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Abstract

One of the important and complicated process at dry 
milk products reconstitution is the protein fraction hy-
dration and its transition to a stable emulsion-colloidal 
state. In this regard, the aim of this work was to study 
the process of hydration protein fractions of dry whey 
using electro-activated aqueous media with different 
pH that are reconstituted by cavitation disintegration. 

Various effects of water pH level used for whey recon-
stitution on whey protein (β-lactoglobulin) hydration 
were studied with using computer molecular model-
ing in the programs: visual molecular dynamics (VMD), 
nanoscale molecular dynamics (NAMD), and adaptive 
Poisson-Boltzmann solver (APBS) plugin. The β-lac-
toglobulin molecule was placed in a water chamber 
corresponding to the size of the molecule, and the 
needed pH level was set by the plug-in APBS. The con-
formational state of the protein was calculated by the 
molecular dynamics method in NAMD. The VMD pro-
gram was used to visualize the calculation results. Cavi-
tation effect initiated under reconstitution process was 
simulated used method, which consist of setting of a 
specially calculated temperature gradient depending 
on the heat capacity and density of the product ac-
cording to condition that all energy produced at cavi-
tation disintegration transmitted to the heat energy in 
close system. 

According to the data obtained during the modeling 
process, it was established that the protein molecule, 
immersed in an alkaline medium (pH = 11), had several 
active centers into molecule, that provided high reac-
tivity of the studied molecule under cavitation treat-

ment. There were similar results in acidic medium (pH 
= 2) when duration of cavitation treatment was up to 
90 sec. 

Method of process simulation allowed to determine 
the more relevant regimes of reconstitution as well as 
optimal pH value of the liquid system used for whey 
proteins hydration. The most optimal conditions were 
provided when acidic (pH = 2), and alkaline (pH = 11) 
aqueous media were used under short cavitation treat-
ment up to 30 sec.

Key words: Whey, Reconstituted whey, Cavitational disin-
tegration, VMD, NAMD, β-lactoglobulin, Alkaline, Acidic. 

1. Introduction

The dairy industry of the Russian Federation at the 
current stage of development is in the conditions of 
a rigid formation of prices for dairy products due to a 
shortage of raw milk. Rising of the financial burden of 
enterprises producing and processing milk, contribut-
ed by decreasing of the cattle population leads to the 
dairy products cost increasing. The situation on the 
dairy market leads to the deficit formation and caus-
es of Russia’s dependence on milk import, and reduc-
es the quality of certain types of dairy products. This 
problem can be solved by increasing of the areas for 
application of secondary milk products like whey and 
buttermilk for foods manufacturing. Whey has a high 
nutritional value as it is consist of more than 50% of 
milk solids. It should be noted that in order to reduce 
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the costs associated with the storage and processing of 
whey, more than 60% of all whey produced is usually 
dried and used for production of a numerous types of 
products in dried condition. But for some of the liquid 
types of milk products the whey must be used in native 
condition that means that dried whey must be recon-
stituted and its properties must be the same as natural 
one has.

In the most cases the quality of the final product directly 
depends on the used reconstitution process. Therefore, 
in addition to the traditional technology of reconstitu-
tion consisting of the intensive mechanical mixing of 
dry material with liquid, there are some new methods 
that are used separately or in their combination like me-
chanical, hydrodynamical and acoustic treatment of the 
system [3].

Cavitational disintegration as a special case of acoustic 
processing of liquid systems treating is one of the prom-
ising methods used in practical application for reconsti-
tution of dried dairy products. However, the method has 
not been sufficient studied yet.

It is known that the reconstitution process quality is 
determined by effectiveness of the protein fraction hy-
dration and its transition to a stable emulsion-colloidal 
state [8, 10].

There are some research works dedicated to study of 
milk and whey protein behavior under different condi-
tions. It was established that molecule of β-lactoglobu-
lin, which is the dominating protein in dry whey, could 
improve the protein reactivity if pH of system had been 
changed from neutral. It was shown that anolyte (pH 
= 2) and catholyte (pH = 11) of water using instead of 
drinking water (pH = 7.6) led to intensification of re-
constitution process of dry whey as well as its stability 
development needed for high quality products mak-
ing based on reconstituted dry whey. It was noted that 
anolyte and catholyte using could lead to significant 
molecule polarization and creation of many new same-
charged zones in protein molecule [4, 6]. At the same 
time, study of possibilities to use some methods of wa-
ter and solution treating for reconstitution process de-
velopment has scientific and practical interest.

In the article the theoretical study of β-lactoglobulin 
behavior in electroactivated aqueous medium with dif-
ferent pH level under its treating by cavitational disinte-
gration has been described.

2 Materials and Methods

2.1 Materials 

β-lactoglobulin is one of the base proteins of dry whey 
and its content in all amount of whey proteins is about 
58%. This protein has a globular structure consisting of 
162 amino acid residues. There are several versions of 

its influence on whey functional properties. One of the 
functions may be connected with transportation of im-
portant acid-resistant substances, due to its properties. 
β-lactoglobulin is resistant to pepsin and chymosin in 
the acidic environment of the stomach [6]. 

There is a proposition that it can reach the intestine in-
digestion due to mentioned property, and thereby can 
provide substances transfer. In addition, β-lactoglobu-
lin has the ability to bind: hydrophobic and amphiphil-
ic molecules, hexane, palmitic acid and vitamin D [6]. 

For this research, 3-D model of β-lactoglobulinwas 
downloaded from the Research Collaboratory for 
Structural Bioinformatics (RCSB) Protein Data Bank. 
That molecule had the neutral electrostatic field with-
out noticed areas with electro-positive or electro-neg-
ative charges in vacuum (Figure 1). 

   
Figure 1. 3-D model of β-lactoglobulin in vacuum

2.2 Methods

Complex of programs was used for computer model-
ing of β-lactoglobulin that includes NAMD, VMD and 
special APBS plugin. Program complex NAMD based 
on the methods of molecular dynamic with model of 
parallel programming Charm++ using. The mentioned 
complex is recommended as highly effective tool for 
large bio-molecular systems [2, 5].

Program complex VMD is oriented for visualization of 
the modeling results made in NAMD, and could rep-
resent and calculate the electrostatic fields for studied 
objects that are formed at different pH-levels of the 
modeled system [1, 9]. 

Model of the studied protein was placed into the wa-
ter box that had respective level of pH in relation to 
the size and solvent condition, which was fixed in the 
program. There were three systems modeled at the 
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following pH-levels: pH = 2.0 (anolyte), pH = 7.0 (drink-
ing water), and pH = 11.0 (catholyte). Calculations of 
the protein conformation condition were made by the 
molecular dynamic methods using [4, 7]. 

On the basis of the well-known modeling technique 
for сavitational disintegration processing described 
in the works of Bratsikhin A. A., a theoretical study for 
modeling and calculation of results of the complex 
effect provided by used both pH levels and ultrason-
ic treatment was conducted. In these studies, it was 
found that transfer of potential energy into thermal 
energy occur under cavitation effects initiation, which 
could be similar to the temperature increasing in the 
treated medium. The mentioned proposal was used for 
modeling of results of cavitation treatment the stud-
ied systems. Offered method concluded the calculated 
temperature gradient setting depending on the heat 
capacity and density of the product, as well as the 
transmitted energy of the cavitation effect calculation. 
According to a set duration of exposure (10, 30 and 90 
seconds), the potential energy in the system was calcu-
lated as 5, 15 and 45 kJ respectively (provided that the 
technical parameters of the ultrasonic processor cor-
responded to 400 W and 22 kHz ultrasonic oscillation 
frequency) [4]. 

In accordance with described method, the tempera-
ture gradients were calculated using the formula 1. 

Q=С
w

·V·ρΔt, kJ, (1)

Legend: Δt = Q/(с
w

·V·ρ) = 5,0 kJ /(4,082·0,001·1023) =1,1974 0С,
C

w
 is the heat capacity of the milk whey (4,082 kJ/kg ·K);

V - A constant volume of liquid, was equal to1 liter.

Based on the results of calculating the amount of en-
ergy transferred to the system during cavitation dis-
integration was set, as well as the different pH levels 
of environment. The β-lactoglobulin conformational 
state was performed by setting the heating tempera-
ture and pH environment. 

At the next step, the results of different duration of 
cavitational disintegration at mentioned pH levels of 
systems were compared one with another based on 
the projections of the electrostatic field of the protein 
molecule at the set conditions. 

Table 1. Values of temperature gradients for different 
duration of the cavitational disintegration of dry whey 
solutions

Cavitation potential 
energy, kJ

Δt, 0С Processing time, s

5 1,1974 10

15 3,5921 30

45 10,776 90

It was studied the differences in properties of dry whey 
solutions made under the cavitational disintegration at 
the different level of system pH. There were projection 
maps of electrostatic potential and electronegativity 
coefficient (k) compared to study the protein activity 
under different conditions. The electronegativity co-
efficient was calculated as a square of electronegative 
field of molecule related to the area occupied by elec-
tropositive field. Physically, the electronegativity coef-
ficient (k) shows the charge ratio inside of the protein 
molecule. If calculated parameter k > 1, the molecule 
is electronegative, and if k < 1 it means that molecule 
is electropositive, and if k = 1, the molecule is neutral. 
Intermolecular bonds formation would be more stable 
and effective as much the electronegativity coefficient 
as far in value from neutral one. 

3. Results and Discussion

The calculations and projection maps of electrostatic 
potential analysis (Figure 1) shown that simulation of 
processing duration at 10 and 90 s for pH = 2.0 provid-
ed to coefficient forming up to 2.39 and 2.253, respec-
tively, whereas the simulation of processing at 30 sec. 
led to the low electronegativity forming (k = 1.637). 
It meant that in acidic medium the electronegativity 
coefficient increased at both the short and long peri-
ods of treating by 20 and 37% respectively. At these 
conditions the most electronegatively charged parts 
of molecule could be formed that led to many inter-
molecular bonds formation between the water dipoles 
and active centers of protein molecule located on the 
free and highly charged amino acids residuals. 

In terms of the use of сavitational disintegration pro-
cessing for neutral medium (pH = 7) (Figure 2) it was 
found that the highest values of the electronegativity 
coefficients were observed when the treatment dura-
tion was equal to 10 and 90 sec. (calculated electroneg-
ativity coefficient was 1.459 and 1.655, respectively). 

It should be noted that calculated values of the elec-
tronegativity coefficient were significantly lower for 
the neutral medium (pH = 7.0) in comparison with the 
same time of treating at acidic and alkaline environ-
ment. 

Therefore, neutral medium using would be less prefer-
able for cavitational reconstitution of dry whey as the 
protein molecule would have a lower reactivity than at 
acidic and alkaline environment.

Projection maps of the β-lactoglobulin protein model 
made for alkaline medium shown of the Figure 3. It was 
established the maximum value of electronegativity co-
efficient (up to 2.94) could be formed at 10 seconds of 
treatment if initial pH of medium would be equal to 11.0. 
That coefficient had the maximum value for all of studied 
mediums (neutral, alkaline and acid). It was noted that 
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extending of treatment time led to the significant elec-
tronegativity coefficient decreasing (treatment at 30 sec. 
formed the coefficient value up to 1.885, and cavitation 
disintegration at 90 sec. led to coefficient forming up 
to 1.151). The сavitational disintegration processing of 
the system at 90 sec. provided the neutral charge of the 
molecule forming in the center, which could reduce the 
molecule activity for new bonds forming (Figure 3, c). 

Figure 3. Projection charge maps of β-lactoglobulin at pH = 11 and processing time at: a) 10 sec.; b) 30 sec.; c) 90 sec.

4. Conclusions

- Methods of molecule computer modeling could pre-
dict its behavior at the real conditions. It was studied 
the pH level of liquid medium impact on process of 
new hydrogen-bonds forming. 

- The optimal parameters of cavitation disintegration 
process were established for alkaline, neutral and acid 

Figure 1. Projection maps of the β-lactoglobulin model at pH = 2 and processing time at: a) 10 sec.; b) 30 sec.; c) 90 sec.

Figure 2. Projection maps of β-lactoglobulin models at pH = 7 and processing time at: a) 10 sec.; b) 30 sec.; c) 90 sec.
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medium that could provide the high intensify of whey 
protein (β-lactoglobulin) hydration at its reconstitution 
for the followed using in foods technology. 

- Optimal parameters of cavitational disintegration were 
established for acidic and alkaline aqueous environment 
using made at the short time of сavitational disintegra-
tion (up to 10 sec.). Recommended parameters for recon-
stitution of dry whey under neutral pH of medium was 
determined at 90 sec. of treatment. At the same time, 
reconstituted solutions of dry whey could be made at 10 
sec. of treatment and alkaline medium using instead of 
drinking water. 

- β-lactoglobulin activity at acidic environment also was 
high but the final reconstituted solutions would have the 
low pH that would limit its using in foods technology.
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