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Introduction 

Diabetes mellitus (DM) type 2 is one of the leading medical, social and 

economic problems in most countries of the world, which is determined by the high 

prevalence of the disease, the constant increase in the number of patients, the 

development of vascular complications, the need to provide specialized medical care. 

According to the International Diabetes Federation, there are currently 382 

million diabetes patients in the world aged 20-79 years, of which 85-95% are patients 

with type 2 diabetes. 

It is predicted that by 2035 the total number of patients with diabetes will 

increase by 55% and amount to 592 million people. According to the State Register 

of Patients with Diabetes, as of January 2019, there were 4.04 million people in the 

Russian Federation in terms of attendance at medical institutions: with type 1 

diabetes - 340 thousand and type 2 diabetes - 3.7 million. The actual number of 

patients with diabetes in 3-4 times more than the officially registered and amounts to 

9-10 million people (about 7% of the population). The social significance of diabetes 

is determined by its systemic vascular complications - nephropathy, retinopathy, 

damage to the great vessels of the heart, brain, peripheral vessels of the lower limbs, 

which are the main cause of disability and mortality in patients with diabetes. 

Type 2 diabetes is a progressive metabolic disease characterized by the presence 

of two fundamental pathophysiological defects: insulin resistance and impaired 

pancreatic β-cell function. Chronic hyperglycemia is involved in the pathogenesis of 

diabetic angiopathy, both directly and indirectly, initiating several biochemical 



processes, which include oxidative stress, excessive formation of end-products of 

glycosylation, an increase in the synthesis of diacylglyceride, etc. 

Main part 

At present, evidence has been obtained that postprandial glycemia plays an 

important role in achieving optimal glycemic control and reducing the risk of 

developing late vascular complications, which is associated with an increased risk of 

developing microangiopathy, an increase in carotid intima media, a decrease in 

myocardial blood volume and myocardial blood flow. A number of studies have 

demonstrated the close relationship of postprandial glycemia with the development of 

oxidative stress, inflammation and endothelial dysfunction. In this regard, the 

correction of postprandial glycemia is necessary in order to prevent diabetic 

complications. 

Diet therapy is considered as a necessary part of the treatment of type 2 diabetes 

in any case of drug-dependent glucose-lowering therapy . Dietary correction of 

metabolic disorders (hyperglycemia, hyperinsulinemia, insulin resistance, etc.) in 

patients with type 2 diabetes is achieved by eliminating from the diet rapidly 

absorbed refined carbohydrates and the use of specialized foods in the diet. 

Key aspects of the development of such products are meeting the physiological 

needs of the patient in food and biologically active substances, ensuring favorable 

metabolic effects of the functional ingredients included in the product, maintaining 

the traditional quality of the enriched product, adjusting the formulation of the 

product in order to level possible changes caused by the introduction of functional 

ingredients. Among the food ingredients, allowing correct the metabolic 

abnormalities in type 2 diabetes are modified maltodextrin, fructose sweeteners 

(xylitol, sorbitol, maltitol, isomalt, erythritol, etc.), Sweeteners (aspartame, sucralose, 

acesulfame potassium, stevioside), fructo soluble and insoluble dietary fiber (PT), as 

well as whey proteins, mono- and polyunsaturated fatty acids, biologically active 

substances (polyphenolic compounds: flavonols, catechins, etc.) 

The result of the research work (analysis of data on the impact of the 

modification of the carbohydrate profile and the use of innovative food ingredients of 



different chemical nature on the change of physicochemical, structural-mechanical 

and sensory characteristics of the developed specialized foods during storage) was the 

development of confectionery products for patients with type 2 diabetes - cookies, 

chocolate, cakes and pastries with a modified carbohydrate profile. Modification of 

the carbohydrate profile was carried out by including in its ingredient composition for 

flour confectionery products of soy flour instead of wheat, isomalt as a sugar 

substitute, the consumption of which leads to a smaller increase in postprandial 

glycemia compared to sucrose and glucose. 

In addition to cocoa liquor and cocoa butter, chocolate is one of the main 

ingredients in chocolate making. It is sugar that gives chocolate a unique sweet taste. 

Most manufacturers in the prescription composition put sugar in the first place, which 

can be seen on the label. 

According to surveys, the sugar content in chocolate is one of the main problems 

for consumers. The presence of high sugar content in foods is a hotbed of danger for 

people who are overweight and have serious illnesses. The variety of assortment of 

chocolate and all kinds of confectionery products are not useful for people with 

acquired diseases. According to statistics, the situation associated with the spread of 

diseases such as diabetes, is far from being the best. Currently, there are more than 

200 million people with diabetes, and every 10-15 years this number almost doubles. 

In Russia, the number of people suffering from this disease is 2.5 million, that is 2% 

of the country's population. 

Based on the urgent problem, recently, some manufacturers began to develop 

new technologies for the production of "right chocolate" and produce a full 

replacement of the ingredient, using various sweeteners and sugar substitutes instead 

of refined sugar. Such products are sold not in large hypermarkets, but in specialized 

health food stores, where an extensive range of healthy products and products is 

presented. In the Far East, most of these stores are located in the city of Vladivostok. 

However, in some stores of general accessibility, departments for diabetics are 

opened, where a small range of products is presented. Usually, on the packaging of 



such products you can see the inscription "without sugar" or "0% sugar." Of course, 

for people with high blood sugar levels, such a product is a good find. 

The taste of chocolate with sugar substitutes practically does not differ from the 

taste of ordinary chocolate. Modern experts do not recommend constantly replacing 

ordinary chocolate with sweeteners, if there is no need for it. One of the advantages 

of this chocolate is the minimum glycemic index, which allows you not to 

dramatically increase the level of sugar in the blood, which provides the possibility of 

including it in the diet of people suffering from diabetes. 

In the production of chocolate, sugar substitutes and intensive sweeteners are 

used, which in turn are divided into natural and synthetic. 

Stevioside is a glycoside that is obtained from the leaves of a South American 

stevia plant. This organic compound is known for its intense sweet taste and minimal 

glycemic index and caloric content, which makes it possible to use stevioside as a 

natural sweetener for people suffering from diabetes, hypertension, diseases of the 

gastrointestinal tract and obesity. Stevioside has a specific aftertaste, has a bitter taste 

that blends very well with the taste of dark chocolate. Due to thermal stability 

(destruction occurs at 190-200 ° C), such a sweetener can be used in the technology 

of chocolate production. 

Also popular are sweeteners sorbitol, isomalt, xylitol, lures, fructose. 

Isomalt or food additive E953, synthesized from sucrose. By sweetness, isomalt 

is reminiscent of sucrose (0.5 is sucrose sweetness), but is poorly absorbed in the 

intestinal tract, used as a sweetener in the manufacture of products for diabetics. 

Isomalt occurs naturally in sugar cane, sugar beet and honey. Isomalt is a low-calorie 

dietary supplement, 1 gram contains 2.4 kcal, and at the same time very nutritious, 

creates a feeling of satiety and satiety. It has a low glycemic index and avoids sharp 

fluctuations in blood sugar levels; is a probiotic product, has a beneficial effect on the 

human body. 

Isomalt gives the products volume, provides the required structure, so it is often 

used in the preparation of confectionery products: chocolate, caramel, ice cream, etc. 

The use of isomaltite in the confectionery industry provides significant technological 



advantages. Products with its content do not soften and do not stick to hands and 

equipment. 

Mannitol is a white, crystalline powder, resembling sugar in appearance and 

taste. Mannitol is sufficiently calorie, found in mushrooms and seaweed. Mannitol is 

used as a sweetener, emulsifier, thickener in glazes for ice cream and confectionery, 

chewing gum, butter, ice cream, baby food, candy fillings. 

Mannitol has a very low hygroscopicity, which is important when used in 

production, for example in coatings of candy or chewing gum. 

Sorbitol, registered as a food additive E420, is a hexaic alcohol with a sweet 

taste. A large amount of sorbitol is in mountain ash, and industrially sorbitol is 

produced from corn starch. Sorbitol is also a natural sweetener, which is almost 

completely absorbed by the body and differs markedly from synthetic substances 

with nutritional characteristics: the caloric content of sorbitol is 4 kcal / g of 

substance. Despite the pronounced sweet taste, sorbitol is not a carbohydrate, so that 

it can be eaten without harm to health for people suffering from diabetes. 

Xylitol or wood sugar or birch sugar is a natural sweetener of natural origin 

found in many fruits and vegetables. Unlike stevioside and other sweeteners, xylitol 

has almost no extraneous flavor, but is rather caloric. The glycemic index of xylitol is 

7, while sugar has a GI of 100. When eaten xylitol, the level of glucose in the blood is 

significantly reduced. 

Fructose is the most popular natural sweetener. As a substance of plant origin, 

fructose is present in its free form in many berries and fruits, as well as in honey. 

When taken in food, fructose does not cause a sharp increase in blood sugar and 

reduces insulin emissions, therefore it is allowed for use in patients with diabetes in 

moderate dosage. Fructose has no extraneous taste, it is sufficiently high-calorie 

sweetener, which should be considered for people suffering from obesity. 

The main sugar substitutes that can be used in the production of chocolate are 

stevioside, isomaltite, less often mannitol. Xylitol, sorbitol and fructose, by virtue of 

their hygroscopicity, cannot be used in the production of chocolate. Therefore, the 

work will be offered chocolate recipes using stevioside and isomatite. 



A full replacement of refined sugar with sweeteners and sugar substitutes is now 

very common. Recently, changes in the diet of the population in favor of “fast 

carbohydrates” have contributed to the development of an epidemic of obesity and 

diabetes, and the consumption of products containing sugar has become dangerous 

for the health of the population. In many countries, including Russia, there is a 

healthy lifestyle policy, “health days” are held, new products appear on the shelves, 

which are more close to the trends of proper nutrition. 

The use of sweeteners allows manufacturers to improve the composition of 

products, by fully replacing sugar with natural additives. Sweeteners not only have a 

lower calorie content, but with the right dosage, they can help to maintain health at 

the required level. Chocolate products using sweeteners are in demand among 

consumers with certain diseases, the level of which has recently become very high. 

Based on the existing problem, the creation of a new improved product based on 

sugar substitutes and using any additional flavoring ingredients would be appropriate. 

For the production of high-quality chocolate, you need to know all the 

information about the raw material base, as well as be ready to modernize traditional 

recipes and introduce new technologies. 

From the peel of citrus fruits get calorie-free sweetener and flavor enhancer - 

neohesperidin DS. Often used in concentrations of 400-600 times sweeter than sugar, 

although in fact it is 1500-1800 times. Its sweetening ability increases many times in 

combination with other sweeteners. 

Monosaccharides and oligosaccharides, saccharide alcohols and sweet 

substances of the non-saccharide type, starch hydrolysates, and also sweeteners of 

plant origin are among the natural sweet substances. 

Known from ancient times licorice is included in the group of natural 

sweeteners, has the popular name licorice sweet or licorice root. This is a perennial 

herb that is used for diseases of the upper respiratory tract. The chemicals that make 

up licorice, the most important of which is glycyrrhizin, determine the healing 

properties of its preparations. Glycyrrhizin is 50-100 times as much as sucrose in 

intensity of sweet taste. 



From the nectar of honeybee plants, a sweet syrupy substance is produced - bee 

honey, which contains 13–20% water, 75–80% carbohydrates, enzymes, organic 

acids, vitamins, and minerals. During storage, it crystallizes. Honey is a food for bees 

and a valuable human food. 

Maple sugar is obtained in the form of sap directly from the trees in the spring. 

When evaporated, a sweet syrup is formed. Of carbohydrates in maple sap is mainly 

fructose. In a number of countries, it is mined on a fairly large scale (several thousand 

tons) and is used mainly in the household for preparing gravies, sweet dishes, fritters 

and other culinary products. 

The sweet taste of the roots of the fern Polypodiumvulgare L has been known to 

people of Europe, Asia and America for more than a thousand years. From this plant, 

researchers were able to isolate a substance that has the structure of a steroid saponin 

and has a sweet taste. Its low concentration in raw materials (0.03%) makes its use 

unprofitable, but it surpasses sucrose in 3000 in sweetness. 

Recently, studies have been conducted to obtain sugar substitutes from natural 

proteins. Natural protein substance derived from the West African fruit catempha 

(thaumatococcusdaniellii), with a flavor-enhancing effect, thaumatin, resistant to 

freezing and drying, and an acidic environment. Taste thaumatin remains for a long 

time and has a taste of licorice, but is felt with a slight delay. When roasting and 

baking, the sweetness of thaumatin is somewhat weakened, but the effect that 

enhances the aroma remains unchanged. Thaumatins are synergized with artificial 

sweeteners, but have not yet become widespread due to insufficient thermal stability 

and incompatibility with a number of products. 

Taline is formulated on the basis of thaumatin. Currently, it is the sweetest 

substance, 35,000 times the sucrose flavor, which allows it to compete in industrial 

production. Thermolability is a negative property of talin and thaumatins. They are 

used in the production of canned fish, soy sauces, yoghurts, chewing gums, 

toothpastes and savory savory snacks, as well as other products]. 

Mirakylin was obtained from the fruits of Richardeladílcijica, the saccharide 

part of which is represented by glucose, fructose, mannose, xylose and galactose. It 



can be used as a flavor modifier (sour turns sweet), but it is not resistant to heat. The 

possibility of its use is limited]. 

At the end of the last century, the development of an industrial technology for 

producing a sugar substitute for a new generation, erythol, was started [10]. Among 

the specific features of the organoleptic characteristics of erythritol should be 

attributed to the appearance of its effect of "cool" associated with a sufficiently high 

absorption of heat when the compound is dissolved in water compared to sucrose. 

The question of the metabolism of erythritol in the human body is important, 

which, in particular, determines its energy value. As a result of numerous 

experimental studies, it was found that erythritol in the body is almost not absorbed, 

and therefore, the caloric content of erythritol is very low and ranges from 0 to 0.2 

kcal / g compared to 4 kcal / for sucrose. Physiological studies and clinical trials of 

erythritol have led to the important conclusion that its consumption does not lead to a 

shift in blood plasma levels of glucose and insulin. This opens up the possibility of 

including erythritol as an effective sugar substitute in the diet of patients with 

diabetes. 

Due to the unique combination of physicochemical and physiological 

characteristics, erythritol is becoming more widely used in baking many types of 

flour confectionery, where its introduction to the formulation allows, in addition to 

reducing the caloric content of products, to significantly improve their stability and 

increase the guaranteed timeframe for their implementation. 

Hemsleya, lippia, synsepalum, momoryka - plants containing compounds that, 

by sweetness, are hundreds and thousands of times more sucrose. However, 

commercial use is limited by the difficulty of harvesting, processing fruit, and 

toxicity. Lippia, in addition to the sweet component of gernandilcin, contains toxic 

camphor, and Hemsley contains cucurbicine, which is harmful to health. 

From tea leaves (Hydrangeamacrophylla), Japanese researchers obtained 

filodulcin - a sweet substance, sweeter than sucrose 200-300 times. Obtaining an 

analogue of this compound is described in 1978 



Perilaldehyde is found in Perillananmnensis plant oil, 12 times sweeter than 

sucrose. Perilartin (a derivative of this compound) is 2000 times sweeter than sugar, 

but has not found application in the food industry, since has high toxicity. 

There are other products that are not well understood. Among which 

ernandultsin, derived from the "sugar grass" grown in Mexico, is 1000 times sweeter 

than sucrose. Its consumption does not lead to obesity and is harmless in diabetes. 

Interesting also "sea" sugar, which is obtained from marine plants. Let out in the form 

of twigs of yellow-green color in size with a match abroad. 

Constantly growing interest in low-calorie and diabetic foods necessitates the 

search for equivalent sugar substitutes. The problem of the use of sweeteners is 

widely investigated by experts from the food industry, medicine, etc. And, given the 

requirements of a healthy diet, they give preference to sweeteners of natural origin. 

Сonclusion 

For replacement of refined sugar in the production of chocolate, natural sweetener 

stevioside and sweetener isomalt were used. The dosage of sweeteners and sugar 

substitutes is calculated using the coefficient of sweetness. Reducing the mass of raw 

materials when replacing sugar is compensated by an increase in the number of other 

components or the replacement of the share of sugar by other additives. 

During the marketing research, it was found that consumers are more likely to 

give preference to milk and dark chocolate. On this basis, chocolate based recipes 

were developed based on sugar substitutes: dark chocolate with sea salt and milk 

chocolate with cocoa nibs. 

The recipe development mechanism was conducted using the “Recipes for 

chocolate, chocolate products and cocoa powder” manual. The basis was taken 

unified chocolate recipes. The newly developed recipes update the range and 

contribute to the introduction of progressive consumption rates of raw materials. 

The use of sea salt lies in its rich natural composition, since it contains iodine of 

natural origin. 
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