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 Abstract 
 Introduction. The aim of the present study was to determine the 

technological functions of purple corn powder on the qualitative and 
quantitative characteristics of milk protein clots from goat's milk. 

Materials and methods. Milk protein clots were obtained by 
acid-rennet coagulation of proteins from goat's milk with the 
addition of purple corn powder. The dispersion of purple corn 
powder particles and the ability to swell were determined by 
microscopy and the weight method, active acidity – 
potentiometrically; content of moisture and moisture retention 
capacity by the thermogravimetric methods; color and turbidity by 
the colorimetric method. 

Results and discussion. The dispersion of purple corn powder 
was determined, which was represented by particles up to 60 μm in 
size (70–75%). The parameters for the preparation of a grain 
additive for introduction into goat milk have been specified. 

It was found that under the same conditions of the process of 
acid-rennet coagulation of milk proteins, the use of purple corn 
powder in the amount from 2% to 10% contributed to an increase in 
the yield of milk-protein clots by 3.5–17.9%, compared to the 
control, and the mass fraction of moisture, on the contrary, 
decreased from 73.4% to 67.2%. With an increase of the amount of 
grain additive, the active acidity of milk-protein clots decreased 
from 4.75 to 4.50 pH units. The highest values of moisture retention 
capacity were observed in samples with the addition of 8±2% purple 
corn powder and were an average by 19–34% higher than for the 
control. Taking into account sensory limitations, the yield of milk 
protein clots and their quality properties, the optimal amount of 
purple corn powder was determined at the level from 6% to 8% of 
the mass of milk. The milk protein clots had a pronounced sour milk 
taste, with the aroma of the introduced additive, homogeneous to 
the extent of butter consistency and a purple color, uniform 
throughout the mass. 

The colored whey obtained as a result of the production of milk 
protein clots had improved taste and color characteristics, the 
content of dry substances ranging from 6.1 to 7.3%, including 
protein 0.36–0.50%, turbidity and color according to optical density 
(1.57–1.75 and 1.02–1.19 conv. units, respectively). 

 Conclusions. The colored whey could be classified as a 
functional raw material, which has original taste and color 
characteristics and expands the use of colored whey drinks in 
technology. The use of colored products as a base for various dairy 
products will avoid using artificial food colors and flavors. 
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Introduction  
 
The chemical composition and properties of goat's milk are close to cow's milk, but it 

differs favorably in a larger amount of protein – 3.6% (3.0% in cow's milk), including casein, 
3.0% (2.7% in cow's milk), fat 4.3% (3.4% in cow's milk), and minerals, 0.85% (0.74% in 
cow's milk (Getaneh et al., 2016). Compared to cow's milk, the content of milk sugar is 
reduced to 4.5% (cow's milk has 4.8%) and is completely dissolved, while goat milk proteins 
show lower allergenicity than cow’s milk (Antonenko et al., 2019; Benjamin-van Aalst et al., 
2024).  

According to the content of casein protein, which determines the syrupiness of milk, 
goat and cow's milk do not differ significantly; however, compared to cow's milk, goat's milk 
has a lower content of α-caseins and a higher content of β-caseins, which under certain 
conditions can complicate the formation milk-protein clots. The density of goat milk is about 
1.033 g∕ml, while for cow's milk this indicator varies between 1.024–1.037 g∕ml (Stergiadis 
et al., 2019). 

Goat milk contains the essential amino acids that enter the human body only with food: 
valine (0.242 g), isoleucine (0.209 g), lysine (0.291 g), leucine (0.315 g), methionine (0.082 
g), threonine (0.164 g), tryptophan (0.045 g), phenylalanine (0.156 g). In terms of mineral 
content, goat milk has also advantages. Compared to cow's milk, goat's milk contains about 
13% more calcium, 50% more copper and 33% more selenium (Singh et al., 2021), and the 
bioavailability of minerals in goat milk is higher than of minerals in cow milk (Turkmen, 
2017). 

Goat's milk has a higher biological value than cow's milk in terms of its vitamin 
composition. This is especially true for vitamin A, which is the most important difference in 
the content of vitamins in goat’s milk and cow’s milk (Turkmen, 2017).  Goat's milk 
contained vitamin A by 47%, tiamin (vitamin B1) by 51%, riboflavin (vitamin B2) by 31%, 
vitamin C by 37% and niacin (vitamin B3) more by 3.4 times more than cow’s milk (Park et 
al., 2007).   

Goat's milk protein clots are absorbed by the human body faster than cow's ones, which 
is explained by its flake-like structure, compared to the dense characteristic of cow's milk 
protein clot, and will also be enriched with calcium, potassium, phosphorus, sodium, 
magnesium and antioxidants (Turkmen, 2017). Therefore, goat's milk is a promising raw 
material for milk protein products. 

Craft products made in small batches, in-house, using unique high-quality raw 
materials, according to original individual recipes, are relevant.. Goat farms are very common 
in European countries. The obtained milk is processed into cheese, butter, kefir, or yogurt. 
However, cheese is one of the main and best products of goat milk processing.  

Different countries have their traditional types of cheese. For example, for France it is 
Brie and Camembert, for Italy it is Parmesan and Mozzarella, for the Netherlands it is Gouda 
and Edam. They have a characteristic taste of goat's milk and can be of different consistency 
from soft to hard. It is possible to use goat's milk in Camembert-type cheese technology 
(Gyorgy et al., 2021). The leading European countries in the production of goat cheese are 
France, Greece, and Spain (Hamad et al., 2012; Raynal-Ljutovac et al., 2011; Sant'Ana et al., 
2013). In Ukraine, there is a tendency to produce cheese at craft cheese factories. Production 
centers and cheese factories can be found in almost all regions, but they are most concentrated 
in the west of Ukraine (Transcarpathian and Ivano-Frankivsk regions), where a unique 
product is produced from goat, cow, or sheep milk and their mixture (Abbas et al., 2014; 
Kochubei-Lytvynenko et al., 2019). 

Goat's milk has a lower titrated acidity, a higher dispersion of fat globules and casein 
micelles. In addition, goat's milk differs favorably from cow's milk in the content of retinol, 
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thiamine and ascorbic acid, as well as in the content of allergenic αs1-casein and α-
lactoalbumin, which causes its increased biological value (Park et al., 2007; Turkmen, 2017).  

Over the past few decades, the lifestyle of the population has changed significantly, and 
people's nutrition is characterized by high calorie content and a deficiency of vitamins, trace 
elements, plant fibers and other biologically active substances (Mendonca, 2023). A new 
trend in the manufacturing of dairy products to increase their biological value is incorporation 
of plant additives in them (Stabnikova et al., 2021). The addition of vegetable raw materials 
increases the nutritional and biological value, and expands the range of dairy products   
(Caleja et al., 2016; Hashim et al., 2009; Rabie et al., 2020).  

Development and implementation of craft technologies of dairy and vegetable products 
allow reducing the costs of the main dairy raw materials. Grains, seeds and products of their 
processing are increasingly used in the recipes of dairy products. Thanks to this technological 
technique, a high level of balance of the dairy product in terms of amino acid composition is 
achieved, its digestibility increases and structural and mechanical properties are improved. 

It is recommended to use wheat, rice, buckwheat, corn, and oats grain products in 
different forms (crushed grain, flour, malt) (Aparna et al., 2015; Grek et al., 2020a).  The 
production technologies of fermented milk products using rice flour, corn flour, barley flour, 
oat flour, wheat germ, and wheat bran are well known. The introduction of these additives in 
the amounts from 5% to 10% significantly increases the nutritional value of cheese products 
(Romanchuk et al., 2016). The developed products meet the body's daily need for protein by 
14-18%. The introduction of fillers increases the content of thiamine, riboflavin, and 
tocopherols. The use of corn flour and wheat bran somewhat slows down protein proteolysis. 

Germinated wheat was added, 7%, in cheese (Denisova, 2015). As a filler that does not 
dictate the color and taste of the cereal supplement, it was recommended to add dried apricots 
or other chopped, brightly colored fruit and berry ingredients. The calorie content of the 
cheese product with cereal additives was changed slightly, while the product was enriched 
with dietary fibers, vitamins, and minerals. 

Functional fermented milk products have been developed – curds and curd mass with 
cereal fillers and curd paste with crushed flakes (Ghanbari et al., 2017). Cereal grains that 
are introduced are obtained by the extrusion method and have a high moisture absorption 
capacity. In finished products, the content of fat, protein, carbohydrates increases by 15-17%, 
vitamins, macro- and microelements – by 5%. 

The introduction of 3% dietary fibers from Acacia senegal var. kerensis contributed to 
an increase in the yield of soft cheese, an extension of the shelf life and an improvement of 
its quality characteristics (Kiiru et al., 2018). The use of fiber increases the nutritional value 
of the product and has a positive effect on the human digestive system (Kiiru et al., 2018). 

Introduction of rice extrudate and apple fiber into the milk mixture before fermentation 
had a positive effect on the formation of the consistency of the finished product (Malyarenko, 
2015).  Oat flour added in a fermented product acted as a structure-builder of a dispersed 
system, increased the content of carbohydrates, proteins, and vitamins, and provided nutrients 
to lactic acid bacteria (Sukhova et al., 2019).  

The combination of dairy and grain raw materials ensures the enrichment of nutritional 
value of products, reduction of caloric content and consumption of animal fats, sugars, 
cholesterol. However, when producing milk-protein products with grain components, it is 
necessary to take into account the chemical composition and functional properties of plant 
raw materials, the peculiarities of the technology of obtaining ingredients of plant origin and 
their compatibility at the sensory level with the milk base. Their use should not significantly 
complicate the technology of dairy products and provide sensory characteristics that are not 
inherent to finished products on a milk-protein basis.  

Criteria for the selection of the above-mentioned ingredients for use in the technology 
of milk-protein products have been developed, which are presented in Figure 1. 
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Figure 1 – Criteria for selecting ingredients of plant origin 

 
 
 
 
 
 
 
 

 
Figure 1. Criteria for selecting ingredients of plant origin 

 
 

Some plants are considered as a possible source of ingredients to replace synthetic 
colors with natural ones, which meets consumer demands to minimize the use of synthetic 
additives in food products (Stabnikova et al., 2023). It can be elderberry juice or pomace 
(Cais-Sokolińska and Walkowiak-Tomczak, 2021; Delgado-Vargas et al., 2000; Domínguez 
et al., 2021), blackcurrant pasta (Grek et al., 2020b), or beetroot betalains (Güneşer, 2016). 
Purple corn can also be used to correct the color of dairy products.  

Purple corn (Zea mays L.) is an annual plant of the cereal family, brightly purple in 
color due to the content of special anthocyanins, cyanidin-3-O-glucoside, the presence of 
which ensures the grain antioxidant properties. Purple corn flour contained, %, protein, 8.58; 
fat, 5.73; ash, 0.02, moisture 11.75; fiber, 2.91, and carbohydrates, 71.06 (Vilcacundo et al., 
2020). Total phenolic content in purple corn flour was estimated as 140.7 mg gallic acid 
equivalent (GAE)/100 g dry matter (DW) (Mora-Rochin et al., 2010), and  antioxidant 
activity detrmined using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) method was 77000–
84000 µM Trolox equivalent (TE)/100 g (Trehanet al., 2018). The content of total 
anthocyanins in purple corn dye powder with moisture content of 3.83% was 771 mg/100 g 
DM (Tacca et al., 2018). The content of minerals, mg/100 g, were as follows: potassium, 
1200, calcium, 120, magnesium, 88, iron, 27, zinc, 2.7, copper, 0.3, manganese, 1, chromium, 

Functional and technological properties: 
 the absence of adverse effects on the 

chemical composition of the milk base; 
 the presence of a biologically active 

complex capable of influencing dairy raw 
materials; 

 stability during repeated heat treatment. 

Regional availability: 
 procurement volumes; 
 seasonality of cultivation; 
 optimal cost. 

Compatibility of the composition 
and properties of food systems: 
 interaction with other 

components; 
 the technological role of the 

ingredient in the food system. 

Combining according to 
classical technologies 

while preserving the sensory 
characteristics of the finished 

product 

Safety when added to the 
milk base 

Chemical composition that 
maximizes the value of the 

product 



─── Food Technology ─── 
 

─── Ukrainian Food Journal.   2024.  Volume 13. Issue 2 ─── 251

63, molybdenum, 54. Calorie content in 100 g of purple corn is 283 (Ramos-Escudero et al., 
2012). 

The aim of the present research was to study the effect of purple corn powder addition 
on the qualitative and quantitative characteristics of milk protein clots from goat's milk. 

 
 
Materials and methods 
 
Materials 
 
The object of the study was milk protein clots obtained by acid-rennet coagulation of 

goat milk proteins with the addition of purple corn powder. 
Purple corn (RS. E4513813N – KBEOSA) ground to a powdery state was used for 

research.  
To obtain samples of milk protein clots, pasteurization of goat milk was carried out at 

a temperature of 76±2°C with a holding time of 15-20 seconds.  
Purple corn powder was mixed with goat's milk in a ratio of 3:1, brought to a 

temperature of 80 °C and kept for 20 minutes to swell the proteins and obtain a uniform 
consistency. The resulting mixture was cooled to the fermentation temperature (30±2) ºC and 
added to the total volume of milk, in amounts from 2% to 10% with a variation step of 2% 
and mixed for 3-5 minutes. 

Then, the bacterial leaven Vivo for sour milk cheese, which contains the following 
strains of microorganisms, was added to the milk-cereal mixture prepared for fermentation: 
Lactococcus lactis subsp. lactis, L. lactis subsp. cremoris, L. lactis subsp. lactis biovar. 
diacetylactis, a calcium chloride solution at the amounts of 20-40 g of dry calcium chloride 
per 100 kg of milk and aqueous solution of the enzyme Vivo of plant origin chymosin at the 
amount of 1 g per 100 kg of milk. Fermentation of the mixture was carried out for 7-8 hours 
until the formation of a clot with a titrated acidity of 65±2 °T. The following technological 
operations were carried out to produce sour milk cheese from milk: processing (cutting, 
heating) of milk protein clot, whey separation and pressing of milk protein clot, cooling of 
4±2 °С.  

The control sample of the milk-protein clot was obtained according to the classical 
technology by fermenting pasteurized goat's milk using the acid-rennet method of protein 
coagulation with subsequent removal of serum. 

 
Methods 
 
Standard and well-known methods of research of technological and functional 

properties and quality indicators were used. 
 
Deterimination of functional and technological properties of fine powder from 

purple corn 
 
The dispersion of purple corn powder particles was determined by counting their sizes 

on a MICROmed XS-2610 microscope at a magnification of 150 times.  
 
The ability to swell purple corn powder was determined by the weighing method, 

which consists in determining the change in the mass of the grain ingredient after immersing 
it in a solvent for a certain period. Quantitatively, this indicator is characterized by the degree 
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of swelling (K), which shows the relative increase in the mass of the system, mg/mg. The 
degree of swelling was calculated according to the formula: 

 
 
 

where m0, m1 – mass of the system, respectively, before and after swelling, mg; mp – mass 
of absorbed solvent, mg. 

 
Quality indicators of milk-protein clots and whey  

 
Sensory characteristics – appearance, color were controlled visually; taste and smell, 

consistency – sensoryally at the temperature of the milk-protein curd from 18°С to 20°С. 
The yield of milk-protein clots (in g) was determined by the weighing method – the 

sample was weighed after self-pressing the clot for 30±2 minutes, which was obtained from 
3000 ml of goat's milk. 

The mass fraction of moisture retention capacity was measured by an accelerated 
method on a QUARTZ-21M-33 moisture meter by drying the sample to a constant mass and 
by a thermogravimetric method on a laboratory electronic scale-moisture meter of the ADS 
series manufactured by the company "AXIS" (Poland). 

The active acidity of moisture retention capacity and stained serum was determined 
potentiometrically on a Sartorius PB-20 universal pH meter. 

The moisture-retaining capacity of milk-protein clots was studied modification 
gravimetric method, based on the determination of the amount of water released from the 
product when lightly pressed and absorbed by the filter paper.  

The content of dry matters in the coloured whey was found by the refractometric method 
according to the light refractive indices. First, check the correctness of the refractometer 
readings for distilled water at a temperature of 20±0.1 °C. With one or two water drops 
applied to the prism, the refractometer reading should be zero. The refractometer prism is 
wiped with a paper filter and one or two drops of a test whey sample are applied. On the right 
refractometer scale, the content of dry matters was found, which coincides with the 
distribution boundary of the dark and light fields. 

Determination of chroma and turbidity of stained serum is based on measurement of 
optical density and comparison with relevant standards: colored solutions for chroma and 
turbidity suspensions (Grek et al., 2020b). 

The study of the optical density of the filtered serum was carried out by the colorimetric 
method on a Helios Omega spectrophotometer (Thermo Scientific Spectronic, USA). The 
value of the optical density Dgen consists of D due to chroma due to coloring substances, 
and Dk due to turbidity due to the presence of proteins that scatter the light flux. 

 
 
Results and discussion 
 
Determination of functional and technological properties of purple corn powder 
 
The quality of milk-protein products is significantly affected by the degree of dispersion 

of the additives introduced into their composition, since solid particles over 100 microns in 
size can be felt sensoryally and cause consistency defects. Considering the above, the 
dispersibility of purple corn powder, shown in Figure 2, was investigated. 
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Figure 2. Dispersity of purple corn powder  
 

According to the results of microstructural analysis, purple corn powder is characterized 
by high dispersion. The main fractions of its particles, mostly oval in shape, are in the range 
of 20–40 μm (26±1.3%) and 40–60 μm (43±2.1%), which dissolve in water at temperatures 
above 40 °С with the formation colloidal solutions, which in the future will not cause defects 
in the consistency of the product. Fractions larger than 100 μm do not exceed 10%. 

For better distribution of purple corn powder in the structure of milk-protein clots, it is 
necessary to dissolve them beforehand. The relative increase in the mass of the system due 
to water absorption is characterized by the degree of swelling (K) and depends on the type of 
dispersion medium. Water and goat's milk were used as a liquid basis for swelling purple 
corn powder. The ability to swell purple corn powder at different temperatures is presented 
in Figure 3. 

 
 

Figure 3. Swelling ability of purple corn powder  
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Swelling capacity is a technological characteristic of food systems and depends on the 
type of raw material, process temperature, degree of dispersion of components, type of 
solvent, etc. It was found that the degree of swelling of purple corn powder in water is 2.7-
2.9% higher than in goat's milk. Pre-mixing purple corn powder with water before adding it 
to the normalized milk mixture reduces the nutritional value of the product. Replacing water 
with goat's milk prevents the occurrence of the above defect. The optimal dissolution 
temperature was determined at the level of 80 ºС, which is the closest to the pasteurization 
regime and provides the necessary microbiological indicators. 

The dependence of the swelling process of purple corn powder in goat's milk on the 
time and temperature of holding is shown in Figure 4. 

 
Figure 4. Dependence of the swelling process of purple corn powder in goat milk on 

the time and temperature of holding 
 
 

The most intensive swelling of purple corn powder occurs during the first 20 minutes 
at temperatures above 40 °C (Fig. 4). When interacting with goat's milk, the water-soluble 
substances of the grain additive absorb a significant amount of it and swell. The swelling 
process, caused by the interaction between the particles of the dispersed phase and the 
dispersion medium, slows down over time and is accompanied by the formation of a 
continuous spatial structure between the swollen particles of the ingredients. It was 
established that at a temperature of 80 °C and holding for 20 minutes, the value of the degree 
of swelling (K) is the highest and is 152 mg/mg, and the transition of dry substances into the 
solution is the lowest – at the level of 1.4%. With further interaction of purple corn powder 
with goat's milk, the swelling gradually decreases – on average by 1.03 times. Based on this, 
it can be assumed that the swelling and dissolution of purple corn powder occurs similar to 
these processes for polymers. 
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Determination of qualitative and quantitative indicators of milk protein clots and 
whey 

 
The obtained milk protein clots and whey system is a polydisperse colloidal one, in 

which the dispersion medium is whey, and the dispersed phase is milk proteins and dry 
substances of the grain additive. The structure of milk protein clots is formed by the 
interaction between goat milk proteins and corn powder starch molecules. This process 
begins at the pasteurization stage of the mixture of goat milk and purple corn powder and 
ends during fermentation. The structure of milk protein clots characterizes the sensory 
properties. The resulting milk protein clots have a thixotropic coagulation-type structure with 
liquid interlayers between the particles. Liquid interlayers cause lower structural strength, 
but give milk-protein clots plasticity and elasticity (Grek et al., 2019). 

The choice of the optimal amount of powder from purple corn was based on the 
preservation of normative sensory characteristics of milk-protein clots, which can be the basis 
for the production of various types of cheese. Table 1 shows the results of the sensory 
evaluation of milk-protein clots with purple corn powder.  

 
Table 1 

Sensory evaluation of milk-protein clots obtained with the addition of purple corn powder 
 

Amount of 
purple corn 
powder, % 

Sensory characteristics 
Consistency and 

appearance Taste and smell Colour 

2 Homogeneous, not 
viscous enough, 

too thin 

Pure, sour-milk, 
unexpressed taste 

and aroma of purple 
corn powder 

Barely noticeable light 
purple uniform over the 

entire mass 4 

6 

Uniform, soft, 
moderately greasy 

Pure sour milk with 
a light aroma of 

purple corn powder 

Purple is uniform 
throughout the mass  

 

8 

10 Uniform, slightly 
brittle, floury 

Pure sour milk with 
a pronounced taste 

and aroma of purple 
corn powder 

Too pronounced saturated 
purple uniform throughout 

the mass 

 
 
The best taste properties and consistency of milk protein clots were achieved with the 

addition of purple corn powder in the amounts of 6% and 8% to weight of milk. The samples 
had a pronounced sour milk taste with the aroma of the introduced additive, homogeneous to 
the extent of butter consistency and a purple color, uniform throughout the mass. The 
introduction of a filler in an amount greater than 8% causes negative changes in the sensory 
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properties of milk protein clots: a floury aftertaste and a fragile, floury consistency appear. 
The addition of purple corn powder in an amount of less than 6% did not have a noticeable 
positive effect on the structure of the product or on its sensory properties, and also did not 
significantly enrich the curd with biologically active nutrients – antioxidants, vitamins, 
dietary fibers, micro- and macroelements. 

To confirm the obtained results of the sensory evaluation, further studies of the effect 
of different amounts of purple corn powder on the output of milk protein clots and the 
moisture content were conducted. The yield and content of moisture of milk protein clots 
depending on the amount of purple corn powder introduced are shown in Figure 5. 

 

 
 

Figure 5. Yield and content of moisture in milk protein clots depending on the amount of purple 
corn powder 

 
 

In general, the yield of milk protein clot is influenced by the type, composition and 
quality of milk, the amount of casein, pasteurization regimes, the type of coagulant and 
leavening agent, the density of the clot when cut, and technological parameters of production 
(Abd et al., 2011). 

It was shown that under the same conditions of the acid-rennet coagulation process of 
milk proteins, the use of purple corn powder in an amount of 2% to 10% contributed to an 
increase in the yield of milk protein clots from 3 liters of goat milk by 9–55 g, and amounted 
to 3.45–17.91%, compared to the control. This allows reducing the consumption of dairy raw 
materials. (Fig. 5). The addition of more than 10% of purple corn powder did not have a 
significant effect on the yield increasing. 

The content of moisture in milk-protein clots decreased from 73.36% to 67.15% when 
purple corn powder was added in amounts from 2 to 10%, respectively, and was 2.49–8.70% 
lower than in the control sample. Probably, the interaction of milk proteins with the 
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carbohydrates of the cereal supplement leads to the formation of additional complexes that 
differ in the presence of strong bonds between starch, fiber and whey proteins. The swelling 
of carbohydrates and, as a result, the reduction of the share of free moisture between the 
molecules of the milk protein clot leads to a stabilizing effect, due to the enveloping and 
strengthening of the protein framework. From a practical point of view, this is how you can 
justify the use of purple corn during acid-rennet coagulation of milk proteins to bind free 
moisture and prevent syneresis during curd storage. 

At the next stage of research, the change in active acidity and moisture-retaining 
capacity of of milk protein clots was studied depending on the amount of purple corn powder 
(Fig. 6). 

 
 

Figure 6. Active acidity and moisture-retaining capacity of milk-protein clots 
depending on the amount of purple corn powder  

 
 

An increase in the content of purple corn powder during the production of milk protein 
clots, their active acidity decreased. pH, indicators of active acidity, ranged from 4.75 to 4.50 
units, in samples of milk protein clots with a grain ingredient in the amount from 2% to 10%. 
The value of the active acidity of the experimental samples was by 0.05–0.30 pH units lower 
than in the control sample. When purple corn powder was added, the active acidity of the 
curd decreased, which indicates the effect of the grain additive on the microflora, in particular 
on the content of lactic acid bacteria. 

From the obtained values of moisture-retaining capacity (Fig. 6) it can be seen that with 
an increase in the content of purple corn powder, this indicator changes for all milk protein 
clots, while the dynamics are different. This is due to the appropriate content of starch in corn 
powder, whose polysaccharides absorb water. When adding a grain additive 2% to 4%, the 
difference between the indicators of the moisture-holding capacity of the control and 
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experimental samples was less pronounced and consisted 4–10%. The highest values of 
retention capacity samples were observed in samples with the addition of 8±2% purple corn 
powder and were on average by 19–34% higher than for the control sample. In addition, the 
formation of a denser consistency than the control was characteristic of the above-mentioned 
samples of milk-protein clots. 

During the production of protein clots, about 80% of the colored whey was obtained 
from the volume of milk raw materials. Serum samples had a natural purple color due to the 
high content of specific coloring substances in corn grains – bioflavonoids and anthocyanins, 
which are powerful antioxidants. 

The qualitative characteristics and optical density reflected the turbidity and color of 
the dyed whey were determined and compared with the control, which are listed in Table 2. 

 
 

Table 2 
Qualitative characteristics and optical density of stained serum 

 
Amount of 

powder 
from 

purple 
corn, % 

Serum content Active 
acidity, 

units pH 

Optical 
density, Dk,  
cond. unit 

Optical 
density after 

filtering,  
D, сond. unit 

dry 
substances, 

% 

protein, 
% 

2 7.3±0.15 0.50±0.02 6.15±0.12 1.75±0.05 1.03±0.03 
4 7.1±0.13 0.46±0.01 6.10±0.12 1.72±0.05 1.07±0.03 
6 6.8±0.14 0.40±0.02 5.99±0.11 1.64±0.05 1.12±0.03 
8 6.3±0.13 0.37±0.02 5.92±0.12 1.60±0.048 1.16±0.04 

10 6.1±0.12 0.36±0.01 5.85±0.11 1.58±0.05 1.20±0.04 
Control 7.5±0.12 0.52±0.02 6.19±0.12 – – 

Control* – – – 1.63±0.05 1.15±0.03 
* Colored whey drink "Actual" with watermelon-melon flavor produced by "Danon 
Dnipro" LLC  
 

 
The content of dry substances of colored serum was at the level of 6.1–7.3%, including 

protein 0.36–0.50%. Compared with the control sample, the dyed serum had a lower content 
of dry matter and, accordingly, protein, which confirms the effectiveness of acid-serum 
coagulation of proteins. The active acidity of the dyed serum samples was within 5.85–6.15 
units. The pH depended on the amount of purple corn powder added during the production 
of milk protein clots. 

The optical density of serum samples when determining turbidity and color ranged from 
1.57 to 1.75 and 1.02 to 1.19 um. Almost all of these values have deviations from control up 
to 5%. 

 
Coloured whey obtained as a result of the production of milk-protein clots with the 

addition of various amounts of grain additives can be used with or without additional 
processing (clarification, deacidification) as a base and recipe component for whey drinks of 
the type "pasteurized whey" or "pasteurized whey with sugar". This allows eliminating the 
use of artificial food colourings in their composition. 
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Conclusions 
 
The possibility of effective use of purple corn powder in the production technology of 

milk protein clots by acid-rennet coagulation of goat milk proteins has been shown. 
The dispersion of purple corn powder was determined, the main particle fractions of 

which were in the range from 20 to 40 microns (26±1.3%) and from 40 to 60 microns 
(43±2.1%). Parameters to prepare purple corn powder for addition to goat's milk are as 
follows: the swelling and dissolution temperature is 80 ºC and the holding time is 20 minutes. 

It was found that when the amount of purple corn powder increased from 2 to 10%, the 
yield of milk protein clots increased from 3.45% to 17.91%, the content of moisture 
decreased from 73.36% to 67.15%, and their active acidity decreased from 4.75 to 4.50 pH 
units.  The optimal amount of purple corn powder was 6% to 8% of the mass of goat's milk. 

Milk protein clots can be used in the recipes of curd products with an adjustable content 
of moisture, active acidity, moisture-retaining ability and natural color.  

The obtained colored whey could be classified as a functional raw material, which has 
original taste and color characteristics and expands the use of colored whey drinks in 
technology. 
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