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Abstract  
UF10-PAN membrane with molecular weight cut-off 10 kDa was used to investigate the process characteristics 

during ultrafiltration of whey from Kashkaval production. Dry matter, protein and mineral substances contents 

in retentates and permeate were analyzed at volume reduction ratio 2, 6 and 10. On this basis, retention and 

concentration factors were calculated and linear mathematical models depending on the volume reduction ratio 

were created. The results show that two investigated factors according to the dry matter and proteins increase, 

while according to the mineral substances they remain approximately constant. The highest values of retention 

factor (selectivity) and concentration factor according to the proteins are obtained at volume reduction ratio 10 -  

96.20% and 7.36 respectively, which show the suitability of incorporation of these ultrafiltration retentates in 

dairy and food products in order to enhance their healthy value.   

 

Practical applications  

Kashkaval is the most widely produced hard cheese in our country. After Bulgaria’s accession to the European 

Union, the requirements relating to dairy enterprises increased rapidly. This led to search methods and 

technologies for better utilization of milk components and environmental efficiency regarding wastewater purity 

because milk sugar is one of the biggest environmental pollutants. Ultrafiltration is one of the modern processes 

which can be used successfully for treatment of whey, e.g. production of whey protein concentrates and isolates. 

In order to reuse the valuable whey components in the manufacture of cheese and other food products it is 

important to know the composition of produced concentrates as well as the concentration and retention factors of 

ultrafiltration membrane. The experimental data obtained from this research will demonstrate the possibilities for 

incorporation of whey proteins in dairy and food products which lead to the improvement of traditional 

technologies with a view to higher yields and enhanced nutritional value.  
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Introduction 
 

Whey is a by-product of cheese production which 

contains valuable components such as soluble proteins 

and mineral substances (Prazeres et al., 2012). It is 

known that whey proteins helps promote weight loss, 

lower cholesterol and reduce blood pressure because 

they contain all essential amino acids (Patel, 2015).  

During the last few years membrane processes are 

used for purification, separation and concentration of 

various food and pharmaceutical products (Wickra-

masinghe et al., 2010). Baromembrane processes – 

microfiltration, ultrafiltration, nanofiltration and re-

verse osmosis are the most widely used processes in 

food technologies (Marella et al., 2013). The advanta-

ges of membrane processes in comparison with the 

traditional separation methods are: environmental 

friendliness, lower power consumption, increased 

yield and quality of the final product, reduction of the 

production costs, realization of the process at room 

temperature in order to treat heat-sensitive products 

and keep their natural properties (Kelly, 2011). Ultra-

filtration is one of the modern processes which can be 

used successfully for treatment of whey, e.g. produc-

tion of whey protein concentrates and isolates (Ni-

shanthi et al., 2017). In order to reuse the valuable 

whey components in the manufacture of cheese and 

other food products it is important to know the com-

position of produced retentates as well as the concen-

tration and retention factors of ultrafiltration mem-

brane. The incorporation of whey proteins in dairy and 

food products leads to the improvement of traditional 

technologies with a view to higher yields and enhan-

ced nutritional value (Sodini et al., 2006; Tamime, 

2013). Kashkaval ranks second in production volume 

in Bulgarian cheese industry following white brined 

cheese. After Bulgaria’s accession to the European 

Union, the requirements relating to dairy enterprises 

increased rapidly. This led to search methods and 

technologies for better utilization of milk components 

and environmental efficiency regarding wastewater 

purity. The aim of the present work was to investigate 

the composition of retentates and permeate obtained 

by ultrafiltration of Kashkaval whey and the effect of 

the volume reduction ratio (VRR) on the retention and 

concentration factors. 
 

Materials and Methods 
 

Materials 

Kashkaval whey 

The experimental investigations were carried out with 

skim whey from Bulgarian hard cheese Kashkaval. 

Ultrafiltration membrane 

Ultrafiltration of skim whey from hard cheese 

Kashkaval was carried out with polyacrylonitrile 

membrane UF10-PAN with 10kDa molecular weight 

cut-off. The membrane was prepared by dry-wet 

phase-inversion method of polymer solutions 

prepared with a solvent of dimethyl sulfoxide 

(DMSO) and the membrane was temperature-treated 

in an aqueous medium for 10min at 60°C. 

 

Experimental design 
The ultrafiltration of skim whey was carried out on 

laboratory equipment with a replaceable plate and 

frame membrane module fitted with a UF10-PAN 

polyacrylnitrile ultrafiltration membrane with 10kDa 

molecular weight cut-off, shown in Fig. 1. This 

equipment contained a plate and frame membrane 

module with membrane surface area of 1250cm2, a 

three plunger high-pressure pump (max 15MPa) with 

a capacity of 330dm3.h-1; a pipeline system with two 

manometers (0 MPa to 15MPa) for measuring the inlet 

and outlet pressure; and a special working pressure 

regulating valve. Ultrafiltration was carried out under 

the following operating conditions: transmembrane 

pressure 0.5 MPa, temperature 20°C and volume 

reduction ratio 2, 6 and 10. All experiments were 

carried out at feed flow rate of 330dm3.h-1.  

 

Analysis 
In all experiments, samples of the skim whey, 

ultrafiltration retentates obtained at VRR=2, VRR=6, 

VRR=10, and ultrafiltration permeate were taken.  

They were analyzed according to the following indi-

ces: dry matter (ISO 6731:2010); total protein (EN 

ISO 8968-1:2014); mineral substances (BSG 6154: 

1974). The presented values were obtained on the 

basis of three replications.  

 

Determination of quantitative characteristics of 

UF10-PAN membrane  

The concentration and retention factors were 

calculated as follows: 

 Concentration factor – the following formula 

was used:        

        CF = CR/CO                                     (1) 

where CR, % and CO, % are the dry matter, total 

protein content and mineral substances in ultrafiltra-

tion retentate and initial whey. 

 Selectivity (retention factor): it was 

determined according to the following 

formula: 

                     R = (1 - CP/CR).100, %                       (2) 
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where Cp, % and CR, % are the dry matter, protein 

content and mineral substances in ultrafiltration 

permeate and retentate respectively. 

 

Statistical analysis 

ANOVA single-factor dispersion analysis at a 

confidence interval 95.00% was used to compare the 

average values and indentify the significant 

differences of the experimental values.  

Statistical software Microsoft Excel 2010 was used 

for data processing and creation of single-factor 

mathematical models for concentration and 

retentation factors according to the volume 

reduction ratio. 
 

Results 
 

The principal components of initial whey, retentates 

and permeate obtained by ultrafiltration at different 

volume reduction ratios are presented on Table 1. The 

results show that at volume reduction ratio from 2 to 

10 the dry matter changes from 5.98% to 10.58%, the 

total proteins – from 0.72% to 5.30%, the mineral 

substances – from 0.60% to 0.68%.  

The values of the concentration factors (CF) are 

presented in Fig. 2. The results show that at VRR=2, 

VRR=6 and VRR=10 the concentration factor of dry 

matter increases 1.11, 1.40 and 1.77 times resp. Under 

the same operating conditions the protein concentra-

tion factors increase 1.94, 4.31 and 7.36 times resp., 

while the concentration factors of mineral substances 

remain approximately constant – 1.0, 1.02 and 1.03 

resp. After statistical processing of data, linear 

mathematical models for concentration factor of each 

investigated component according to the volume 

reduction ratio were obtained, as shown on Table 2. 

The values of the retention factors (R, %) are presen-

ted in Fig. 3. The results show that it increases from 

18.50% (VRR=2) to 48.70% (VRR=10) according to 

the dry matter, from 85.70% (VRR=2) to 96.20% 

(VRR=10) according to the proteins, from 4.50% 

(VRR=2) to 7.40% (VRR=10) according to the mine-

ral substances. This results confirme the suitability of 

the choice of a membrane with satisfactory selectivity.  

Linear models for retention factors of investigated 

components according to the volume reduction ratio 

were obtained and shown on Table 3.  

 

Discussion 
 

Table 1 shows that more significant change was in the 

protein content. This is due to the molecular weight 

cut-off of the membrane used in the research and its 

capacity to retain the high molecular-weight 

substances such as whey proteins, and to let pass 

through the membrane the low-molecular components 

such as minerals and lactose. The incorporation of 

whey proteins in dairy and food products leads to the 

improvement of traditional technologies with a view 

to higher yields, enhanced nutritional value and 

functionality. It is well known that the whey proteins 

contain all essential amino-acids with high biological 

value (Sodini et al., 2006) which favour the human 

health.  

It can be seen in Figure 2 that the concentration factors 

of high molecular-weight substances is more 

pronounced than the low molecular-weight ones. The 

data are in agreement with results reported in the 

literature (Baldasso et al., 2011; Macedo et al., 2012) 

which demonstrate that when ultrafiltration of dairy 

products is used, the protein concentration factor 

increases approximately as like as the volume 

reduction ratio used.  

Selectivity is the most important quantitative 

characteristic of the ultrafiltration membranes. One of 

the method used for separation of the soluble proteins 

from whey is thermal method which causes their 

denaturation. The use of membrane processes is more 

convenable because they are environmental friendly, 

have lower power consumption and assure the 

realization of the process at room temperature in order 

to keep the natural properties of food products 

(Masotti et al., 2017). Our results confirm the 

suitability of the ultrafiltration membrane used and the 

volume reduction ratio. The high values of retention 

factor at VRR=10 (96.20%) is due to the molecular 

weight of whey proteins: 14178Da for α-lactoalbu-

mine and 18363 Da for β-lactoglobuline (Jambrak et 

al., 2014) wich are higher than the molecular weight 

cut-off of the investigated membrane. It is not 

appropriate to use a volume reduction ratio lower than 

10 because this increases the viscosity of whey which 

decreases very rapidly the flux of the membrane used 

and embarrasses also the cleaning procedure after 

treatment of food products by ultrafiltration (Lee et 

al., 2017).  

 

Conclusions 
 

The concentration and retention factors according to 

the dry matter and proteins increase, while according 

to the mineral substances they remain approximately 

constant. The most pronounced increase is observed 

for proteins. The highest values of retention factor 

(selectivity) and concentration factor according to the 

proteins are obtained at volume reduction ratio 10 -  
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96.20 % and 7.36 respectively, which show the 

suitability of incorporation of these ultrafiltration 

retentates in dairy and food products in order to 

enhance their healthy value.   
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Table 1. Principal components of whey, ultrafiltration retentates and permeate at volume reduction 

ratio VRR=2, VRR=6 and VRR=10 
 

Sample Dry matter ± SD Protein ± SD Mineral substances ± SD 

Whey 5.98 a ± 0.20 0.72 a ± 0.10 0.66 a ± 0.06 

UF retentate at VRR=2 6.66 b ± 0.18 1.40 b ± 0.10 0.66 a ± 0.08 

UF retentate at VRR=6 8.37 c ± 0.23 3.10 c ± 0.11 0.67 a ± 0.07 

UF retentate at VRR=10 10.58 d ± 0.21 5.30 d ± 0.08 0.68 a ± 0.05 

UF permeate 5.43 e ± 0.22 0.20 e ± 0.10 0.63 a ± 0.063 

Data were expressed as Mean ± SD (n = 3). 
a, b, c, d, e - different letters indicated that values of the means in the columns are significantly different    

  (p* < 0.05). 

 

 

Table 2. Linear models for dry matter, protein and mineral substances concentration factors (CF) 

according to the volume reduction ratio (VRR) 
 

Concentration factor (CF) Linear model Coefficient of 

determination 

Dry matter CF = 0.6771*VRR + 0.4745 0.99 

Total protein CF = 0.0819*VRR + 0.9359 0.99 

Mineral substances CF = 0.0038*VRR + 0.9924 1.00 

 

 

 

Table 3. Linear models for dry matter, protein and mineral substances retention factors (R, %) 

according to the volume reduction ratio (VRR) 
 

Retention factor (R, %) Linear model Coefficient of 

determination 

Dry matter R = 1.314*VRR + 83.946 0.96 

Total protein R = 3.776*VRR + 11.434 0.99 

Mineral substances R = 0.3509*VRR + 3.8506 0.99 

 

 

 

 
Figure 1. Scheme of laboratory equipment with a replaceable plate and frame membrane module 
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Figure 2. Values of the concentrate factors (CF) depending on the volume reduction ratio 
 

 

 

 
 

 

Figure 3. Values of the retention factors (R, %) depending on the volume reduction ratio 
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