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Electrodialysis (ED) is an electromembrane separation process suitable for recovery of organic acids. In this work 
galacturonic acid (GA) obtained by enzymatic hydrolysis of pectins from various sources was separated by a laboratory 
scale, two-step ED stack and a scaled-up, complex ED system. The experimental results from the two systems were 
compared. 
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Introduction 

Galacturonic acid is the monomer of pectin, a 
polysaccharide [1] often occurred in agro-wastes, like 
sugar beet pulp, apple pomace, press cakes of fruits... 
etc. Pectin can be hydrolyzed by enzymes and the 
process results a galacturonate (Gat) solution. Since it is 
an acidic (charged) compound, its recovery and 
separation can be carried out by electrodialysis (ED). 
Electrodialysis is an electro membrane process, where 
charged components move in the direction of the 
oppositely charged electrode under electrical potential 
difference [2, 3].  

ED has already been applied to separate various 
organic acids like citric acid, lactic acid, acetic acid, 
propionic adic, gluconic acid, maleic acid [4–8]. In case 
of pectin hydrolysates ED can be used for recovery and 
desalination of galacturonate ions (the counter ion is 
usually Na). A laboratory scale, two step ED stack and a 
Fumatech FT-ED-4-100-10 scaled-up complex module 
were applied in our laboratory to recover GA ([9 ,10]. In 
this work the stacks are compared from the aspects of 
yield, operation parameters, energy requirement and 
average current efficiency. 

Material and methods 

Galacturonic acid (GA) applied in the model solutions 
was purchased from Sigma-Aldrich, while sodium 
sulphate from Spectrum (Hungary). Cation- (Fumasep 
FKB), anion-selective (Fumasep FAB) and bipolar (BP) 
membranes were purchased from Fumatech.  

Hydrolysis of pectin solutions from sugar beet pulp 
and citrus was carried out by pectinase enzymes (Pectinex 

100L enzyme preparation) in a shaking incubator. The 
process was followed by acid titration (0.5 M NaOH). 

The laboratory scale ED set up consisted of two 
stacks (one conventional and the other contains bipolar 
membrane) was constructed in our workshop. The first 
stack was an symmetric ED cell (described in [9]), with 
0.0225 m2 membrane surface area. Here the galacturonate 
ions from the hydrolysate moved toward the anode and 
passed through the anion selective membrane, while 
sodium ions are transported in the other way. Thus a 
concentrate stream containing mainly Na-galacturonate 
was formed. 

Then its desalination was carried out in the second 
ED cell, where 2 cation selective and a bipolar membrane 
were built in (Figure 1) altogether with 0.0135 m2 
membrane surface area. Separation of sodium and 
galacturonate ions was possible: galacturonate anions 
remained in the feed solution forming an acid solution, 
while Na ions passed through the cation selective 
membrane into the alkali solution forming NaOH. 

 

 
Figure 1: Set-up of the second laboratory scale ED 

module 
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The scaled-up complex module containing cation, 
anion selective and bipolar membranes was described in 
[10], its membrane surface area was 0.31 m2. 

Both ED stacks were operated by recirculation, using 
Na2SO4 solution (electrode solution). The experiments 
were followed by measuring the concentration of GA 
(DNS test [11]) in various streams, conductivity, pH, 

electric current and voltage, the data were collected by a 
data acquisition device (National Instruments USB-
6008/6009) and recorded by the program LabVIEW. 

The important stack and operation parameters for the 
laboratory scale stacks and the scaled-up complex ED 
module were summarized in Tables 1 and 2, respectively. 

 
Table 1: Parameters of the two-step ED system for galacturonic acid recovery and desalination 

Features of the modules Conventional asymmetric ED Combined with BP membrane 
Membranes 3 cation selective, 2 anion selective 2 cation selective, 1 bipolar 

Membrane surface area 0.0225 m2 0.0135 m2 
Volumes of solutions feed (diluate): 100 ml, concentrate: 150 ml feed (acid): 100 ml, alkali: 150 ml 

Recirculation rate 32 ml/min 32 ml/min 
Electrode solution 200 ml 0.5 mol/l Na2SO4 200 ml 0.5 mol/l Na2SO4 
Recirculation rate 60 ml/min 60 ml/min 
Applied voltage 5 V 5 V 

Processes 
galacturonate anions and Na cations pass 
through the membranes to accumulate in 

the concentrate 

galacturonate anions remain, BP provides 
H+, acid formation 

Na cations pass through the membranes, 
form alkali solution 

Final results concentrate rich in Na-galacturonate formation of galacturonic acid and NaOH 
solutions 

 
Table 2: Parameters of the scaled-up complex ED system 

Features of the module Scaled-up complex module 
Membranes 10 anion selective, 11 cation selective, 10 bipolar 

Membrane surface area 0.31 m2 
Volumes of solutions feed (diluate): 400 ml, acid: 400 ml, alkali: 450 ml 

Recirculation rate 380 ml/min 
Electrode solution 500 ml 0.1 mol/l Na2SO4 
Recirculation rate 500 ml/min 
Applied voltage 36 V 

Processes both galacturonic anions and Na cations pass through the membrane, 
formation of acid and alkali solutions 

Final results recovery and desalination of galacturonic acid in one step 
  

Results 

Pectin hydrolysates from sugar beet pulp and citrus 
were studied by using the two ED systems. The 
experimental results are compared in Table 3. 

From the table it can be seen, that higher initial 
concentration feed was applied in case of the two-step 
laboratory module, since in the second step we had to 
use the result of the first step: the Na-galacturonate 
solution (recovered from the hydrolysate). It was 
desalinated in the BP module. In the scaled-up 
complex system the separation process (recovery and 
desalination) was achieved in one single step. Though 
the energy consumptions were much higher in the 

scaled-up system and the current efficiencies were 
lower (than in the laboratory scale stack), but larger 
amount of product solutions (pure galacturonic acid) 
were manufactured. If the product acid obtained were 
related to the energy consumption, we found that – in 
case of ED separation of sugar beet pectin 
hydrolysate – 1 Wh energy resulted in 0.09 g and 
0.13 g GA production by the two-step, laboratory and 
the scaled-up, complex system, respectively. The 
scaled-up system worked with higher effectiveness, 
moreover it should be taken into account that its 
operation can be further optimised, and the energy 
consumption might be reduced even more. 
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Table 3: Comparison of the two ED systems 

Two-step laboratory ED system Hydrolysate  
asymmetric ED BP module 

Scaled-up complex ED system

from sugar beet 
pulp pectin 

feed volume 
feed conc. 

yield 
current eff. 

energy 
final result 

100 ml 
36.5g/l 
63% 
56% 

9.2 Wh 
150 ml 15.4 g/l Na-

Gat solution 

100 ml 
15.4 g/l 

desalination – 
4.6 Wh 

100 ml 12.1 g/l 
desalinated GA 

solution 

400 ml 
15 g/l 
65% 
41% 

31 Wh 
400 ml 9.8 g/l desalinated GA 

solution 

from citrus 
pectin 

feed volume 
feed conc. 

yield 
current eff. 

energy 
final results 

 

100 ml 
48.9 g/l 

78% 
63% 

8.9 Wh 
150 ml 25.4 g/l Na-

Gat solution 

no data 

400 ml 
39 g/l 
86% 
54% 

39 Wh 
400 ml 33.5 g/l desalinated GA 

solution 
     

 
The yield, current effectiveness values are better 

for citrus pectin hydrolysate than for sugar beet pulp 
pectin hydrolysate, which may be explained by the 
higher purity of the citrus pectin preparation. 

As a summary, we concluded that electrodialysis 
is a suitable method for recovery, desalination and 
purification of galacturonic acid from hydrolysates of 
various pectins. The complex module was able to 
separate the product in one step and it seems that the 
scaled-up system worked more efficiently: higher 
yield was achieved by less energy consumption. 
Therefore the complex ED system is suggested to 
apply for further experiments, aiming to study the 
possibilities of industrial applications. 

Acknowledgement 

This work was partly supported by the TÁMOP-
4.2.1/B-09/1/KONV-201-0003 and TÁMOP-4.2.2/B-
10/1-2010-0025. 

REFERENCES 

1. Z. I., KERTÉSZ: The pectic substances, 
Interscience Publishers, New York (1951) 

2. H. STRATHMANN: Ion-exchange membrane 
separation processes, Elsevier, Amsterdam 
(2004) 

3. S. BESZDES, ZS. LÁSZLÓ, G. SZABÓ, C. HODÚR: 
Enhancing of biodegradability of sewage sludge 
by microwave irradiation, Hungarian Journal 
Industrial Chemistry, 36 (2008), pp. 11–16 

4. S. NOVALIC, J. OKWOR, K. D. KULBE: The 
characteristics of citric acid separation using 
electrodialysis with bipolar membranes, 
Desalination, 105 (1996), pp. 277–283 

5. M. CYTKO, K. ISHI, K. KAWAI: Continuous 
glucose fermentation for lactic acid production: 

recovery of acid by electrodialysis, Chemie 
Ingenieur Technik, 59 (1987), pp. 952–954 

6. N. YOSHIYUKI, I. MASAYOSHI, H. MOTOYOSHI: 
Acetic acid production by an electrodialysis 
fermentation method with a computerized control 
system. Applied Environmental Microbiology, 
54 (1988), pp. 137–142 

7. S. NOVALIC, T. KONGBANGKERD, K. D. KULBE: 
Recovery of organic acids with high molecular 
weight using a combined electrodialytic process, 
Journal of Membrane Science, 166 (2000), pp. 
99–104  

8. K. BÉLAFI-BAKÓ, N. NEMESTÓTHY, L. GUBICZA: 
Study on application of membrane techniques in 
bioconversion of fumaric acid to L-malic acid, 
Desalination, 162 (2004), pp. 301–306 

9. E. MOLNÁR, M. ESZTERLE, K. KISS, N. 
NEMESTÓTHY, J. FEKETE, K. BÉLAFI-BAKÓ: 
Utilisation of electrodialysis for galacturonic acid 
recovery, Desalination, 241 (2009), pp. 81–85 

10. E. MOLNÁR, N. NEMESTÓTHY, K. BÉLAFI-BAKÓ: 
Utilisation of bipolar electrodialysis for recovery 
of galacturonic acid, Desalination, 250 (2010), 
pp. 1128–1131 

11. G. L. MILLER: Use of dinitro-salicylic acid 
reagent for determination of reducing sugar, 
Analytical Chemistry, 31 (1959), pp. 426–428 




