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CHARACTERISATION AND PROCESSING ALTERNATIVES OF MILK WHEY

Abstract: Nowadays, much attention is being paid to a more complete and rational use of all
components of milk in the process of its industrial processing. The purpose of this work were to study
secondary dairy raw materials (curd whey and cheese whey) and use them for further processing.
This paper presents data on the composition of whey: physico-chemical parameters of whey and
mineral composition and further prospects for the processing of whey. The demand for whey in the
world is growing. This is mainly because whey is used in various industries: food, feed industry, etc.
The development of the manufacturing sector in most developing countries generates demand for
food ingredients, primarily for the production of functional nutrition. Increased consumption of meat
products is a major factor in the development of the feed industry. Whey is often used to produce
high-quality balanced feeds. Due to its composition, whey is a promising basis for obtaining
functional food products. The results of the physicochemical analyses showed that the composition
of the whey (cheese and curd) consists of the primary and most valuable components and also the
nutritional value of whey, such a milk, which characterized by harmlessness, high quality, good
digestibility, optimal ratio of nutrients, sufficient calorie content, biological also physiological
usefulness. In addition, cheese whey contains potassium, which accounts for 16,70%, calcium —
14,14%, and main macronutrients of the curd whey are calcium — 26,08%, and phosphorus 18,40%.
Based on the results, it can be concluded that this determines the expediency of using whey in the
production of functional foods.

Key words: Milk whey, food production, secondary raw materials, mineral composition,
rational processing, functional food.

Introduction

The purpose of this study was to examine secondary milk raw materials and use them for
further processing. The most problematic part of secondary milk raw material processing remains
whey — a by-product of milk processing obtained in the production of cheese (cheese whey), cottage
cheese (curd whey) [1,2]. The main problems of whey processing are associated with a complex
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physico-chemical composition, impressive volumes of its production and low marginality of finished
products [3].

The production of protein-fat products from milk is accompanied by the production of a
number of by-products with increased biological value, but little used for further processing. The
rational use of secondary raw materials is a reserve for the growth of dairy production volumes. Milk
is a complex of colloidal suspension that is comprised of fat globule, casein micelle colloidal and
serum or whey phase. Whey (sometimes called milk serum) is a yellowish to greenish clear solution
strained from milk curd coagulated by either rennet or acid. Whey components are those small
molecules that are not involved in the milk curdling and are able to be strained out [4]. Milk whey is
an important source of lactose, calcium, milk proteins and soluble vitamins, which make this product
be considered as functional food and a source of valuable nutrients [22].

The use of serum has a good effect on the organism of the human, expressed in the ability
to excite the secretion of digestive glands, maintain the microflora of the intestinal tract, reducing
putrefactive processes in it. Whey also strengthens the function of the liver and kidneys, helping to
remove harmful substances from the body that may contribute to neuropsychiatric disorders, reduces
stress levels [5]. Whey contains 80-90% of the amount of milk entering the process and about 50%
of the nutrients in raw milk: soluble protein, lactose, minerals and vitamins [6]. In cheese production,
approximately 50% of milk solids are drawn off into the whey, most of the lactose, hydrosoluble
minerals and vitamins and 20% of milk proteins. Its composition provides it with interesting nutritional
and sensory properties [22].

By-products of processing milk and dairy products can be divided into recyclable industrial
waste (substandard sawn-off from stripping cheese also cottage cheese, product with expired shelf
life and/or not conforming to safety indicators, washing water, etc.) and secondary dairy raw
materials subject to further processing. Scientific research by scientists and dairy manufacturers
shows that whey protein is essential for human nutrition. Whey contains 80-90% of processed milk
and 50% of the various nutrients in raw milk, including soluble protein, lactose, minerals and vitamins
[7]. Cheese whey wastewater (CWW) is a strong organic and saline effluent whose characterization
and treatment have not been sufficiently addressed [16]. Some paper results considered that native
whey an excellent starting material to produce a whey protein concentrate with unique functional
properties [17]. There are wide variations in composition depending on milk supply, and the process
involved in production of the whey [20].

Studies shows that when analyzed the fermented milk produced with added acid whey, the
acceptance test resulted in 90% of acceptance; the purchase intention showed that 54% of the
consumers would ‘certainly buy’ and 38% would ‘probably buy’ the product. Using acid whey in a
fermented milk formulation was technically viable, allowing by-product value aggregation, avoiding
discharge, lowering water consumption and shortening the fermentation period [15].

Due to the expansion of the dairy industry in the Republic of Kazakhstan, the export volume
of this industry has also increased. The main products used and exported from 2018 to 2020 are:
various types of cream, milk, milk, various types of cheese and cheese. In recent years,
Kazakhstan's milk production has been increasing, that is, the production of cheese and cheese has
increased by 7,900 tons of milk in the last five years [8, 9]. At this point,one of the problems with all
dairy companies, especially those making various types of cheese, is the constant waste of work -
whey. Nowadays all over the world, this problem is solved by producing different products, especially
drinks or taking whey powder. It is well known that whey products using natural ingredients can
benefit human health by improving the body's resistance to various diseases [10,11]. It is imperative
that milk whey possess tremendous therapeutic properties [18]. The properties of the product on the
type of the whey being processed and also on the specifics of the process used to make the product
[21].

Reaserch methods

The following types of whey, curd whey and cheese whey, were selected as objects of
research. The whey composition varies significantly and also it depends on the type of cheese
produced and its fat content for the subcutaneous whey; for cottage cheese — about the production
of cheese and its content of fat. Whey refers to bulk food made from milk and its products. Taking
full advantage of all the components of whey, the products produced can not only be consumed
directly, but also can be stored for a long time [10]. Features of quality analysis: Sensory analysis
was conducted, along with measurements of moisture, fat, protein content, according to relevant
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standards by GOST 34352-2017 [19]. The sensory parameters and physical-chemical parameters
(mass fraction of fat, acidity, density) of whey were determined by standard methods. The quality
parameters such a physical and chemical of the raw materials are then determined and a guarantee
is issued based on their compliance with standard requirements. To determine the mineral
composition of the selected whey species, the methods of a scanning electron microscope JSM-
6490LV with energy dispersive microanalysis systems INCA can allow you to examine samples
without spraying with a conductive layer. In addition, it has the dispersive microanalysis system INCA
Energy 350 and a link for the study of the structure and composition of HKL Basic polycrystalline
samples, the purpose of which is the laboratory testing the history of the technology "Structural and
Engineering Technology" (IRLIP "KBM”) based on SKU named after M. Auezov.

Research results

For the present, consumer interest in the use of natural ingredients and products in nutrition for
therapeutic purposes is increasing. Such kind of the products include milk whey. In our country, they
are produced in limited quantities. At the same time, it is desired to use whey, which is a byproduct
in the manufacture of products such cottage cheese and cheese, rather than producing it from whole
milk. They, actually for many years has been considered like a problematic byproduct that does not
have any commercial value, is beginning to be widely processed and used in various forms.
Comparing with chemical medicinal preparations, they had no adverse side effects on the body and
practically has no contraindications for use.

The sensory parameters of curd whey and subcutaneous whey in comparison with GOST
34352-2017 [19] are presented in Table 1.

Table 1 — Sensory parameters of curd whey and cheese whey

Name of indicators Curd whey Cheese whey GOST 34352-2017
A homogeneous or
Appearance Homogeneous liquid has Homogeneous liquid translucent liquid. The
a slight sediment has a slight sediment | presence of a slight protein

precipitate is allowed
From light yellow to pale
green

Colour Greenish yellow Light Yellow

Relatively sweet and sour | Relatively salty without
Smell and taste without foreign tastes and foreign tastes and
smells smells

The indicators are typical of
whey

According to organoleptic parameters, it corresponds to GOST 34352-2017 [19]. The
selected whey are clean and have a smooth and homogeneous liquid without any impurities, whey
are without foreign tastes and smells. Almost all compounds currently found in milk are converted to
whey to one degree or another. The approximate content of the primary components in cottage
cheese and cheese whey is shown in Table 2.

Table 2 — The content of curd whey and cheese whey

Name Curd whey Cheese whey
Mass fraction of protein,% 4,25+0,02 2,26+0,01
Mass fraction of fat,% 0,12+0,001 0,44+0,002
Mass fraction of moisture,% 92,95+0,5 96,33+0,5
Dry matter content,% 7,05+0,03 3,67+0,02
Titrated acidity, deg 130+0,65 158+0,79
pH,psc 2,5+0,01 2,78+0,01

From the data that shown in the table, it should be noted that the composition of the whey
(cheese and curd) consists of the primary and most valuable components and also the nutritional
value of whey, such a milk, which characterized by harmlessness,high quality, good digestibility,
optimal ratio of nutrients, sufficient calorie content, biological also physiological usefulness.
additionally to the basic components, vitamins, mineral salts, organic acids, non-protein nitrogenous
compounds, hormones,enzymes, immune bodies, i.e. almost all the components of the milk solids
and water.
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Figure 1 — Electronic image of the composition of elements in cheese whey

Figure 1 shows an electronic image of the composition of the elements in the cheese whey. The
value of degree of transition of several milk components into whey is associated with the processes
of syneresis and gelation. 6,3 — 12,4% of fat passes into whey, and its absolute content, depending
on the fat content and technology of the feedstock, it varies widely — from 0,05 to 0,5%.

The mineral composition of the cheese whey is shown in Table 3.

Table 3 — The composition of elements in cheese whey

Name of elements Weight indicators %
C 8,89
0 34,87
Na 4,71
Mg 2,32
p 8,89
S 0,36
Cl 9,12
K 16,70
Ca 14,14

Total 100,00

From the above data, it can be noted that the main macronutrients of cheese whey are
potassium, which accounts for 16,70%, calcium — 14,14%, chlorine — 9,12% and phosphorus 8,89%,
carbon 8,89%, sodium 4,71%, magnesium — 2,32% of the total mineral content.

The manufacturing of whey beverages are implicated all countries with a developed dairy
industry. The main ingredient of beverages — whey — is a valuable secondary raw material of the
dairy industry, which is not utilized by every enterprise in that industry. In conclusion, it can be
established that the processing of whey is one of the promising areas of the food industry [12,13].

2 4 fi i 10 12
Figure 2 — Electronic image of the composition of elements in cheese whey

Figure 1 shows an electronic image of the composition of the elements in the cheese whey.
The composition of elements in curd whey is shown in Table 4.
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Table 4 — The composition of elements in curd whey

Name of elements Weight indicators %

C 7,33
) 37,28
Na 1,74
Mg 0,99
[ 18,40
Cl 1,44
K 6,73
Ca 26,08

Total 100,00

From the above data, it can be noted that the main macronutrients of the curd whey are
calcium — 26,08%, and phosphorus 18,40%, carbon 7,33%, potassium 6,73%, chlorine — 1,44%,
sodium 1,74%, magnesium — 0,99% of the total mineral content.

Discussion of scientific results

The study of secondary raw materials of dairy industry and their use for further processing is
one of the urgent tasks of the food industry. And the most problematic segment in the field of
processing secondary dairy raw materials remains whey — as a material that can be recycled or
repurposed from waste, the byproduct of milk industry obtained during the production of cheese
(cheese whey) and cottage cheese (curd whey) has been found to have similar biological properties
to whole milk. There is currently a focus on maximizing the utilization of all components of milk in
industrial processing due to various reasons. Economically, it is more advantageous to efficiently
process agricultural raw materials rather than producing additional raw materials. However, the
challenge of fully and rationally utilizing secondary dairy raw materials remains unsolved both
domestically and internationally. Literature research studies indicate that a considerable amount of
whey is still being used as animal feed and some are not used.

Conslusion

The studies carried out showed the following results:

— the best organoleptic characteristics of curd whey and cheese whey. The selected whey
has a homogeneous liquid without foreign impurities and a clean, whey taste without foreign tastes
or odors;

— cheese whey is rich in basic macroelements such as potassium — 16,70%, calcium —
14,14%, chlorine — 9,12% and phosphorus 8,89%, carbon 8,89%, sodium 4.718.89%, magnesium —
2,32% of the total mineral content.

The utilization of secondary raw materials from the dairy industry is a crucial undertaking as
it results in the production of a substantial quantity of top-quality food products and technical semi-
finished goods and feed products can be obtained. Therefore, the whey is very promising for
obtaining functional products for the intended purpose.
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XAPAKTEPUCTUKA N ANNbTEPHATUBbLI MEPEPABOTKN MOJTIOYHOM CbIBOPOTKU

Ce200Hs1 omdernbHoe eHuUMmaHue ydesnisemcsi 6oriee 6€30mMx00HOMY U pauuOHarbHOMY
UCrosbL308aHUKd 8MOPOCMeneHHbIX 0mxo008 U 8Cex KOMIMOHEHMO8 MOJIoKa 8 rpouyecce e20
npombiwrneHHold nepepabomku. Llenamu OaHHO20 uccredoeaHusi A6MSOMCcs  U3ydeHue
8MOPUYHO20 MOJIOYHO20 ChbIPbs (MBOPOXXHOU U ChIPHOU CbIBOPOMKU) U UCMONb308aHue ux Ons
OanbHetiwel nepepabomku. B cmambe npedcmasneHbl OaHHble O cOocmase MOJI0YHOU
CbIBOPOMKU: hU3UKO-XUMUYECKUE napamempbl MOJIOYHOU CbIBOPOMKU U MUHeparsibHbIl cocmas, a
makke OarnbHeliwue riepcriekmusbl rnepepabomku Moso4HOU cbisopomku. Cripoc Ha MOJIOYHYIO
CbIBOPOMKY 8 Mupe pacmem. B nepsyto oyepedb 3mMO C853aHO C MEeM, 4YmoO CbI8OPOMKa
ucrnonb3yemcs 8 pasfluyHbIX ompacsisix fnPOMbIWIeHHocmu: nuwesol, Kombukopmosol u m.o.
Pazsumue npou3sodcmeeHHO20 cekmopa 8 bonbWuHCmee pa3guearowuxcs cmpaH opmupyem
Crpoc Ha nuuwiesbie UHepedueHmMbl, 8 riepsyto o4yepedb Ons npoussodcmea QyHKUUOHATbHO20
numanusi. YeenuyeHue rompebrieHusi MSCHbIX MPOOyKmMo8 $6/19emcs OCHOBHbIM (haKmopoM,
criocobcmeyrowuMm  pasgumuro  KOMbukopmosoU  npombiwneHHocmu.  CblgOpomka  4acmo
ucrionib3yemcsi 0519 npou3soocmea  8bICOKOKAYeCMBEHHbIX cbaniaHCUpPOBaHHbIX  KOPMOS.
bnazodapsi ceoemy cocmagy CblIBOpPOMKa SI8SIeMCs repcrieKmMuUusHol OCHO80U Ol MOslyYeHuUs
QYHKUUOHAaIbHbIX MUUEBLIX MPOAYKMOS.

Knroyeenle cnoga: MoroyHasi cbieopomka, nuuesoe npou3soodcmeo, 8MopuyHoOe Chbipbe,
MUHeparbHbIU cocmas, payuoHasnbHas nepepabomeka, QyHKUUOHaIbHOe numaHue.
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CYT CAPbICYbIHbIH CUNMATTAMACDI XXOHE OHbl ©HAEY[IH BAITAMAJIAPDbI

byaiHei maHOa eHepkacinmik eHOey npoueciHoe KandbIKCbi3 XOHe eKiHWi pemmik
KandblKmap MeH cymmiH 6apsibik KOMIOHeHmMmepiH ymbiMObl rnatidanaHyra epekwe Hasap
ayOapbinadbl. byn XymbicmbiH MakKcambl Kalmanama cym WwukisambiH (cy36e XoHe ipiMwik
capbicybl) 3epmmey xoHe onap0bl 00aH api eHOey ywiH natdanaHy 6onbin mabbinadsl. Makanada
cym capbICybIHbIH KypaMbl myparsbl MasiMemmep KermipineeH: cym capbICybiHbIH hu3uKa-
XUMUSITIBIK Napamempriepi xeHe MuHepasnobl KypaMbl, COHOal-aK cym capbiCybiH 6HOeydiH 00aH api
nepcrnekmueanapbel. ©nemo0e cym capbiCyblHa CypaHbIiC apmbin Kenedi. byn, eH andbiMeH,
capbicyObiH apmypiii cananapda KondaHbinameiHObIFbIHa 6alifiaHbICmbl: mamak, Kypama Xem KXoHe
m.6. Oamywibl endepldiH KenwinigiHde eHAipicmik cekmopdbiH damybl mamak UHespedueHmmepiHe,
€eH andbiMeH @yHKUUOHan0bl mamakmaHy ©HOIpiCiHe cypaHbicmbl Kasnbinmacmbipadbl. Em
©HIMOepiH mymbIHyObIH apmybl Kypama XeM ©6HepKocCibiHiH OamybiHa biKnasna ememiH Heeidai
gakmop 6orsbin mabbiriraHObIKMaH cym capbicybl KebiHece XofFapbl canaribl, meHOecmipifi2zeH Xem
6HOIpy ywiH KonndaHblnaodsbl. bali KypambiHbIH apkacbiHOa capbicy (hyHKUUOHan0bl mamak eHimOepiH
anyO0biH nnepcriekmuearbiK Heaisi 607bin mabbinadsbl.

TytiH ce3dep: cym capbicybl, mamak eHOipici, Kalimanama wukizam, MuHepanobl Kypam,
ymbIMObI 6HOeY, PyHKUUOHa0bl mamMakKmaHy.
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