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3. Multiple Reaction Monitoring (MRM)
4. Capillary voltage

5. Source and desolvation

6. Flow ratesdesolvation and cone gas
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Table 1 Multiple Reaction Monitoring (MRM) transitionsused for organic acids

. . Parent Doughter Colission
Organic Acids g Cone (V)
(m/z) (m/z) V)
Malic Acid 133 71 20 20
Malic Acid 133 115 20 20
Citric Acid 191 87 20 40
Citric Acid 191 111 20 20
IsoCitric Acid 191 111 20 20
IsoCitric Acid 191 173 20 30
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Fig 1 Multiple reaction monitoring (MRM) chromatograms in 100, 1 and 10 g/L standard solutions for citric,
isocitric and malic acids, respectively. (1: citric acid; 2: isocitric acid; 3: malic acid)
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Table 2 Analysis of natural lime and lemon juice samples

Sample Organic acids Results allowed limit Conformity
Lime (1) Citric Acid 48.2 (g/L) 40-75 (g/L) Yes
IsoCitric Acid 0.44 (g/L) 0.180-0.600 (g/L) Yes
Citric Acid/IsoCitric Acid ratio 109.5 <300 Yes
Malic Acid 3.3 (g/L) 1.5-5.0 (g/L) Yes
Lime (2) Citric Acid 44.2 (g/L) 40-75 (g/L) Yes
IsoCitric Acid 0.42 (g/L) 0.180-0.600 (g/L) Yes
Citric Acid/lsoCitric Acid ratio 105.2 <300 Yes
Malic Acid 2.6 (g/L) 1.5-5.0 (g/L) Yes
Lemon (1) Citric Acid 40.2 (g/L) 40-75 (g/L) Yes
IsoCitric Acid 0.375 (g/L) 0.180-0.600 (g/L) Yes
Citric Acid/lsoCitric Acid ratio 107.2 <300 Yes
Malic Acid <0.6 (g/L) 1.5-5.0 (g/L) No
Lemon (2) Citric Acid 52.91 (g/L) 40-75 (g/L) Yes
IsoCitric Acid 0.48 (g/L) 0.180-0.600 (g/L) Yes
Citric Acid/IsoCitric Acid ratio 110.2 <300 Yes
Malic Acid 1.1 (g/L) 1.5-5.0 (g/L) No
Lemon (3) Citric Acid 56.5 (g/L) 40-75 (g/L) Yes
IsoCitric Acid 0.55 (g/L) 0.180-0.600 (g/L) Yes
Citric Acid/lsoCitric Acid ratio 102.7 <300 Yes
Malic Acid < 0.6 (g/L) 1.5-5.0 (g/L) No

Table 3 Analysis of industrial lemon juice samples

Sample Organic acids Results allowed limit Conformity
1) Citric Acid 54.1 (g/L) 40-75 (g/L) Yes
IsoCitric Acid <0.03 (g/L) 0.180-0.600 (g/L) No
Citric Acid/lsoCitric Acid ratio > 1800 <300 No
Malic Acid < 0.6 (g/L) 1.5-5.0 (g/L) No
(2) Citric Acid 44.1 (g/L) 40-75 (g/L) Yes
IsoCitric Acid 0.13 (g/L) 0.180-0.600 (g/L) No
Citric Acid/lsoCitric Acid ratio 339.2 <300 No
Malic Acid <0.67 (g/L) 1.5-5.0 (g/L) No
(3) Citric Acid 40.0 (g/L) 40-75 (g/L) Yes
IsoCitric Acid 0.09 (g/L) 0.180-0.600 (g/L) No
Citric Acid/lsoCitric Acid ratio 444 .4 <300 No
Malic Acid < 0.6 (g/L) 1.5-5.0 (g/L) No
(@) Citric Acid 43.5 (g/L) 40-75 (g/L) Yes
IsoCitric Acid 0.67 (g/L) 0.180-0.600 (g/L) No
Citric Acid/lsoCitric Acid ratio 65.0 <300 Yes
Malic Acid 1.3 (g/L) 1.5-5.0 (g/L) Yes
(5) Citric Acid 45.2 (g/L) 40-75 (g/L) Yes
IsoCitric Acid 0.11 (g/L) 0.180-0.600 (g/L) No
Citric Acid/lsoCitric Acid ratio 411.0 <300 No
Malic Acid < 0.6 (g/L) 1.5-5.0 (g/L) No
(6) Citric Acid 66.7 (g/L) 40-75 (g/L) Yes
IsoCitric Acid 0.385 (g/L) 0.180-0.600 (g/L) Yes
Citric Acid/lsoCitric Acid ratio 173.2 <300 Yes
Malic Acid 1.23 (g/L) 1.5-5.0 (g/L) No
(7) Citric Acid 62.8 (g/L) 40-75 (g/L) Yes
IsoCitric Acid 0.158 (g/L) 0.180-0.600 (g/L) No
Citric Acid/lsoCitric Acid ratio 397.5 <300 No
Malic Acid 0.386 (g/L) 1.5-5.0 (g/L) No
(8) Citric Acid 51.7 (g/L) 40-75 (g/L) Yes
IsoCitric Acid 0.545 (g/L) 0.180-0.600 (g/L) Yes
Citric Acid/lsoCitric Acid ratio 94.9 (g/L) <300 Yes
Malic Acid 1.318 (g/L) 1.5-5.0 (g/L) No
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Industrial lemon juice may contain unauthorized additives that can lead to various diseases in society.
As a result, it is highly important to use effective methods to identify the fake lemon juice. In this
study, for the first time in our country, detection of cheating in industrial lemon juice in Golestan
province is presented by analyzing organic acids, including citric acid, isocytic acid, malic acid, and
also determining the ratio between citric acid and isocytic acid using liquid chromatography-mass
spectrometry. The accuracy of the proposed method was confirmed by analyzing natural lemon juice
samples. The limits of detection and quantification were 2 and 5, 0.02 and 0.05, 0.2 and 0.5 mg L™ for
citric acid, isocytic acid, and malic acid, respectively. Industrial lemon juice samples were selected
from commercially available brands, and fake samples were detected by comparison of the amounts of
organic acids with the authorized values set by the European Standard. The results showed that the
proposed method is very effective and sensitive in detecting cheating samples of industrial lemon
juice.
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