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Determination of 29 organic acids in tobacco based on
isopropyl esterification derivatization by
gas chromatography-mass spectrometry
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Abstract: Organic acids are important components of dry tobacco and significantly affect its sensory
properties. Therefore, determining the organic-acid composition and content in tobacco is greatly
significant for evaluating its quality. Organic acids in tobacco are classified according to volatility
as either volatile, semi-volatile, or non-volatile, with semi-volatile and non-volatile organic acids
typically methylated for identification purposes. However, volatile acids cannot be determined in
this manner owing to their low molecular weights. Therefore, a comprehensive, efficient, and
accurate method for rapidly and simultaneously determining volatile, semi-volatile, and non-volatile
organic acids in tobacco needs to be established. Herein, an innovative gas-chromatography—-mass-
spectrometry-based (GC-MS-based) isopropyl-esterification method was developed for simultaneously
determining 29 volatile, semi-volatile, and non-volatile organic acids in tobacco. The developed
method provides esterified small-molecule acids of lower volatility than those obtained using classical

methylation and avoids interference from byproducts obtained via the esterification reaction.
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Experimental conditions and GC parameters were optimized, which ultimately led to 10% sulfuric
acid in isopropanol (containing 0.1 g/mL p-toluenesulfonic acid) as the esterification reagent, with
the reaction performed for 3 h at 70 °C and 500 r/min. The mixture was then cooled to room
temperature, 10 mL of deionized water and 2 mL of n-hexane were added, and the mixture was
vortexed for 30 s (4x), after which the supernatant was collected for analysis. The DB-FASTFAME
(30 mx0.25 mmx0.25 pm) and DB-5MS (30 mx0.25 mmx0.25 pm) chromatographic columns were
compared, with the former finally selected for GC-MS separation and quantitative detection. All
method-validation experiments were subsequently performed under the established instrumental and
derivatization conditions. The 29 organic acids exhibited good linearities within the detection range,
with all correlation coefficients (7*) exceeding 0.99. All recoveries at three spiked levels ranged from
81.8% to 118.7%. The intra-day repeatabilities (RSD, n=6) ranged from 0.5% to 8.1%, and the inter-
day repeatabilities (RSD, n=6) ranged from 0.9% to 8.2%. The limits of detection (S/N=3) were 0.01-
49.02 wg/g, and the limits of quantification (S/N=10) were 0.03-163.41 pg/g, respectively. Com-
parative experimental results revealed that the developed method is highly consistent with the
classical methylation-based derivatization method for the detection of semi- and non-volatile organic
acids in tobacco. Furthermore, the new method is able to simultaneously determine volatile organic
acids that cannot be analyzed using the classical methylation method. Therefore, the developed
method is more widely applicable for determining acids in tobacco. The newly developed method
was used to determine three types of tobacco sample: flue-cured tobacco, cigar tobacco, and burley
tobacco, with all 29 organic acids successfully detected. Cigar tobacco leaves were found to contain
significantly more volatile organic acids than flue-cured tobacco, especially 3-methylvaleric acid;
they also contain less semi-volatile organic acids and more non-volatile organic acids than flue-cured
tobacco. The developed method is simple, accurate, and suitable for the large-scale simultaneous
determination of volatile, semi-volatile, and non-volatile organic acids in tobacco; it also provides
additional technical support for the study of organic acids in tobacco and evaluating tobacco quality.
Key words: isopropyl esterification; gas chromatography-mass spectrometry (GC-MS) ;

tobacco; organic acids
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Table 1 Retention times, quantitative and qualitative ions of isopropyl esters of the 29 organic acid isopropyl esters

No. Compound Retention time/min  Quantitative ion (m/z) Qualitative ion (m/z) 1S
1 formic acid isopropyl ester 3.03 73.0 45.0 IS1
2 acetic acid isopropyl ester 3.60 87.0 61.0 IS1
3 propanoic acid isopropyl ester 4.73 75.0 57.0 IS1
4 isobutyric acid isopropyl ester 5.00 89.0 71.0 IS1
5 butyric acid isopropyl ester 6.32 89.0 71.0 IS1
6 2-methylbutyric acid isopropyl ester 6.81 85.0 57.0 IS1
7 isovaleric acid isopropyl ester 7.22 103.0 85.0 IS1
8 valeric acid isopropyl ester 8.59 103.0 85.0 IS1
9 3-methylvaleric acid isopropyl ester 9.78 117.0 99.0 IS1
10 4-methylvaleric acid isopropyl ester 10.01 117.0 99.0 IS1
11 hexanoic acid isopropyl ester 10.97 117.0 99.0 IS1
12 heptanoic acid isopropyl ester 13.36 131.0 113.0 IS1
13 octanoic acid isopropyl ester 15.68 145.0 127.0 IS1
14 oxalic acid isopropyl ester 16.66 59.0 43.0 1S2
15 nonanoic acid isopropyl ester 17.89 159.0 141.0 IS1
16 propandioic acid isopropyl ester 18.33 105.0 129.0 1S2
17 benzoic acid isopropyl ester 19.67 123.0 105.0 IS1
18 decanoic acid isopropyl ester 19.99 173.0 155.0 IS1
19 phenylacetic acid isopropyl ester 21.99 178.0 91.0 IS1

20 dodecanoic acid isopropyl ester 23.87 183.0 200.0 1S2

21 malic acid isopropyl ester 26.14 131.0 89.0 1S2

22 myristic acid isopropyl ester 27.35 211.1 228.0 1S2

23 palmitic acid isopropyl ester 30.52 239.0 256.0 1S2

24 stearic acid isopropyl ester 33.43 267.0 284.0 1S2

25 oleic acid isopropyl ester 33.68 265.0 324.0 1S2

26 citric acid isopropyl ester 33.77 171.0 189.0 1S2

27 linoleic acid isopropyl ester 34.45 279.0 263.0 1S2

28 a-linolenic acid isopropyl ester 34.80 175.0 277.2 1S2

29 y-linolenic acid isopropyl ester 35.29 261.0 277.0 1S2

30 trans-3-hexenoic acid isopropyl ester (IS1) 11.82 114.0 69.0

31 adipic acid isopropyl ester (1S2) 24.99 129.0 171.0
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For peak Nos. 1-31, see Table 1.
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Fig. 2 Effects of different derivatization conditions on the intensity responses (n=3)
a. mass concentration of p-toluene sulfonic acid; b. derivatization temperature; c. derivatization time.
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Table 2 Linear equations, correlation coefficients (r*), linear ranges, LODs and LOQs of the 29 organic acids

Compound Linear equation 7’ Linear range/( ng/g) LOD/(ng/g) LOQ/(ng/g)
Formic acid y=0.00152+0.07863 0.9992 80-20000 13.81 46.03
Acetic acid ¥=0.00342+0.24825 0.9988 80-20000 13.22 44.06
Propanoic acid y=0.02392+0.02091 0.9962 0.48-12 0.14 0.45
Isobutyric acid y=0.01042+0.00574 0.9981 0.8-40 0.27 0.80
Butyric acid »=0.0503x+0.00363 0.9954 0.16-8 0.05 0.15
2-Methylbutyric acid y=0.00512+0.00589 0.9974 8-200 1.37 4.57
Isovaleric acid y=0.00442+0.00415 0.9977 4-200 1.04 3.45
Valeric acid y=0.0013x+0.27194 0.9975 0.4-20 0.08 0.25
3-Methylvaleric acid »=0.00962+0.00013 0.9985 0.8-400 0.22 0.77
4-Methylvaleric acid y=0.0087x-0.00017 0.9973 0.04-4 0.01 0.03
Hexanoic acid y=0.5057x+0.03611 0.9965 0.08-40 0.01 0.04
Heptanoic acid y=0.0923x+0.00443 0.9982 0.32-8 0.08 0.26
Octanoic acid y=0.11722+0.01051 0.9998 0.32-8 0.08 0.26
Oxalic acid y=0.11792+0.23751 0.9987 300-150000 19.02 63.40
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Table 2 (Continued)

Compound Linear equation r Linear range/( ng/g) LOD/(ng/g) LOQ/(ng/g)
Nonanoic acid y=0.0448x+0.00189 0.9978 0.48-12 0.12 0.40
Propandioic acid y=0.2615x+0.23752 0.9986 40-10000 6.53 21.77
Benzoic acid y=0.01712+0.00961 0.9997 0.8-200 0.19 0.63
Decanoic acid y=0.04132x+0.00175 0.9990 0.08-8 0.03 0.08
Phenylacetic acid »=0.00132+0.00004 0.9990 0.8-400 0.20 0.66
Dodecanoic acid y=0.2738x-0.00623 0.9984 40-2000 9.24 30.80
Malic acid y=0.1217x+0.15064 0.9992 500-250000 37.27 124.23
Myristic acid y=0.34332-0.01063 0.9983 20-2000 3.62 12.07
Palmitic acid y=0.3657x-0.04351 0.9990 100-10000 28.30 94.33
Stearic acid y=0.43392-0.00549 0.9994 100-5000 16.38 54.69
Oleic acid y=0.106520-0.00134 0.9993 50-5000 8.78 29.27
Citric acid y=0.32152+0.00475 0.9972 200-100000 49.02 163.41
Linoleic acid y=0.08532-0.00733 0.9992 100-10000 15.42 51.41
a-Linolenic acid y=0.1004x-0.00153 0.9994 40-10000 9.68 32.27
y-Linolenic acid y=0.09042-0.00201 0.9991 40-1000 11.23 37.43

y: peak area ratio of analyte to internal standard; x: content, png/g.
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Table 3 Recoveries, intra-day RSDs and inter-day RSDs of the 29 organic acids (n=6)
Low Medium High RSDs/%
Compound Added/ Recovery/ Added/ Recovery/ Added/ Recovery/
(pg/e) % (ng/e) % (pg/e) % Intra-day Inter-day
Formic acid 1000.0 91.4 2000.0 111.3 6000.0 88.2 1.7 2.1
Acetic acid 1000.0 117.4 2000.0 108.2 6000.0 92.7 2.4 2.4
Propanoic acid 1.2 95.5 2.4 83.5 7.2 107.1 4.0 3.5
Isobutyric acid 4.0 89.7 8.0 108.3 24.0 93.5 8.1 7.9
Butyric acid 0.4 99.5 0.8 112.6 2.4 94.7 7.8 8.2
2-Methylbutyric acid 20.0 98.0 40.0 118.7 120.0 100.2 3.9 3.6
Isovaleric acid 10.0 96.9 20.0 107.6 60.0 83.7 2.9 3.0
Valeric acid 1.0 89.1 2.0 84.5 6.0 84.9 5.4 5.6
3-Methylvaleric acid 40.0 100.1 80.0 114.3 160.0 95.6 5.9 4.9
4-Methylvaleric acid 0.2 90.7 0.4 102.5 1.2 113.2 3.1 4.3
Hexanoic acid 2.0 102.8 4.0 88.4 12.0 92.4 7.1 8.1
Heptanoic acid 0.4 90.5 0.8 89.2 2.4 90.1 4.9 5.3
Octanoic acid 0.4 81.8 0.8 100.0 2.4 93.4 2.4 3.6
Oxalic acid 7500.0 97.9 15000.0 111.3 45000.0 115.1 0.5 1.1
Nonanoic acid 1.2 100.2 2.4 104.2 7.2 101.7 7.2 7.1
Propandioic acid 500.0 89.0 1000.0 93.2 3000.0 98.7 0.6 1.0
Benzoic acid 10.0 86.0 20.0 98.4 60.0 112.7 4.0 3.7
Decanoic acid 0.8 98.6 1.6 94.2 4.8 97.3 3.8 6.1
Phenylacetic acid 20.0 97.4 40.0 96.3 120.0 82.6 3.0 2.1
Dodecanoic acid 100.0 96.3 200.0 98.8 600.0 106.7 8.1 7.6
Malic acid 12500.0 110.5 25000.0 103.1 75000.0 96.2 0.9 0.8
Myristic acid 100.0 112.1 200.0 107.9 600.0 103.2 4.2 5.8
Palmitic acid 500.0 83.9 1000.0 110.2 3000.0 108.7 0.8 1.0
Stearic acid 250.0 93.2 500.0 99.7 1500.0 116.4 1.8 3.2
Oleic acid 250.0 99.5 500.0 101.5 1500.0 104.8 4.2 6.2
Citric acid 5000.0 103.0 10000.0 109.2 30000.0 115.6 0.8 1.0
Linoleic acid 500.0 88.1 1000.0 104.7 3000.0 116.3 1.7 2.1
a-Linolenic acid 500.0 110.2 1000.0 85.8 3000.0 116.7 2.6 1.9
y-Linolenic acid 50.0 103.9 100.0 109.2 300.0 96.1 1.9 2.1

Isopropy! esterification
504 [ Methyl esterification %
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Fig. 4 Comparison of results detected by isopropyl and
methyl esterification (n=3)
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Table 4 Determination results of the 29 organic acids in %%Iﬁk
different types of tobacco samples
Contents/( p.g/g) [1] LiuXY, LiuY, Zu Q X, et al. Journal of Agricultural Sci-
C - ence and Technology, 2020, 22(3): 46
ompound Flue-cured Cigar Burley i e e ] y :
tobacco tobacco tobacco XBEz, XU, MR, &5 ERDRHE S, 2020, 22(3): 46
- - [2] PengY, ZhouJ H, Yin G T, et al. Chinese Agricultural Sci-
Formic acid 4040.12 915.35 833.92
ence Bulletin, 2013, 29(34): 212
Acetic acid 299062 2840.36  1842.75 WH L W TYOCHE L % . b A % E R, 2013, 29
Propanoic acid 1.79 2.17 4.51 (34): 212
Isobutyric acid 4.06 10.89 15.34 [3] Chen S A, Zhang H W, Chen B, et al. Journal of Henan Ag-
Butyric acid 1.27 0.55 0.66 ricultural Sciences, 2019, 48(2): 54
2-Methylbutyric acid 7721 29.82 46.82 BRIAES . SRIRER ., BRI, %5 BTRIAOI LS, 2019, 48(2): 54
Isovaleric acid 39.82 15.73 45.12 [4] LiYX, LiuFF, Liu H, et al. Physical Testing and Chemical
Val d 3 - 256 Analysis (Part B: Chemical Analysis), 2023, 59(6): 626
aleric aci 1.1 . . N . N
ZEEE, XN, RRE, AR BAL RS 3% -fk S e 0, 2023, 59
3-Methylvaleric acid 1.65 332.62 2.43 (6): 626
4-Methylvaleric acid 0.21 0.34 0.19 [5] Wang B, YuJJ, CaiJL, etal. Tobacco Science & Technol-
Hexanoic acid 2.25 5.29 2.61 ogy, 2020, 53(11): 49
Heptanoic acid 1.05 0.72 1.08 Tk, A, SRS, OIS RHE, 2020, 53(11): 49
Octanoic acid 1.95 142 0.78 [6] YuTM, Jiang X T, LiJ Z, et al. Guangxi Journal of Light
I 3 :
Oxalic acid 1191224 4374071  27642.30 ndustry, 2014, 30(1): 115
TR, 2240, 80, 45 R TR, 2014, 30(1): 115
N i id 2.28 3.96 2.1
onanoic act ? o [7] Yu J J, Wang B, Cai J L, et al. Acta Tabacaria Sinica,
Propandioic acid 1455.76 3207.07 1095.43 2019, 25(6): 7
Benzoic acid 2140 21.55 13.73 A, EUK, SR, SRR R, 2019, 25(6): 7
Decanoic acid 0.87 0.56 1.83 [8] FuQJ, Hao X W, DuY M, et al. Tobacco Science &Tech-
Phenylacetic acid 13.31 111.97 52.60 nology, 2024, 57(9): 24
8 I i s H R .
Dodecanoic acid 230.27 542.73 373.21 REBIR . BT FLORH, S5 ANRRHE, 2024, 57(9): 24
. . [9] LiM L, Xi H, FuY J, et al. Tobacco Science & Technol-
Malic acid 48292.83 33982.35 79813.62
S 0gy. 2022, 55(6): 42
Myristic acid 12222 27994 3l I, WAL A, % AR RHE, 2022, 55(6): 42
Palmitic acid 1971.21 1046.90 895.36 [10] Xu G Y, He X Y, Zhang L N, et al. Chinese Journal of
Stearic acid 452.12 298.69 282.36 Chromatography, 2024, 42(8): 805
Oleic acid 822.23 422.12 70.78 Vi e, (5%, Sk, 45 . @1, 2024, 42(8): 805
Citric acid 5026.46 38582.12 46874.52 [11} LiH Y, Li X Y, Liu N , et al. Tobacco Science & Technol-
Linoleic acid 2354.47 838.60 1682.12 ogy, 2022, 55(10): 44
) L BT, B, X7, &L AR, 2022, 55(10): 44
«a-Linolenic acid 2422.73 330.71 720.71
[12] MuYQ, WuY X, Wang X, et al. Chinese Journal of Chro-
y-Linolenic acid 134.91 133.74 124.55 matography, 2022, 40(12): 1128
BBiRT, R, £, % @05, 2022, 40(12): 1128
P [13] Xiang G , Yang L , Zhang X , et al. Chromatographia,
3 ZF '1«1:\,
2009, 70(5/6): 1007
N . - . [14] Moldoveanu S C, Poole T, Scott W A. Beitrige Zur Tabak-
25 7 Ah B G AL F = IS
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T v ] B 30 2 B e 29 Rl AT AL R B S E R O B [15] FuHY, Li HD, Wang B, et al. Anal Methods, 2016, 8
(4): 747
1 M =] e b (A
EIEHET 10% iR 5 N B W (& 0.1 g/mL Xf H [16] Huang W N, Lin Z A. Chinese Journal of Chromatogra-
e 2/ hy, 2021, 39(1): 1
SRR ) 10 TR AL AT A R 2, B R I 1 R I A phy (D: 1
WD, T (35, 2021, 39(1): 1
% B 5 e G =n B ] i i
%%ﬂﬁj %ﬁi% »j?lv{/ﬁl'ﬂ$aiﬁi§lﬁl SRR C ] [17] LiWX, GuLL, Yang F R, et al. Tobacco Science & Tech-
—1 s 1 b Al . nology, 2024, 57(1): 13
1T [ K R0 R o e e b S A 4 ology, 2024, 57(1): 13
BT, WA, A, &M R, 2024, 57(1): 13
> ) A 5 MoEE o2 Bk > 73y . .
KA A HLER B [R) B R e A I, Sk R R R A ML R [18] Wang Z Y, Shi H W, Ma C Y, et al. Chinese Journal of
g . 3 > e 5 Chromatography, 2024, 42(6): 581
(9 IF 58 45 A3 T 42 397 000 7 1 T B, SR A 2 0 5 T T A omatosrap W, S
TR, R, BIE, 5F. M5k, 2024, 42(6): 581
AT R . [19] Shen Y F, Zhao C S, Zhao L H, et al. Chemical Reagents,



11 ¥

It A5 < S DA TR A AT A= - =M (3 - i ok DU 7 A0 R b 29 oA HLIRR

- 1261 -

[22]

2018, 40(3): 244

R ), BRI, RO AE, AE L 2R, 2018, 40(3): 244
Li D K, Tian N, Wu R X, et al. Chinese Journal of Analy-
sis Laboratory, 2021, 40(4):454

BRI, 20T, % ridEe g, 2021, 40(4): 454
Wang X Y, Ming M, Lian L L, et al. Chinese Journal of
Chromatography, 2020, 38(2):250

LA, W, SR, % . @5, 2020, 38(2): 250

Shen Z D, Huang D M, Fang C L, et al. Chinese Journal of
Chromatography, 2021, 39(12): 1340

HIOJRHR, BAAM, Jr ik, 45 G, 2021, 39(12): 1340
GB 5009.257-2016

NY/T 3566-2020

YC/T 288-2009

Schmeltz I, Miller R L, Stedman R L. J Chromatogr Sci,

[27]

[28]

[29]

1963, 1: 27

Zhang P Q, Xu G Z, Du X M, et al. Anhui Agricultural Sci-
ence Bulletin, 2017, 23(1): 96

AP, RO, AT, S BRI R, 2017, 23
(1): 96

Wu J Z, Yang W W, Zheng W, et al. Shandong Chemical
Industry, 2023, 52(15): 110

SEE, Bk, B, L A4, 2023, 52(15): 110
Liu R H, Pan L N, Wang X Y, et al. Chemical Analysis and
Meterage, 2022, 31(12): 22

X, W T, EREH, L APt 2022, 31
(12): 22

Zhu L, Zheng J, Yang J, et al. Tobacco Science & Technol-
ogy, 2015, 48(9): 56

RF¥, FAd, iR, A B R, 2015, 48(9): 56



