 0.095 1. 081 0.141 3.179 1.002 2.074 0.257
7 B2LH 8. 266 0. 205 1.487 0.126 0. 685 2.099 0.534 0. 494
87 X2LH 5.783 0. 006 0.402 0.049 0. 459 1. 474 1. 825 1. 091
97 C3F 12.021 0.062 0. 290 0. 200 2.543 2.741 1. 569 0.672
107 BL2 5.969 0.132 1. 260 0.015 0.812 1.513 0.793 0.079
117 X2FA 5.195 0.030 1.072 0.012 0.453 2.966 1.113 1. 131
12% BIF 10. 048 0.135 4.639 0.124 0.973 0. 389 0. 886 0.799
137 B2F 5.022 0. 044 5.730 0.013 0.798 1.292 0.266 1. 332
147 C3L 8. 114 0. 085 7.907 0.037 1.061 1.933 1. 683 0.509
157 B3FL 7.833 0.094 0.947 0.187 1.756 2.871 1. 201 1. 026
3 i it
5 % % #

TR (03 | TR RO B AN M @ B T
Tl S5 21 1R R (8RR 4 T S R0 R S R R 2 4 1 4y
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JE S X B i EAT T AL BE L FEAE A GCLGC/MS 8]
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AR SCHRTAR T 0 B b A 4 R A HLR Y 4 BT O i
i 22 5 5 PR L %k H R AR AR R R AT T A AR B
GE, 45 S 2 W R Ak d 2% 1R 02 < R AR ] 50 min,
R 70 °CLEALIAF V em V=37,

25 X A 22 TR Ak A% 1R 0 A TR RO 8G BEAT T 4y
BT SR T A0 0 22 P Ak % 0 B I i f L A 1 Tk — 20 1Y
EZZSS . AW 5T R FH AT AL R 32E 47 52 BOAT LR
YA 14 FH I8 F Bl 2 B S 0k o A B 59 2 B MR
M4 EAT B E . X H R R 430 O ik i o T
BB A3 BT O % 8 AR AR 22 b A BILIR Y B 43 o BT
M7 AE CPREE 2 5 B2 R ST R T
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Methyl Esterification Optimization and Quantitative Analysis
of the Non-Volatile Organic Acids in Tobacco

ZHANG Ying-chun' CAI Bing® GUO Guo-ning® LI Dan® WANG Cheng-ming'
1. Key Laboratory of Food Safety Evaluation ,Ministry of Agriculture/
College of Food Science and Technology s Huazhong Agricultural University sWuhan 430070,China;
2. Key Laboratory of Applied Research on Natural Plant for Tobacco ,
China Tobacco Hubet Industrial LLC ,Wuhan 430070,China

Abstract Eight kinds of non-volatile organic acids including malic acid, fumaric acid,9-octadecenoic
acid and so on in cut tobacco from fifteen different planting areas were determined by GC/MS. The
methyl esterification conditions of non-volatile organic acids were optimized. The results showed that the
optimal time,temperature of methyl esterification was 50 min and 70 ‘C. The optimal volume proportion
of boron trifluoride to methanol, RSD of the method,the recovery of non-volatille organic acid was 3 : 7,
3.34%—7.32%,and 79.50% —101. 35% , respectively.

Key words tobacco; non-volatile organic acid; GC-MS; esterification
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