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Summary. Sewage from milk processing enterprises remains a factor of environmental pollution. This is
caused by a high concentration of organic pollutants contained in a dispersed and dissolved state, among which
protein predominates. An effective way to increase the environmental friendliness of dairy enterprises is to
minimize emissions of pollutants. In particular, this applies to dairies, the main products of which are protein
products — cheese and casein, and the main pollutant — whey. This could be achieved through complete processing
of whey. The article considers the possibility of reducing the polluting effect of wastewater from milk processing
enterprises by separating dispersed protein from milk whey. The results of the study of the content and
granulometric composition of dispersed whey protein are presented. The design of the filter with a self-cleaning
filter element developed by the authors is presented, which allows for a continuous process of serum purification
with a consistently high degree of separation.
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Statement of the problem. Wastewater from a dairy processing plant is a pollutant with
a high content of organic matter. These contaminants can be in both dispersed and dissolved
form. The dispersed phase consists of fats and particles of scavenged protein. For example, in
cheese factories, the majority of the dispersed particles are the so-called «cheese dust»
generated during production. The size of these milk protein particles is 0.2—2.0 mm [1]. In the
dissolved state, it contains partially protein, organic acids and milk sugar. Another significant
component is albumin, another milk protein that accounts for a significant portion of biological
oxygen demand (BOD). High concentrations of organic compounds that are easily oxidised in
dairy wastewater lead to a significant decrease in oxygen in water bodies. It is also known that
these wastewaters are characterised by a low pH level, which is explained by the formation of
acid in the process of biochemical decomposition. Large volumes of suspended solids of protein
origin entering water sources cause a significant accumulation of bottom sediments, which are
often subject to decay. Wastewater from casein and hard cheese production facilities poses a
particularly high risk to water bodies, as it is characterised by high values of both chemical and
biological oxygen consumption [2].

Evaluation of known research findings. Dairy wastewater is a suspension, where the
dispersed phase is the so-called «cheese dust», which is particles of cheese grains that occur
when the product grains are destroyed during mechanical processing. This suspension also
includes fat globules and product particles that fall into the waste during the washing of
technological equipment.

The strong polluting effect of dairy production waste is mainly due to the content of
organic substances that are rapidly oxidised, in particular protein. The bulk of these
substances enter the wastewater system with whey. Studies have shown that the oxidation
of organic compounds contained in 25 tonnes of whey would require as much oxygen as is
needed to oxidise the household waste of a city with a population of 40,000 people [3]. It
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should be borne in mind that the volumes of whey produced are quite large, especially in
the production of hard cheeses, where its yield is about 90% of the volume of milk used for
cheese production.

Environmental pollution from dairy processing plants becomes even more serious when
whey is not sufficiently processed. As the bulk of this secondary product ends up in wastewater,
it overloads treatment systems and aggravates the environmental situation in the natural
environment.

One of the most effective methods of improving the environmental friendliness of dairy
enterprises is to reduce pollutant emissions [4, 5]. This is especially important for dairies that
produce mainly protein products such as cheese and casein, and the main source of pollution is
whey.

In turn, the organisation of full whey processing, in addition to the environmental effect,
can also provide a significant economic benefit. And given that whey losses in our country are
at the level of 300400 thousand tonnes per year [1], we can conclude that the dairy industry
will receive additional millions of euros.

Therefore, organising whey processing is one of the main challenges facing the dairy
industry.

Currently, there are many ways to process and use whey, which can be summarised into
four main areas:

- use without processing;

- separation and use of its most valuable components;

- processing in the form of concentrates;

- biological processing.

The use of whey without special processing may include its use in baking bread and
other bakery products.

Processing in the form of concentrates involves the production of concentrated
products by drying or thickening. Today, the most common method of whey processing is
drying.

A common method is to remove fat from whey using a centrifugal method such as
separation. However, problems arise during the separation process due to the rapid
contamination of the inter-cell space. This is due to protein particles sticking to the surface of
the plates. Only with a well-organised process can a residual whey fat content of 0.05% be
achieved, although this figure is usually only 0.1%. In order to successfully separate the fat
from whey in a separator, it is important to first clean the whey from dispersed protein.

Whey protein can be separated in its natural form while retaining its functional
properties. The main direction of development in the dairy industry in recent years has been the
widespread use of membrane methods. One of the most promising membrane processes,
electrodialysis, is considered to be an effective way to demineralise whey. However, the content
of dispersed particles in whey leads to severe contamination of membrane surfaces, and
therefore is unacceptable when using this type of treatment. Therefore, before membrane
treatment of whey, it is necessary to separate the dispersed protein.

So, the first step in whey processing and whey-containing wastewater treatment is to
remove dispersed protein particles.

At the request of production, scientists and engineers are working to develop modern
equipment for whey purification. However, despite certain achievements, the solution to this
problem has not yet been unambiguous, and the available equipment does not take into account
all the differences and features of the process, which is why it can be inefficient or work
effectively only under certain production conditions.

Among the latest developments in this area, it is worth noting the installation created by
the specialists of the «Dubnozagatprom enterprise» [7] (Fig. 1).
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A —

Figure 1. Scheme of the apparatus for separating protein from milk whey
1 —nozzle; 2 —filter element; 3, 4 — containers

The unit is designed to separate protein from whey used in the production
of hard cheeses at enterprises of various capacities and methods of cheese mass
formation. The whey is fed into the nozzle 1, from where it enters the flat stainless
steel filter element 2, placed at an angle to the horizontal plane. The whey seeps
through the filter holes and enters the container 4, from where it is removed from
the device. The particles of the protein dispersed phase are collected in the container 3.
The capacity of the device can be adjusted from 5.0 to 50 m?*/h. Among the
disadvantages are the lack of a filter surface regeneration system and the limited scope of
application — this device is only suitable for whey obtained from the production of hard
cheeses.

Objective. The objective of the study was to reduce the polluting effects of dairy
processing plant wastewater by separating dispersed protein from whey.

Statement of the task. Despite the interest of many dairies, the organisation
of whey purification is severely hampered by the lack of appropriate equipment
that is both efficient and affordable for enterprises of different capacities.

Therefore, enterprises often use less efficient methods of whey purification, ranging
from conventional straining through filter materials to the use of outdated equipment, such as
vibrating sieves.

This work is aimed at reducing the pollution of wastewater from dairy processing
plants. As part of this research, equipment was developed to separate dispersed protein from
whey.

However, before developing such equipment, it is necessary to investigate
the properties of dispersed milk protein particles. Analysing the concentration in
the initial whey and their size distribution will allow for an efficient design of the
protein separator. To achieve this goal, several tasks need to be performed: to
determine the concentration of dispersed protein in whey, to find out the size
structure of dispersed protein particles, and to develop the design of the whey purification
plant.

Analysis and discussion of findings. The studies revealed that whey obtained
during the production of cottage cheese has a concentration of suspended solids
of 2.7 kg/m?. The results of the granulometric analysis of dispersed protein in different
types of whey showed a range of protein particle sizes (diameters) from 0.23 to
1.9 mm (Fig. 2).
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Figure 2. Granulometric composition of dispersed protein in milk whey

Based on the data obtained, it can be assumed that a significant portion of the
«cheese dust» can be successfully separated from the whey by the filtration process. The
obtained particle sizes of the protein indicate that a significant part of it can be separated
by filtration.

The fact that the particle sizes vary widely, with about 11% of the total mass
concentrated in particles with an average size of 1.9 mm, may indicate the need for a
stepwise filtration of the whey. Effective purification can be achieved if the process is
carried out in two stages: first, using filters for coarse purification, and then for fine
purification. This approach allows for more efficient separation of particles of different
particle sizes.

A histogram was used to determine the optimal size of the holes in the coarse and
fine filter membranes (Fig. 3). In cases where sieves with exponentially increasing size
intervals are used in studies, it is recommended to use the relative mass fraction of a certain
fractional class gi instead of the mass fraction in the histogram. This value was calculated
as the ratio of the mass fraction of a particular fraction gi to the corresponding particle size
interval Ad:

Analysing the histogram (Figure 3), it is worth noting that although the mass fraction is
highest for the 1.1 mm fraction (Figure 2), the relative mass fraction will be maximum for the
fraction with an average size of 0.87 mm. This is important to consider when choosing a filter:
the optimal range of mesh sizes for a coarse filter should be between 0.87 and 1.1 mm. Based
on this, it can be assumed that up to 52% of the cheese dust will be separated on the coarse
filter.

Consequently, for a fine filter, the optimal mesh size is 0.5-0.6 mm, which will allow
for the separation of about 36% of the protein. It is not advisable to use filter elements with
holes smaller than 0.5 mm.
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Figure 3. Histogram of dispersed protein fractions by size

Taking into account the data on the particle size distribution of dispersed protein in
whey, it can be calculated that the use of the proposed installation will create opportunities for
a significant reduction in the concentration of protein particles in whey (Fig. 4).
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Figure 4. Concentration of dispersed protein in milk serum before and after its purification on a filter

The separation of protein from whey will lead to an impressive economic effect. It is
estimated that if 100 tonnes of milk is processed into cottage cheese, the use of the proposed
filter will allow approximately 240 kg of protein to be returned to the main product.

The design of the filter with a self-cleaning filter element, which guarantees continuous
whey purification at a high level of separation, is an important step to ensure efficient operation
in the production process [8-11].

The proposed design consists of a cylindrical body 1 (Fig. 5), nozzles 2 and 3 for whey
supply and discharge, respectively, a guide cup 4, a screw 5, a cylindrical filter element 6, a
movable cylindrical frame 8 and a cone 7. The serum is introduced into the housing through the
nozzle 2 and passes through the cylindrical filter element 6, where the protein particles settle
and are transported by the screw 5 to the bottom of the housing. The sediment is then discharged
from the filter through the gap between the housing and the cone 7.
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Figure 5. Filter for purification of milk whey
1 — body; 2, 3 —nozzles; 4 — guide cup; 5 — screw; 6 — filter element

The purified serum is discharged from the filter through the nozzle 3. The filter element
7 is essentially a cylindrical compression spring. Regeneration of the filter element is achieved
by applying a compressive force to the spring, which reduces the size of the gaps between its
individual coils and removes the protein particles in these gaps, as shown in Fig. 6.
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¥

Figure 6. Scheme of operation of the self-cleaning filter element:
a) before regeneration; b) during regeneration; c) after regeneration.
1 —filter element; 2 — sediment; 3 — screw

Cleaning of the filter element takes less than 1 second and is performed simultaneously
with the filter operation. Another advantage of this design is the ability to adjust the size of the
of the filter element holes in the range from 0.5 to 2.0 mm. This is achieved by partially
deforming the filter element.
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Conclussions. Removing protein particles from whey before it is discharged into
wastewater can significantly reduce the contamination level of dairy processing plant waste and
reduce production costs.

Almost 80% of the protein particles in whey are concentrated in fractions with an
average size greater than 0.5 mm, making it possible to use filtration to clean whey.

Effective purification can be carried out in two stages: the first for protein particles with
a mean size of more than 0.9-1.0 mm, and the second for fractions with a size of about 0.5 mm.

Purification of whey with the proposed filter will improve the conditions for its further
processing.

The developed filter can be used in large plants as well as in smaller plants where further
processing of whey is inefficient due to small volumes.
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NIABUIIMEHHA EKOJIOTTYHOCTI MOJIOKOIIEPEPOBHUX
IHIAIPUEMCTB

Ouaer KpaBens; Mapisa lllnakapuk; Bikrop Kpaseus

Tepnoninbcokuu Hayionanbhuu mexuivHuu ynigepcumem imeni leana 1lynios,
Tepnoninw, Yrpaina

Pestome. Cmiuni 600U MOIOYHO20 GUPOOHUYMBA 3ATUULAIOMbCS ICIOMHUM YUHHUKOM 3a0pYOHEHHs.
HABKONMUWHBb020 cepedosuwya. Lle 3yM06neHo UCOKUM YMICINOM Op2aHiyHUX 3a6pYOHI08AYI8, WO MICHAMbCA Y
cuposamyi 8 oucnepcHomy ma posyurneromy cmanax. Ceped yux 3a0pyoOHI08aYI8 NEPeBANHCAE MONOUHUL OIIOK.
Hompannanus y 6000UMU 3HAYHUX KLIbKOCHEL pedosuH OLIK0BO20 NOXOOJCEHHs Y OUCNEePCHOMY 8ueisaoi
npu3800umb 00 HAKONUYEHHS OOHHUX 6IOKNA0i8, 0N AKUX € eracmusumu npoyecu ewumms. Haibinvuioro
3a2po3010 05 8000UM € CMOKU BUPOOHUYMEA MEEPOUX Cupie i Kazeiny, wjo XapaxKmepusylomuvcs 3HAYHUMU
NOKA3HUKAMU XIMIYHO20 MaA OIOA02IYHO20 CNONCUBAHHS KUCHIO. [licum cnocobom nidsuuents exoiociMHOCmI
MOIOKONEpepoOHUX NIONPUEMCME € 3MeHUWeHHS 6UKUdie 3aOpyOHIoUYUX peyosud. Lle nowuproemvcs Ha
MOJIOKONEpPepoOHUX 3a800aX, ceped OCHOBHUX NPOOYKMIG AKUX € CUP MA KA3eiH, a OCHOBHUM 3a0pyOHI08ayeM —
Mmonouna cuposamxa. OOnum i3 cnocobie 00CsACHEeHHA Yb020 € Op2aHi3ayis NOBHOI nepepooOKU CUPOBAMKIL.
Ilepedysamu icuyroyum cnocobam nepepooseH s CUpO8amKU Mac it ouuweHus 8io oucnepcnozo oinka. Ilpome na
Oanuil 4ac Hemae €0UH020 nioxody 00 NOOOJIAHHA Yiel npobaemu, a 8 iICHYI0UOMY 00IAOHAHHT He 8PAX0BAHO VCiX
ocobnugocmell 00°€kma OUYUWEHHS, A TMOMY 4YAcmo € Heehekmuenum. B makxux ymosax axkmyanvhumu €
OdocniodceHHs gnacmugocmeti 00 €Kma OYUWEHHs, 30KpeMd MAKUX, sIK YMICm ma epauyiomMempudHull cKiao
OucCnepcHux Yacmox OiIKa 6 cuposamyi ma po3poONeHHs HA OCHOBI OMPUMAHUX eKCHePUMEHMANbHUX OaHUX
obnaonanna ons il ouuwgeHna. Poszensinymo mooicnusicmv  3HUICEHHA He2AMUBHO20 GNIUBY CMIYHUX 600
MOIIOK03a800i68 HA HABKONUUWIHE cepedosuuye WiiXoM 6i00ileHHs oucnepcHoz2o binka 3 cuposamku. Hasedeno
pe3yrbmamu  OOCHIONCEHHS, KOHYeHmMpayii ma 2cpanyioMempuyHoe0 CKIady OUCNepcHo2o OLIKU 6 MOJOYHIl
cuposamyi. IlpeocmaeieHo 3anponoHosany KOHCMPYKYil0 Gitempa i3 CAMOOYUCHUM Qilbmpy8anibHUM
e/leMEHMOM, GUKOPUCIAHHSL SIKO20 003601UMb NPOBOOUMU Oe3nepepsHULi NpoYec OYULEHHS MOTOYHOL CUPOBAMKU
npu NOCMIUHOMY ma 8UCOKOMY CMYNneHi po30inenHsa. 3anponoHo8ani 3axo0u 003601AMb He MINbKU 3MEHUUMU
3a6pyonI0I0Yy 30amHicmb  8i0X00i6 MOJIOMOYHO20 GUPOOHUYMEA, a U 3HUSUMU 3ampamu CUpPOSUHU HA
BUPOOHUYMEBO 20108020 NPOOYKMY 3 PAXYHOK NOBEPHEHHS 8i00IIeH020 8 NPpoyeci OUUIeHH CUpo8amKu OiiKa y
B8UPOOHUYULL npoYec.

Knrwuosi cnosa: ouucmxa, inempysanus, MOIOUHA cupo8amxa, OiloxK.
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