
Journal of Hygienic Engineering and Design

49

Original scientific paper
UDC 637.34.055:542.879.7

ЕFFECT OF ELECTRODIALYSIS ON DAIRY 
BY-PRODUCTS MICROBIOLOGICAL INDICATORS

Georgy Anisimov1, Svetlana Ryabtseva1*, Ivan Evdokimov1, Andrei Khramtsov1, 
Irina Kulikova1, Maria Kosenko1, Vitaly Kravtsov1

1Department of Applied Biotechnology, Institute of Life Sciences, 
North-Caucasus Federal University, Pushkin Street 1, 355009 Stavropol, Russia

*e-mail: ryabtseva07@mail.ru

Abstract 

The microbiological aspects of membrane processing 
of dairy by-products have been studied mainly in rela-
tion to the formation of biofilms during ultrafiltration 
and reverse osmosis. Electrodialysis allows to adjust 
the salt content and reduce the acidity of the whey, 
however, it is a long process during which different 
groups of microorganisms in the raw material can mul-
tiply and form biofilms. The purpose of this research 
was to study the effect of electrodialysis temperature 
on microbiological indicators of natural and con-
densed dry solids of curd and cheese whey and skim 
milk permeate. 

We investigated the effect of electrodialysis tempera-
ture on microbiological indicators (mesophilic aero-
bic plate count, spore-forming bacteria, yeast, molds, 
and coliforms) on natural and condensed to 20% dry 
solids samples of curd whey, cheese whey and skim 
milk permeate. Electrodialysis treatment of samples 
was carried out at the ED (R) -Y/50 facility of the Czech 
company Mega at temperatures of: 15, 22, and 30 0C. 
Analysis of microbiological indicators was carried out 
using 3М™ Petrifilm™. 

Electrodialysis at 15 0C does not have a significant 
impact on the development of the studied groups 
of microorganisms in all types of raw materials. Elec-
trodialysis at 22 0C contributes to the slow develop-
ment of some microorganisms. Electrodialysis at 30 
0C leads to a significant increase in the aerobic plate 
count of natural cheese whey (Δ lgN = 0.49), the num-
ber of yeast in natural (Δ lgN = 1.12) and condensed 
(Δ lgN = 0.65) curd whey, and also in natural perme-
ate (Δ lgN = 0.50). Stimulation of the growth of yeast 
during electrodialysis of curd whey may be due  

to favorable pH, active mixing and aeration. Increas-
ing of spore-forming bacteria during electrodialysis at 
30 0C can be explained by the formation of biofilms on 
the membranes. The suppression of microbial growth 
during electrodialysis was found for mesophilic aero-
bic plate count in permeate, as well as for coliforms in 
all types of natural raw materials at 30 0C. 

Electrodialysis can be carried out without significant 
deterioration of microbiological indicators on all the 
studied types of raw materials at 15 0C and 20 0C, on 
condensed permeate at 30 0C. 

Key words: Dairy by-products, Electrodialysis, Tempera-
ture effect, Microbiological indicators. 

1. Introduction 

The problem of dairy waste utilization is an issue of 
environmental, economic and social importance. The 
world production of whey is estimated at approximate-
ly 165 million tons. About 60% of this volume is recy-
cled, and the rest is used for animal feed or dumped, 
causing serious environmental pollution [1]. Tradi-
tionally, dairy by-products (DBP) are used to produce 
beverages, dry products, protein concentrates, lac-
tose, etc., [2]. The global production of skimmed milk 
and whey powders has increased by 32.4% and 19.7%, 
correspondingly, for the last seven years [11]. DBP are 
cheap raw materials used to produce some function-
al ingredients, including lactose derivatives and whey 
proteins. That creates new opportunities for satisfying 
increasing consumer interest in healthy food (health 
and wellness), and DBP cost-efficient processing.
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In this respect, baro- and electromembrane methods 
of DBP processing are assuming particular importance 
as they ensure preservation of DBP components na-
tive properties [3]. One of the main problems of these 
methods is associated with the formation of protein 
and mineral layer on membranes. Microbial cells at-
tach to the layer easily and reproduce quickly, causing 
the formation of complex self-regulating systems (bio-
films) which are the sources of continuous contamina-
tion of products. That leads to reduced performance 
and premature equipment failure, efficiency losses in 
cleaning and disinfection which badly affect quality 
and safety of the food products [4].

According to Chamberland et al., [5], the microflora of 
the raw materials is found to have significant influence 
on the composition of early microbial communities 
that appear on the membranes during the ultrafiltra-
tion of milk and whey [5]. It is emphasized that while 
developing methods for the prevention of ultrafiltra-
tion membrane biological fouling, it is necessary to 
take into account not only the filtered liquid proper-
ties and the feed temperature, but also the microbial 
environment of the milk processing plant [5]. During 
whey ultrafiltration, membrane physical properties af-
fect the composition of biofilms on membranes more 
than their chemical properties, whereas during milk 
processing, properties of the casein layer formed on 
membranes are found the most significant [6]. The 
analysis of microflora by metabarcoding in combina-
tion with real-time polymerase chain reaction showed 
that pasteurized milk retentates contained mainly 
Streptococcus, Pseudomonas and Enterobacteriaceae, 
while cheese whey retentates also contained Lacto-
coccus [6]. Marka and Anand, [7], demonstrated that 
bacilli biofilms formed during the reverse osmosis of 
ultrafiltration permeate are more resistant to cleaning 
and disinfection than those in cheese whey. It should 
be noted that microbiological aspects of DBP mem-
brane treatment have been studied mainly in relation 
to biofilm formation during ultrafiltration and reverse 
osmosis [4 - 7].

The whey specific feature is a high content of mineral 
salts which should removed during whey processing, 
especially if whey or whey ingredient powders for in-
fant food are produced. There are several ways of DBP 
desalting: ion exchange, electrodialysis, or nanofiltra-
tion. Electrodialysis has some advantages as it enables 
dissolved substance ions transfer through a membrane 
in an electric field, the electric potential gradient being 
a driving force [8]. 

Electrodialysis ensures salt content regulation and raw 
material acidity reduction. However, electrodialysis is a 
long process during which different groups of microor-
ganisms can reproduce in DBP, and little research has 
been undertaken on the effect of the electric field on 
the microflora growth. In addition, whey proteins and 

sparingly soluble calcium salts can precipitate on elec-
trodialysis membranes. This layer is a suitable basis for 
the attachment and growth of DBP microflora. To pre-
vent microbial contamination, electrodialysis equip-
ment manufacturers recommend processing at low 
temperatures (10 - 15 0C), which results in its reduced 
performance [9]. The membrane process temperature 
increase may affect the microorganism growth rate, 
and, as a result, badly affect the product quality [4, 5, 
6, and 10]. 

The study of the pasteurized curd whey electrodialysis 
by Kosenko et al., [12], demonstrates that the increase 
of the process temperature from 15 0C to 30 0C leads to 
a significant increase in thermophilic microorganisms 
and yeast count, but it does not affect mesophilic or 
psychrophilic microflora considerably. No significant 
effect of electrodialysis on mesophilic, psychrophilic or 
thermophilic aerobic microorganisms in the skimmed 
milk permeate is noted by Anisimov et al., [13]. 

Thus the comparative study of different microorgan-
isms’ growth in different types of DBP during electrodi-
alysis treatment at different temperatures is of interest. 
The main microbiological indicators of dairy product 
quality and safety are the number of mesophilic aer-
obic microorganisms, yeasts and molds, and coliform 
bacteria. The purpose of this research was to study the 
effect of electrodialysis temperature on microbiologi-
cal indicators of natural and condensed dry solids of 
curd and cheese whey and skim milk permeate. 

2. Materials and Methods 

The dairy by-products (DBP) were provided by Mo-
lochny Kombinat Stavropolsky JSC (Stavropol, Russia). 
The following types of industrial DBP were used in the 
experiments: the curd whey obtained during the low-
fat curd production using mesophilic lactococcal start-
er culture; the cheese whey obtained during the pro-
duction of cheese «Rossiiskii» using mesophilic lacto-
coccal starter culture; the skim milk permeate obtained 
by ultrafiltration through 10 kDa PES spiral-wound 
membranes HFK131 (Koch Membrane Systems, Wilm-
ington, USA). The DBP were vacuum-concentrated in a 
batch mode using an industrial double-effect evapora-
tor. The temperatures in the first and the second tanks 
were maintained as high as 67 and 50 0C, respectively. 
The obtained DBP were stored at 6 - 8 0C for no longer 
than 24 hours.

The electrodialysis of the samples was carried out us-
ing the ED(R)-Y/50 unit (Mega a.s., the Czech Republic) 
at: 15 ± 1 0C, 22 ± 1 0C, and 30 ± 1 0C. Each electro-
dialysis run was conducted in a batch mode for four 
hours and corresponded to the demineralization level 
(82 ± 8%). The polarity of membrane module was re-
versed after each run, i.e. the anode was swapped with 
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the cathode, resulting in the change of direction of ion 
migration in the membrane module. Seven electrodi-
alysis runs were conducted in total.

DBP samples had been taken before the electrodialy-
sis, and in four hours after the start; the control sam-
ples were thermostated for 4 hours at an appropriate 
temperature. The total solid content was determined 
by the refractometer PalS (Atago Co., Ltd., Japan). pH 
was measured using portable pH meter Multi 3620 IDS 
equipped with Sentix 940 pH electrode (WTW, Germa-
ny). 

The analysis of microbiological parameters of DBP was 
conducted using Petri films in accordance with GOST 
32901-2014 [14], GOST 10444.12-2013 [15], and Me-
thodical Guidelines 4.2.2884-11 [16]. Preliminary ten-
fold dilutions were prepared in phosphate buffer solu-
tions. 1.0 ± 0.1 cm3 of the sample or its dilution was 
applied on a dry nutrient medium in the center of the 
base of the Petri film under the upper transparent film. 
Then, the top film was gently lowered and the sample 
was distributed over an area of about 20 cm2 of the sur-
face of the nutrient medium using a plastic spreader. 
The Petri films were left for 1 - 2 minutes to freeze the 
gel, and then incubated at a certain temperature for 
a certain time depending on the microbiological pa-
rameter. After that, typical colonies of microorganisms 
grown on Petri films with a certain allowable number 
of colonies were counted.

Mesophilic aerobic and facultative anaerobic microor-
ganisms were determined using 3M Petri film - aerobic 
count plates (AC), the incubation was carried out at 30 
± 1 0C for 72 ± 3 hours; the red colonies count were 
carried out on Petri films with the number of colonies 
from 15 to 300. This standard indicator characterizes 
general contamination of dairy products in the regula-
tory documents of the Russian Federation and the Cus-
toms Union [17]; it is equal to the aerobic plate count 
(APC) in the international standards [18].

The spores of mesophilic aerobic and facultative an-
aerobic microorganisms were determined using 3M 
Petri film aerobic count plates (AС). The samples were 
preheated in a water bath at 88 ± 2 0C for 12 ± 2 min-
utes and then cooled to the temperature of 23 ± 1 0C; 
the incubation was carried out at 30 ± 1 0C for 48 - 72 
hours; the red colonies count was carried out on the 
Petri films with the number of colonies from 5 to 150.

The yeasts and molds were determined using 3M Petri 
film yeast and mold count plates (YM), the incubation 
was carried out at 24 ± 1 0C for 72 ± 3 h (for preliminary 
counting) and 120 ± 3 h (for final counting); the colo-
nies of various colors (from pink-yellow to blue-green) 
of round shape with smooth edges were counted as 
yeasts on the Petri films with the number of colonies 
from 5 to 150; the colonies of different colors (black, 
yellow, green, blue) with a diffuse edge and a clear 

 center were counted as molds on the Petri films with 
the number of colonies from 5 to 50. Additionally, the 
microscopic examination was carried out to differenti-
ate the colonies of yeast and mold.

The coliforms were determined using 3M Petri film co-
liform count plates (CC), the incubation was carried out 
at 37 ± 1 0C for 24 ± 2 hours; the red colonies with gas 
bubbles were counted on the Petri films with the num-
ber of colonies from 15 to 150.

The significance of the difference between the groups 
was determined at the level of significance α = 0.05 us-
ing ANOVA followed by Tukey HSD post-hoc test. The 
normal distribution within the groups of 6 - 8 values 
was confirmed with Shapiro - Wilks test (α = 0.05). The 
graphical representation of the data was performed 
using Microsoft Office Excel 2010.

3. Results and Discussion 

3.1 Characteristics of initial DBP

Physico-chemical and microbiological characteristics 
of the initial DBP samples are presented in table 1. 

Natural curd whey and cheese whey were highly con-
taminated by mesophilic aerobic microorganisms (at 
the level of 107 CFU/cm3 and 106 CFU/cm3, respective-
ly). This was mostly due to Lactococcus spp. mesophilic 
starter cultures which form small red colonies on AC 
Petri films. Permeate was less contaminated with me-
sophilic bacteria (at the level 105 CFU/cm3), but this 
level was determined by extraneous microflora. The 
data correspond to the results of Chamberland et al., 
research [5], in which the highest microbial count was 
found in fresh whey (up to 6.66 log CFU/cm3).

The condensation of DBP has a versatile effect on the 
microflora. A significant part of the metabolically active 
cells dies at the condensing temperature (about 65 0C). 
On the other hand, the remaining heat-resistant micro-
organisms are also concentrated. This effect explains 
the higher dispersion of all microbiological indicators 
of condensed DBP rather than natural DBP (Table 1). 
During the concentration of curd whey, mesophilic 
APC was decreased by 2.83 lg N, probably affected by 
the reduction in pH to 4.24. The decrease of mesophilic 
APC in cheese whey after condensation is less (Δ lg N 
= - 1.92) than in curd whey. Significant increase (p < 
0.05) of mesophilic APC was found in the concentrat-
ed permeate, which indicates high contamination with 
heat-resistant microorganisms. This is confirmed by 
the data on spore-forming bacteria, which were mostly 
detected in permeate rather than in the whey (Table 1).

The сurd whey (natural and condensed) contained a 
high count of yeast (thousands of cells within (3 - 10 × 103 
CFU/cm3), which develop better with lactococci and are 
resistant to acidic medium and high osmotic pressure. 
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Table 1. Characteristics of the initial raw materials

Indicator, unit
Value (M ± SD)* for raw materials

Curd whey Cheese whey Skimmed milk permeate
natural condensed natural condensed natural condensed

Dry solids, % 5.6 ± 0.2 18.0 ± 0.2 6.0 ± 0.5 20.0 ± 0.9 4.3 ± 0.3 20.0 ± 1.1
рН 4.85 ± 0.25 4.24 ± 0.19 5.75 ± 0.17 4.76 ± 0.15 6.10 ± 0.21 5.91 ± 0.23
Mesophilic 
APC**, lg N*** 

7.28 ± 0.39 4.45 ±0.60 6.04 ± 0.31 4.12 ± 0.53 5.31 ± 0.32 5.85 ± 0.45

Spore-forming 
bacteria, lg N 

1.32 ± 0.45 2.01 ± 0.58 1.59 ± 0.48 1.66 ± 0.47 2.62 ± 0.43 2.78 ± 0.52

Yeasts, lg N 3.82 ± 0.16 3.75 ± 0.28 2.38 ± 0.11 2.31 ± 0.27 2.40 ± 0.25 2.29 ± 0.38
Molds, lg N 1.48 ± 0.64 2.30 ± 0.91 1.10 ± 0.36 ND 1.85 ± 0.33 1.55 ± 0.67
Coliforms, lg N 2.04 ± 0.22 2.80 ± 0.24 3.19 ± 0.26 3.27 ± 0.35 4.27 ± 0.26 3.94 ± 0.51

Legend: * M - average value, SD - standard deviation; ** APC - Aerobic plate count, *** N - number of microorganisms, CFU/ cm3.

The cheese whey and permeate were less contaminat-
ed with yeasts (hundreds of cells, within (2 - 4 × 102 

CFU/cm3), and their count changed slightly after con-
densation. Mycelium fungi (molds) were not found in 
most DBP samples; in the contaminated samples their 
count was in the range from several cells to hundreds 
of CFU/cm3 with a large dispersion of data.

The curd whey contained the lowest count of coliforms 
(tens-hundreds of CFU/cm3), which can be explained 
by unfavorable conditions for their survival and devel-
opment (high acidity and the presence of bacteriocins 
produced by Lactococcus spp.) A larger amount of coli-
forms was found in cheese whey and permeates. Con-
densation did not significantly affect the population of 
coliforms in all types of DBP.

3.2 Effect of electrodialysis on mesophilic aerobic 
microflora

Changes of mesophilic APC (Δ lg N = N
fin 

- N
init

) in the sam-
ples of DBP after electrodialysis and the control samples 
of DBP at different temperatures are shown in Figure 1. 
Trend lines and describing equations with the accuracy 
of approximation are shown for data in natural DBP after 
electrodialysis (as for the most obvious changes).

Mesophilic APC changed insignificantly (p > 0.05) at 
15 0C in all trials as only psychrotrophic bacteria could 
reproduce slowly at this temperature. A more active 
growth of microflora was observed at 22 0C, especially 
after electrodialysis in the condensed whey: mesophil-
ic APC (CFU/cm3) was 1.5 times more after electrodial-
ysis and 1.17 times more in the control samples than 
in the initial samples of concentrated curd whey; 1.3 
times more after electrodialysis and in the control sam-
ples than in the initial samples of natural cheese whey, 
1.6 times more after electrodialysis and 1.4 times more 
in the control samples than in the initial samples of 
concentrated cheese whey; 1.2 times more after elec-
trodialysis and in the control samples than in the initial 
samples of the permeate. But there was no significant 
difference revealed for lg N at 22 0C in almost all the 
trials except for concentrated curd whey. 

Figure 1. The effect of electrodialysis treatment 
temperature on mesophilic APC variation in different 

types of DBP (Δ lg N = Nfin - Ninit; nat. - natural DBP, cond. 
- condensed DBP; R2 - magnitude of the approximation; 

ED - electrodialysis treatment)

ED, nat. ED, cond.Control, nat.

Control, cond. trend line (ED, nat)
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Mesophilic APC changed insignificantly (p > 0.05) at 
30 0C in curd whey, but this microbiological indicator 
increased significantly (p ≤ 0.05) in cheese whey and 
permeate. In natural cheese whey, mesophilic micro-
flora was more active during electrodialysis (Δ lg N = 
0.49) than during incubation at 30 0C (Δ lg N = 0.25). In 
contrast, in natural permeate mesophilic microorgan-
isms reproduced faster under thermostatic conditions 
(Δ lg N = 0.44) than during electrodialysis (Δ lg N = 
0.28). No significant difference (p > 0.05) was observed 
between mesophilic APC in concentrated electrodia-
lyzed and control DBP. 

The analysis of diagrams, trend lines and equations in 
Figure 1 shows that the patterns of mesophilic APC 
change during electrodialysis are significantly different 
for DBP different types. In the curd whey, the mesophil-
ic population decreased, which could be due to low pH 
and the presence of lactococcal bacteriocins inhibiting 
growth of extraneous microflora. As a result, mesophil-
ic APC in the natural curd whey was decreased after 
electrodialysis, which was more noticeable at 30 0C: 
decrease in mesophilic APC (CFU/cm3) was fixed 1.1 
times at 15 0C, 1.2 times at 22 0C, 1.3 times at 30 0C. The 
growth of mesophilic population was observed in all 
the samples of cheese whey at 22 0C and 30 0C, as well 
as in all the samples of permeate at 30 0C. 

Different changes of mesophilic APC during electro-
dialysis of DBP various types could be explained not 
only by different pH levels, but also by different micro-
flora composition, as well as the possibility of biofilm 
formation on electrodialysis membranes. This is in 
agreement with the data obtained by Chamberland et 
al., [5], who highlight that milk and whey had different 
bacterial composition which was influenced by various 

 factors (temperature, oxidative conditions, availabil-
ity of nutrients, competition with the starter culture). 
Chamberland et al., [6], reported that Lactococcus spp. 
was the dominant (more than 95%) microflora in fresh 
and pasteurized cheese whey, while a permeate may 
contain many classes of bacteria [6], including α- (11%), 
β- (11%), and γ-proteobacteria (24%), bacilli (18%), fla-
vobacteria (9 %) and actinobacteria (6%). 

The comparison between the data for pasteurized curd 
whey reported by Kosenko et al., [12], and our data for 
unpasteurized curd whey showed that a more signif-
icant growth of mesophilic APC was observed during 
electrodialysis in the pasteurized curd whey. This could 
be due to heat resistant bacteria remaining viable in 
whey, while starter cultures die after pasteurization. 
This is in agreement with the assumption of Chamber-
land et al., [5], that filtration of unpasteurized whey at 
10 0C can be an interesting compromise between the 
efficiency of the membrane process and the quality of 
obtained products. 

Bacteria that can survive heat treatment represent an 
important challenge for the dairy industry. Aerobic 
heat-resistant spore-forming rods of the genera Bacil-
lus spp. and Geobacillus spp. (B. licheniformis, B. coag-
ulans, B. cereus, B. rumilus, G. stearothermophilus, etc.) 
are capable of initiating the formation of biofilms on 
hard-to-reach parts of equipment. The research carried 
out by Gopal et al., [19], showed that spores attached 
easier than vegetative cells to the surface of stainless 
steel because they have relatively high hydrophobici-
ty and they are resistant to heat and chemicals. Other 
spore-forming bacteria belonging to the genera Sporo-
sarcina, Paenisporosarcina, Brevibacillus, Paenibacillus 
can also participate in the formation of biofilms [19]. 

Table 2. Spore-forming mesophilic microorganisms counting results

Processing conditions
Spore-forming mesophilic aerobic bacteria, lg N**

Value (M ± SD) for dairy by-products

ED* or control t, 0C
Curd whey Cheese whey Skimmed milk permeate

natural condensed natural condensed natural condensed

Initial

15

1.12 ± 0.40 2.05 ± 0.48 1.48 ± 0.39 1.71 ± 0.47 2.84 ± 0.23 2.57 ± 0.34

ED 1.09 ± 0.39 1.93 ± 0.57 1.51 ± 0.37 1.82 ± 0.15 2.83 ± 0.40 2.56 ± 0.43

Control 1.11 ± 0.18 2.11 ± 0.42 1.45 ± 0.60 1.75 ± 0.50 2.88 ± 0.66 2.61 ± 0.45

Significance ns*** ns ns ns ns ns

Initial

22

1.50 ± 0.51 2.11 ± 0.69 1.89 ± 0.45 1.95 ± 0.61 2.59 ± 0.58 3.21 ± 0.52

ED 1.57 ± 0.41 2.08 ± 0.18 1.94 ± 0.61 2.04 ± 0.47 2.71 ± 0.34 3.28 ± 0.21

Control 1.42 ± 0.30 1.97 ±0.37 1.78 ± 0.42 1.90 ± 0.36 2.63 ± 0.76 3.15 ± 0.24

Significance ns ns ns ns ns ns

Initial

30

1.34a ± 0.33 1.88a ± 0.38 1.39a ± 0.40 1.32a ± 0.34 2.44a ± 0.29 2.55a ± 0.67

ED 1.55b ± 0.19 2.13b ± 0.50 1.67b ± 0.28 1.56b ± 0.31 2.72b ± 0.50 2.68b ± 0.72

Control 1.31a ± 0.27 2.15c ± 0.24 1.41a ± 0.34 1.49b ± 0.23 2.48a ± 0.31 2.57a ± 0.40

Significance s*** s s s s s

Legend: ED* - electrodialysis treatment, N** - number of microorganisms, CFU/ cm3, ns*** - non significant differences, s - significant differences 
(p ≤ 0.05); different letters (a, b, c) show significant differences (p ≤ 0.05) between means in the same column for the same temperature.
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The results of spore-forming mesophilic microorgan-
isms’ estimation in the samples of DBP after electrodi-
alysis and the control samples of DBP at different tem-
peratures are shown in Table 2. 

The analysis of the data in Table 2 shows that the num-
ber of spore-forming mesophilic microorganisms var-
ies from tens to hundreds of CFU/cm3 in the initial and 
treated samples of whey; from hundreds to thousands 
of CFU/cm3 in the initial and treated samples of per-
meate. No significant differences (p > 0.05) were ob-
served between spore-forming mesophilic APC in the 
initial, electrodialyzed and control DBP at 15 and 22 0C. 
It could be explained by the fact that electrodialysis 
treatment cycle wasn’t long enough for activation and 
germination of spores at these temperatures, as well 
as for the formation of mature contaminating biofilm, 
which is confirmed by the data obtained by Chamber-
land et al., [6]. 

An increase in the number of spores was observed in 
the natural and condensed DBP after electrodialysis 
at 30 0C. It is possible that not only spore-forming, but 
also heat-resistant vegetative forms of microorgan-
isms, such as, mesophilic Micrococcus spp., affect the 
changes of this indicator. In addition, the high contam-
ination of some samples of DBP at 30 0C may be due to 
the formation of hardly washable biofilms containing 
spores on electrodialysis membranes. 

 

3.3 Effect of electrodialysis on yeasts and molds

Yeasts are well-known spoilage microorganisms. Yeast 
count is an important microbiological indicator that 
can influence the quality and yield of product from DBP, 
including lactose. The results of determination of this 
group of microorganisms are presented in Figure 2.

The analysis of the data in Figure 2 shows that the 
growth of yeast in curd whey significantly depends on 
the temperature and processing conditions. Yeast did 
not develop in the natural curd whey at 15 0C. A signif-
icant (p ≤ 0.05) increase of yeast count was observed 
after electrodialysis in the condensed curd whey at 
15 0C (Δ lg N = 0.31) as well as in the natural (Δ lg N = 
0.45) and condensed (Δ lg N = 0.33) curd whey at 22 
0C. A rapid growth of yeast was detected at 30 0C in 
all the samples: Δ lg N = 1.12 in the natural curd whey 
after electrodialysis, Δ lg N = 0.83 in the control; lg N 
= 0.65 in the condensed samples after electrodialysis, 
Δ lg N = 0.39 in the control. The direct relation of the 
yeast count to the temperature of electrodialysis in the 
natural curd whey was described by a linear equation 
with high accuracy (R2 = 0.99), as shown in Figure 2. 
Yeasts developed in the condensed curd whey more 
slowly than in the natural curd whey at 22 and 30 0C, 
but their growth was significant (p ≤ 0.05). It could be 
assumed that the initial curd whey was contaminated 

Figure 2. The effect of electrodialysis treatment 
temperature on the yeast count in different types of DBP 
(N - number of microorganisms, CFU/ cm3, nat. - natural, 

cond. - condensed, R2 - magnitude of the approximation)

ED, nat. ED, cond.Control, nat.

Control, cond. trend line (ED, nat)

with  mesophilic yeasts of the genus Kluyveromyces, for 
which the conditions of curd whey (pH 4.2 - 4.9) are fa-
vorable; in addition, these yeasts are characterized by 
increased resistance to osmotic pressure [20]. 

The growth of yeast was slower in the control than in 
the demineralized samples of curd whey in all trials. 
The stimulating effect of electrodialysis conditions 
on the development of yeasts could be explained by 
the combined effect of optimum temperature, acidity 
and circulation, at which active mixing and aeration of 
the feed occur. Moreover, some mineral salts and low 
molecular weight metabolic products of microorgan-
isms that inhibit the development of yeast could be 
removed during electrodialysis treatment. Stimulat-
ing the yeast growth during the electrodialysis of curd 
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whey is undesirable in terms of microbiological DBP 
indicators. However, it could be used to combine the 
processes of yeast cultivation and curd whey deminer-
alization in biotechnology.

For the cheese whey, there was no significant change 
(p > 0.05) in yeast count in all trials. Electrodialysis tem-
perature did not affect the growth of yeast in this type 
of DBP (Figure 2). Possibly, these facts were due to the 
lower initial contamination of cheese whey with yeasts 
than those of curd whey, the differences between spe-
cies composition, as well as a less favorable pH level for 
yeast development in the cheese whey (pH 4.8 - 5.8) 
compared to the curd whey (4.2 - 4.9). 

No significant difference (p > 0.05) was observed be-
tween the yeast count in the natural and concentrated 
permeate at 15 and 22 0C, as well as in the concentrat-
ed permeate at 30 0C. The yeasts count was increased 
significantly in the natural permeate at 30 0C after elec-
trodialysis (Δ lg N = 0.50), and in the control samples (Δ 
lg N = 0.71), but the difference between the electrodi-
alyzed and the control permeate samples was statisti-
cally insignificant (p > 0.05). 

Molds were not detected in most of the examined 
samples. No significant differences (p > 0.05) were 
observed between the molds in the initial, electro-
dialyzed and control DBP samples contaminated by 
molds at 15, 22 and 30 0C. This could be explained by 
the low rate of growth and obligatory aerobic proper-
ties of this group of microorganisms.

Table 3. Coliforms counting results

Processing conditions
Coliforms Plate Count, lg N**

(M ± SD)**

Sample t, °C
Curd whey Cheese whey Skimmed milk permeate

natural condensed natural condensed natural condensed

Initial

15

2,05 ± 0,23 2,10 ± 0,26 3,21 ± 0,30 3,23 ± 0,49 4,45 ± 0,49 3,64 ± 0,58

ED* 2,11 ± 0,19 2,17 ± 0,31 3,25 ± 0,29 3,15 ± 0,16 4,50 ± 0,24 3,87 ± 0,60

Control 1,86 ± 0,11 2,11 ± 0,25 3,18 ± 0,17 3,18 ± 0,49 4,53 ± 0,31 4,02 ± 0,32

Significance ns ns ns ns ns ns

Initial

22

2,15 ± 0,32 2,08 ± 0,14 3,11 ± 0,27 3,31 ± 0,17 4,00 ± 0,10 4,21 ± 0,32

ED* 2,08 ± 0,14 2,16 ± 0,21 2,91 ± 0,22 3,24 ± 0,25 3,86 ± 0,37 4,48 ± 0,31

Control 1,99 ± 0,18 2,09 ± 0,19 3,20 ± 0,30 3,39 ± 0,26 3,94 ± 0,20 4,58 ± 0,38

Significance ns ns ns ns ns ns

Initial

30

2,00a ± 0,12 2,13a ± 0,29 3,24a ± 0,26 3,27a ±0,39 4,37a ± 0,18 3,99 ±0,60

ED* 1,53b ± 0,05 1,85b ± 0,15 3,58b ± 0,18 3,46b ± 0,32 4,76b ± 0,31 4,09 ± 0,62

Control 1,73c ± 0,20 1,94b ± 0,08 3,76c ± 0,15 3,43b ± 0,29 4,97c ± 0,45 4,14 ± 0,55

Significance s s s s s ns

Legend: ED* - electrodialysis treatment, N** - number of microorganisms, CFU/ cm3, ns*** - non significant differences, s - significant differences 
(p ≤ 0.05); different letters (a, b, c) show significant differences (p ≤ 0.05) between means of the same DBP and treatment temperature.

3.4 Effect of electrodialysis on coliforms

The bacteria of coliform group are the main sanitary-in-
dicative microorganisms which are normalized and 
controlled in all food products. The results of coliforms 
counting in different types of DBP after electrodialysis 
and the control samples at different temperatures are 
shown in table 3. 

The analysis of the results shows that no significant dif-
ference (p > 0.05) was observed between the coliform 
count in the natural and concentrated DBP at 15 and 
22 0C in all the trials, as well as in the concentrated per-
meate at 30 0C. A significant (p ≤ 0.05) decrease of coli-
forms was detected after the treatment at 30 0C in the 
natural and condensed curd whey. These results could 
be associated with the competition between the lactic 
acid bacteria and the coliforms in the curd whey. A sig-
nificant (p ≤ 0.05) increase of coliforms was observed 
at 30 0C in the natural and condensed cheese whey 
and the natural permeate as well. The differences be-
tween the coliforms count in the electrodialyzed and 
control samples were statistically significant (p ≤ 0.05) 
only for the natural DBP. The research data indicate the 
inhibition of the coliforms development in natural DBP 
during electrodialysis treatment at 30 0C. Probably, it 
was a result of the electrochemical process impact on 
the gram-negative microorganisms, but additional 
studies are required to explain this data. 
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4. Conclusions

- The results of this research indicate that electrodialy-
sis can stimulate or suppress some microorganisms in 
DBP depending on their composition and properties 
as well as on the temperature of treatment.

- Electrodialysis at 15 0C did not have a significant im-
pact on the development of the studied groups of 
microorganisms in all types of DBP. Electrodialysis at 
22 0C contributed to the slow development of some 
microorganisms. Electrodialysis at 30 0C resulted in 
a significant increase in the mesophilic aerobic plate 
count of natural cheese whey (Δ lg N = 0.49), the num-
ber of yeasts in natural (Δ lg N = 1.12) and condensed  
(Δ lg N = 0.65) curd whey, and also in natural permeate 
(Δ lg N = 0.50). 

- The stimulation of the yeast growth during curd whey 
electrodialysis may be due to a favorable pH, active mix-
ing and aeration. The increase of spore-forming bacte-
ria during electrodialysis at 30 0C can be explained by 
the formation of biofilms on the membranes.

- The suppression of microbial growth during elec-
trodialysis was found for the mesophilic aerobic plate 
count in permeate, as well as for the coliforms in all 
types of natural DBP at 30 0C. 

- Condensation of DBP resulted in a decrease in most 
of the studied microbiological indicators except for 
spore-forming bacteria, and can be considered as a 
way to improve the economic efficiency of electrodial-
ysis treatment and the product quality.

- Electrodialysis of all the studied types of DBP can be 
carried out without significant deterioration of micro-
biological indicators at 15 0C and 20 0C, and of con-
densed permeate at 30 0C. 
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