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The contents of organic acids in various food products have been determined by 
traditional analytical methods’, but such analyses are time consuming and suffer from 
errors due to the large number of operations necessary for the isolation and 
determination of individual components. In addition, the presence of other acids 
and/or materials can interfere and cause additional errors. Hence modern separation 
methods have been increasingly usedzp5. 

The detection of individual acids in various food products is now carried out 
mostly by chromatographic methods, gas chromatography6,7 and high-performance 
liquid chromatography 8*g being the most widely used. However, the complete 
chromatographic separation of organic acids is not easily achieved, and the methods 
are sometimes time consuming and involve complex sample preparation organic acids 
in aqueous alcohols have been determined using zone electrophoresis”,’ ‘. 

Capillary isotachophoresis has been found suitable for the identification and 
determination of organic acids in foods12-26. Its main advantages are simple sample 
preparation and short analysis times. Separation can be performed in both aqueous 
and non-aqueous solutions 27,28. 

We have used capillary isotachophoresis in the study of the formation of organic 
acids and phosphoric acid during lactic fermentation of cabbage and of changes in 
organic acid contents during the maturation of red wine. 

EXPERIMENTAL 

We used a CS ZKI 001 Isotachophoretic Pnalyser (SpiSskB N. Ves, Czecho- 
slovakia) with a conductivity detector and a TZ 4200 double-line recorder (Labo- 
ratorni pfistroje, Prague, Czechoslovakia), and also several electrolytic systems as 
shown in Table I. Samples diluted I:50 with water were injected into the column using 
the four-way valve of the instrument. The duration of the analysis was 20-30 min, 
depending on the electrolytes used. Organic acids were identified by comparison of the 
isotachophoretic zones of the analytes in the samples and in standard solutions. 
Quantitative analysis was performed by calibration. 
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TABLE I 

COMPOSITION OF ELECTROLYTES AND CONDITIONS OF SEPARATION 

Concentration of leading 
electrolyte (hydrochloric acid) 

(W 10-Z 10-Z 10.-z 
Counter ion j?-Alanine a-Aminocaproic acid 

PH 3.8 4.5 5.2 
Additive polyvinylpyrrolidone 
(PVP) (%) 0.1 0.1 0.1 
Terminating electrolyte Caproic acid Caproic acid Caproic acid 
Concentration (w 5 10-j 10-Z 10mZ 
Current of 200 PIA in the preseparation column 
Current of 40 +4 in the analytical column 

RESULTS AND DISCUSSION 

The process of cabbage fermentation was followed by the determination of 
organic acids in the liquid phase. Lactic, acetic, phosphoric and ascorbic acid were 
determined after 4,5,6,7, 10 and 11 days of fermentation. Fig. 1 shows the increase in 
organic acid contents. After 11 days of fermentation, the following acid contents were 
found in the liquid portion of fermented cabbage: ascorbic acid 0.16, lactic acid 6.13, 
acetic acid 1.52 and phosphoric acid 0.14 g 1-r. Lactic and acetic acid are the main 
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Fig. 1. Organic acids in fermented cabbage. LACT. = lactic. 



CAPILLARY ISOTACHOPHORESIS OF ORGANIC ACIDS 285 

ACID 
CONTENTS I 

(cl I-’ 1 

-*::A xn;’ 
TARTARIC ACID 

4 

CfTRlC ACfD 

1 1 I I I I 

X XI XII I II III IV 
SAMPLING IN MOWS 

Fig. 2. Changes in tartar+ malic and citric acid contents in SvBtovavrinecki red wine. 
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Fig. 3. Changes in lactic, succinic and acetic acid contents in Svgtovavrineck6 red wine. 
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products of the lactic fermentation process and are a significant parameter for the 
quality of fermented cabbage. By comparing the results obtained after 11 days of 
fermentation and those obtained by Klein29 and Hamtschek3*, a further increase in 
the acid contents with prolonged fermentation could be assumed, with citric acid being 
formed in the final stage. 

We also studied red wine formation from Sv5tovavrineck& (Saint Laures) grape 
mash. The wine was decanted from the dregs as the residual sugar content decreased to 
4 g 1-l. The decanted wine was stored in glass containers and the changes in the 
contents of tartaric, malic, citric, lactic, succinic and acetic acid were followed by 
isotachophoresis. The organic acids formed influence the characteristic a stringent 
taste of the wine. Figs. 2 and 3 show the changes in the acid contents in the wine during 
maturation from October to April. 
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