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Abstract. The growing scarcity of resources and insufficient 

consumption of protein products by the majority of the world's population 

contributes to the rational use of all resources. Secondary milk raw materials 

are a source of protein and require mandatory processing. The study was 

aimed at developing a rational waste-free technology for processing raw milk 

into cheeses with high nutritional value and low cost. For research, three 

samples of cheeses were made: sample 1 – based on milk; sample 2 – based 

on cheese whey (0.3% citric acid solution was used for coagulation); sample 

3 (caramel) – from a mixture of milk and whey (without curdling). Standard 

methods were used to determine organoleptic, physicochemical parameters. 

The nutritional value of the products was calculated according to the 

physicochemical parameters established during the study (mass fraction of 

proteins, fats, and carbohydrates). The proposed waste-free technology can be 

implemented in any cheese factory for the production of soft and hard cheeses. 

Products derived from whey are somewhat inferior in amino acid composition 

but have a relatively high value and organoleptic properties inherent in 

cheeses made from milk. The use of a citric acid solution for curdling makes 

it possible to reduce the duration of the process by 30 minutes and increase 

the yield of cheese by 5–7%. An evaluation of the organoleptic characteristics 

of the property showed that the cheese made from milk and whey does not 

differ. Cheese made from milk contains the largest mass fraction of proteins 

(17.2 g/100g) and fats (20 g/100g), the largest amount of carbohydrates is 

cheese based on a mixture of whey and milk (49 g/100g). Cheese is made from 

whey and has the lowest energy value (88.14 kcal). At the same time, the mass 

fraction of proteins in this cheese is higher than in cheese made from a mixture 

of whey and milk (sample 3). The results of the study of the amino acid 

composition showed that all cheeses have the same qualitative amino acid 

composition. According to the quantitative composition of amino acids, 

cheeses made from milk have the highest biological value. 

Key words: waste-free technology, soft cheeses, cheese product, 

nutritional value, amino acid composition. 
 

  

Correspondence: 
M. Samilyk 

Е-mail:maryna.samilyk@snau.edu.ua 

Cite as Vancouver style citation 
 

Samilyk M, Bolgova N, Vechorka V, Samokhina Y, 

Kyselov O. Analysis of cheeses made by waste-free 
technology. Food science and technology.  

2022;16(4):48-55. 

https://doi.org/10.15673/fst.v16i4.2539 

 

Цитуваннязгідно ДСТУ 8302:2015 

 

Samilyk M., Bolgova N., Vechorka V., Samokhina Y., 

Kyselov O. Analysis of cheeses made by waste-free 

technology // Food science and technology. 2022. Vol. 

16, Issue 4. P. 48-55  

https://doi.org/ 10.15673/fst.v16i4.2539 

 

Copyright © 2015 by author and the journal 
“Food Science and Technology”. 

This work is licensed under the Creative Commons 

Attribution International License (CC BY). 
http://creativecommons.org/licenses/by/4.0 

 
 

 

Introduction. Formulation of the problem 
 

The population of the planet is constantly growing, 

which leads to a shortage of resources. At the same time, 

more than half of the people on Earth are not provided 

with enough food. In most countries, there is a low level 

of protein consumption. The food protein problem 

remains relevant in economic and social aspects. The 

economic aspect is explained by large volumes of 

production and costs for the production of protein foods. 

Speaking of the social component, it is worth noting that 

protein products are needed by all segments of the 

population, regardless of age and income level. Due to 

global climate changes, the amount of feed for meat and 

dairy cattle is decreasing [1]. Because of this, the cost of 

protein-containing products is constantly increasing. 

They become inaccessible to the least protected 

categories of the population. An important reserve for 

obtaining additional protein of animal origin is the 

rational use of secondary dairy raw materials. By 

volume of production, the protein resources of 

secondary dairy raw materials occupy the first place in 

the world agro-industrial production. 

 

Analysis of recent research and publications 
 

Whey is of special importance among secondary 

dairy raw materials. The world production of serum is 

from 180 to 190∙106 tons per year. Only 50% of this 

amount is processed and turned into food products and 

feed additives [2]. Due to inadequate approaches to 

bioconversion, a large amount of serum is disposed of 

annually. The disposal of serum without preliminary 

treatment leads to several environmental problems 

https://btf.snau.edu.ua/en/departments/biochemistry-and-biotechnology-department/
http://creativecommons.org/licenses/by/4.0
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associated with a significant burden on the 

ecosystem [3]. Whey contains a large number of organic 

substances such as lactose. The estimated chemical 

oxygen demand for biological purification of serum by 

oxidation is 60–80 kg/m3, and the biological oxygen 

demand is 35–45 kg/m3 [4]. In addition to the aspect of 

environmental pollution, the release of whey leads to 

significant losses of potential food and energy, since 

about 55% of milk nutrients are transferred to whey [5]. 

The amount of whey is 85–90% of the volume of 

milk. It is obtained as a result of precipitation and 

removal of milk proteins during cheese making. Among 

the whey nutrients, the following are especially 

valuable: lactose (4.5–5.0%), soluble proteins (0.6–

0.8%), lipids, and mineral salts [6]. The composition of 

serum depends on the cheese production process, the 

type of milk (sheep, goat, cow, or buffalo), as well as 

the amount of water, detergents, and disinfectants [3]. 

Cow milk proteins consist of 80% casein and 20% 

whey proteins [7]. Whey proteins have a greater 

biological value compared to casein. Their amino acid 

profile contains a high proportion of essential amino 

acids such as leucine, isoleucine, and valine. The listed 

amino acids are crucial for blood glucose homeostasis, 

metabolism, and nerve function [8]. 

A large number of studies are aimed at the 

development of technologies for food products, based 

on which whey is the main raw material [9,10]. About 

half of the whey is used in liquid form, 30% in the form 

of powder, 15% in the form of lactose and its by-

products, and the rest in the form of whey protein 

concentrates [7]. The high content of lactose in whey 

makes it suitable for the production of biofuel [11,12]. 

Products obtained based on serum differ not only in high 

biological value but also in dietary properties. They are 

recommended in the diet of various population 

groups [13]. 

Value-added dairy products include whey powder, 

whey protein, and whey permeate. Among the important 

factors that make serum an attractive raw material for 

processing is the generally accepted regulatory status of 

safety (GRAS) [14]. 

From whey, you can make cottage cheese, albumen 

cheese, or ricotta cheese. At the same time, the 

secondary serum is formed as a by-product. The 

secondary product contains about 60% of the dry 

substances contained in the whey and is characterized 

by a lower protein concentration and a higher salt 

content due to the second stage of flocculation and the 

addition of salts during the production process [15]. It 

was established that whey proteins during denaturation 

at high temperatures (> 80°C) can adsorb water well, 

which leads to an increase in the yield of cheese. 

Cheeses based on whey proteins have increased 

moisture [16]. Adding whey proteins to cheese leads to 

an increase in moisture content by 8–10%, lactose by 

23–31%, and long-chain fatty acids by 3–4% [17]. 

Adding whey proteins to cheeses made based on 

retentate improves their textural and functional 

qualities [18]. The addition of ultra-high-pressure 

processed whey protein to processed cheeses gives them 

firmness but creates an undesirable sandy or grainy 

texture [19]. Whey protein concentrate is a source of 

sulfur-containing and branched-chain amino acids, 

lysine, threonine, and the total number of essential 

amino acids [8]. Hydrolyzing whey protein by enzyme 

or fermentation can generate useful bioactive peptides 

that regulate physiological functions. Whey protein is 

widely used in the food industry. Many newly 

developed whey protein peptide products with diverse 

biological activities are appearing on the commercial 

market or in research laboratories [20]. 

Cheeses are especially popular among whey 

products. Whey cheeses have a short shelf life, but the 

chemical composition and biological value are typical 

for cheeses [21]. The high nutritional value of serum has 

been proven by many researchers [22,23,24]. It has good 

organoleptic properties and is affordable. 

Ricotta is among the most famous cheeses, 

manufactured and recycled. Ricotta is an Italian cheese 

with a high moisture content, made by direct 

acidification of whey and subsequent heating, during 

which protein denaturation and aggregation occur [25]. 

Ricotta is known to have a low-fat content (about 14%), 

so it can be recommended as a dietary product [26]. Low 

cost, lower fat content, and relatively high protein 

content make this cheese often used. 

The analysis of literary sources shows that serum is 

a useful raw material and requires processing. It can 

increase the nutritional value of dairy products, but the 

question of the biological value of cheeses made based 

on whey has not been sufficiently studied. 

In addition, it is worth paying special attention to 

the technology of cheese production, since not only their 

quality depends on it, but also their cost. At the core of 

any cheese-making technology is the curdling of 

proteins. The most common method of protein 

precipitation is the use of direct application cultures. At 

the same time, a high level of safety in the fermentation 

process and the quality of the finished product is 

ensured. Bacterial preparations based on lactobacilli are 

usually used [27]. The average duration of protein 

precipitation with the use of bacterial preparations is 5–

6 hours. It is possible to reduce the duration of protein 

coagulation in the production of soft cheeses using a 

solution of citric acid. However, with this method, a 

large amount of serum proteins remains in the serum 

[28]. At the same time, when using cultures of direct 

application, technological regimes should be strictly 

observed at all stages of production, since violations at 

one stage cause violations at another [29]. 

The purpose and tasks of the research. The 

purpose of the study is to analyze some indicators of the 

quality and nutritional value of cheeses produced by 

waste-free technology based on milk and the derivatives 

of its processing. 

Based on the set goal, the following research tasks 

were formulated: 
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- production of test samples of unripened cheeses 

using zero-waste technology; 

- to investigate the organoleptic indicators of soft 

cheeses, some of their physical and chemical 

characteristics (protein, fat content); 

- to determine the nutritional value of cheeses 

produced by waste-free technology; 

- to analyze the amino acid composition of cheeses 

made according to the proposed technology. 
 

Research materials and methods 
 

Raw milk from the vivarium of the Sumy National 

Agrarian University (DSTU 3662:2018) was used for 

research. 

Three samples of cheeses were produced: sample 1 

- based on whole cow's milk; sample 2 – based on sweet 

curd whey (0.3% solution of citric acid was used for 

curdling); sample 3 - from a mixture of whole cow's 

milk and serum neutralized with a 25% NaOH solution 

(without curdling), obtained as a result of self-pressing 

of sample 1 and curdling of sample 2 (Fig. 1). 

The organoleptic evaluation of cheeses was carried 

out according to a certain number of descriptors 

(Table 1) using a five-point scale based on averaged 

data. The tasting was conducted by 10 non-professional 

tasters. The results are presented in the form of a profile. 
 

Table 1 – Descriptors of organoleptic 

evaluation of cheeses 
 

Name of 

indicators 
Characteristic 

Appearance The surface is clean without mechanical 

damage, elastic, and may have an 

impression of perforation 

Taste and 

smell 

Cheesy, sour milk, without extraneous 

tastes and smells, characteristic of a 

specific cheese. Allowed: slightly 

acidic, spicy, spicy, ammoniacal, salty 

with a slight bitterness 

Consistency Allowed: smear, slightly fragile or 

fragile, moderately dense 

The color of 

the dough 

From white to light yellow with a cream 

shade, it is uniform throughout the mass 

Drawing Dough without holes. The presence of 

small voids is allowed 

Form A rectangular bar, cylinder, or another 

shape 

The protein content was determined by the 

accelerated semi-micro method (ISO 8968-3:2004, IDF 

20-3:2004, IDT), and the fat content by the gravimetric 

method (ISO 1735:1987, IDT). 

Carbohydrate content was determined by 

calculation, based on the difference between the mass 

fraction of dry substances and the sum of the mass 

fraction of proteins and fats (TU U 10.5-04718013-

005:2020. Soft cheeses A2. Technical conditions). 

The energy value of cheeses was calculated 

according to the following formula (TU U 10.5-

04718013-005:2020 Soft cheeses A2. Technical 

conditions): 

E = kp×(Mp + Mc) + kf ×Mf,   (1) 

where E is the energy value, kcal; 

Mp – a mass fraction of protein, g/100 g of product; 

Mc – a mass fraction of carbohydrates, g/100 g of 

product; 

Mf – a mass fraction of fat, g/100 g of product; 

kp = 4 – coefficient of the energy value of 1 g of 

protein or 1 g of carbohydrates in the product, kcal/g; 

kf = 9 – coefficient of the energy value of 1 g of fat 

in the product, kcal/g. 

 

Identification of the amino acid composition was 

carried out by the method of ion exchange column 

chromatography using the amino acid analyzer 

"BIOTRONIK" (Germany). To determine the total 

content of amino acids, a weight of 0.3 g of raw material 

was placed in a test tube with a ground stopper with a 

capacity of 50 ml, 10 ml of distilled water and 10 ml of 

concentrated hydrochloric acid were added, thoroughly 

mixed and left in a dry oven at 130ºС for 8 hours. After 

the end of hydrolysis, the solution was filtered, and 

evaporated and the pH was adjusted to 2.2. 1 ml of 

buffer solution with a pH of 2.2 was added to 1 ml of 

the prepared sample, the mixture was passed through a 

membrane filter with a pore diameter of 0.45 μm. 50 μl 

of the purified sample was taken and introduced into the 

chromatographic ion exchange column of the analyzer. 

Statistical processing of experimental studies was 

carried out by the method of mathematical analysis. 

Final results were expressed as mean ± standard 

deviation (SD) of measurements from three separate 

extracts, and measurements were performed in three 

different studies. Comparison of group means and 

significance of differences between groups were tested 

by Student's t-test. Statistical significance was set at 

p≤0.05. 
 

Results of the research and their discussion 
 

The production of soft cheeses and cheese products 

was carried out according to the zero-waste technology, 

which was developed independently, by summarizing 

typical rational technologies for the production of soft 

cheeses (Fig. 1). The peculiarity of this technology is 

that based on milk and the by-product of its processing, 

2 types of soft cheeses are produced at once (sample 2, 

sample 3). A 0.3% solution of citric acid was used to 

precipitate milk proteins. The whey obtained after the 

separation of the cheese curds was subject to 

reprocessing according to the same scheme as the 

cheese made from whole milk. 

Cooled, purified milk after temporary ripening was 

pasteurized at a temperature of 63°C for 30 minutes. 

Citric acid was added to hot milk in the form of a 0.3% 

solution (at the rate of 0.3 g per 1 liter of milk). It was 

stirred for 30 seconds and left alone to settle. The 

formed cheese curd was separated from the whey, cut 

into 2x2 cm cubes, and placed in cheese molds for self-

pressing for 20 minutes.  
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Fig. 1. Technological scheme for the production of soft cheeses: a – based on milk; b – based on serum; 

c – based on a mixture of milk and whey 

 

The upper and lower surface of the cheese heads were 

sprinkled with "Extra" salt, cooled, and dried in a 

refrigerator for 10 hours. The whey separated from the 

curd was heated to a temperature of 63°C and a solution 

of citric acid was added. Precipitated whey proteins 

were formed, and left for self-pressing and pressing. All 

technological operations of cheese processing were 

similar to the technology of making cheese from milk. 

The yield of cheese from milk was 17%, from 

whey – 4%. When applying the traditional technology 

of making soft cheeses based on milk and the direct 

introduction of bacterial starters, the yield of cheese is 

10-12%. Thus, when using citric acid, the yield of 

cheese from whole milk increases by 5-7%. From the 

point of view of economic efficiency, the developed 

technology is more appropriate not only due to an 

increase in the yield of the finished product but also due 

to a decrease in the duration of the process and a lower 

cost of citric acid compared to bacterial starters. When 

using bacterial starters and enzymes, the duration of 

curd formation in the production of soft cheeses is 35–

40 min [30]. In the case of using a solution of citric acid, 

the setting time is reduced by 30 min, according to the 

typical technology, the setting time is 35–40 min [30]. 

Therefore, the total production time of soft cheese is 

reduced. 

The whey obtained as a result of the production of 

soft cheeses was neutralized to pH=6.4 with the help of 

a 25% NaOH solution and sent to the production of 

caramel cheese. For the production of caramel cheese, 

whey was mixed with milk in a ratio of 8:2, thickened 

to a dry matter content of 80%, granulated sugar was 

Acceptance of raw 
materials (cow's milk)

Milk purification

Cooling (t=2±4°С)

Тemporary ripening
(12-16 hours)

Pasteurization (t=63°С, τ=30 min)

Clot separation

Coagulation (t=63°С, τ=15-20 

min)

Self-pressing
 (τ= 20 min)

Salting (15 g each on the top and 
bottom surface)

Packaging, labeling

Storage
(t=4-2°С, τ=7 days)

Stirring, adding citric acid 

solution

Formation

S
a
lt

 "
E

xt
ra

"

Cooling, drying (8±2°С, 10 h)

Preparation of citric acid solution 

(0.3%) Lemon acid
Prepared water

Reception of raw materials (sweet 

cheese whey pH 6.4-6.3)

Pumping to the bathroom

Heating (t=63°С, τ=30 min)

Mixing

Clot separation

Self-pressing
 (τ= 60 min)

Packaging, labeling

Storage
(t=4-2°С, τ=7 days)

Cooling, drying (10±2°С, 10 h)

Serum coagulation (τ=15 min)

Pressing
 (τ= 60 min)

Reception of raw materials 
(cow's milk)

Milk purification

Cooling (t=2±4°C)

Тemporary ripening
(12-16 hours)

Evaporation, stirring 

(t=92°C, 80% CP)

Cooling (t=80°С)

Evaporation, stirring (t=92°C, 

83% CP)

Cooling (t=70°C)

Packing, packaging, labeling

Storage
(t=4±2°С, τ=30 days)

Formation of whey-milk mixture 

(80:20)

Mixing

G
ra

n
u
la

te
d
 s

u
g
a
r 

(9
%

 b
y 

w
ei

g
h
t)

Homogenization (τ=2-3 min)

Cooling (t=30°C)

S
er

u
m

Serum neutralization
(pH ≥6.4)

25% NaOH solution
Serum

S
er

u
m

Sample 1

Sample 2

Sample 3

а

b

c

S
er

u
m



Технологія і безпека продуктів харчування / Technology and safety of food products 

 

 

Харчова наука і технологія / Food science and technology 52 Volume 16 Issue 4/2022 
 

added and evaporation was continued until the dry 

matter content was 83%. 

Cheeses obtained from milk and whey had 

practically the same sensory properties (Fig. 2. a, b). 
 

  

Fig. 2. Soft cheeses: a – based on milk, b – based 

on whey 

 

According to the organoleptic evaluation, sample 1 

(Fig. 2, a) using a solution of citric acid and milk was 

characterized by a pronounced cheesy, sour-milk taste, 

without extraneous tastes and smells, characteristic of 

soft fresh cheese. The surface is elastic, had minor 

mechanical damage, and isolated voids, with an imprint 

of perforation. The consistency is delicate and 

moderately dense. The color is white with a cream 

shade, uniform over the entire mass. Dough with small 

holes and voids. The shape is cylindrical. 

The surface of sample 2 (Fig. 2. b), made from 

serum, had mechanical damage but was elastic with a 

perforation imprint. Detailed organoleptic assessment is 

presented in Fig. 3. 

 

Fig. 3. Profilogram of organoleptic evaluation 

of cheeses 

The taste of the experimental sample made based 

on milk (sample 1) is cheesy, sour milk, without 

extraneous tastes and smells. A sweeter taste was 

observed in sample 2. The consistency of test samples 

1, and 2 is a smear, slightly brittle, moderately dense. 

The color of the dough is white with a creamy shade, 

uniform over the entire mass. Dough with small voids. 

The shape is cylindrical. Given that sample 1 was 

produced by a typical technology, based on a typical raw 

material, it was taken as a control when compared with 

a sample made based on serum. In terms of organoleptic 

properties, cheeses made from milk and whey, by the 

method of acid curdling, the shape and color of the 

dough correspond to the indicators characteristic of 

cheeses made with the direct introduction of bacterial 

starters. The rest of the indicators slightly differ from the 

requirements of the standard. 

The cheese based on a mixture of whey and milk 

had a characteristic caramel taste, smell, dark brown 

color, and a thick smear consistency (Fig. 4). 
 

 
Fig. 4. Cheese based on a mixture of milk and whey 

 

Due to the high-temperature treatment, the Maillard 

reaction occurs between lactose and amino acids. The 

main products of this reaction are melanoidin, which 

gives the cheese a special caramel color and aroma [31]. 

To calculate the energy value of products, an 

analysis of physicochemical indicators was carried out, 

the results are presented in Table 2. 
 

Table 2 – Physico-chemical quality indicators of 

cheeses  
Indicators, g/100 g Sample 1 Sample 2 Sample 3 

- a mass fraction of 

protein 

17,2±0,08 8,06±0,07 6,7±0,08 

- a mass fraction of 

fat 

20,0±0,09 4,06±0,08 8,0±0,08 

- a mass fraction of 

carbohydrates 

1,6±0,08 4,84±0,08 49,0±0,09 

Energy value, kcal 255,2 88,14 294,8  
 

Cheese made from whey (sample 2) had a low 

energy value (88.14 kcal), but the mass fraction of fat in 

it is 15.94 g/100g less than in cheese made from whole 

milk (sample 1). Such cheese will be a good source of 

protein for people with special dietary needs. Cheese 

based on a mixture of whey and milk (sample 3) 

contained the largest amount of carbohydrates 

(49 g/100 g) and the highest energy value – 294.8 kcal. 

The results of amino acid composition (Fig. 5) 

showed that cheese made from whey contains all the 

same amino acids as cheese made from milk. It is worth 

noting that the concentration of some amino acids in 

sample 2 was significantly lower than in sample 1: 

glutamic acid (by 1.33%), proline (by 1.13%), 

phenylalanine (by 0.58%), serine (by 0.53%), tyrosine 

(by 0.47%). Almost the same concentration of alanine 

(milk cheese contains 0.01% more than whey cheese), 

cystine and methionine (difference 0.07%), glycine 

(difference 0.08%), ammonia (difference – 0.09%). 

Cheese made from whey (sample 2) contains a large 

number of amino acids, including essential ones, 

g/100g: valine – 0.59; leucine – 1.15; isoleucine – 0.61; 

threonine – 0.52; methionine – 0.02; lysine – 0.78; 

phenylalanine – 0.37.  
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Fig. 5. Amino acid composition of cheeses 

 

They also include amino acids that are especially useful 

for children and the elderly: arginine (0.26 g/100g), and 

histidine (0.32 g/100g). Arginine is involved in 

cleansing the liver and regulating the growth of muscle 

mass. Histidine affects the production of white and red 

blood cells, as well as the growth of muscles, and is the 

basis for the production of histamine, which is necessary 

for the regulation of sleep and wakefulness cycles, 

sexual function, and the production of the myelin sheath 

of nerve cells. 

In cheeses made from a mixture of whey and milk, 

glutamic acid (1.82 g/100g, which is 0.45 g/100g more 

than in sample 2), leucine (0.84 g/100g), and aspartic 

acid (0 .74 g/100g). Glutamic acid participates in protein 

and carbohydrate metabolism, stimulates oxidation 

processes, and promotes detoxification and removal of 

ammonia from the body. 

In addition, more essential amino acid methionine 

was found in sample 3 than in samples 1 and 2 (by 0.02 

and 0.09 g/100g, respectively). It has a good effect on 

the condition of the kidneys, reduces the toxicity of 

many poisonous substances, and helps restore liver 

functions. 

Approbation of research results. The technology of 

non-waste production of cheeses based on milk and 

whey was tested in the conditions of D.V. Opryshko 

FOP. 

 

Conclusion  
 

The proposed technology of complex processing of 

raw materials is waste-free and allows you to obtain 

three types of cheese: milk, whey, and a mixture of milk 

and whey. The use of a solution of citric acid for 

curdling allows you to reduce the duration of the process 

by 30 minutes and increase the yield of cheese by 5-7%. 

The organoleptic evaluation showed that cheese 

made from milk and whey practically does not differ in 

shape, dough color, pattern, and consistency. Cheese 

made from whey had a sweeter taste, which is not 

characteristic of soft cheeses. The cheese based on a 

mixture of whey and milk had a characteristic caramel 

taste, smell, dark brown color, and a thick smear 

consistency. 

Cheese made from milk contained the highest mass 

fraction of proteins (17.2 g/100g) and fats (20 g/100g), 

the highest amount of carbohydrates – cheese based on 

a mixture of whey and milk (49 g/100g). Cheese made 

from whey turned out to be the most balanced in terms 

of the ratio of proteins, fats, and carbohydrates. 

The lowest energy value was cheese made from 

whey (88.14 kcal), and the highest – the cheese was 

based on a mixture of whey and milk (294.8 kcal). 

The results of the amino acid composition showed 

that all cheeses have the same qualitative amino acid 

composition. According to the quantitative composition 

of amino acids, cheeses made from milk have the 

highest biological value. A slightly smaller amount of 

amino acids is found in cheeses made from whey. 

Almost the same amount of alanine (0.69 and 0.68 

g/100g, respectively) and glycine (0.4 and 0.32 g/100g, 

respectively) was found in samples 1 and 2. In cheeses 

made from a mixture of whey and milk, the highest 

amount of glutamic acid was found at 1.82 g/100g, 

which is 0.45 g/100g more than in cheese made from 

whey.

 

References 

1. 2020 Global Feed Survey. [viewed on: 22.03.2022]. URL:https://www.alltech.com/sites/default/files/GFS_Brochure_2020.pdf  

2. El-Tanboly ES, El-Hofi M, Khorshid. Recovery of cheese whey, a by-product from the dairy industry for use as an animal feed. J Nutr 

Health Food Eng. 2017;6(5):148-154. https://doi.org/10.15406/jnhfe.2017.06.00215 



Технологія і безпека продуктів харчування / Technology and safety of food products 

 

 

Харчова наука і технологія / Food science and technology 54 Volume 16 Issue 4/2022 
 

3. Asunis F, De Gioannis G, Dessì P, Isipato M, Lens PN L, Muntoni A, et al. The dairy biorefinery: Integrating treatment processes for cheese 
whey valorization. J Environ Manage. 2020;15(276):111240. https://doi.org/10.1016/j.jenvman.2020.111240 

4. Bosso A, Morioka Luiz Rodrigo Ito, Santos Leandro Freire dos, Suguimoto Hélio Hiroshi. Lactose hydrolysis potential and thermal stability 

of commercial β-galactosidase in UHT and skimmed milk. Food Sci. Technol, Campinas. 2016;36(1):159-165. 
https://doi.org/10.1590/1678-457X.0085 

5. Panesar PS, Kennedy JF, Gandhi DN, Bunko K. Bioutilisation of whey for lactic acid production. Food Chemistry. 2007;105(1):1-14. 

https://doi.org/10.1016/j.foodchem.2007.03.035 
6. Dragone G, Mussatto SI, Oliveira JM, Teixeira JA. Characterization of volatile compounds in an alcoholic beverage produced by whey 

fermentation. Food Chemistry. 2009;112(4):929-935. https://doi.org/10.1016/j.foodchem.2008.07.005 

7. Korhonen Н. Milk-derived bioactive peptides: From science to applications. Journal of Functional Foods. 2009;1(2):177-187. 
https://doi.org/10.1016/j.jff.2009.01.007 

8. Sabrina Vieira da Silva, Rochele Sogari Picolotto, Roger Wagner, Neila Silvia Peireira, dos Santos Richards, Juliano Smanioto Barin. 

Elemental (Macro- and Microelements) and Amino Acid Profile of Milk Proteins Commercialized in Brazil and Their Nutritional Value. 
Journal of Food and Nutrition Research. 2015;3(7):430-436.  

9. Djuric´ M, Caric´ M, Milanovic´ S, Tekic´ M, Panic´ M. Development of whey-based beverages. Eur Food Res Technol. 2004;219:321-

328. https://doi.org/10.1007/s00217-004-0950-1 
10. Koutinas AA, Athanasiadis I, Bekatorou A, Psarianos C, Kanellaki M, Agouridis N. et. al. Kefir-yeast technology: Industrial scale-up of 

alcoholic fermentation of whey, promoted by raisin extracts, using kefir-yeast granular biomass. Enzyme and Microbial Technology. 

2007;41(5):576-582. https://doi.org/10.1016/j.enzmictec.2007.05.013 
11. Guimarães PMR, Teixeira JA, Domingues L. Fermentation of lactose to bio-ethanol by yeasts as part of integrated solutions for the 

valorization of cheese whey. Biotechnology Advances. 2010;28(3):375-384. https://doi.org/10.1016/j.biotechadv.2010.02.002 

12. Tahoun MK, Еl-Nemr TM, Shata OH. A recombinant Saccharomyces cerevisiae strain for efficient conversion of lactose in salted and 
unsalted cheese whey into ethanol. Nahrung. 2002;46(5):321-326. https://doi.org/10.1002/1521-3803(20020901)46:5<321::AID-

FOOD321>3.0.CO;2-V 

13. Lollo PCB, Silva LBC, Batista TM, Morato PN, Moura CS, Cruz AG. et. al. Effects of whey protein and casein plus leucine on diaphragm 
the mTOR pathway of sedentary, trained rats. Food Research International. 2012;49(1):416-424. 

https://doi.org/10.1016/j.foodres.2012.07.024 
14. Yadav JSS, Yan S, Pilli S, Kumar L, Tyagi RD, Surampalli RY. Cheese whey: A potential resource to transform into bioprotein, 

functional/nutritional proteins, and bioactive peptides. biotechnology Advances. 2015;33(6)1:756-774. 

https://doi.org/10.1016/j.biotechadv.2015.07.002 
15. Carvalho F, Prazeres AR, Rivas J. Cheese whey wastewater: characterization and treatment Science of The Total Environment. 2013;445-

446:385-396. https://doi.org/10.1016/j.scitotenv.2012.12.038 

16. Cagno RDi, De Pasquale I, De Angelis M, Buchin S, Rizzello CG, Gobbetti M. Use of microparticulate whey protein concentrate, 
exopolysaccharide-producing Streptococcus thermophilus, and adjunct cultures for making low-fat Italian Caciotta-type cheese. J. Dairy 

Sci. 2014;97(1):72-84. https://doi.org/10.3168/jds.2013-7078 

17. Mileriene J, Serniene L, Kondrotiene K, Lauciene L, Kasetiene N, Sekmokiene D. et. al. Quality and nutritional characteristics of traditional 

curd cheese enriched with thermo-coagulated acid whey protein and indigenous Lactococcus lactis strain. International Journal of Food 

Science & Technology. 2021;56(6):2853-2863. https://doi.org/10.1111/ijfs.14922 

18. Brandsma RL, Rizvi SSH. Manufacture of Mozzarella cheese from highly-concentrated skim milk microfiltration retentate depleted of whey 
proteins. International Journal of Food Science & Technology. 2001;36(6):611-624. https://doi.org/10.1046/j.1365-2621.2001.00507.x 

19. Lее W, Clark S, Swanson BG. Low-fat processed cheese food containing ultrahigh pressure-treated whey protein. Journal of Food 

Processing and Preservation. 2006;30(2):164-179. https://doi.org/10.1111/j.1745-4549.2006.00057.x 
20. Zhao C, Ashaolu TJ. Bioactivity and safety of whey peptides. LWT. 2020;134:109935. https://doi.org/10.1016/J.LWT.2020.109935 

21. Giangolini Gilberto, Amatiste Simonetta, Filippetti Francesco, Boselli Carlo, Fagiolo A, Rosati R. Chemical composition of " Ricotta 

Romana" cheese. Sci. Tecn. Latt. Cas. 2009;60:131-135. 
22. Lappa IK, Papadaki A, Kachrimanidou V, Terpou A, Koulougliotis D, Eriotou E. et. al. Cheese whey processing: Integrated biorefinery 

concepts and emerging food applications. Foods. 2019;8(8):347. https://doi.org/10.3390/foods8080347 

23. Dedenaro G, Costa S, Rugiero I, Pedrini P, Tamburini E.Valorization of Agri-Food Waste via Fermentation: Production of l-lactic Acid as 
a Building Block for the Synthesis of Biopolymers. Appl. Sci. 2016;6(12):379. https://doi.org/10.3390/app6120379 

24. Ganju S, Gogate PR. A review of approaches for efficient recovery of whey proteins from dairy industry effluents. Journal of Food 

Engineering. 2017;215:84-96. https://doi.org/10.1016/j.jfoodeng.2017.07.021 
25. Pirisi A, Comunian R, Urgeghe PP, Scintu MF. Sheep’s and goat’s dairy products in Italy: Technological, chemical, microbiological, and 

sensory aspect. Small Ruminant Research. 2011;101(1-3):102-112. https://doi.org/10.1016/j.smallrumres.2011.09.030 

26. Asensio CM, Gallucci N, Oliva MM, Demo MS, Grosso NR. Sensory and bio-chemical preservation of ricotta cheese using natural products. 

International Journal of Food Science & Technology. 2014;49(12):2692-2702. https://doi.org/10.1111/ijfs.12604 

27. Soda MEl, Madkor SA, Tong PS. Marschall Rhodia International Dairy Science Award Lecture. Adjunct Cultures: Recent Development 

and Potential Significance to the Cheese Industry. Journal of Dairy Science. 2020;83(4):609-619. https://doi.org/10.3168/jds.S0022-
0302(00)74920-4 

28. Tsisaryk O, Musiy L, Slyvka I, Molokus T. The development of cheese technology «Mozzarella» with the usage of different curdle ferments. 

Scientific Messenger of LNU of Veterinary Medicine and Biotechnologies. Series: Food Technologies. 2017;19(75):23-28. 
https://doi.org/10.15421/nvlvet7505 

29. Musiy L, Tsisaryk O, Slyvka I, Mykhaylytska O, Gutyj B. Research into probiotic properties of cultured butter during storing. Eastern-

European Journal of Enterprise Technologies. 2017;3(11),87:31-36. https://doi.org/10.15587/1729-4061.2017.103539. 
30. Prudnikov V, Lysenko H, Heida I, Leppa A, Bodnarchuk I. Substantiation of express technology in the production of cheese of the "Pasta 

Filata" group. Veterinary medicine, animal husbandry and environmental management technologies. 2020; 6: 70-74. 

https://doi.org/10.31890/vttp.2020.06.12. 
31. Martins S IF S, Jongen W M F, van Boekel Martinus A J S A review of Maillard reaction in food and implications to kinetic modeling. 

Trends in Food Science & Technology. 2000;11(9–10): 364 – 373. https://doi.org/10.1016/S0924-2244(01)00022-X. 

 
 

 

 

 

https://doi.org/10.1016/j.jenvman.2020.111240
https://doi.org/10.1590/1678-457X.0085
https://doi.org/10.1016/j.foodchem.2007.03.035
https://doi.org/10.1016/j.jff.2009.01.007
https://doi.org/10.1007/s00217-004-0950-1
https://doi.org/10.1002/1521-3803(20020901)46:5%3C321::AID-FOOD321%3E3.0.CO;2-V
https://doi.org/10.1002/1521-3803(20020901)46:5%3C321::AID-FOOD321%3E3.0.CO;2-V
https://doi.org/10.1016/j.foodres.2012.07.024
https://doi.org/10.1111/j.1745-4549.2006.00057.x
https://doi.org/10.1111/ijfs.12604
https://doi.org/10.3168/jds.S0022-0302(00)74920-4
https://doi.org/10.3168/jds.S0022-0302(00)74920-4
https://doi.org/10.15421/nvlvet7505
https://doi.org/10.15587/1729-4061.2017.103539


Технологія і безпека продуктів харчування / Technology and safety of food products 

 

 

Харчова наука і технологія / Food science and technology 55 Volume 16 Issue 4/2022 
 

АНАЛІЗ СИРІВ, ВИГОТОВЛЕНИХ ЗА БЕЗВІДХОДНОЮ ТЕХНОЛОГІЄЮ 
 

М. М. Самілик1, кандидат технічних наук, доцент, E-mail: maryna.samilyk@snau.edu.ua 

Н. В. Болгова1, кандидат сільськогосподарських наук, доцент, E-mail: natalia.bolhova@snau.edu.ua 

В. В. Вечорка2, доктор сільськогосподарських наук, професор, E-mail: victoriia.vechorka@snau.edu.ua 

Є. А. Самохіна2, кандидат сільськогосподарських наук, доцент, E-mail: evgeniya_samokhina@ukr.net 

О. Б. Кисельов3, кандидат сільськогосподарських наук, доцент, E-mail: oleksandr.kyselov@snau.edu.ua 
1Кафедра технологій та безпечності харчових продуктів 

2Кафедра розведення та селекції тварин та водних біоресурсів 
3Кафедра біохімії та біотехнології 

Сумський національний аграрний університет, вул. Герасима Кондратьєва, 160, м. Сума, Україна, 40021 
 

Анотація. Зростання дефіциту ресурсів та недостатнє споживання білкових продуктів більшістю світового 

населення сприяє раціональному використанню всіх ресурсів. Вторинна молочна сировина є джерелом білка і потребує 

обов’язкової переробки. Дослідження було спрямоване на розробку раціональної безвідходної технології переробки 

молочної сировини на сири з високою харчовою цінністю та низькою собівартістю. Для досліджень було виготовлено 

три зразки сирів: зразок 1 – на основі молока; зразок 2 – на основі підсирної сироватки (для зсідання використовували 

0,3% розчин лимонної кислоти); зразок 3 (карамельний) – із суміші молока та сироватки (без зсідання). Для визначення 

органолептичних, фізико-хімчних показників СИРІВ використовували стандартні методики. Харчову цінність 

продуктів розраховували за встановленими в процесі дослідження фізико-хімічними показниками (масовою часткою 

білків, жирів та вуглеводів). Запропонована безвідходна технологія може бути впроваджена в умовах будь-якої 

сироварні з виробництва м’яких та твердих сирів. Отримані із сироватки продукти дещо поступаються за 

амінокислотним складом, але мають відносно високу харчову цінність та органолептичні властивості, притаманні сирам 

виготовленим із молока. Застосування розчину лимонної кислоти для зсідання дозволяє знизити тривалість процесу на 

30 хв, збільшити вихід сиру на 5–7%. Оцінка органолептичних показників якості показала, що сир виготовлений із 

молока та сироватки практично не відрізняються. Сир виготовлений із молока містить найбільшу масову частку білків 

(17,2 г/100г) та жирів (20 г/100г), найбільшу кількість вуглеводів – сир на основі суміші сироватки та молока (49 г/100г). 

Сир виготовлений із сироватки, він має найменшу енергетичну цінність (88,14 ккал). Разом з цим, масова частка білків 

в цьому сирі вища, ніж у сирі виготовленому із суміші сироватки та молока (зразок 3). Результати дослідження 

амінокислотного складу показали, що всі сири мають однаковий якісний амінокислотний склад. За кількісним складом 

амінокислот найвищу біологічну цінність мають сири, виготовлені із молока. 

Ключові слова: безвідходна технологія, м’які сири, сирний продукт, харчова цінність, амінокислотний склад. 
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