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In order to reduce the price of dairy products and exclude environmental damage caused by
improper utilization of whey, it is necessary to ensure its 100% processing by applying advanced
innovative technology. Acid whey processing is the biggest problem in the production of lactose
by applying the existing technology. Therefore such whey requires further processing. First and
foremost, it is necessary to provide partial demineralization and reduction of acidity. In modern
conditions, the reduction of acidity in dairy enterprises is carried out by adding of an alkaline
reagent. The introduction of alkali affects the quality of the product. Electrodialysis using bipolar
membranes can be applied as an alternative to alkaline treatment of milk whey. Innovative
technology is a combination of classic and bipolar electrodialysis. Acid whey demineralization and
acidity correction will be performed without the use of additional reagents. In order to reduce the
buffer volume (4 times), partially demineralize whey and reduce its acidity (up to 30%), the milk

whey is nanofiltered before electrodialysis.

Keywords: demineralization; acidity reduction; milk whey; nanofiltration;
membrane.

Nanofiltration (NF) is of particular interest in practice as a means of
simultaneous demineralization and neutralization of curdy whey. The optimal
option for further use of NF in concentrate production is elimination of salts
and lactic acid as completely as possible from whey, while fully preserving the
biologically valuable components, such as proteins and lactose (Rukhadze ...
2019).
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The selectivity of the membranes used can be assessed from the number of
different components transported to filtrate. The study was performed on whey
with titratable acid 68T and PH, obtained when producing whey using an acidic
method.

Whey was concentrated at a temperature of (40 + 2)°C on a pilot device KPI-1
(performance — 60 I/h), which was equipped with membranes UPM and provided
with an area of 2 sq. m. Concentrating was carried out in the device by circulating
it for 40 minutes. In the initial whey and NF-concentrate, we determined all
the major and individual minor components on different factors of the obtained
coefficient of volume compressibility N (Table 1).

Table 1. The composition of the samples of NF-concentrates of curdy whey at different
factors of volume concentration

Name Initial | Mass content at N concentration, %

of samples whey |15 2 25 3 35 4
Dry matters 5,85 8,21 11,36 13,02 14,05 | 18,72 20,83
Lactose 2,88 4,43 6,50 7,59 8,28 13,35 14,73
Protein 0,70 0,95 1,28 1,44 1,54 2,03 2,14

Non-protein | 0,057 0,072 0,092 0,099 | 0,103 | 0,132 0,142
nitrogen

Organic 0,68 0,84 1,10 1,12 1,17 1,56 1,72
acids
Ash 0,70 0,85 1,06 1,07 1,12 1,52 1,67

The obtained results allow us to calculate loss of a given component (amount
concentration in filtrate) in the process of NF-processing of curdy whey.
Derivation of the formula for determination of this parameter is based on the
application of the principle of material balance (Rukhadze... 2013). If the i-th
component in the initial raw material is equal to Moi, and in the final one is equal
to Mki, then losses of these components in ITi percentage are determined by the

formula: .
Hi == @ x 100% (1)

If we express the amount of the i-th component multiplied by the volume

concentration, we shall obtain:
MDiI = EF,:, * C-:ul (2)

My = Vi # G 3)
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where Vg and Vi,_ the initial and final volumes of raw material, m3;
Cot and Cki —the initial and final concentrations of the i-th component in
raw material, kg/m?.

By substituting, we shall obtai

;= (1 —75%) «100% = (1 -

oboi

Vi ) «100%

Chi=. (4)
where Nis a coefficient of volume compressibility:
N=3F, 5)

Vo ~initial volume of whey, m?* N — volume of the whey coincentrate,

where
m>,

The data calculated by the formula and given in Table 2 show that underlying
losses during NF-processing of curdy whey are accounted for ash (mineral salts),
rather than for protein nitrogen (the low-molecular weight fractions of free

amino acids, urea, etc.).

Table 2. Losses of the components of curdy whey after NF-processing

Components Loses, %
Dry matters 8,42
Lactose 9,07
Protein 12,95
Non-protein nitrogen 30,39
Organic acids 34,52
Ash 37,72
Sodium 37,86
Chlorine 49,85
Potassium 43,55
Calcium, phosphorus, magnesium on average 10,00

Potassium and magnesium are most effectively removed from -cations.
Investigation of cations of higher valency revealed that they are not actually
removed during NF-processing of curdy whey. Chlorine anion has the highest
degree of removal. This effect is explained by the fact that the chlorine anion
enters the KCl and NaCl molecules simultaneously, ensuring that the total electric
charge is equal to zero on both sides of the NF-membranes (Roman... 2009).

The process of removing low-molecular substances from whey is described by
the equation (Svitsov ... 2007):

ko - (6)
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where C; — the component concentration in filtrate; C; - the component

concentration in in the concentrate; K

—separation efficiency factor characterizing
the membrane
During NF-processing, the material balance of substances in whey can be
described by the following equation
d{CV) = —C¢+ dVp = KCdV, (7)
where C — the concentration of substances in whey;
Ce _ the concentration of substances in filtrate;
V — the concentration volume;
Ve the volume of filtrate;
V and V¢ are linked to each other by the following ratio
V=V -V, (8)
where V — the amount of whey.
Let us solve the following equation
d(CV) = cdv + vdec = kedV
dc

dv
i R . S o 2 4
e ( }"J

InC=mV-9% 4 const
At a starting point in time C=C; and V=V respectively
const = In C.}ﬁ,}i_b‘
Finally _—
=G (%) 9)

The removal rate of low-molecular substances is determined from the
relationship (Yevdokimov ... 2009, Rukhadze ... 2018) :

(fe-E, (10)
D=-Zp =
mp

where D — removal rate;

Mo _ the dry solids weight ratio at the initial instant in time;

I _ the dry solids weight ratio at any instant in time.

By substituting, we shall obtain

-k
p=1-Ze(¥e)’ (11)

m ¥V
During nanofiltration, volumetric compression N, rp to the dry matter
concentration of (18-20%) generally obtained for this process practically coincides

with the increase in the dry solids weight ratio (Svitsov ... 2007).
Ny, A — (12)

Mg
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Therefore

NAN, &N,

The equation will take the form

DR 1-Nk¥1-= (13)

In order to check this expression by experimental data, for various concertation
rates, we determined D for ash and lactic acid using the formula. We used the
calculation results to construct experimental graphical relationships p = ()
using the method of least squares (Figures 3.1, 3.2).

At the concentration rate N=3,0, together with a concentrate, we took also the
filtrate sample, in which we determined the mass fraction of ash and lactic acid.
The coefficient K was determined by data on the compositions of filtrate and the
concentrate using the formula (6) (Table 3.)

Table 3. The content of components curdy whey products processed by nanofiltration
Mass content, %

po. Initial whey NF-concentrate, “« NF-filtrate, °f
Ash 0,65 1,40 0,4555
Lactic acid 0,61 1,41 0,3901

We used the value of K to calculate the degree of demineralization and the
removal rate of lactic acid D according to the volume concentration ratio using
the formula 3.13. Theoretical and experimental relationships D = F(N) N in the
range from 1 to 4 are graphically shown in Figure 1 and Figure 2.
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Fig.1. Theoretical and experimental dependency of the degree of demineralization on
the volume concentration factor during concentrating of curdy whey by nanofiltration.
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35 1
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Fig. 2. Theoretical and experimental dependency of the removal rate of milk whey on
the volume concentration factor during concentrating of curdy whey by nanofiltration.

The increase in the volume concentration factor for the components under
study, leads to the increase in value of D. The absolute value of D for ash is higher
than for lactic acid. The maximum ascent of the curves is observed at a value of N
up to 3, after which the volume of the components decreases. At concentrations
greater than 3.5 volumes, the value of D practically remains unchanged. This
is associated with an increase in osmotic pressure in the concentrated solution,
as well as with the formation of a jell-like protein layer on the membrane
surface, which reduces performance of the device (Suarez... 2006). In normal
nanofiltration mode N = 3,5, the degree of demineralization is 33% and the
removal rate of lactic acid is 28%.

Adequacy of the obtained equation was checked by applying the Fisher’s
criterion. The interim data for the calculation are presented in Table 4 and Table
5.
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Table 4. Data on the curdy whey demineralization degree in the NF-process obtained

through the calculations and experiments

Test Yicalc. Jri&l:p- ':}’:'cuh'. — Ya |:.'.-t'11I!<:.:|z {}'i = J"['mic.]z

1 12,20 13,2 182,25 1

2 20,00 22 32,49 4

3 25,00 26,72 0,49 2,9584

4 30,00 28,8 18,49 1,44

5 33,00 32,42 53,29 0,3364

6 34,00 33,76 68,89 0,0576

Vawiaw = 25,70 Total 355,90 Total 9,79

The Fisher’s criterion was determined according to the formula (Electronic
resource...2021):
_ Liyigame, ~Viwags,)” 2
= m EFi— Vs )?
where m — the number of factors, m=1;

952 =11
F= #
1 9,79

n—m—1

E

(14)

= 145,41

The tabular data of the Fisher’s criteria with a probability a = 0.95 make up
6.94. Since F.a1e = Frop, (145,41 = 6,94; 80,24 > 6,94), the equation therefore
adequately describes demineralization and lactic acid removal processes in the
NF process of curdy whey.

Table 4. Data on the curdy whey demineralization degree in the NF-process obtained
through the calculations and experiments

Test

| _number Yicale- Yiexp. {}T:’cuh'. = }T&u.m!f.:lz {J’Ti = Jrimic.]z
1 10,54 11,2 182,25 1
2 17,34 16,1 32,49 4
3 23,00 25,7 0,49 2,9584
4 26,05 27,8 18,49 1,44
5 29,12 28,2 53,29 0,3364
6 29,92 29 68,89 0,0576
Winiate = 22,00 Total 281,24 Total 14,01
28124 6—-1—1
= # = 80,24

14,01
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The isolated analytical expression (13) allows us to determine the level of
demineralization of curdy whey in the NF-process and the removal rate of lactic
acid. To that end, the following algorithm has been proposed to use:

1. Determination of coefficient K

For minerals, k can be determined by the specific electrical conductivity of
filtrate and the concentrate at the initial instant in time of NF processing, when
the concentration of dry matter therein is small and it is permissible to use the
ratio:

C, =kxo, Cr=k=of

) (15)

where C_ - mass content of ash in whey;

C,- mass content of ash in filtrate;

Oy - specific electrical conductivity of whey;

Of - specific electrical conductivity of filtrate;

k- proportionality factor.

From (15) Ezﬂzk _

Cw oOw e (16)

After the end of the process, the volume of the concentrate obtained is recorded
and the dry solid weight ratio N in whey and the concentrate is determined by
refractometry, and the increase in the dry solid weight ratio is calculated based
on the formula (12).

2. The level of demineralization D is determined according to the formula
(13). The milk whey concentration can be determined by the ratio (Tyopel

...2012):

G = 0,002+ T a”
Erme _Ts _ (18)
Comw T: Bt

where Crmwand C, e — milk whey concentrationin filtrate and the concentrate,
respectively; Tr and T, — titratable acidity in filtrate and the concentrate.

Thus, the studies demonstrate that during nanofiltration processing of curdy
whey up to the working value N =3,5, we can achieve the level of demineralization
(32-34%) and neutralization (25-28%). The derived analytical expression (13)
adequately describes the denimmilization and neutralization processes during
nanofiltration of curdy whey, depending on the volume concentration factor,
and can be recommended for the operative determination of these parameters in
production conditions.

The article is published with the financial support of Shota Rustaveli National
Science Foundation (CANYS-19-972 )
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