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Fig. 1 Electropherogram of a mixture of some acids
1 : Fumarate, 2 .tartarate, 3 . citrate, 4 . malate, 5 : lactate
6 . succinate, 7 . ascorbate, 8 . caproate.
Electrolyte system : system 1, see Table 1. Concentration of each
acid : 0.014%. Injected volume : 104 £. Driving current : 25 yA.
Counter flow : 200 4 £/hr, 30min.



Table 1 Electrolyte systems used in this study
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Leading electrolyte Terminal electrolyte
No. Contents pH Contents pH
1 0.01M-HCI, g-Alanine, Triton X-100 3.0 0.01M-Caproic acid 3.48
2 | 0.01M-HCl, L-Histidine, Triton X-100 5.1 }0.01M-Glutamic acid 3.41
3 | 0.01M-HCl, Amediol, PVA-2000 6.0{0.01M-g-Alanine, Ba (OH), 10.0
4 [0.01M-HCl, Tris, Methyl cellulose 8.0 0.01M- e-Aminocapropic acid, Ba (OH), 10.9
5 {0.01M-HCl, Tris, Methyl cellulose 8.8{0.01M-8-Alanine, Ba (OH), 9.5
Triton X—100 0.1 ) PVA—2000 0.5 ) Table 2 PU values obtained under various
0.5 conditions
K Electrolyte 1 2 5 . 5
systems
Aeid ®PH) | B.0) (5.1) (6.0) (8.0) (8.8)
31 Oxalic acid 0.06 0.12 0.09 0.04 0.01
Fig. Fumaric acid 0.15 0.24 0.25 0.21 0.05
0.014 Tartaric acid 0.16. 0.25 0.26 0.23 0.05
10p 1 Fig. Citric acid 0.21 0.36 0.28 0.13 0.03
pH3.1 Malic acid 0:.24 0.34 0.28 0.27 0.05
Succinic acid 0.47 0.44 0.33 0.27 0.06
PG diff.PG Lactic acid 0.30 0.65 0.66 0.68 0.12
Ascorbic acid 0.59 — - — 0.21
PG
PG Table PU
2) PU 0.01
Fig.
Fig.
PG
3 2
100p A
Table
Table Table
PU 10 PU 0.1
pl

100p A
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Fig. 2 Electropherograms of a mixture of some acids
(a) 1: Oxalate, 2 : fumarate, 3 . tartarate, succinate, malate, 4 : CO;7, 5! lactate.
(b) 1 : Fumarate, tartarate, 2 . malate, citrate, 3 : succinate, 4  lactate.
Electrolyte systems . (a) system 5, (b) system 3, see Table 1. Concentration of each acid :
0.2X10*mol. Injected volume : 3« £. Counter flow: (a) 100x £/hr, 30min,
(b) 2004 0/hr, 20min. Driving current . 50uA.
Fig.
CITP ug
Kohlraush 2)
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Table
3 3
Fig. Fig.
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pH3.1
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Fig. 3 Calibration curves
a~h are the same as cited in Table 3.
Electrolyte system: see Table 1.
Chart speed : 100mm/min. Driving current ! 100xA. L\\
|- s
25 30 (min}
76 70
PU Fig. 4 Electropherogram of apple juice

Fresh apple juice was diluted four times with
water. Electrolyte . system 1, see Table 1.
Driving current: 50uA. Counter flow : 200u £
/hr, 20min. Injected volume : 104 §.

Table 3 Test of regression lines

No. Acid E. system* Regression line v r** F-test*** | t-test¥***
a | Citric acid 5 (pH8.8) | Y=3.5833X X0.2150 | 0.533 0. 99456 1.25 1.10
b 2 1 ( 3.1) | Y=1.9830X X0.6300 | 0.259 0.99861 1.12 6.71
¢ | Fumaric acid | 5 ( 8.8) |Y =4.9250X X0.0917 | 0.692 0.99575 1.76 0.36
d | Oxalic acid 4 ( 8.0) | Y=4.6850X X0.4417 | 0.738 0.99466 1.92 1.63
e | Ascorbic acid | 1 ( 3.1) | Y=2.1767X X0.7300 | 0.278 0.99468 0.49 7.16
f | Succinic acid | 1 ( 3.1) |Y=3.5833X X0.6617 | 0.264 0. 99800 0.59 6.84
g | Malic acid 2 ( 5.0) | Y=3.0350X X0.0655 | 0.243 0.99851 0.33 0.73
h | Tartaric acid | 3 ( 6.0) |Y =3.4013X X0.0765 | 0.263 0.99671 0.49 0.51
* Electrolyte system, see Table 1, ** Coefficient of correlation,

**E FH=3.71 (P=0.05), **** ¢ =3a/g,, t,(10;0.05)=2.23
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Fig. 5 Electropherogram of orange (unshu) juice
Fresh orange juice was diluted four times with
water.

Electrolyte . system 1, see Table 1. Driving
current : 50uA. Counter flow ! 2004 £/hr.

Injected volume : 104 2.
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Analysis of Unvolatile Organic Acids by Capillary Tube Isotachophoresis

Shozo KAWABATA and Mitsuo DEKI
Central Customs Labolatory, Ministry of Finance,
531, Iwase, Matsudo shi, Chiba ken, 271 Japan
Planning and Duty Section of Customs and Tariff Bureau, Ministry of Finance,
3 1 1, Kasumigaseki, Chiyoda ku, Tokyo, 100 Japan

By the technique of capillary tube isotachophoresis, the simultaneous separation of unvolatile organic
acids was investigated.

The apparatus used in this investigation was the Shimadzu IP 1B isotachophoretic analyser, equipped
with a PGD 1 potential gradient detector and a counter flow attachment. The analysis was performed in a
20 Teflon tube with 0.57 1.D. The tube was kept at a constant temperature of 20

The leading electrolytes used were five solutions of 0.01M HC1 buffered at pH 3.1, 5.0, 6.0, 8.0 and 8.8.
The terminal electrolytes used were 0.01M caproic acid, 0.01M glutamic acid. 0.01lM [ alanine and
0.01M ¢ aminocaproic acid. Triton X 100 (0.1%), PVA 200, or methyl cellulose were added to the
leading electrolyte to sharpen zone boundaries.

The PU values of eight unvolatile acids, namely, fumalic acid, oxalic acid, ascorbic acid, tartaric acid,
malic acid, succinic acid, citric acid and lactic acid, were measured under the various conditions of the
above electrolytes.

These acids were separated simul taneously by the use of pH 3.1 leading electrolyte, except oxalic acid
and lactic acid could not be separated by the use of pH 3.1 leading electrolyte. However, oxalic acid and
lactic acid could be separated by the use of pH 8.8 leading electrolyte.

The calibration lines for amount of acid vs. the lengths their zones were examined. The lines were
satisfactorily linear. The deviation in the slope of the lines was less than 5 %.

The acids in the lemon juice and the orange juice were analysed satisfactorily.

— Received Aug. 31, 1978 —



