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Аннотация. Введение. В данной работе представлена разработка рецептуры 

функционального хлебобулочного изделия, в которой используется концентрат пищевых 

волокон, полученный в результате ферментации апельсинового жмыха. Материалы и 

методы. В условиях современного рынка наблюдается растущий интерес к здоровому 

питанию, что создает потребность в разработке продуктов с повышенной питательной 

ценностью. Апельсиновый жмых, являясь источником растворимой клетчатки, пектинов и 

антиоксидантов, был выбран в качестве основного сырья, способствующего улучшению 

функциональных свойств хлебобулочного изделия. Результаты и обсуждение. Для 

составления банка данных для моделирования рецептуры хлебобулочного изделия выполнен 

качественный анализ полученного концентрата пищевых волокон: массовая доля влаги 

составила 9,5%, массовая доля белка – 6,2%, массовая доля жира – 0,4%, массовая доля 

пищевых волокон – 55,0%. Концентрат пищевых волокон характеризуется водосвязывающей, 

водоудерживающей и сорбционными способностями. Моделирование опытных образцов 

хлебобулочных изделий выполнялось с использованием программы Excel, надстройка «Поиск 

решения», функция цели – содержание концентрата пищевых волокон на уровне 30% от 

суточной нормы потребления. Органолептические показатели готового изделия указывают 

на положительное влияние используемой добавки. Заключение. По результатам физико- 

химических исследований установлено, что введение добавки обеспечивает снижение 

кислотности и способствует формированию более пористой и развитой структуры мякиша. 

При этом отмечается пониженное содержание углеводов и увеличение пищевых волокон в 

сравнении с контрольным образцом. 
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Abstract. Introduction. This paper presents the development of a functional bakery product 

recipe using a dietary fiber concentrate obtained by fermenting orange pomace. Materials and 

methods. In today's marketplace, there is a growing interest in healthy eating, creating a need for 

products with increased nutritional value. Orange pomace, a source of soluble fiber, pectin, and 

antioxidants, was chosen as the primary raw material to improve the functional properties of the 

bakery product. Results and discussion. To compile a database for modeling the bakery product 

recipe, a qualitative analysis of the resulting dietary fiber concentrate was performed: moisture 

content was 9.5%, protein content was 6.2%, fat content was 0.4%, and dietary fiber content was 

55.0%. The dietary fiber concentrate is characterized by water-binding, water-retaining, and 

sorption properties. Modeling of bakery product prototypes was performed using Excel's "Solver" 

add-in, with the goal being a dietary fiber content of 30% of the daily intake. Organoleptic 

properties of the finished product indicate a positive effect of the additive. Conclusion. 
Physicochemical studies revealed that the additive reduces acidity and promotes a more porous and 

developed crumb structure. Furthermore, a lower carbohydrate content and an increase in dietary 

fiber were observed compared to the control sample. 

Key words: functional bakery products, dietary fiber concentrate, orange pomace, 

fermentation, organoleptic properties, physicochemical studies, recipe modeling 
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Introduction. Current trends in the food industry are characterized by increased interest in 

healthy eating and improving product quality through the inclusion of functional ingredients. 

Dietary fiber (DF) is a key component of this type, attracting the attention of both technologists 

and consumers. Dietary fiber is currently most frequently used in confectionery and bakery 

production technologies, as its addition improves the organoleptic properties and texture of the 
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crumb. Bakery products with a high dietary fiber content include: whole grain bread, rye-wheat 

"Znatny" bread, premium products with wheat bran, and others. Various plant sources, such as 

grains, legumes, fruits and vegetables, and their processed products, are used as raw materials for 

obtaining dietary fiber [1]. 

For the rational use of resources, it is proposed to produce DF from by-products [2]. 

Among the promising sources of DF are citrus fruits, especially oranges. Orange pomace, which 

remains as a result of mechanical processing of raw materials during juice production, is a rich 

source of vitamins, macro- and micronutrients, phenolic compounds, antioxidants, pectin and 

other DF [3]. Pectin - A natural polysaccharide, pectin has a number of properties that affect the 

quality and functionality of baked goods. Firstly, pectin has pronounced hygroscopic properties 

and actively binds water. Therefore, adding pectin to dough promotes hydration and moisture 

retention in prepared and finished products, preventing staling and extending shelf life [4]. 

Secondly, pectin forms a gel when heated, improving the texture of bread and ensuring a more 

uniform texture. Thirdly, pectin is a source of soluble fiber and, thanks to its content, increases 

the nutritional value of baked goods. It improves digestion, accelerates the normalization of 

sugar levels, and lowers cholesterol. Due to its antioxidant properties, it protects the body from 

oxidative stress [5]. Also, adding pectin promotes better interaction of dough components during 

kneading, which leads to more effective gluten development. This improves the degree of dough 

fermentation and increases the final volume of the product. 

Optimal consistency of the dough stiffness achieved with pectin promotes a more uniform 

distribution of gas in the dough. 

The aim of the work is to develop a recipe for a functional bakery product using a dietary 

fiber concentrate obtained by fermenting orange pomace. 

Research materials and methods. The subjects of the study were a dietary fiber 

concentrate (DFC) obtained by fermenting orange pomace and samples of baked goods with 

added DFC. A straight-dough wheat bread production method was used as the initial recipe and 

control sample. 

The production of probiotics from orange pomace involved the biotechnological 

processing of the raw material with the Vegaferm starter culture (Bakzdrav, Russia). The 

composition of the probiotic cultures is represented by microbial strains. Lactococcus, 

Leuconostoc mesenteroides, Streptococcus and Lactobacillus [6]. The finished functional 

additive is characterized by a crumbly structure of vanilla color with a distinct citrus aroma. 

Technological scheme receipt DFC presented on Figure 1. 
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Figure 1. Technological scheme receipt DFC from orange pomace 
The chemical composition of the DFC was determined using generally accepted methods: 

protein content - by Kjeldahl (GOST 10846-91), fat - by Soxhlett (GOST 29033-91), dietary 

fiber - by the enzymatic-gravimetric method (GOST R 54014-2010), and moisture - by the 

accelerated method at 130 °C. The functional characteristics of the DFC were assessed by the 

kinetics and rate of swelling [7], as well as by water-holding capacity using centrifugation [8]. 

Modeling of experimental bakery product samples was performed using Excel and the 

"Solver" add-in. The target function was set at a DFC content of 30% of the recommended daily 

intake, which is equivalent to 6 g per 100 g of finished product (according to MR 2.3.1.0253-21) 

[9]. This amount of DFC, according to GOST R 52349-2005, imparts functional properties to the 

product. 

The process of making experimental bread samples included preparing ingredients, 

kneading dough, forming the dough pieces, proofing them, and subsequent baking (Fig. 2). 

 

Figure 2 - Structural flow diagram of wheat bread production using the sponge method 

The finished bakery products were assessed organoleptically and using generally accepted 

quality assessment methods: acidity according to GOST 5670-96, moisture – GOST 21094-75, 

porosity – GOST 5669-96, mass fraction of fiber – GOST 5672, ash content – GOST 26574-

2017, protein content – Kjeldahl method GOST 10846-91, fat content – Soxhlett method GOST 

29033-91. 

Research results and discussion. To compile a database for modeling bakery product 

recipes, a qualitative analysis of the obtained DFC was performed (Table 1). 

Table 1. Quality indicators of DFC made from orange pomace 

Name indicator Content, % 
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Mass share moisture 9.5 ± 0.03 

Mass share squirrel 6.2 ± 0.01 

Mass share fat 0.4 ± 0.01 

Mass share food fibers 55.0 ± 0.02 

A high dietary fiber content (55.0%) was noted in the orange pomace-derived DFC. The 

ratio of soluble to insoluble DF is an important factor for the functional properties of the 

additive. According to literature data [10-15], this ratio is higher for DFC obtained from citrus 

fruits, which has a particular impact on the viscoelastic properties of the dough. Therefore, to 

justify the choice of the additive used before formula modeling, an analysis of the functional 

properties of DFC-swelling capacity and moisture adsorption – was performed (Fig. 3, Table 2). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 - Dependence of the degree of swelling on time at 20˚C and 40˚C 

The orange pomace-derived DFC has a high swelling capacity: equilibrium moisture 

content is achieved after 60 minutes at 20 °C and after 30 minutes at 40 °C. Increasing 

temperature leads to a 1.2-fold increase in the degree of swelling of the DFC. To confirm these 

data, the swelling rate constant was calculated, and their reliability was confirmed by high 

determination coefficients (R² > 0.95) (Table 2). 

Table 2 – Physical and chemical properties of DFC from orange pomace 

Name indicator Results 

Degree swelling, ml/g 

20°C 
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40°C 

Moisture-retaining ability, % 69.15 

 

After conducting a comparative analysis with literature data on the rate constant swelling 

[7], it was established, What DFC from orange the cake is superior indicators wheat (2.3 And 

3.3 min ⁻ ¹ at 20 And 40°C (respectively) and sugar beet fiber (1.1 and 1.5 min ⁻ ¹ at 20 and 

40 °C, respectively). The results of water-holding capacity (69.15%) likely indicate a high 

content of polysaccharides in the DF composition, which form hydrogen bonds. Taking into 

account the obtained results, the functional properties of the obtained DFC are confirmed. The 

additive is characterized by water-binding, water-retaining, and sorption capacities, which will 

have a significant impact on the formation of the organoleptic properties of bakery products and 

will help preserve freshness and slow the staling process. 

The next step was modeling the bread recipe in the Excel program, based on the obtained 

quality indicators of the DFC (Tables 3, 4). 
Table 3 - Data Bank for Modeling the Recipe of a Bakery 

Name of raw materials Content, % Energy 

value, kcal/100g proteins fat carbohydrates food 

fibers 

Flour wheat (highest) variety) 10.8 1.3 69.9 3.5 334 

DFC 6.2 0.4 81.65 74.8 235 

Yeast suspension 13.5 1.0 10.0 0.0 85 

Table salt 0.0 0.0 0.0 0.0 0.0 

Total 10.9 1.5 66.1 6.0 230.5 

The final protein, fat, and carbohydrate content of the finished product should be: 

10.9% protein, 1.5% fat, 66.1% carbohydrates, and 6.0% dietary fiber. The specified energy 

value of the finished product is 230.5 kcal/100 g 

Table 4 – Balance equations 

Balance indicator Equations And restrictions 

Content squirrel 10.8 · X 1 +6.2 · X 2 +13.5 · X 3 

Content fat 1.3 · X 1 +0.4 · X 2 +1.0 · X 3 

Content carbohydrates 69.9 · X 1 +81.65 · X 2 +10.0 · X 3 

Carbohydrate content  (function goals) 3.5 · X 1 +74.8 · X 2 = 6 

Unit product X 1 + X 2 + X 3 + X 4 = 1 

Energy value 334 · X 1 +235 · X 2 +85 · X 3 

 

As a result, a bakery recipe was obtained using mathematical modeling that meets the 

specified requirements (content of the DFC at the level of 30% of the daily intake rate) products 

(Table 5). 

Table 5 – Recipes for bakery products with a functional additive 

Name raw materials Content, kg on 100 kg raw materials 

Flour wheat (higher variety) 87.6 

DFC 10.5 
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Yeast suspension 0.6 

Salt cooking food 1.3 

 

An important step in the development of new functional products is their organoleptic 

evaluation. The following quality indicators were considered: crust color, crust surface condition, 

crumb color, porosity structure, crumb rheological properties, aroma, flavor, and crumb 

chewiness (Fig. 4). 

The conducted scoring indicates a positive impact of the used DFC: an original taste and 

smell, elastic crumb with a golden hue and uniform porosity are noted. 

The physicochemical evaluation of the finished product was carried out in five replicates, 

the results are presented in Table 6. 

 

 Figure 4. Organoleptic characteristics of a bakery product with a functional additive 

Table 6. Physical and chemical properties of finished products 

Indicator quality Control 

sample 

Experienced 

sample 

Humidity crumb,% 41.0 44.0 

Acidity crumb, hail, Not more 3.0 1.6 

Porosity crumb, %, Not less 45.0 60.0 

Minerals substances (ash), g 1.4 2.1 

Food fibers, G 0.1 5.8 

Fat, G 0.7 0.8 

Proteins, G 10.3 8.9 

Carbohydrates, G 49.6 41.7 

Caloric content, kcal/100g 241.5 230.5 

The resulting bread sample exhibited reduced acidity and increased crumb porosity. This 

increased porosity is likely due to the addition of a soluble fiber supplement, which stimulates 

Control sample  Experienced  sample 

crumb chewiness 

crust 
color  

5 

4 

3 

2 
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0 
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flavor crumb color 

aroma 
porosity 
structure 

crumb rheological 
properties 
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yeast activity. Compared to the control sample, the new version's carbohydrate content decreased 

by 7.9 g, while the dietary fiber content increased by 5.7 g. 

The slight decrease in protein content is due to the chemical composition of the supplement 

used. 

Thus, extracting dietary fiber concentrate from orange pomace and integrating it into 

baking is a promising area of food biotechnology. This additive improves consumer quality 

indicators, ensuring the development of functional properties in the product. 
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