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Fig.1 TIC chromatogram of egterifiable NVOAs in tobacco sample
1. Oxdlic, 2. Maonic, 3. Fumaric, 4. Succinic, 5. Malic, 6. Adipic (I1S), 7. Citric, 8. Myristic, 9. Pamitic, 10. Linoleic,
11. Oleic, 12. Searic, 13. Arachidic acid.

2.2
, 1.3
GCG-MS , 3 4 ( 3
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(0.9985) 0.999 ; R 0.9994 1.0000
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, , RSD RSD 3.47%
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Fig.2 TIC chromatogram of ederifiable VOAs in tobacco sasmple
1. Butyric, 2. Isovaeric, 3. Valeric, 4. 3-Methylpentanoic, 5. Caproic, 6. Sorbic (1S) , 7. Benzoic, 8. Caprylic, 9. Phenyl ace-

tic, 10. Pelargonic, 11. Capric acid.
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Fig.3 TIC chromatogram of esterif iable standard NVOAs
1. Oxdlic, 2. Malonic, 3. Fumaric, 4. Succinic, 5. Malic, 6. Adipic (1S), 7. Citric, 8. Myristic, 9. Pamitic, 10. Linoleic,
11. Oleic, 12. Searic, 13. Arachidic acid.
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Fig.4 TIC chromatogram o eserifiable standards VOAs
1. Butyric, 2. Isovaleric, 3. Valeric, 4. 3-Methylpentanoic, 5. Caproic, 6. Sorbic(1S) , 7. Benzoic, 8. Caprylic, 9. Phenyl acetic,

10. Pelargonic, 11. Capric acid.
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2 24
1 NVOAs VOAs
Table 1 Regression equationsand correlation coefficients of NVOAsand VOAs
NVOAs VOAs
No. Compounds Equations R No. Compounds Equations R
1 Oxalic acid Ar =0.726¢c4-0. 0239 0. 9997 1 Butyric acid Ar =0.64c; +0.0403 0.9994
2 Malonic acid Ar =0.716c5-0.0124 1.0000 2 Isovaleric acid Ar =2.01c-0.439 0.9998
3 Fumaric acid Ar =2.51c;-0.0038 0.9997 3 Valeric acid Ar =2.89c5-0. 0080 1.0000
4 Succinic acid Ar =1.37cx-0.0041 1. 0000 per?;gﬂg::)gcid Ar =4.83cz-0. 0137 1. 0000
5 Malic acid Ar =0.086¢c;-0. 0692 1. 0000 5 Caproic acid Ar =4.96c5-0. 0029 1. 0000
6 Adipic acid internal standard (19 6 Sorbic acid internal standard (19
7 Citric acid Ar =0.159¢-0. 0621 0.9999 7 Benzoic acid Ar =5.82c;-0. 0205 0.9999
8 Myristic acid Ar =5.03cz-0. 0222 0.9994 8 Caprylic acid Ar = 6.94c5-0. 0261 1. 0000
9 Palmitic acid Ar =5.59¢;-0. 2550 0.9991 9 Phenyl acetic acid Ar =6.95¢;-0.199 0.9999
10 Linoleic acid Ar =1.50c;-0. 0593 0.9992 10 Peargonic acid Ar =7.98c;-0.0035 1. 0000
11 Oleic acid Ar =1.91c;-0. 0923 0.9998 11 Capric acid Ar =7.70cs0. 0292 1. 0000
12 Stearic acid Ar =5.33¢c;-0. 0816 0.9991
13 Arachidic acid Ar = 3.54c4-0.0358 0. 9985
Ar:Reative peak areas;cy: Relative concentration.
2.3.2 11 , 5
9 1 , 1.3 , GC/IMS
, , ( 2 , 93.4% 103.1% ;
- 89.2% 90.0 %,
2 NVOAs VOAs (n=5)
Table 2 Sability and Recovery results of NVOAsand VOAY n=5)
NVOAs VOAs
No. Compounds RSD ( %) Recovery ( %) No. Compounds RD ( %) Recovery ( %)
1 Oxalic acid 0.27 97.5 1 Butyric acid 1.05 96.8
2 Malonic acid 3.31 101.4 2 Isovaleric acid 0.95 96.3
3 Fumaric acid 2.59 98.2 3 Valeric acid 0.58 93.9
4 Succinic acid 3.45 93.4 4  3Methylpentanoic acid 1.50 89.2
5 Malic acid 0.61 101.0 5 Caproic acid 0.94 90.4
7 Citric acid 4.18 98.1 7 Benzoic acid 2.98 93.3
8 Myristic acid 1.54 97.9 8 Caprylic acid 2.08 94.6
9 Palmitic acid 0.70 102.5 9 Phenyl acetic acid 3.47 99.1
10 Linoleic acid 0.88 103.2 10 Pelargonic acid 1.61 98.4
11 Oleic acid 2.42 101.5 11 Capric acid 1.75 95.7
12 Stearic acid 1.13 100.3
13 Arachidic acid 1.99 99.9
2.4
: 3 4 : ,
[12] ,
, B A C
> >
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3 NVOAs (mg/ g)
Table 3 Contents of NVOAs in tobacco (mg/ g)
Compound A B <
B2 F C:F X2 AL B2 F C:F X2 FL B2 F CF X2 FL
Oxalic acid 16.08 13.07 14.82 11.84 15.30 15.50 12.60 10. 88 11.34
Malonic acid 2.76 2.38 2.06 2.34 2.45 1.86 2.50 2.39 2.06
Fumaric acid 0.16 0.18 0.20 0.20 0.15 0.14 0.22 0.19 0.14
Succinic acid 0.20 0.25 0.32 0.20 0.20 0.26 0.22 0.21 0.24
Malic acid 45.10 48.8 72.32 50.54 48.5 80.42 52.88 55.1 85.66
Citric acid 8.14 6.90 10.20 6.84 8.37 11.70 7.10 6.81 10.86
Myristic acid 0.10 0.08 0.06 0.06 0.08 0.06 0.06 0.06 0.06
Palmitic acid 1.74 1.92 2.10 1.60 1.80 1.88 1.74 1.70 1.90
Linoleic acid 1.54 1.55 1.56 1.30 1.50 1.34 1.38 1.30 1.18
Oleic acid 0.28 0.32 0.34 0.30 0.29 0.30 0.32 0.31 0.34
Stearic acid 0.10 0.10 0.12 0.08 0.10 0.10 0.08 0.09 0.10
Arachidic acid 1.46 1.83 2.08 1.64 1.56 1.82 1.76 1.81 2.08
Total 77.66 77.41 106.18 76.94 80.33 115.38 80. 86 80.84 115.96
4 VOAs Moo
Table 4 Contents o VOAs in tobacco (U ¢/ g)
Compound A 5 c
B2 F C:F X2 AL B2 F C:F X2 AL B2 F G F X2 FL
Butyric acid 3.3 2.95 2.5 4.1 3.10 3.0 2.9 3.45 3.1
Isovaleric acid 31.0 21.65 12.6 38.4 23.50 18.4 31.4 29.80 20.7
Valeric acid 1.6 1.35 1.1 1.5 1.45 1.6 1.3 1.55 1.5
3-Methylpentanoic acid 1.5 1.30 1.0 1.0 1.40 1.3 1.0 1.00 0.9
Caproic acid 2.2 1.90 1.4 1.1 1.65 1.4 1.0 1.10 1.5
Benzoic acid 12.9 12.65 10.7 9.2 13.20 12.7 9.2 9.45 10.1
Caprylic acid 4.9 3.60 3.3 3.4 3.50 3.2 3.5 2.90 2.9
Phenyl acetic acid 1.7 1.35 1.0 1.0 1.35 1.0 1.1 0.90 0.7
Pelargonic acid 8.5 6.25 5.3 7.1 6.00 5.2 7.8 5.90 5.3
Capric acid 0.4 0.35 0.6 0.3 0.40 0.3 0.4 0.30 0.3
Butyric acid 0.5 0.50 0.6 0.4 0.45 0.5 0.4 0.40 0.4
Totd 68.6 53.85 40.1 67.6 56.1 48.7 59.8 56. 65 47.3
3
PTSA/ H2S04/ CH3sOH )
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Rapid Deter mination of Volatile and Nonvolatile
Organic Acids in Tobacco by GC/ MS

YAN G Shi-hua' , WAN GBao-xing **, XU Guo-wang®, WU VYi®,
ZOU Yue', LI Luwyun', LIU Jing'
(1. Yunnan Reascend Tobacco Technology (Group) Co., Ltd, Kunming 650106;
2. Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian, Liaoning 116023;
3. Kunming Cigarette Factory of Hongyun Group, Kunming 650202)

Abstract : A rapid method for determining volatile and nonvolatile organic acids in tobacco by GC/ MS
was established. Volatile and nonvolatile organic acids in tobacco were derivatized into methyl esters by
using p-toluene sulfuric acid and sulfuric acid and methanol (PTSA/ H2S04/ CHsOH) , and extracted
with hexane. The esterifying time was only 1h by usng the present method instead of 20 h by using
traditional method. The methyl ester derivatives of the acids were determined qualitatively and
guantitatively on a capillary column (DB-5MS, 30 mx0.25 mmi.d. x0.25 mmd.f.) by GC/MS. The
average recoveries of nonvolatile acids were 93.4 % 103.2 % with the relative standard deviations (RDs9) less
than 4.2 %, and the average recoveries of volatile acidswere 89.2% 99.1 % with the RDs less than 3.5 %.
The developed method is applicable to the determination of volatile and nonvolatile organic acids in
various tobacco samples, and it is smple, rapid and accurate.

Keywords: Tobacco; Volatile organic acids; Nonvolatile organic acids; GC/ MS; Esterification
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