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Abgract. The effect of ultrasonic cavitation on the vital
activity of microorganisms in lactowhey has been
investigated. The influence of different gases on the
process proceeding and oxygen role in the oxidation of
whey organic components under the influence of
ultrasound has been determined. The destruction of
protein macromolecules takes place in whey chemical
structure after ultrasonic treatment. The destruction has
been investigated and branched amino and carboxyl
groups in whey peptides have been observed.
Keywords: lactowhey, ultrasound, protein, decon-
tamination, b-lactoglobulin, pH.

1. Introduction

Whey is used as the source of protein to stabilize
food emulsions and dispersions. It is a product containing
proteins in the amount of 0.5-1.5%. The proteins include
casain (10% of the total amount), b-lactoglobulin (7—
12 %), a-lactalbumin (2-5 %), albumin, immunoglobulins
and proteozopeptones. Moreover, whey contains
lactopherrin, enzymes and other components. Whey
proteins are the most valuable parts of milk proteins due
to the presence of scarce and indispensable amino acids
(lysine, tryptophane, methionine, threonine and cystein) in
them. Therefore their usage for the food purposes is of
great practical importance.

Amino acids of some fractions of whey proteins
have the same qualitative composition but their
guantitative compositione is different. Whey protein has
al indispensable amino acids. Their amount satisfies or
exceeds the amount of amino acids in the “ideal protein”
(except aromatic, sulphur-containing ones and valine).
The non-protein nitrogeneous compounds present in the
whey are: free amino acids, urea, creatine, creatinine and

purine bases). The amount of free amino acids is small
and depends upon the whey type. This fact is connected
with the deeper hydrolysis of milk proteins under the
action of lactic acid bacteriaand lactic acid as well [1].

In spite of the greatest content of b-lactoglobulin
(BLG) in the whey, it is a poor substrate for many
ferments of the food industry. Protein decomposition
under the action of enzymes makes it a very strong food
alergen [2]. However its protein nature is a sufficiently
good medium for the microorganisms growth; thus time
of BLG water solutions storage and consequently whey
storage is very small. Ultrasound (US) is an effective
method for homogenization of foodstuffs containing
proteins, oils and solid structural eements [3]. At the
same time ultrasonic treatment is an important method for
disinfection of drinking water and water contained in
food, e.g. milk, juice, etc. [4-6].

The effect of ultrasound on the foam and
emulsion-forming of wheat fiber increases with the
increase of its electrophoretic and rheological properties
[7]. Under proteins ultrasonic treatment the volume of
foam and its stability slowly increase with the increase of
ultrasound power and become strongly pronounced at
100 % capacity.

Sukmanov V. et al. [8] carried out investigations
concerning the rheological properties of eggs. The
experimental conditions were: initial concentration of
bacteria of intestinal bacillus group within the range of
108 CCO/ml (cells of conventional organism), the
ultrasonic trestment of 20, 30 and 40 W, and 200 M Pa at
US frequency of 25 kHz for 400 s (100 s of thetime isa
period of pressure increase and decrease) and complex
treatment: ultrasound + high presser (US+HP). The
results show that eggs US-treatment within the mentioned
range of power increases the temperature twice. The HP
treatment ensures eggs sterilization after 350 s and
complex treatment — after 300 s.
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The foaming ability of egg-white was investigated as
well. A membrane structure with air bubblesisformed as a
result of whisking. The considerable increase of foaming
ability (by 4.5-5% regardless of HP value in the range of
100400 MPa and HP-treatment time) is explained by
homogenizing effect under US action. The homogenization
favors proteins and adipose matter distribution in the egg
and thus increases the foaming ability.

Fatal effects of ultrasound (20 kHz frequency used)
on the functional properties of whey proteins like
solubility and foaming ability were investigated in [9].
They are caused by the increasing temperature during the
sample treatment. Using ultrasound of 40 kHz frequency
had less effect on protein properties. The best results were
obtained after treatment for 15 min compared with that for
30 min. Ultrasound treatment with 500 kHz frequency did
not affect the foaming properties. Conductivity decreased
for all samples after US-treatment with 40 and 500 kHz
frequency. The temperature of the model protein solution
increased after each US-treatment. Therefore, the
compliance of the determined optimal conditions for whey
US-treatment is the incontestable fact to increase the
disinfection efficiency and storage time of the product.

2. Experimental

In our experiments we used whey after milk
fermentation and casein and fat separation. Whey was
preserved for seven days at 275-276 K in a refrigerator.
The initial concentrations in whey were. 5.8-6.4%
(BLG); 0.03-0.05 % (fat); 1.5-3.8 % (lactose); 0.8-1.2 %
(lactic acid) and 6.1-6.3% (solids). Whey was diluted
four times beforeits ultrasonic treatment.

The number of microorganism colonies in the
sample was determined by deep sowing of 1 cm® of the
dispersion in a Petri dish with nutritious medium followed
by the incubation in athermostat at 310 K for 48 h.

Coefficient of oxygen demand (COD) was
determined by standard bichromate method [10].

Whey pH was measured using laboratory ionomer
[-160M1. 0.1 N solution of hydrochloric acid and 0.06 N
solution of sodium hydroxide were used for thetitration of
whey solutions. Accuracy of pH measuring was £ 0.02.

Ultrasound transducer UZDN-2T with operating
frequency of 22 kHz and capacity of 35W was used for
microorganism dispersions. The experiments were carried
out at T =298 K and P = 1.10° Pa in the medium of
oxygen, helium and argon.

3. Results and Discussion

Investigation of ultrasound treatment on
microorganism number (MN) in whey shows (Fig. 1) that
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in Ar and He media the number of viable cells in the
volume unit of the whey sharply decreases during 30 min
and then gradually decreases during an hour and a half. In
the oxygen medium MN increases during 30 min because
aerobic bacteria are present in the whey and further
oversaturation by O, and US-treatment results in bacteria
inactivation. The number of microorganisms depends on
time and conditions of the whey storage both for theinitial
whey as well as for the whey treated by ultrasound. This
phenomenon can be connected with the formation of
stable forms of microorganism cells, for example possible
formation of spores, as well as stabilization of micro-
organisms by the protein particles present in the whey.
The rate of microorganism inactivation depends on
the initial number of cells (from 217000 (Ar+US) to
40000 (Oz+US) cellml) and increases with the increase
their number. Therefore MN/MNg ratio is given in Fig. 1
for the obviousness. The effect of gas nature on the
microorganism stability under US-treatment may be
estimated by the effective rate constant. It is calculated in
accordance with the first order kinetic equation (1):

InC ,=InC, - kt (1)
Thus, k:%m& 2

t
Numerical value of the rate constant k may be
determined if we obtain the linear dependence within
INC; —t coordinates. The investigated processis of the first
order and tga = k.
The determination of k and n valuesis based on the
results of Eq. (3) integration:

C,=C,="an=1 ©)
or
|nc_:_kt (4)
CA)

Fig. 2 shows that in the different gases media all
kinetic data lie on the straight line in semilogarithmic
coordinates. Since in the oxygen medium there is MN
conglomeration for the first 30 min, the effective rate
constant is calculated only at the stage of microorganisms
inactivation. The correlation coefficient of straight linesis
equal to 0.87-0.95 and effective rate constants are equal to
4.8740% 2.19-10* and 2.12-10™ s* for helium, argon and
oxygen, respectively.

The range of effective rate constants of the
microorganisms  inactivation is specified by the
experimental conditions. Since the conditions were
constant (pressure, temperature, capacity, and US
frequency) and gas medium was different we may assert
that gas nature affects the reaction rate. Therefore it was
advisable to investigate the effect of gas nature on the
oxidation rate of organic components present in the whey.
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Fig. 1. Dependence of the relative microorganism number on
whey US-trestment in oxygen (1), helium (2) and argon (3)
media

Fig. 2. Semilogarithmic anamorphous of the kinetic curves of
microorganism inactivation under whey US-treatment
in oxygen (1), helium (2) and argon (3) media

Investigation of the organic components oxidation
was carried out using the coefficient of oxygen demand
(COD). The analysis (Fig. 3) shows that the greatest effect
on the organic compounds oxidation occurs in the
presence of helium. Oxygen usage in the ultrasonic fidd is
ineffective for short time but the increase of treatment
time dlightly increases the purification efficiency. After
1 h the efficiency is 41.41 % and then, after 30 min it is
increased by 30 %. Helium has the highest purification
efficiency (92.45%), argon — 77.73% and oxygen —
72.73 %.

Under US-treatment the protein molecule under-
goes various chemical and physico-chemical transfor-
mations. The change depends on the structure of protein
side and end-groups, as well as on the nature of gas
bubbled into the medium. The investigation of US effect
on the molecule of blood hemocyanine in the presence of
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air showed that the mentioned molecule is split into the
identical components formed while using denaturated
compounds [11]. However, some hemocyanine fragments
formed under US-treatment lose their ability to interact
between each other. It means that side- and end-groups of
the protein molecule, which are responsible for its ability
to reactivate, undergo chemical transformations and
render the reversibility of hemocyanine ultrasonic
dissociation impossible.

During the investigations of the serum protein
structure the probability of protein molecules callision in
the ultrasonic field sharply increases resulting in the
molecules interaction between each other and formation
of sat-like bonds: =COOH + —-NH, = -COONH3.

The increase of proteins molecular mass is observed
a even short expositions. With the increase of treatment
time the salt-like bonds of enlarged molecules are easly
destructed. The presence of the enlarged protein particlesis
observed in the case of whey akalinereaction[11].

Fig. 3. Coefficient of oxygen demand vs time under whey US-
trestment in oxygen (1), helium (2) and argon (3) media

Fig. 4. Curves of whey potentiometric titration by hydrochloric
acid (1) and sodium hydroxide (2). Experimental data are
denoted by dots, theoretical curves are cal culated in accordance
with Egs. (4)-(8) for whey solution
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Destruction of whey proteins macromolecules was
investigated using potentiometric titration of the
functional end-groups. Initial whey pH changes from 4.1
to 4.6 and depends on the obtaining and preserving
conditions. Typical curves of whey potentiometric
titration by sodium hydroxide and hydrochloric acid are
presented in Fig. 4.

Two areas are observed on the curve of whey
titration by acid: the first area in the pH range of 2.5-3
corresponds to the titration of carbonic acids salts with
amines followed by amine chlorides formation, and the
second areain the pH range < 2 corresponds to the change
of HCl concentration. The curve of whey titration by
sodium hydroxide has three areas. the first one —till pH 7
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— corresponds to neutralization of free carboxyl groups of
proteins, the second one corresponds to the decomposition
of amine salts with carboxyl groups in the range from 7 to
10 and the third area corresponds to the change of the
sodium hydroxide concentration. These curves show that
whey peptides contain many branched amines and
carboxyl groups in their macromolecules. Theoretical
curves of NaOH and HCI concentrations dependence on
pH were calculated for the estimation of dependence of
protein macromolecules functional end-groups on the
change of pH during titration. f-Lactoglobulin is the basic
peptide component of whey with molecular mass of
18400 g/mol and the amino acid content is represented in
Table[12-14].

Table

Content of amino acids of whey and their dissociation constants

Amino acid Content, Dissociation constants, I/mol
0/100g of protein Acid groups Amine groups
Tryptophane 2.1 4.169-10" - 40710 -
Isoleucine 6.1 1.7410™ - 2.09-10™ -
Tyrosine 30 3.98:10° - 158107 -
Phenylalanine 34 2.1910” - 1.29-10% -
Proline 6.1 22910 - 89110 -
Leucine 104 1.82:10™ - 2.1410™" -
Valine 5.8 191.10™ - 1.9510% -
Lysine 9.2 295107 - 151107 | 89110°
M ethionine 21 6.17-10™° - 191.10% -
Cistein 2.3 45710" | 7.2410° | 7.2410" -
Alanine 49 1.3510™ - 2.2410" -
Arginine 2.8 331107 - 105107 | 1.1010°
Hidtidine 2.0 6.76-10™° - 6.31-10" | 1.00-10°
Threonine 6.8 1.95.10° - 2410 -
Serine 52 15510™ - 15810" -
Glycine 2.0 1.32.107° - 224107 -
Asparticacid 10.7 1010% | 126107 | 97710 -
Glutamic acid 18.8 447107 | 3.0910° | 2.0-10% -
For the calculations we took into consideration g i g i
only branches of amino acids functional groups (lysine, a [Anion], - gja:l[Catlon]j =d ©)

cistein, arginine, higtidine, aspartic acid. and glutamic
acid) and two functional groups of amino acids with
different dissociation constants for one protein
macromolecule with the molecular mass of 1840 g/mal.
Concentration of carboxyl and amine groups ions was
calculated in accordance with the equations:

[-COOT = Kig([COOH] o —[H'])/[H'] 5
[-NH5T = Kid[NHz]o —[OHT)/[OH] (6)
[H]=10" (7)

[OH] = 10PH14 ©)

lon concentrations were calculated in the pH range
from 1 to 13 with the step of 0.01 and using balance of
cations and anions in a solution in accordance with the
equation:

Minimum ¢ value alows to obtain the pH solution
with the error of £0.01.

Typical theoretical curve of pH dependence on
NaOH and HCI concentrations is represented in Fig. 4.
The curve shape corresponds to the shape of experimental
curve, but plateau at pH close to 7 on the experimental
curve corresponds to plateau at pH 8 on the theoretical
curve. The reason may be polymeric structure of proteins
because protein macromolecule changes its conformation
at pH 7. The ionized amino groups of macromolecule
external globules with pH <7 are exchanged for ionized
carboxyl groups with pH > 7.
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Calculations show that only amine or carboxyl
groups with the dissociation constant higher than 107
affect the pH solution because the groups with
dissociation constants lower that 107 are completely
hydrolyzed. The comparison of experimental and
theoretical titration curves of whey by hydrochloric acid
(Fig. 4) shows that the carboxyl groups concentration in
solution is higher than those in proteins. Evidently, it is
connected with the presence of lactic acid formed from
lactose during cheese production by ferment method.

The addition of lactic acid with the concentration
of 0.015 mol/ll and dissociation constant of
3.89:10* I/mol into whey allows to describe the
experimental titration curve (Fig. 5).

Fig. 5. Curves of whey potentiometric titration by hydrochloric
acid (1) and sodium hydroxide (2). Experimental data are
denoted by dots, theoretical curves are cal culated in accordance
with Egs. (5)-(9) for thewhey containing lactic acid

Fig. 6. Curves of potentiometric titration of ultrasound
treated whey by hydrochloric acid (1) and sodium hydroxide
(2). Experimental dataare denoted by dots, theoretical curves

theoretical curves are calculated in accordance with Egs. (5)-(9)
for the whey containing lactic acid

The curve shape of whey potentiometric titration
after 0.5 h of ultrasonic treatment indicates the presence
of enlarged protein particles and probability of
destruction occurred in the protein molecule in the
alkaline medium. The changes take place in a period of
the most intensive COD decrease for the first 30 min in
the medium of the most efficient gas (Fig. 6). The curve
length in the pH range 4—7 is greater than that in Figs. 4
and 5. It means that the new amine and carboxyl groups
are formed under US-treatment.

The concentration of new carboxyl and amino
groups is equal to 0.0020 mol/l and calculated from
theoretical and experimental groups indicated in Figs. 5
and 6. Molecular mass of destructed protein
macromolecules and destruction degree of protein
macromolecules may be calculated taking into account
that the initial concentration of whey macromolecules is
7.940" mol/l. The concentration of protein
macromolecules after ultrasonic treatment is equal to
0.0028 mal/l (the sum of macromolecules initial
concentration and new carboxyl or amine groups
concentration). The molecular mass of destructed protein
macromolecules is equal to:

MMq = MM;{Macromolecul€e];/[Macromolecule]y (10)

where MMy and MM; are the molecular masses of the
initial and destructed protein; [Macromolecule]; and
[Macromolecul€e]y4 are concentrations of macromolecules
peptide before and after ultrasonic treatment.

The molecular mass of destructed protein
macromolecule is calculated in accordance with Eq. (10)
and is equal to 5126 g/mol. The destruction degree is
equal to 3.4 and under US-treatment for 0.5 h more than
three peptide macromolecules are formed from one
protein macromolecule.

4. Conclusions

Whey ultrasonic treatment is an effective method
of product disinfection and allows to double its storage
time. The kinetics of microorganism destruction in whey
is described by first order kinetic equation. Whey US-
treatment destructs the polymers, increases the number of
amino and carboxyl groups due to the protein hydrolysis
and does not causes evident oxidation of organic
compounds. The polypeptides molecular mass decreases
from 17>40° to 540° g/mol under US-treatment.
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AE3IHOEKIISI CHPOBATKH TA 3MIHA
11 BTJACTUBOCTEMU I AI€XO
YJbTPA3BYKOBOI'O BUITPOMIHEHHS

Anomauin. /locniodxceno eniug yiempaszeykoeoi kagimayii
Ha  JICUMMEOBUILHICIG  MIKDOOP2AHI3MI8, WO MICIAMbCS 8
MonouHitl  cuposamyi. Busmaueno ennue pismux easi¢  Ha
nPOX00CeHHs npoyecy Oe3iHpeKyii ma OKUCHEHHS Op2aAHIYHUX
PeHosUH, Wo MICIAMbCA Yy MonouHitl cuposamyi. Iloxasano, wo 6
XIMIYHITE CIPYKMYPI CUPOBAMKU. NICISL YIbIMPA38YK0GOI 00poOKU
6i0Oysacmbcsi  Oecmpykyisi  6iikie.  [ocniodceno  decmpykyito
MAKpOMONEKYNL OIIKA [ BUSBILEHO PO3CANLYICEHI aMiHO- [ Kapbo-
KCUWIbHI 2PYNU 8 NeNMUuoax Cuposamxi.

Knrouosi cnosa: monouna cuposamia, yiompaszeyx, 610K,
3Hezapadicentst, -raxmoenoynin, pH.



