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ABSTRACT 
Sesame seeds are a functional food ingredient with vasoprotective, antioxidant, prebiotic, chondro- and osteoprotective 

characteristics. In this study, sesame seeds were used to enrich a cheese product. The dose, method and technological 

production stage of the cheese product in which to add sesame seeds were determined, in addition to the effect of sesame 

seeds on the product’s quantitative indicators. The nutritional value of sesame seeds, their total amino acid and fatty acid 

compositions and microbiological parameters were evaluated, depending on the method of the filler temperature treatment. 

The appropriate heat treatment method was holding the functional component in milk at 73 ±2 °C for 25 min, followed by 

cooling to 30 ±2 °C. Adding the filler into the cheese mass before moulding the cheese head was determined as the 

appropriate technological step to introduce the previously prepared sesame seeds. The cheese product was found to have 

the best sensory characteristics at the 3% sesame seed dose compared with the doses of 1% and 5%. The cheese product 

enriched with sesame seeds can be recommended as a functional product for systematic consumption without restrictions 

for all groups in a healthy population. 
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INTRODUCTION 
 One of the promising directions in the development of 

the dairy industry is the creation of functional products 

that provide food rations with nutrients and energy for 

improving physiological functions in various population 

groups (Gorlov et al., 2014). In the production of 

functional dairy products, plant raw materials (seeds, 

berries, fruits, vegetables and spices) are attractive 

ingredients that are nutritionally-valuable, primarily due to 

the specific combination of biologically active components 

(Klimenko et al., 2017; Kryuchkova et al., 2015). 

 At present, a healthy lifestyle and proper nutrition are 

gaining popularity. Followers of such a diet often add 

various seeds, for example, chia, flax, sunflower and 

sesame seeds (SS) to habitual dishes (Suprunova et al., 

2010). These additives and toppings positively affect the 

nutritional value of the dish and its benefits in general. Of 

great interest are SS because of their sweet taste, nut 

aroma and wide range of valuable macro- and 

microelements and vitamins (Sanzharovskaya, Sokol and 

Khrapko, 2018). 

Sesame (Sesamum indicum L.) is an oilseed plant that is 

grown everywhere in the East. In the countries of the 

Commonwealth of Independent States, sesame is grown 

mainly in India. SS are rich in manganese, copper and 

calcium, but also contain B vitamins and vitamin E 

(tocopherol) (Katserikova and Lipatova, 2009). Sesame 

exerts diverse health benefits attributed to the biologically 

active components, including phytosterols, tocopherols, 

polyunsaturated fatty acids and lignans. The main SS 

lignans are sesamin, sesamolin and sesaminol – a group of 

phenolic compounds of plant origin (Martinchik, 2011). 

Phenolic compounds exhibit pronounced antioxidant 

activity, bind heavy metal ions and serve as free radical 

acceptors (Kumar and Singh, 2015). When exposed to 

moderately high temperatures, sesamin and sesaminol are 

converted to a more powerful antioxidant – sesamol 

(Gerstenmeyer et al., 2013). 

 Research on the antibacterial activity of sesame lignans 

has revealed that the antimicrobial spectrum of sesamol, 

sesamolin and sesamin includes most pathogenic Gram-

positive and Gram-negative microorganisms (Kumar and 

Singh, 2015). Moreover, an in vitro fermentation study of 

sesaminol triglucoside by human intestinal microbiota 

showed a marked increase in the number of lactobacilli, 

enterococci and bifidobacteria, without stimulating the 

growth of Eubacterium rectale, Clostridium coccoides and 

Clostridium histolyticum (Zhu et al., 2013). 

 As a dietary component, sesame helps the blood vessel 

endothelium to restore its functional state. This action is 

due to the antioxidant activity of its lignans and vitamin E, 

as well as recovery of the blood lipid spectrum (Asgary et 

al., 2013). In addition, sesamin induces endothelium-

dependent vasorelaxation, which is one of the important 

mechanisms of the anti-hypertensive effect of sesame 

lignans (Nakano et al., 2006). 
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 Substantial evidence has been collated to suggest that 

sesamol has chemopreventative potential in vitro and in 

vivo (Majdalawieh and Mansour, 2019). When 

administered for 9 weeks in the diets (500 mg.kg
-1

) of 

mice with induced polyposis of the small intestine, 

sesamol reduced the number of polyps in the middle part 

of the small intestine to 66.1%, compared with the control 

group (Shimizu et al., 2014). Sesamol inhibited the 

synthesis of melanin in melanoma in mice by 63%, besides 

inducing apoptosis and limiting the proliferation of tumour 

cells (Kumar et al., 2011). This same bioactive compound 

demonstrated chondroprotective effects in IL-1β-induced 

inflammation in an osteoarthritis model in vitro (Kong et 

al., 2016). Sesamin, another major bioactive component in 

sesame, inhibited ROS-induced apoptosis of primary 

osteoblasts in the femoral head of rats (Deng et al., 2018). 

The stimulated differentiation of osteoblasts and inhibition 

of osteoclastogenesis, by sesamin has also been 

investigated (Wanachewin et al., 2017). 

 As exemplified by these cited experimental, clinical and 

epidemiological studies of the biological properties of 

bioactive SS components, sesame is a functional food 

ingredient that maintains the cardiovascular system and 

bone tissue and normalises the intestinal microflora and 

antioxidant activity. 

 In this context, it is valuable to investigate the effect of 

functional plant ingredients in the production of dairy 

products. Therefore, this study aimed to use SS to develop 

an enriched cheese product. 

 

Scientific hypothesis 

 We asumed that the dose, method and technological 

production stage of the cheese product in which the SS 

were added would have a significant effect on the quality 

of the cheese product. 

 

MATERIAL AND METHODOLOGY 
 Cheese product samples incorporated with different doses 

of SS were prepared, using various strategies to improve 

the nutritional and sensory qualities of the product. The fat 

mass-fraction was evaluated empirically by the Gerber 

method, as detailed in the Government Standard 

(GOST) R ISO 2446-2011:2012, which provides the mass 

fraction of fat. Briefly, milk was placed in the test bottle 

and centrifuged to separate the fat after dissolution of the 

protein with sulfuric acid, and the addition of  

a small amount of isoamyl alcohol. The value of the 

indicator was measured by the calibration of the test bottle. 

 The mass fraction of protein was determined by the 

Kjeldahl method, in accordance with GOST 34454-

2018:2019. In brief, the organic matter in the analysed 

product sample was mineralised by the addition of 

concentrated sulphuric acid in the presence of a catalyst. 

Ammonium sulphate was formed and converted to 

ammonia that was distilled into a boric acid solution and 

quantified by the titrimetric method for calculation of the 

protein mass fraction. 

 The mass fractions of moisture and solids were 

ascertained based on GOST R 8.894-2015:2016, using an 

Evlas-2M moisture analyser. An infrared 

thermogravimetric method to determine the mass fractions 

of moisture and dry matter was applied, which involved 

measuring the weight of the sample before and after it was 

dried under the infrared radiation. Sensory properties were 

assessed by a group of experts by adhering to the 

requirements of GOST R ISO 22935-2-2011:2011. 

Microbiological properties were analysed based on GOST 

32901-2014:2016. The amino acid content was determined 

by capillary electrophoresis using a Kapel-105M system. 

A deuterium lamp was applied as a light source in the 

system, and a diffraction monochromator with a spectral 

range of 190 – 380 nm and a spectral interval width of  

20 nm was used as a dispersing element. Fatty acids were 

determined on a Tsvet-164 gas chromatograph, using the 

polar liquid phase, polydiethylene glycol adipam. 

 

Statistic analysis 
 Statistical data were processed using the Statistical 

program (Statistica, version 6.0 (Dell, USA). The data are 

presented as averages. The differences between the 

samples were assessed using unpaired t-test. Correlation 

analysis with calculation of pair correlation coefficient, for 

establish the dependence of parameters was used. The 

significance of differences was determined by the 

Student's criterion (t). The level was considered significant 

at p ≤0.05. The study was repeated three times. 

 

RESULTS AND DISCUSSION 
 One of the most important steps in determining the 

quality of SS as a phyto-enriching component of a cheese 

product is the analysis of its chemical components. The 

quantitative analysis of the protein, fat and fatty acids were 

important because of their association with the potential 

contribution of SS to satisfying the physiological needs of 

these substances in the human body. After a series of tests 

using conventional methods, the nutritional SS values were 

obtained (Table 1). 

 From the data, it was evident that SS had a high content 

of vegetable protein and fat per 100 g of the product. The 

integration of plant-based bioactive ingredients in dairy 

products to provide a source of not only healthy fats but 

also dietary protein would allow creating complete 

protein-rich cheese products that are considerably cheaper 

compared with products consisting entirely of expensive 

animal protein. Due to its high nutritional value, sesame is 

used as a filler in various food products: sweets, bakery 

products, dairy products and others (Poddubny and 

Zhurbenko, 2019; Koneva et al., 2017; Ovchinnikov et 

al., 2016; Pashchenko et al., 2008). 

 For a deeper understanding of the value of SS in the 

formulation, the total content of amino acids and fatty 

acids was analysed. Amino acids are the “building” 

material for a healthy organism (Singelot et al., 2018) and 

structural, chemical units that form proteins, and, in turn, 

the structure of the tissues of the human body. The amino 

acids are important for the body because proteins play an 

essential role in all life processes. There are 20 essential 

amino acids. To construct the vast majority of human body 

proteins, all 20 amino acids are required in certain 

proportions (Lysikov, 2012). 
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Table 1 Nutritional value of sesame seeds, per 100 g. 

Indicator Value 

Weight fraction of fat, % 49.7 

Weight fraction of protein, % 19.7 

Weight fraction of carbohydrates, % 16.0 

incl. weight fraction of dietary fibre, g 5.6 

Weight fraction of minerals, g 3.8 

Weight fraction of moisture, g 5.2 

Calories, kcal 590.1 

 

 

Table 2 Total content of amino and fatty acids in sesame seeds. 

Acids Content, g.100g
-1 

Percentage of daily 

amount, % 

Proteins and amino acids   

Total protein content 19.70 ±0.3 25.6 

Essential amino acids 8.6 ±0.06 26.8 

Non-essential amino acids 11.03 ±0.1 16.2 

Fats and fatty acids   

Total fat content 49.7 ±0.4 56.4 

Unsaturated fatty acids: 41.1 ±0.2 66.7 

Monounsaturated fatty acids: 20.8 ±0.01 139.4 

Polyunsaturated fatty acids 20.2 ±0.4 101.8 

Saturated fatty acids 8.6 ±0.3 32.6 

 

 

Table 3 Microbiological properties of sesame seeds depending on the temperature-time modes of treatment. 

Indicator Weight of product 

(g), where not 

allowed 

Characteristic/Temperature (T)–time (τ) mode 

T = 65 ±2 °С 

τ = 25 min 

T = 73 ±2 °С 

τ = 25 min 

T = 85 ±2 °С 

τ = 25 min 

QMAFAnM, 

CFU/cm
3
 (g), not less than 

1 × 10
7
 2 × 10

6
 – – 

Listeria monocytogenes – – – – 

Enterobacter sakazaki – – – – 

Yersinia bacteria – – – – 

Mould, cfu per g 50 15 – – 

Yeast, cfu per g 50 12 – – 

Note: QMAFAnM: quantity of mesophilic aerobic and facultative anaerobic microorganisms. 
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 The human body’s capacity to conserve individual amino 

acids varies considerably, so the proportions of the amino 

acids needed in the diet to match their catabolic rates are 

not directly proportional to the composition of body 

protein. An imbalance in the amino acid composition of 

dietary protein leads to a disruption in the synthesis of 

body proteins and shifts the dynamic equilibrium of 

protein anabolism and catabolism towards the 

predominance of the breakdown of the body's proteins, 

including enzyme proteins (Stepuro and Khaprova, 

2010). The lack of an essential amino acid limits other 

amino acids being used in the protein biosynthesis. 

 Fatty acids form the basis of cell membranes and 

participate in the synthesis of the most important hormone-

like substances, so they are vital for the body. Correct 

results in analysing amino and fatty acid compositions 

depend on the reliability of the qualitative identification of 

the components analysed. The total content of amino acids 

and fatty acids is presented in Table 2. The percentage of 

the normal daily intake of protein and fatty nutrients was 

calculated for an average person aged 30 – 39 years, group 

II of physical activity, and provides for 2650 kcal of  

a daily diet (Federal Center for Hygiene and 

Epidemiology of Rospotrebnadzor, 2009). 

 A detailed analysis of the chemical composition of SS 

found that they contain a considerable amount of essential 

amino acids and unsaturated fatty acids. Essential amino 

acids include valine, phenylalanine, lysine, leucine, 

tryptophan, threonine, arginine, histidine, isoleucine and 

methionine. These amino acids are not synthesised in the 

human body or formed in insufficient quantities for 

sustaining a healthy life. Both types are essential for 

health. According to the FAO WHO (1974) 

recommendations, the daily requirement for essential and 

non-essential amino acids is 32 and 68 g.100
-1

g of protein, 

respectively. We found that 100 g of sesame protein 

accounts for 43.6% of the essential amino acids, which 

corresponds to 2.9% of the daily requirement. Unsaturated 

fats are divided into monounsaturated and polyunsaturated 

fats. In percentage terms, the unsaturated fatty acids 

accounted for 82.6% of the lipid portion of the seeds, 

composed by 41.8% monounsaturated and 40.8%, 

polyunsaturated fatty acids, respectively (Figure 1). 

 In the manufacture of dairy products, any ingredient 

added must be heat-treated, while preserving its nutritional 

value to the fullest extent, besides preventing the 

destruction of biologically active substances and all the 

necessary vitamins (Mazhaeva, Kozubskaya and 

Sinitsyna, 2017). The heat treatment is one of the most 

important steps in the technological food preparation 

process. Effective processing preserves the taste and 

nutritional characteristics of the product, destroys the 

pathogenic microflora and thus, ensures the sanitary and 

epidemiological safety of the product. 

 Raw peeled sesame seeds have a slightly bitter taste and  

a mild nutty flavor. Heat treatment positively affects the 

color change of sesame seed, enhances aroma, improves 

taste, improves digestibility. Seeds acquire the taste 

inherent in nuts. The known parameters of heat treatment 

of sesame seeds in the production of cottage cheese 

desserts 65 – 70 °C for 6 – 7 min (Katserikova, Solopova 

and Lipatova, 2011). We proposed various temperature 

treatments of SS in pre-warmed milk: 65 ±2 °C for 25 min, 

73 ±2 °C for 25 min and 85 ±2 °C for 25 min. After the 

treatment, SS were cooled to 30 °C. Then the 

microbiological properties and sensory qualities of the 

treated SS were determined (Table 3). The qualitative and 

quantitative compositions of the microflora of the product 

are of great importance for establishing its purity and 

sanitary condition. The microbiological control of the raw 

materials and finished products allowed us to timely 

identify the source of contamination of products with 

microorganisms that cause their spoilage, as well as judge 

the possible presence of foodborne infections and 

poisoning pathogens. 

 The temperature treatment of SS was followed by 

analysis of the microbiological properties that indicated 

their high rates at 73 ±2 °C for 25 min and no foreign 

microflora. Moreover, SS acquired a pleasant, pronounced 

taste of pasteurised milk, complemented by the sour-milk 

taste of the cheese base. When SS were processed in milk 

below this temperature, the cheese product was likely to be 

contaminated with microorganisms, such as mesophilic 

aerobic and facultative anaerobic microorganisms 

(MAFAnM), coliform bacteria, yeast and mould (fungi), 

which is not permissible in the cheese production. It was 

not economically feasible to apply the higher temperature 

of 85 ±2 °C for 25 min due to the destruction of the  

B vitamins and 30 – 50% decrease in their properties 

during heat treatment. Therefore, it was necessary to use 

the minimum temperature modes that ensured the 

destruction of foreign microflora of SS. 

 In the production of fortified dairy products, the method, 

process step and dose of adding plant materials into the 

base product are important. The experimental samples 

were developed according to the same technology and 

differed in the stage of manufacture when the SS treated at 

73 ±2 °C for 25 min were added into the product. To 

determine the method and technological stage of the SS 

application, two additional options were tested, followed 

by an examination of the sensory qualities of the cheese 

product. Sample I was added into the milk base before 

coagulation, that is, the coagulation process of the milk 

mixture was evaluated in the presence of SS. Sample II 

was added to the cheese mass before forming the head, 

that is, SS did not affect the coagulation of milk and, 

therefore, the quality of cheese grain. The results of the 

experimental study are presented in Table 4. 

 It was found that the SS added to the milk base before 

coagulation (Sample I) caused a part of the filler being lost 

with whey, which reduced the quality of the product, its 

nutritional value and functional efficiency. The emergence 

of seeds on the surface of the milk base led to economic 

loss in production. Adding the SS to the cheese mass 

before forming the head (sample II) was the appropriate 

approach. This method caused the SS to swell, soften, and 

become evenly distributed throughout the cheese mass. It 

also led to high sensory characteristics and eliminated the 

technological loss of SS. Studies are also known that 

confirm the effectiveness of making fillers in the cheese 

mass after the formation of cheese grain (Aravina and 

Arsenyeva, 2016; Ryabkova et al., 2011; Kharenko et 

al., 2010). 
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Table 4 Sensory characteristics of the cheese product of sesame seeds (SS) depending on the method of adding SS. 

Method of SS addition Appearance and 

consistency 

Taste and smell Colour 

Sample I 

SS were added to milk at  

73 ±2 °С, held for 25 min, cooled 

to 30 ±2 °С and added to the milk 

base until coagulated 

SS swelled, softened and 

floated to the surface of 

the milk base  

Moderately-expressed 

cheese taste, complemented 

with pleasant SS taste and 

aroma 

Milky-white, 

heterogeneous, 

interspersed with 

white SS 

Sample II 

SS were added to milk at  

73 ±2 °С, held for 25 min, cooled 

to 30 ±2 °С and added to the 

cheese mass before moulding the 

cheese head 

SS swelled, softened and 

distributed evenly 

throughout the cheese 

mass 

Moderately-expressed 

cheese taste, complemented 

with pleasant SS aftertaste 

and aroma 

Milky-white, 

homogeneous, 

interspersed with 

white SS 

 

 

Table 5 Sensory characteristics of the cheese product depending on the dose of sesame seeds (SS). 

SS weight 

fraction 

Appearance and consistency Taste and smell Colour 

Sample I 

(1% SS) 

Soft, spreading and slightly 

fluffy consistency, with single, 

white SS 

Clean cheese taste with a 

slightly pronounced flavour 

of SS 

Milky-white, with single 

interspersed white SS evenly 

distributed throughout the mass 

Sample II 

(3% SS) 

Soft, spreading and slightly 

fluffy consistency, with single 

SS 

Clean cheese taste with a 

pronounced SS flavour 

complemented by the cheese 

base 

Milky-white, with single 

interspersed white SS evenly 

distributed throughout the mass 

Sample III 

(5% SS) 

Soft, spreading and slightly 

fluffy consistency, with SS 

Cheese taste with a 

predominant pronounced 

flavour of SS 

Milky-white, interspersed with 

white SS distributed throughout 

the mass 

 

 
 Figure 1 Ratio between fatty acids and fatty part of sesame seeds, %. 

 

41.80% 

40.80% 

17.40% 

Monounsaturates Polyunsaturates Saturates
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 To determine the appropriate dose of SS, the cheese 

products were produced with a seeds weight fraction of 

1%, 3% and 5%. For this purpose, after being standardised 

by fat, milk was pasteurised at 72 – 75 °C for 2 – 3 min 

and cooled to 32 – 34 °C. Then, a culture (its composition 

contained Lactococcus lactis subsp. cremoris, Lactococcus 

lactis subsp. lactis, Leuconostoc mesenteroides subsp. 

cremoris and Lactococcus lactis subsp. Lactis biovar 

diacetylactis), CaCl2 and rennet were added. After 

thorough mixing for 15 min, the mixture was fermented at 

32 ±2 °C for 40 – 45 min until a dense curd formed and the 

whey separated. After cutting, the curd was gently 

kneaded, the whey was removed, and various doses of SS 

were added to the cheese mass. Then, the cheese heads 

were moulded by filling and self-pressing for 1.5 – 2.0 h, 

with turning every 15 – 20 min at 12 – 14 °C. Afterwards, 

the cheese heads were held in 10% salt brine at the same 

temperature for 10 – 12 h, and dried. The results are 

presented in Table 5. 

 According to the data obtained, it was found that Sample 

I and III did not have appropriate sensory characteristics. 

Addition of Sample I (1% SS) to the cheese mass led to  

a filler with weak flavour. Sample III (5% SS) had  

a cheese flavour with a predominant and strong specific 

seed flavour that not everyone would like. Sample II, with 

3% weight fraction of SS, was established to have the most 

balanced taste and smell. This sample had a clean cheese 

taste with a pronounced SS flavour that complemented the 

cheese base. Its sweetish, nutty flavour and aroma 

perfectly complemented the taste of the cheese base. 

Known studies of the dose of sesame in the production of 

dairy products (Titov et al., 2018). The authors of the 

studies also believe that with an increase in concentration 

of 3%, sesame flavor prevails, which was evaluated as 

extraneous and undesirable based on the objectives of the 

experiment. 

 

CONCLUSION 
 The study found that SS are a highly effective functional 

ingredient with high nutritional value and high content of 

essential amino acids and unsaturated fatty acids. The 

appropriate method of the heat treatment and technological 

stage of addition involved holding the SS in milk at  

73 ±2 °C for 25 min, cooling to 30 ±2 °C and adding to the 

cheese mass before moulding the head of cheese. The dose 

of SS was established as 3% of the filler. The cheese 

product enriched with SS can be recommended as  

a functional product for systematic consumption without 

restrictions for all groups of a healthy population. 
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