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Abstract

It was investigated the influence of pH and temperature under the degree of isolation of free amino acids in the protein
mineral concentrates (PMCs) obtained as a result of processing of whey after the manufacture of the granulated
cottage cheese “Grauncior” (company JLC) at membrane electrolyzer EDP-4 at current density j = 10 mA/cm? and j =
20 mA/cm?®. The highest degree of extraction of fiee, especially essential amino acids is recorded in the PMCs during
electro-activation at current density j = 20 mA/cm?, at 10 min of processing, when pH = 11.6 and t = 29.5°C. The level
of migration of each essential amino acid in the PMCs is varying in dependence on the time of electrophysical
processing, on the current density, pH and temperature values.
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INTRODUCTION

Milk and dairy products, including whey (whey
products) are attributed to foods needed for
human nutrition, as sources of protein and
amino acids respectively.

The dairy industry produces ~180 to 190
million tons per year of whey, accounting for
more than a half of the total solids present in
the original whole milk, including whey
proteins (20% of the total protein) and most of
the lactose, minerals, and water-soluble vitamins
(de Wit, 2001; Chandrapala et al., 2015).

Whey is known to be a rich source of essential
amino acids. However, the quality of the
nutrients can be affected in the process of
processing the whey and obtaining the final
products — protein mineral concentrates
(PMCs).

The manufacture of protein concentrates
requires certain rules in order to maintain a
high degree of purity in the protein native form,
namely, to exclude thermal denaturation,
which, in the case of whey proteins is 55-65°C
(Etzel, 2004), chemical denaturation of proteins
and chemical modification of amino acids
(Desrosiers and Savoie, 1991; Cheftel, 1977).
One successful technological method is the
electrical processing of whey using recovery of
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the protein mineral concentrate (PMC) and the
simultaneous isomerization of lactose into
lactulose using the electrochemical activation
(ECA) of the liquid. This approach was
developed in Chisinau, at the Institute of
Applied Physics in the second half of the 1990s
(Bologa et al., 1992).

Performance of this method depends on such
parameters, as pH and temperature, because
these factors determine the solubility and
electrostatic protein interactions in the feed
(Gonzalez et al., 2008; Luo and Ding, 2011;
Rice et al., 2011a; 2011b), as well as current
density.

Thus, the present study aimed to establish the
peculiarities of amino acid migration in protein
mineral concentrates under the influence of
different pH and temperature values during
electro-activation of whey.

MATERIALS AND METHODS

In the framework of the experiments the
electrophysical processing was applied on the
whey provided by the “JLC” Joint Stock
Company, Chisinau, Republic of Moldova,
after the manufacture of the.: granulated cottage
cheese “Grauncior”. The electrophysical
processing of whey was performed at the



membrane electrolyzer EDP-4, at j = 10-20
mA/cm?, in the stationary regime, specially
designed for collecting the samples so as to
study amino acids (Maximuc et al., 2008). All
PMCs were collected every 5 minutes in the
cathode cell (CC) (Bologa et al., 2009).

The determination of the content of amino
acids in the studied samples was done by the
ion-exchange chromatography (Moore et al.,
1958) at amino acid analyzer AAA-339M.

The analysis is performed in the standard
procedure for the determination of free amino
acids using lithium buffer solutions, pH 2.90,
2.95, 3.20, 3.80 and 5.00, with a flow rate of
12.0 ml/hr. On the basis of the qualitative
calculation of amino acid content in the liquid
studied it is stated that the amount of an amino
acid in the sample is proportional to the surface
of the pick of the chromatogram. The
calculation consists in the fact, that sample and
standard mixture of amino acids with the same
content is analyzed. The amount of amino acids
dosed on the ionic column in the test sample is
given by the formula below:

Ci(doz) = k1" Si(prob)/Si(st) ‘Mi -10°® (mg),

Where: Cidoz) - the ionic concentration of
amino acids in the volume of the dosed node; n
- the amount of the amino acids in the analyzed
mixture; Siprob) - the tip(pick) surface of the
amino acids in analyzed mixture; Siest) - the tip
(pick) surface of the amino acids in standard
mixture; k - correction coefficient considered to
be changing the detector sensitivity; M; - the
ionic molecular weight of the amino acid. The
automatical analyzer AAA-339M detects
ninhydrin positive components within 1-100
nanomoles concentration. The duration of the
analysis of the physiological fluids is 3.5 hours.

RESULTS AND DISCUSSIONS

In the frame of investigation, it was studied the
influence of pH and temperature on the
migration of amino acids in protein minerals
concentrates (PMCs) during electro activation
of whey at different processing regimes.

The variations of total free amino acid content
in PMCs during electrophysical processing
with electrolyzer EDP-4 of whey after the
manufacture of the granulated cottage cheese
“Grauncior” in the stationary regime of
treatment, at current density j = 10 mA/cm? and

j =20 mA/cm?, depending on the variations of
pH and temperature, are presented in the Figure
1 (A and B).
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Figure 1. Variations of total free amino acid content in
PMCs during electrophysical processing with
electrolyzer EDP-4 of whey after manufacture of
granulated cottage cheese “Grauncior” in stationary
regime, at current density j = 10 mA/cm? (A) and
j =20 mA/cm? (B), depending on variations of pH and
temperature

The content of free amino acids is kept at the
same level with increasing pH and temperature
during electrophysical processing of whey after
the manufacture of the granulated cottage
cheese “Grauncior” at current density j =
10 mA/cm? (Figure 1 A).

Electrophysical processing of whey at current
density j = 20 mA/cm?, with increasing pH and
temperature, more drastically affect the
isolation of free amino acids in the PMCs
(Figure 1 B).

Thus, during electrophysical processing of
whey after the manufacture of the granulated
cottage cheese “Grauncior” the greatest amount
of free amino acids is extracted at first 5-10
min of processing, and with increasing
temperature and pH, the decreasing of their
contents is attested.

The variations of the essential amino acid
content in the PMCs during electrophysical
processing with electrolyzer EDP-4 of whey
after the manufacture of the granulated cottage
cheese “Grauncior”, in the stationary regime,
at current density j = 10 mA/cm® and
j =20 mA/cm?, depending on the variations of
pH and temperature, are presented in Figure 2.
Electrophysical processing of whey after the
manufacture of the granulated cottage cheese
“Grauncior” at current density j = 10 mA/cm?
revealed that the highest amount of essential
amino acids is obtained in the PMCs at 10 min
of processing, then the content is kept stable at
15 min and decreases at 20 min of processing.
Then, at 25 and 30 min of electrophysical
processing, the content of essential amino acids
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reach its maximum values in the PMCs when
pH and temperature also have higher values
(Figure 2 A).
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Figure 2. Variations of essential amino acid content in
PMCs during electrophysical processing with
electrolyzer EDP-4 of whey after manufacture of
granulated cottage cheese “Grauncior” in stationary
regime, at current density j = 10 mA/cm? (A) and
j =20 mA/cm? (B), depending on variations of pH and
temperature

Electrophysical processing of whey after the
manufacture of the granulated cottage cheese
“Grauncior”, at current density j = 20 mA/cm?
revealed approximately the same variations of
the essential amino acid content as at current
density j = 10 mA/cm?: the maximum content
is attested at 10 min of electrophysical process-
sing, then the content decreases (Figure 2 B).
Next is represented the variation of each
essential amino acid content in the PMCs
during  electrophysical  processing  with
electrolyzer EDP-4 of whey after the
manufacture of the granulated cottage cheese
“Grauncior” in the stationary regime, at current
density j = 10 mA/cm? and j = 20 mA/cm?,
depending on the variations of pH and
temperature.

The essential amino acids for humans are:
threonine (Thr), methionine (Met), valine
(Val), isoleucine (Ile), leucine (Leu),
phenylalanine (Phe), tryptophan (Trp), lysine
(Lys), histidine (His), arginine (Arg). Each
essential amino acid plays an important
biochemical and functional role in maintaining
vital processes in living organism (Reeds,
2000).

The degree of Thr isolation in the PMCs of
whey after the manufacture of the granulated
cottage cheese “Grauncior” increases during 5-
20 min of electrophysical processing with
electrolyzer EDP-4 at current density j =
10 mA/cm?, then decreases at 25 min and
slightly increases at 30 min, with a rise of
temperature and pH. During electrophysical
processing at current density j = 20 mA/cm? the

maximum degree of isolation of Thr was
established at 10 min when pH and temperature
were growing (Figure 3).

Q.gkg 45 Qugke

25 - 30

15 20

i 15 +
10 et

s 5 -

o o
Smin 10min 1Smin 20min  25min 30 min Smin 10 min 15 min cC
~+Threonine  -#-pH C ~~Threonine -=-pH —{°C

Figure 3. Variations of threonine (Thr) content in PMCs
during electrophysical processing with electrolyzer EDP-
4 of whey after manufacture of granulated cottage cheese
“Grauncior” in stationary regime, at current density j =
10 mA/cm? (A) and j = 20 mA/cm? (B) ,depending on
variations of pH and temperature

The content of Val extracted in the PMCs of
whey after the manufacture of the granulated
cottage cheese “Grauncior” increases during 5-
15 min of electrophysical processing with
electrolyzer EDP-4 at current density j =
10 mA/cm?, then decreases at 20 min and
increases again at 25 and 30 min of
electrophysical processing, with the rise of
temperature and pH (Figure 4).
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Figure 4. Variations of valine (Val) content in PMCs
during electrophysical processing with electrolyzer EDP-
4 of whey after manufacture of granulated cottage cheese
»Grauncior” in stationary regime, at current density j =
10 mA/cm? (A) and j = 20 mA/cm? (B), depending on
variations of pH and temperature

During electrophysical processing at current
density j = 20 mA/cm? the maximum degree of
isolation of Val was established at 10 min, when
pH and temperature were higher (Figure 4).

The degree of Met isolation in the PMCs is one
of the smallest among essential amino acids
extracted in the PMCs during electrophysical
processing of the studied whey. But during
electrophysical processing of whey after the
manufacture of the granulated cottage cheese
“Grauncior” with electrolyzer EDP-4 at current
density j = 10 mA/cm?, an increase of Met in
PMC:s is noted at 10 min of processing, a slight
decrease at 15 min and then its content is kept
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stable during electrophysical processing. During
electrophysical processing at current density j =
20 mA/cm?, the same variation of Met content
in the PMCs is established, with increased
values of pH ant temperature (Figure 5).
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Figure 5. Variations of methionine (Met) content in
PMCs during electrophysical processing with
electrolyzer EDP-4 of whey after manufacture of
granulated cottage cheese “Grauncior”, in stationary
regime, at current density j = 10 mA/cm? (A) and j =
20 mA/cm? (B), depending on variations of pH and
temperature

The content of Ile extracted in the PMCs of
whey after the manufacture of the granulated
cottage cheese “Grauncior” increases during 5-
15 min of electrophysical processing with
electrolyzer EDP-4 at current density j
10 mA/cm?, then decreases at 20 min and
increases again at 25 and 30 min of
electrophysical processing, with the rise of
temperature and pH. During electrophysical
processing at current density j = 20 mA/cm?,
the maximum degree of isolation of Ile was

10 mA/cm?, and reaches its maximum content
at 30 min of processing, when pH and tem-
peratures have the maximum values. During
electrophysical processing at current density j =
20 mA/cm? the maximum degree of isolation of
Leu was established at 10 min, when pH and
temperature are growing (Figure 7).
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Figure 7. Variations of leucine (Leu) content in PMCs
during electrophysical processing with electrolyzer EDP-
4 of whey after manufacture of granulated cottage cheese

“Grauncior”, in stationary regime, at current density j =

10 mA/cm? (A) and j = 20 mA/cm? (B), depending on

variations of pH and temperature

The content of the essential amino acid Phe,
extracted in the PMCs of whey after the
manufacture of the granulated cottage cheese
“Grauncior” during electrophysical processing
with electrolyzer EDP-4 at current density j =
10 mA/cm?, is low in comparison with other
essential amino acids. A relatively high amount
of this amino acid is noted at 5 and 10 min of
processing, then its level decreases, although
the values of pH and temperatures are growing
during the entire electrophysical processing.
The maximum degree of isolation of Phe in the
PMCs is recorded at 10 min of electrophysical
processing, at current density j = 20 mA/cm?
(Figure 8).

established at 10 min, when pH and
temperature were growing (Figure 6).
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Figure 6. Variations of isoleucine (Ile) content in PMCs
during electrophysical processing with electrolyzer EDP-
4 of whey after manufacture of granulated cottage cheese

“Grauncior”, in stationary regime, at current density j =

10 mA/cm? (A) and j = 20 mA/cm? (B), depending on
variations of pH and temperature

The content of Leu extracted in the PMCs of
whey after the manufacture of the granulated
cottage cheese “Grauncior” increases during
the entire period of electrophysical processing
with electrolyzer EDP-4 at current density j =
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Figure 8. Variations of phenylalanine (Phe) content in
PMCs during electrophysical processing with
electrolyzer EDP-4 of whey after manufacture of
granulated cottage cheese “Grauncior”, in stationary
regime, at current density j = 10 mA/cm? (A) and j =
20 mA/cm? (B), depending on variations of pH and
temperature during electrophysical processing
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The degree of Trp isolation in the PMCs
increases during electrophysical processing of
whey after the manufacture of the granulated
cottage cheese “Grauncior” with electrolyzer
EDP-4 at current density j = 10 mA/cm?’.
During electrophysical processing at current
density j = 20 mA/cm? a high degree of Trp
extraction in the PMCs is established at 10 and
15 min of electrophysical processing, with
increased values of pH and temperature (Figure
9).

Lys is the limiting amino acid that determines
the biological value of many proteins from
foodstuff.

The His content in the PMCs of whey after the
manufacture of the granulated cottage cheese
“Grauncior” increases during 5-10 min of
electrophysical processing with electrolyzer
EDP-4 at current density j = 10 mA/cm?,
decreases at 15 min and keeps stable at 20-30
min of electrophysical processing, with growth
of temperature and pH. During electrophysical
processing at current density j = 20 mA/cm?,

L 520 the maximum degree of isolation of His is
- = established at 10 min, when pH and
o R temperature are growing (Figure 11).
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regime, at current density j = 10 mA/cm? (A) and j =
20 mA/cm? (B), depending on variations of pH and
temperature during electrophysical processing

The content of Lys extracted in the PMCs of
whey after the manufacture of the granulated
cottage cheese “Grauncior” increases during 5-
10 min of electrophysical processing with
electrolyzer EDP-4 at current density j =
10 mA/cm?, decreases at 15-20 min and
increases again at 25 and 30 min of
electrophysical processing, with the rise of
temperature and pH. During electrophysical
processing at current density j = 20 mA/cm?,
the maximum degree of isolation of Ile was
established at 5 min when pH and temperature
are growing (Figure 10).
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Figure 10. Variations of lysine (Lys) content in PMCs
during electrophysical processing with electrolyzer EDP-
4 of whey after manufacture of granulated cottage cheese

“Grauncior”, in stationary regime, at current density j =

10 mA/cm? (A) and j = 20 mA/cm? (B),depending on
variations of pH and temperature

Figure 11. Variations of histidine (His) content in PMCs
during electrophysical processing with electrolyzer EDP-
4 of whey after manufacture of granulated cottage cheese
“Grauncior”, in stationary regime, at current density j =
10 mA/cm? (A) and j = 20 mA/cm? (B), depending on
variations of pH and temperature

The Arg content in the PMCs of whey after the
manufacture of the granulated cottage cheese
“Grauncior” increases during 5-10 min of
electrophysical processing with electrolyzer
EDP-4 at current density j = 10 mA/cm?,
decreases at 15-20 min and then slightly
increases at 30 min of electrophysical
processing, with the growth of temperature and
pH. During electrophysical processing at
current density j = 20 mA/cm?, the maximum
degree of isolation of Arg is established at 10
min, when pH and temperature are growing,
and the highest content is recorded in the
cathode cell (Figure 12).
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Thus, certain peculiarities of amino acids
migration in the concentrates obtained under
the influence of different pH and temperature
values were determined.

The highest degree of extraction of free,
especially essential, amino acids is recorded in
the PMCs during electrophysical processing
with electrolyzer EDP-4 of whey after the
manufacture of the granulated cottage cheese
“Grauncior”, at current density j = 20 mA/cm?,
at 10 min of processing, when pH = 11.6 and
t°C =29.5°C.

The level of migration of each essential amino
acid in the PMCs is varying in dependence on
the time of electrophysical processing, on the
current density, pH and temperature values.
The parameters for the optimal isolation of
each essential amino acid in the the PMCs are:
Thr (threonine) - during electrophysical
processing with electrolyzer EDP-4 of whey
after the manufacture of the granulated cottage
cheese “Grauncior”, at current density j =
20 mA/cm?, at 10 min of processing, pH = 11.6
and t°C =29.5°C;

Val (valine) - during electrophysical
processing with electrolyzer EDP-4 of whey
after the manufacture of the granulated cottage
cheese “Grauncior”, at current density j =
20 mA/cm?, at 10 min of processing, pH = 11.6
and t°C = 29.5°C;

Met (methionine) - during electrophysical
processing with electrolyzer EDP-4 of whey
after the manufacture of the “Grauncior”, at
current density j = 10 mA/cm?, at 10 min of
processing, pH = 11.8 and t°C = 25°C;

Ile (isoleucine) - during electrophysical
processing with electrolyzer EDP-4 of whey
after themanufacture of the granulated cottage
cheese “Grauncior”, at cutrent density j =
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20 mA/cm?, at 10 min of processing, pH = 11.6
and t°C = 29.5°C;

Leu (leucine) - during electrophysical
processing with electrolyzer EDP-4 of whey
after the manufacture of the granulated cottage
cheese “Grauncior”, at current density j =
20 mA/cm?, at 10 min of processing, pH = 11.6
and t°C = 29.5°C;

Phe (phenyalanine) - during electrophysical
processing with electrolyzer EDP-4 of whey
after the manufacture of the granulated cottage
cheese “Grauncior”, at current density j =
20 mA/cm?, at 10 min of processing, pH = 11.6
and t°C = 29.5 °C;

Trp (tryptophan) - during electrophysical
processing with electrolyzer EDP-4 of whey
after the manufacture of the granulated cottage
cheese “Grauncior”, at current density j =
10 mA/cm?, at 5 min of processing, pH = 12.1
and t°C = 28°C;

Lysine (Lys) - during electrophysical
processing with electrolyzer EDP-4 of whey
after the manufacture of the granulated cottage
cheese “Grauncior”, at current density j =
20 mA/cm?, at 5 min of processing, pH = 8.5
and t°C = 24.5 °C;

His (histidine) - during electrophysical
processing with electrolyzer EDP-4 of whey
after the manufacture of the granulated cottage
cheese “Grauncior”, at current density j =
20 mA/cm?, at 10 min of processing, pH = 11.6
and t°C = 29.5°C;

Arg (arginine) - during electrophysical
processing with electrolyzer EDP-4 of whey
after the manufacture of the granulated cottage
cheese “Grauncior”, at current density j =
20 mA/cm?, at 15 min of processing, H = 11.6
and t°C = 35°C.

CONCLUSIONS

The peculiarities of amino acids migration in
the concentrates obtained under the influence
of different pH and temperature values were
established.

The highest degree of extraction of total free
and essential amino acids, is recorded in the
PMCs during electrophysical processing with
electrolyzer EDP-4 of whey after the
manufacture of the granulated cottage cheese
“Grauncior”, at current density j =



20 mA/cm?, at 10 min of processing, when
pH=11.6 and t°C = 29,5°C.

The level of migration of each essential amino
acid in the PMCs is varying in dependence on
time of electrophysical processing, current
density, pH value and temperature (t°C), that
can be promising investigations in the direction
of PMC obtaining with desired amino acids
content and spectrum by applying various
parameters (regimes) of whey electrophysical
processing.
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