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DETERMINING THE INFLUENCE
OF PHYTOEXTRACTS ON THE
QUALITY FORMATION OF
BAKERY PRODUCTS

The object of the study is the technology of bakery products using Clitoria ternatea extracts and establishing their impact on the
consumer characteristics of buns. The paper considers the possibility of using environmentally safe plant raw materials in the production

of food products.

One of the problem areas in the use of the extract is the sensitivity of Clitoria ternatea anthocyanins to technological influences (tem-
perature, acidity), color instability, specific organoleptic indicators of finished products and the impact on the physicochemical quality

indicators of the semi-finished product and the finished product.

During the study, Clitoria ternatea and Malva mauritiana extracts were used. It was found that the extract from Clitoria ternatea

has a significantly higher content of coloring substances at all levels of the hydromodule (0.5:50; 1.5:50; 2.5:50), which reflects a higher
concentration of pigments in the raw material or their higher solubility, therefore Clitoria ternatea extracts were chosen. Increasing the
concentration of flowers in the extract contributed to an increase in the content of polyphenols, flavonoids, a decrease in the acidity of the
extracts, the density of the solutions almost did not change. Replacing water with Clitoria ternatea extract in the technology of bakery
products contributed to a change in the physicochemical parameters of the dough and the finished product. The acidity of the dough
and the finished product increased, the humidity decreased, the porosity of the finished product decreased.

As a result of the study, a technology of bakery products was developed using an aqueous extract of Clitoria ternatea flowers (hy-
dromodulus 3.0:100), which provides a balance between technological and organoleptic properties. The samples had an exotic blue
color, demonstrated better microbiological stability compared to the control, and the study of friability confirmed a positive effect on

the preservation of crumb freshness compared to the control for 72 hours.
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1. Introduction

Actuality and problem statement. Today, bakery products remain an
obligatory component of the menu of Ukrainians. Despite the fact that
domestic bakery enterprises can offer buyers a wide range of products,
new products account for less than 5% of the total output. Therefore,
one of the promising tasks of the development of the bakery industry
is to expand the range of bakery products by mastering new technolo-
gies and recipes. In addition, restaurant establishments, supermarkets
are always interested in the high quality, freshness, sophistication and
exclusivity of the presented products, including bakery products.

The development of modern society and the high pace of life in
the last few years have significantly changed peoples attitude to their
own health and formed a new approach to choosing food products.
Choosing a particular product, the consumer seeks to obtain not only
the proteins, fats, and carbohydrates essential for the body, but also to
strengthen their health, increase the protective functions of the body.
Changes in consumer preferences of Ukrainians in recent years indi-

cate the effectiveness and expediency of expanding the range of bakery
products. The main directions of improvement are chosen taking into
account the popularization of a healthy lifestyle [1].

At the same time, in the modern world, nutrition is increasingly
perceived not as an act necessary to maintain life, but as an action that
brings pleasure and evokes emotions. The main group of substances
responsible for the attractiveness of food products are coloring sub-
stances. Natural dyes have long been an integral part of the usual human
diet, since they are consumed without harm to health [2]. This is due
to the fact that they contain biologically active components. Their use
allows not only to improve the appearance, give an attractive color, but
also to increase the biological and physiological value of food products.

Therefore, recently, many studies have been conducted on the use
of modern plant raw materials as natural dyes for the production of
various types of food products, including bakery products [3].

Natural dyes, one of which is the extract of Clitoria ternatea flowers,
have a number of advantages and disadvantages. They are environ-
mentally friendly and contribute to the formation of natural color of
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the product. However, on the other hand, their shade may depend on
various factors. The extraction process is complex and the coloring
properties may depend on the acidity of the medium, the effect of tem-
perature, storage time, and others. The studies [4, 5] are devoted to the
study of the process of extracting anthocyanins from Clitoria ternatea
flowers and the choice of extraction method. They extracted antho-
cyanins from flowers, studied their spectral characteristics, behavior
at different pH values, temperature treatment, and storage conditions,
and also measured antioxidant activity. The extraction methods (hot
water, organic solvents), the characteristics of ternates (polyacylated
delphinidin glycosides), their resistance to pH, temperature, and light
were compared. The possibilities of functional application as dyes and
antioxidants were considered [6]. It was found that hot-water extraction
is simple and safe for food applications. Ternates extracted from Clitoria
ternatea flowers are stable anthocyanins, especially under neutral condi-
tions. The use of these extracts has great practical potential, but requires
standardization of the extracts and additional research on photostability
and compatibility with complex food matrices.

Scientists [7] developed a technology for obtaining a powder dye
from Clitoria ternatea flower extract by spray drying using maltodex-
trin, starch and gelatin carriers. It was found that drying with malto-
dextrin in combination with gelatin allows obtaining a powder with
good stability and a longer shelflife, convenient to use as an ingredient.

The study [8] optimized the process of anthocyanin extraction from
dried Clitoria ternatea flowers using the microwave extraction (MAE)
method, determined the optimal extraction conditions, and proved the
potential of field pea flowers as a reliable source of anthocyanins.

Researchers [9] considered an alternative drying technology -
foam-mat drying - for encapsulation and stabilization of anthocyanins.
It was determined that foam-mat drying under optimal conditions (for
example, a certain drying temperature of ~ 80°C and an optimal % of
foaming agent) can provide high encapsulation efficiency and preser-
vation of the total anthocyanin content. Compared with spray-drying,
this method yields a powder with other technological properties (larger
particle size, worse solubility).

The possibility of using Clitoria ternatea in the development of
food products (drinks, jams, desserts, yogurts) was also investigated.
Some works describe the adaptation of recipes, color change when
adding sugar, acid. Researchers experimentally confirmed the pros-
pects of using the extract in various products, provided that technologi-
cal parameters (double emulsions) are selected to preserve color and
functionality, for anthocyanin delivery with higher stability [10]. The
authors confirmed that butterfly pea flower extract is a promising natu-
ral ingredient for creating healthier, antioxidant- and fiber-enriched
breakfast cereals produced by the extrusion method [11].

A series of experiments showed that probe ultrasonic extrac-
tion increased the yield of anthocyanins from biofilm coatings (BPF)
by 246.48%. Due to the wide spectrum of colors at different pH, BPF
anthocyanins are advantageous for food packaging, and their immobi-
lization in polymer matrices changes the physicochemical properties,
but retains the ability to effectively control the quality of perishable
products in real time [12]. It has been found that in sweet systems (muf-
fins, cupcakes) the colorant exhibits better stability. The use of the
colorant in protein and alkaline systems requires encapsulation, which
can extend the shelflife of baked foods [13, 14].

Studies of the quality of extracts were usually conducted on model
systems, the possibility of their use in the production of flour products,
in particular bakery products, requires separate studies. Optimal en-
capsulation systems for complex processes, such as baking, have only
been described, but have not undergone practical testing in production
conditions. The use of Clitoria ternatea extracts in the production of
bakery products is a promising direction, however, there are a number
of unresolved issues that hinder its widespread implementation. First
of all, the optimal doses of extract administration have not been suf-

ficiently studied. To simultaneously ensure a rich natural color and
pronounced antioxidant effect without a negative impact on the taste,
aroma and structure of the product. One of the key problems is the
instability of bioactive substances, in particular anthocyanins. They are
heat-sensitive and can be destroyed during baking, which reduces the
functional value of the product. Additional attention needs to be paid
to studying the effect of the extract on the sensory characteristics of the
finished product, including color, smell and taste. Also their impact on
consumer perception, since too intense or unusual coloration can be
a barrier to mass consumption.

The effect of this ingredient on microbiological stability and shelf
life of bakery products has not been studied, which is an important
aspect of safety.

Despite these unresolved issues, the use of Clitoria ternatea in bak-
ery products is advisable due to its natural properties. The extract is
a source of natural anthocyanins, which give the products an intense
color from blue to purple depending on the acidity of the environment.
This corresponds to the current trends of replacing synthetic dyes with
natural ones. In addition, anthocyanins have a pronounced antioxidant
activity, which can improve the shelf life of bread by slowing down
oxidation processes. They also have functional benefits, contributing
to the strengthening of blood vessels, improving metabolism and pro-
tecting cells from free radical damage. Products with the addition of
Clitoria ternatea have marketing appeal, as they meet the requirements
of functional nutrition and a healthy lifestyle. Their unusual color can
serve as a unique competitive advantage in the market. In addition, this
raw material opens up opportunities for creating innovative products,
in particular those that change color depending on the pH of the en-
vironment. This makes them interesting for the premium segment and
gastronomic experiments.

Without the use of innovations, it is almost impossible to make
a competitive product that would have a high degree of novelty. The use
of plant raw materials allows for expanding the range of food products.
It helps to improve their quality and nutritional value, provides antioxi-
dant properties and helps to reduce the glycemic index.

In today’s conditions, there is high competition in the bakery mar-
ket in Ukraine: we have a wide range of products with various taste
properties and nutritional value. The desire for a healthy lifestyle is
prompting consumers to be interested in the composition of the prod-
uct they consume. Today’s customers prefer pure organic baked goods
without synthetic preservatives. It is also worth noting that products
made by hand in craft establishments (coffee shops, confectioneries, and
fast food establishments) are gaining increasing demand.

There is a lot of data that in the conditions of modern life, it is im-
possible to adequately provide the body with all the nutrients necessary
to maintain its vital functions through traditional nutrition [15-18].
Both in Ukraine and in Europe, bakery products enriched with miner-
als and beneficial additives are becoming increasingly popular. Bread
of dietary and therapeutic and prophylactic directions attracts par-
ticular attention of buyers. According to World Health Organization,
in many countries and regions, there is a trend towards increasing the
use of plant-based substances. A study of the demand for medicinal
plants in a number of countries has shown that this market has sig-
nificant prospects for further development [19-21]. Plant raw materi-
als used to provide functional properties to bakery products can be
divided into groups. The first group includes non-traditional types
of flour (amaranth, buckwheat, lentils, chickpeas, peas, corn, millet,
sorghum, chestnuts, pumpkin flour). The second group includes fruit
and berry raw materials (berries, dried fruits, purees, powders). The
third group includes spices and aromatic herbs (oregano, thyme, basil,
cardamom, ginger, cinnamon, etc.). The fourth group includes seeds
and bran (flax, sesame, bran, chia, pumpkin seeds). The fifth group in-
cludes herbal supplements and phytoconcentrates (vegetable powders,
green plants, superfoods (maca, acai, moringa, spirulina), extracts of

s

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — No. 5/3(85), 2025



ISSN-L 2664-9969; E-ISSN 2706-5448

CHEMICAL ENGINEERING:
FOOD PRODUCTION TECHNOLOGY )

medicinal plants, tea extracts, extracts of Clitoria ternatea). The use of
various types of phytoresources in the production of bakery products
allows to give them functional properties and influence the quality
of human nutrition due to the mass consumption of bread [22, 23].

Clitoria ternatea is a species of flowering plant of the genus Clitoria
of the family Fabaceae. It is a relatively new product on the international
market. However, folk herbal medicine has preserved for posterity
the invaluable experience of the past in the use of Clitoria ternatea.
Aparajita, or Clitoria ternatea, is a well-known Ayurvedic plant and
is included in the Indian Medicinal Plants Database. Its blue flowers
are edible in Southeast Asian cuisine and have long been used there as
a natural food coloring [24].

The flower extract of Clitoria ternatea is rich in anthocyanins, par-
ticularly ternates, which give products a rich blue color. This colorant is
stable to high temperatures and has a long shelflife, making it attractive
to food manufacturers.

Clitoria ternatea extract is used to add color to a variety of food
products, including beverages, desserts, rice dishes, and confectionery.
Its ability to change color with changing pH allows for the creation of
products with unique visual effects.

In the United States, the extract of Clitoria ternatea has been ap-
proved by the Food and Drug Administration (FDA) as a food colorant
that does not require certification for use in various foods and beverages.

A similar effect is also exerted by Malva mauritiana. Malva mau-
ritiana is a perennial or biennial herbaceous perennial plant from the
mallow family (Malvaceae), which is increasingly attracting the atten-
tion of scientists and producers due to its nutritional, medicinal and
functional properties [25]. Malva mauritiana is a plant about 1 meter
tall, has purple-blue flowers with darker veins, which makes it attrac-
tive as an ornamental and food crop, the origin of mallow is Southern
Europe, North Africa [24].

Recent years around the world domestic and foreign scientists.
Many studies are being conducted to establish the possibility of using
modern phytoraw materials as plant dyes for the production of various
types of food products, since plants are the main source of flavonoids
and anthocyanins entering the human body with food [26-28].

In recent years, the number of scientific studies devoted to the study
of the possibility of using natural preservatives in food production has
increased significantly. As has been shown in numerous experiments,
natural preservatives, namely antioxidants, are very important for in-
creasing the safety of food products and extending their shelflife [29-32].

The strongest antioxidant properties are possessed by substances
that determine the color of plants. Analysis of works that highlight the
study of extracts Clitoria ternatea, shows that it contains flavonoids
and anthocyanins, whose physiological functions are extremely diverse
and important for reducing the risk of developing many common dis-
eases. Researchers [33, 34] have proven that extracts Clitoria ternatea
have a wide range of pharmacological effects, including antimicrobial,
antipyretic, anti-inflammatory, analgesic, diuretic, local anesthetic, an-
tidiabetic, insecticidal, and platelet aggregation inhibitory, and act as
natural antioxidants in the fight against free radicals.

However, the amount and properties of anthocyanins are signifi-
cantly affected by pH, temperature, light, and metal ions in the envi-
ronment, so their use in food requires additional research to create the
necessary conditions for their storage. Since during food processing,
food materials undergo heat treatment and must with stand storage
conditions and photostress, anthocyanins must have acceptable thermal
stability, photostability and storage stability. One method to increase
the stability of anthocyanins is copigmentation [35]. Therefore, sci-
entists have conducted studies on the stability of anthocyanins from
blue pea flowers in terms of their thermal stability, storage stability and
photostability. It was found that at temperatures above 50°C, partial or
complete degradation of anthocyanins from natural sources occurs,
which leads to a decrease in color intensity. Anthocyanins from flowers

Clitoria ternatea at an acidic pH of 3.6-5.4 they are stable in the range
0f 60-70°C. When the temperature exceeds 70 with the rate of degra-
dation of anthocyanins increases [5].

Other researchers have confirmed the finding that the degrada-
tion rate of anthocyanins from Clitoria ternatea flowers increases with
increasing temperature and under the influence of light [36]. The pres-
ence of benzoic acid in the extract extended the "stabilization period"
at 27 and 37°C. Since the blue color has a relatively high thermal stabil-
ity, this makes anthocyanins from Clitoria ternatea flowers suitable for
use as a natural food color in functional foods.

Studies have shown [37] that temperature and time factors affected
the extraction of phenolic compounds, antioxidant activity and physi-
cochemical parameters. Principal component analysis revealed ex-
perimental conditions that provided extraction with the highest level
of phenolics (40°C/30 min). The extract demonstrated antimicrobial
activity; protective effect against erythrocyte hemolysis; inhibition of
a-amylase, a-glucosidase and enzymes, inhibition of lipid peroxida-
tion, demonstrated the ability to absorb oxygen radicals; inhibition of
DNA strand breaks.

Currently, anthocyanin pigments are actively promoted all over
the world [38]. The main pigment in the flower of Clitoria ternatea
is delphinidin, the presence of which contributes to the stability of
the blue color of the plant flower extract at high temperatures. It is
this factor that determines the prospects of use Clitoria ternatea as
a raw material for obtaining a biologically active food dye and the pos-
sibility its use in baking. Studies by scientists have shown that the use
of the extract can help reduce the digestibility of starch, the glycemic
index (pGI) of flour by inhibiting carbohydrate digestive enzymes.
Foreign researchers [39] conducted in vitro studies with the addition
0f 0.5-2% (w/v) of the extract to different types of flour (wheat, rice,
starch) and found a decrease in the activity of pancreatic a-amylase.
A decrease in the content of rapidly digestible (RDS) and slowly digest-
ible (SDS) starch, as well as an increase in the content of indigestible
starch, was found. When adding 5-20% of the extract to wheat bread,
a significant decrease in the glycemic index (pGI) and the rate of starch
digestion was observed. Toxicological studies on rodents [40, 41],and in
vitro cytotoxicity analysis [42], as well as historical use of the plant, have
shown that Clitoria ternatea is safe for consumption at a dose of 500 and
1000 mg/kg body weight, has potent antibacterial activity and can be
used for the development of both functional foods and nutraceuticals.

Malva mauritiana is also a phytoraw material used as a decoration in
the confectionery industry, the extracts of which have coloring proper-
ties. Anthocyanins (malvin), flavonoids (quercetin, rutin), vitamins C,
E, f-carotene, minerals (calcium, potassium, iron) have been found in
mallow. Malva mauritiana is a promising phytoraw material for food
products, as it gives finished products a purple-blue color, has anti-in-
flammatory, antiseptic and softening properties, has a calming effect and
is unpretentious in cultivation [43]. Edible coatings with its extracts have
arecognized environmental effect, are an alternative for slowing down the
processes of moisture evaporation and mold growth in baked goods [44].

Thus, the analysis of recent studies and publications shows that
the properties of flavonoids and their extracts are of interest to manu-
facturers of fortified food products. It is also worth noting that food
establishments are striving to use natural plant raw materials and
functional food ingredients derived from them.

At the same time, the blue color of the Thai drink (obtained by
extraction from dried flowers of ) and the extract of Malva mauritiana.
It is determined by the presence of unique anthocyanins, which are in
a neutral environment in the quinoid form with other phenolic com-
pounds, is still little known in Ukraine. The main research in Ukraine
is aimed at studying the components of anthocyanin extracts as the
main bioactive components, the properties of which depend on pH,
temperature, light exposure, etc. Their potential as natural dyes in the
food industry has been emphasized [38].
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The enrichment of dairy products with Clitoria ternatea antho-
cyanins was investigated. An increase in antioxidant activity in yogurts
was found, and the possibility of using it as a functional component
was established [45].

Pharmacological aspects of the plant were also discussed in a re-
view article [46], such as antioxidant and cytotoxic activity, antidiabetic
activity, local anesthetic effect, gastrointestinal effect, anti-inflammatory,
analgesic, antipyretic activity, antihistamine activity, effects on learning
and memory, antidepressant, tranquilizing and sedative activity, anti-
convulsant and antistress activity, antiasthmatic activity, hepatoprotec-
tive activity and wound healing effect.

Researchers analyzed the content of phenols and anthocyanins in
different products — cupcake [13], noodles [47]. It was found that the
addition of Clitoria ternatea extract to muflins contributed to an in-
crease in protein and moisture content, and the inclusion of the extract
in the noodle formulation (20-30% w/w) resulted in an increase in
antioxidant activity and a decrease in strength and extensibility.

In [48], the use of Clitoria ternatea flower powder in the cookie
recipe was researched. The optimal concentration was found to be 6%,
since the products had the best organoleptic characteristics, and a re-
duction in bitterness during storage was observed due to the inhibition
of the formation of hydroperoxide in the cookies.

It was found [49] that the addition of (0, 5, 10, 15 and 20%, w/w) of
the extract to biscuits contributed to an increase in polyphenol content
and enhanced antioxidant activity, while reducing lipid peroxidation.

Research shows [50] that the leaves and flowers of Malva sylvestris
are the most commonly used parts of the plant and contain various
biologically active compounds such as flavonoids, mucilages, terpe-
noids, phenolic derivatives, coumarins, sterols, tannins, saponins and
alkaloids, which are responsible for anti-inflammatory, antimicrobial,
hepatoprotective, laxative and antioxidant activities.

Scientists have created a film made of corn starch and gum traga-
canth, enriched with Malva sylvestris flower extract (0.5-2%), which
works as a pH indicator — changes color depending on the freshness of
the fillet samples (under the influence of ammonium) [51].

Also [52] a composition based on Mallow (Malva sylvestris) seed
mucilage combined with S. boulardii postbiotics was considered as
a potential natural preservative for meat storage. The film exhibited
excellent antimicrobial and antioxidant activity, preserving the organo-
leptic properties of the product after 10 days at +4°C.

The possibility of using microencapsulation to stabilize antho-
cyanins, preserve color and bioactivity was also investigated, and the
prospects for using extracts as a natural blue dye and antioxidant in
food products, especially in baked goods, were established [14].

The problem of using plant raw materials is especially relevant for
Ukraine, where in conditions of radiation pollution, malnutrition, and
insufficient supply of vitamins and minerals, almost every resident
needs adaptogens, radioprotectors, and immunomodulators to maintain
health. The use of natural plant resources as sources of polyphenolic
compounds, which to a greater or lesser extent exhibit their antioxidant
activity, will allow not only to expand the range of bakery products, but
also to improve their chemical composition.

Therefore, given that bakery products are mass-produced products,
the use of Clitoria ternatea extract in their production will have a num-
ber of advantages. First of all, the extract of the flowers of this plant is
avaluable source of anthocyanins, which act as natural dyes, giving the
products an attractive blue or purple color depending on the acidity of
the dough. In addition to the aesthetic effect, Clitoria ternatea extract
has pronounced antioxidant properties, which slows down the oxida-
tion processes of fat components and reduces the intensity of product
rancidity, which has a positive effect on their shelf life. Anthocyanins
and other phenolic compounds of the extract are able to have a positive
effect on the human body, in particular, enhance antioxidant protection
and help reduce the negative impact of free radicals. In addition, the

innovativeness of the use of plant extracts opens up wide marketing
opportunities for manufacturers, because products with pronounced
beneficial properties are well received by consumers and can form new
niches in the bakery market. Thus, the use of Clitoria ternatea extract in
the production of buns will not only contribute to expanding the range
of functional bakery products, but will also allow influencing biological
processes in the human body through diet.

The aim of the research is to determine the properties of extracts
of Clitoria ternatea and Malva mauritiana for the purpose of their use
in bakery technology. The next stage is to improve the technology of
bakery products using aqueous extract of flowers of Clitoria ternatea.
The use of the extract gives the products an interesting blue color and
has a positive effect on human health, as it gives the products func-
tional properties.

To achieve the stated aim, the following objectives were set:

- determination of physicochemical properties of Clitoria ternatea

and Malva mauritiana flower extracts;

- toestablish the feasibility of using extracts of the studied raw ma-

terials in the technology of bakery products;

- to research the organoleptic and physicochemical properties of

finished products;

- to establish the effect of adding extracts of the studied raw mate-

rials on the shelfTife of bakery products.

2. Materials and Methods

The object of the study is bakery technology using plant extracts and
determining their influence on the consumer characteristics of buns.

The research was conducted at the Sumy National University, Lab-
oratory of the Department of Food Technology (Ukraine).

The work investigated the content of coloring substances in extracts
of Clitoria ternatea flowers and Malva mauritiana in aqueous solutions.
Clitoria ternatea flowers and dried Malva mauritiana flowers (rose-
stem) were used as a source of coloring substances.

The organoleptic and physico-chemical parameters of extracts from
Clitoria ternatea and Malva mauritiana flowers were determined using
standard methods:

- Dry matter (soluble) - DSTUISO 2173:2007.

— Titrated acidity - DSTU 4957:2008.

- Mass concentration of coloring substances - DSTU 3845-99.

Infusion was carried out at a temperature of 20 + 0.5°C, last-
ing 10 min. Optical density was determined on KFK-2 (photoelec-
tric concentration colorimeter, MedTech-Price) with a wavelength
of 315-630 nm, a working cell of 10 mm. Data processing and graphic
material construction were carried out in the OriginPro program.

Studies of extracts from Clitoria ternatea flowers were conducted
according to the following methods (Table 1).

Table 1
Methods for studying the properties of phytoextracts

Indicator name Regulatory document
DSTU 6045:2008
DSTU 4957:2008

DSTU 7261:2012

Active acidity, pH

Mass fraction of titrated acidity, ©

Density at 20°C, kg/m?

State Federal University
"Blueberries, fresh fruits”

TES (42U-6/37-232-96)

"Canadian wormwood grass"

Research on the content of anthocyanins in raw
materials in terms of cyanidin-3-O-glycoside, %

Research on the content of hydroxycinnamic
acids in raw materials, %

State Federal University
"Blueberries, fresh fruits"

Research on the content of polyphenolic com-
pounds in raw materials in terms of gallic acid, %

Content of tannins in raw materials (in terms
of tannins), %

GOST 24027.2-80

s
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The research materials included the ingredients of the bun recipe,
aqueous extract of Clitoria ternatea flowers, semi-finished dough and
finished product.

During the study, bakery products with the addition of extracts
of the studied raw materials were analyzed using standard, generally
accepted research methods.

Sample selection and preparation were carried out according to cur-
rent standards for bread and bakery products — DSTU 7044:2009 [53].
Sensory analysis was carried out using a scoring method using a group
of tasters who evaluated the samples according to established criteria,
in accordance with DSTU 9188:2022 [54].

The determination of titrated acidity was carried out by the alkali neu-
tralization method using an indicator according to DSTU 7044:2009 [53].
Determination of the moisture content of the dough and finished bread
was carried out by the express drying method on the Chyzhova device.
The friability and porosity of the finished bread were determined accord-
ing to DSTU 9188:2022 [54].

Microbiological indicators of the finished bakery products were
determined according to DSTU EN ISO 4833-1:2014 [55].

3. Results and Discussion

The study used Clitoria ternatea flowers (mass fraction of mois-
ture 10.2%) in the form of Anchan tea and dried Malva mauritiana
flowers (mass fraction of moisture 12.1%), which were collected and
dried in Ukraine in 2023.

Clitoria ternatea flowers and dried mallow blossom were respec-
tively filled with heated distilled water with a temperature of 60-70°C
(ratio 0.5:50, 1.5:50, 2.5:50) and stirred thoroughly to evenly moisten
the blossom. Extraction was carried out for 10 minutes. The obtained
extract was cooled for 45 minutes at room temperature and filtered.

Fig. 1 shows the dependence of optical density on the hydromodu-
lus (the ratio of the solid phase to the liquid): sample 1 (hydromod-
ule 0.5:50), sample 2 (hydromodule 1.5:50) and sample 3 (hydromod-
ule 2.5:50) in the wavelength range from 315 to 670 nm.

The abscissa axis in Fig. 1 shows the wavelength measured in nano-
meters (nm), which represents the different colors of visible light, from
ultraviolet (315 nm) to the red of the visible spectrum (670 nm).

The maximum absorption peak for the extract from Clitoria ter-
natea is in the range of 315-400 nm, followed by a sharp decline in
the range of 450-500 nm and a gradual increase to 550-590 nm and
a decline at 600-670 nm. This profile indicates the presence of acyl-
ated anthocyanins, particularly ternatein [56], characteristic of Clitoria
ternatea, with absorption maxima in the range (350-400 nm) and the
visible spectrum (520-580 nm), which is confirmed by stability at high
temperatures [57].

For the mallow extract, the maximum absorption peak is reached
in the range of 500-550 nm, with local maxima at 400-450 nm and
600-650 nm and a decline in the range of 600-670 nm. This profile
is typical for anthocyanins, in particular malvidin, characteristic of
Malva mauritian, with maxima at 520-540 nm, which corresponds to
ablue-green color [58].

The smaller peak at 400-450 nm indicates flavonoids, while the
peak at 600-650 nm may indicate degradation products of anthocya-
nins (quinoids).

The absorption bands differ in the stability of the pigments. For
clitoria, the peaks at 350-400 nm and 550-600 nm reflect thermostable
acylated anthocyanins which can withstand high temperatures of up
to 80-90°C, as confirmed by [57]. For mallow, the peak at 500-550 nm
is less intense due to degradation of the anthocyanins during ex-
traction, which is consistent with their instability at temperatures
above 50°C [58].

We analyzed the content of coloring substances in the extracts

(Table 2).
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Fig. 1. Dependence of the optical density of the extracts: 2 — extract from
Clitoria ternatea; b — extract from Malva mauritiana on the hydromodulus:
sample 1 — hydromodule 0.5:50; sample 2 — hydromodule 1.5:50;
sample 3 — hydromodule 2.5:50

Table 2

The content of coloring matter in extracts in terms of sulfuric acid cobalt

Content of coloring

substances, g/kg

Sample name
Extract from

Clitoria ternatea

Malva mauri-
tian extract

Extract sample 1 (hydromodule 0.5:50) 3.02 19.1
Extract sample 2 (hydromodule 1.5:50) 8.5 26.1
Extract sample 3 (hydromodule 2.5:50) 13.5 38.2

According to Table 2, it is seen that the extract from Clitoria ter-
natea has a significantly higher content of colorants at all levels of the
hydromodule. This reflects a higher concentration of pigments in the
raw material or their higher solubility. The increase in content for
both extracts with a hydromodule of 0.5:50 to 2.5:50 (4.5 times for
mallow and 2.0 times for Clitoria ternatea) confirms the effectiveness
of the higher solvent ratio, but the difference in growth rates (slow-
down for mallow) may indicate degradation of its pigments. In general,
the obtained data emphasize the advantage of Clitoria as a source of
dyes (the content of dyes in Clitoria ternatea extract is three times
higher than their content in mallow extract). Clitoria ternatea dyes do
not decompose and are more stable. Taking this into account, to improve
the technology of buns and give them special organoleptic and func-
tional properties at this stage, Clitoria ternatea flowers were selected.
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Clitoria ternatea is a promising medicinal and food plant that is widely
used in the food industry, in particular as a source of natural dye. The
chemical composition of Clitoria ternatea is extremely rich, the main
components are flavonoids and anthocyanins, among which the key
place is occupied by ternatein, an anthocyanin pigment that provides
arich blue color of flowers. This pigment shows a color change depend-
ing on the acidity of the environment: in an acidic environment, the
infusion of Clitoria acquires a purple or pink hue, which is a useful
property for creating innovative food products.

In addition to anthocyanins, clitoria contains flavonoids, in par-
ticular quercetin, kaempferol and myricetin, which have antioxidant
properties. Saponins have also been found in the flowers, which con-
tribute to emulsification and improve the bioavailability of other sub-
stances, alkaloids such as cliotides and apparatin, as well as cyclic
peptides — cyclotides, which have antibacterial, antifungal and immu-
nomodulatory effects. The plant also contains phenolic compounds
such as gallic and ellagic acids, which enhance antioxidant activity, as
well as water-soluble polysaccharides, which exhibit immunomodula-
tory properties.

Clitoria ternatea contains a significant amount of vitamins, in-
cluding vitamin C and f-carotene, as well as macro- and microele-
ments — potassium, magnesium, calcium, phosphorus, zinc and iron,
which makes it a useful additive to functional food products. Due
to this composition, extracts of Clitoria ternatea are actively used in
the production of culinary products, beverages, jellies, confectionery.
The extracts are also used in healthy and functional nutrition, where
not only the nutritional, but also the aesthetic and functional value
of the product is important. Anthocyanins, along with ascorbic acid,
are among the most important natural water-soluble antioxidants.
The peculiarity of anthocyanins is not only that they have the highest
solubility in water among the large class of flavonoids. They also have
a color that depends on pH. Therefore, anthocyanins are considered
the most important natural colorants that enrich products with op-
tional components [5].

Extraction of phenolic compounds from Clitoria ternatea flowers
was carried out in accordance with the recommendations presented
above. Since the color saturation of the crumb of a baked product de-
pends on the color saturation of the extract, aqueous extracts were in-
vestigated to establish the required color intensity of the baked product
Clitoria ternatea in ratios: 0.5:50, 1.5:50, 2.5:50. The finished extracts
had a characteristic smell, taste and color. With increasing concentra-
tion in the finished extracts, a color change from light blue to dark
sapphire was observed. Due to the high amount of extracted anthocya-
nins from the raw materials (70-80%), the applied technology can be
considered effective.

The results of determining the physicochemical parameters of ex-
tracts from Clitoria ternatea flowers are presented in Table 3.

The obtained data indicate a decrease in both the active and ti-
trated acidity of the extracts, which is probably connected with the
beneficial properties of the extract and the interaction of acids with
other compounds. With an increase in the concentration of flowers in
the extract, the content of polyphenols, flavonoids and other substances
increases, which can interact with organic acids, forming complexes
that reduce their free acidity. An increase in the amount of raw materi-
als used leads to an increase in the content of dry substances, but the
density of the solution almost does not change. Since Clitoria ternatea
flowers are a source of coloring substances, polyphenols, anthocyanins,
increasing its dosage in solutions for preparing extracts contributes
to an increase in the amount of these substances in extracts, which is
confirmed by studies (Table 2).

The choice of the dosage of the dye for the production of a bakery
product depends on the desired color and the required intensity of
color, as well as on the physicochemical properties of the product.
A test baking was carried out, where 100 g "Miska" bun made from
high-grade wheat flour was used as the control sample [59]. The dough
was prepared using a single-phase method. Instead of the traditional ad-
dition of water, aqueous extracts of various concentrations were used,
as a result of which it was found that their use has a positive effect on
the conduct of the technological process.

The preparation of buns in a single-phase method using the extract of
Clitoria ternatea involves the preparation of the recipe components: sift-
ing flour, sugar, melting margarine. Clitoria ternatea extract was prepared
by steeping dried flowers in hot water at a temperature of 60-70°C for
10 minutes, followed by cooling to a temperature suitable for incorpora-
tion into the dough. Next, the dry ingredients (flour, sugar, salt) were
mixed, yeast, margarine, and extract were added, and the dough was
kneaded until a homogeneous and elastic mass was formed. The dough
was left to ferment for 60-90 minutes at a temperature of about 28-30°C,
during which it increased in volume by 2-2.5 times. After fermentation,
the dough was divided into pieces weighing 110 g and formed into round-
shaped blanks, laid out on sheets and left to rise for 40-50 minutes at
atemperature of 35-37°C and a relative humidity of 75-80%. Baking was
carried out in an oven at a temperature of 180-200°C for 10-15 minutes.
Under the influence of high temperature, the crust acquired a brown
color, the crumb of the buns had a pleasant blue tint, which gave them
a special appeal. The finished products were cooled to a temperature of
20-25°C and packed in polypropylene bags for storage. The recipe for
buns using clitoria extract is presented in Table 4.

Therefore, the use of Clitoria ternatea extract in the production of
buns is advisable, as it gives the products a natural color, increases their
antioxidant activity, slows down the processes of rancidity, improves
organoleptic characteristics, and increases the marketing attractiveness
of the finished product.

The analysis of physicochemical parameters is presented in Table 5.

Table 3
Physico-chemical quality indicators of extracts from Clitoria ternatea flowers
Aqueous extract
Indicator Raw
0.5:50 1.5:50 2.5:50
Active acidity, pH - 7.0+0.03 6.8 +0.07 6.6+0.03
Study of the mass fraction of titrated acidity of extracts, ° 2.1£0.146 0.9 £0.013 0.15+0.0163 0.2£0.0125
Soluble solids analysis, % - 0.1 £0.0082 0.7 £0.021 0.8 £0.022
Density at 20°C, kg/m3 - 1.016 £ 0.0025 | 1.016 £0.0025 | 1.017 £ 0.0026
Research on the mass concentration of coloring substances, g/dm? - 19.1£0.03 26.1£0.03 38.2£0.032
Rescarch on the content of anthocyanins in terms of cyanidin-3-O-glycoside, % 0.14 £0.0013 | 0.043 £0.0013 | 0.06 +0.0031 0.12 £0.0025
Research on the content of hydroxycinnamic acids in raw materials, % 0.12+0.0013 | 0.013£0.0013 | 0.035£0.0013 | 0.069 £ 0.0022
Res‘earc}.l or; the content of polyphenolic compounds in raw materials in terms of 047 +0.0053 | 0.017+0.0014 | 0.075+0.0025 | 0.19 +0.0058
gallic acid, %
Research on the content of tannins in raw materials in terms of tannins, % 2.63+0.029 | 0.07+£0.0023 1.24£0.018 1.38 £0.037
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Table 4
Recipe for buns using Clitoria ternatea extract
igedinss | |G | (oo | (o)
Top-grade wheat flour 100.0 100.0 100.0 100.0
Clitoria ternatea extract 70.0 70.0 70.0 70.0
Pressed baker’s yeast 1.3 1.3 1.3 1.3
Salt 1.5 1.5 1.5 1.5
Sugar 6.0 6.0 6.0 6.0
Margarine 2.5 2.5 2.5 2.5
Table 5

Physico-chemical properties of dough and finished product
with Clitoria ternatea extract

Indicator Control Sample 1 Sample 2 | Sample 3
sample | (1.0:100) | (3.0:100) | (5.0:100)
Physico-chemical properties dough
Humidity, % 440+05 | 43.7+04 | 43505 | 428+0.6
Acidity, degrees | 0.9 0.1 0.9+0.1 1.1+0.1 1.2+0.1
Physico-chemical properties buns
Humidity, % 435+05 | 43.2+05 43.0+0.5 | 424%05
Acidity, degrees | 0.8 0.1 0.9£0.1 0.9+0.1 0.9+0.1
Porosity, % 73+2 72%2 70+2 682

Replacing water with Clitoria ternatea extract contributes to a slight
change in physico-chemical indicators. The acidity of the dough and the
finished product increases, the humidity decreases slightly. The nature of
the porosity also changes, it becomes smaller, the quantitative indicator
of porosity decreases slightly.

The finished products had good organoleptic characteristics. With
increasing concentration of aqueous extracts, an increase in the satura-
tion of the blue color in the crumb of the products was observed. The
obtained samples had uniform, well-developed porosity and elastic
crumb. No foreign odor or taste was observed (Fig. 2).

Based on the data obtained, a pleasant blue color and the required
color intensity for the new bakery product were achieved at aqueous
extract concentrations 3.0:100. With decreasing extract concentration
the desired intensity of blue is not achieved, with an increase — the
product becomes excessively dark in color, the volume of the product
decreases slightly andits cost price increases.

Fig. 2. Appearance of finished bun samples:
a - control without adding extract; & — sample 1 (1.0:100);
¢ — sample 2 (3.0:100); 4 - sample 3 (5.0:100)

Sensory analysis was performed after cooling the finished prod-
ucts after 4 hours, which provided optimal conditions for evaluating
organoleptic indicators.

The organoleptic profile of the samples (Fig. 3) reflects the average
scores for all indicators. The profile allows for a visual assessment of the
strengths and weaknesses of each sample.

The control sample demonstrated the classic characteristics of
a bunmade using the traditional method. The appearance was attrac-
tive: the product had an even, rounded shape without cracks, with

a smooth surface. The crust had a golden-brown hue, evenly colored.
The crumb was light cream in color, homogeneous, without visible
inclusions. The smell was pronounced bready, with light sweet notes
characteristic of a bakery product. The taste was harmonious, with
moderate saltiness and sweetness, without foreign aftertastes. The
structure of the crumb was distinguished by uniform medium poros-
ity, high elasticity and softness. The crust was thin, crispy, without
excessive hardness.

A%pearance
15 The color of the
Crust texture _~2 crust —e—Control
—e—Sample 1
Crumb sirocture The color of the —o—Sample 2
crumb
\\ —e—Sample 3

Fig. 3. Profile of the results of sensory analysis of samples

Sample I had characteristics close to the control, but with minor
differences due to the addition of the extract. The appearance remained
attractive, with an even shape and a smooth surface. The color of the
crumb was light cream with a delicate blue tint, which added to the
aesthetic appeal. The smell retained a bready character, but light herbal
notes appeared, associated with the flavonoids of the extract. The struc-
ture of the crumb remained uniform, the crust was crispy, but slightly
thicker compared to the control sample.

Sample 2 was distinguished by an optimal balance of organo-
leptic indicators. The appearance of the bread was aesthetically at-
tractive: the shape was even, the surface was smooth, the crust had
a distinct golden hue. The crumb had a pronounced pale blue color,
uniform, without spots or inclusions. The smell combined a bread
aroma with moderate herbal and floral notes associated with the
extract. The taste was rich, with a light herbal aftertaste, which was in
harmony with the traditional bread taste. The structure of the crumb
was soft, with uniform fine porosity. The crust remained crispy with
a pleasant texture.

Sample 3 had noticeable deviations from the control sample. The
appearance remained satisfactory. The crust had a rich golden color
with a blue tint, which seemed unnatural to some tasters. The crumb
was dark blue, which affected the perception of the product as tradi-
tional bread. The smell was characterized by pronounced herbal notes.
The taste had a noticeable herbal aftertaste. The structure of the crumb
was dense, with fine porosity. The crust was thicker and less crispy. The
bun had a smaller volume.

The microbiological stability of the buns was evaluated to confirm
the possibility of extending the shelflife to 10 days due to the antimi-
crobial properties of the Clitoria ternatea extract. The analysis was
performed after manufacturing and after 3, 7, and 10 days of storage at
a temperature of 20 £ 2°C and a humidity of 75 + 5%. The results of the
microbiological analysis are given in Table 6.

The results of microbiological analysis indicate that samples 2
and 3 demonstrate improved microbiological stability compared to
the control sample. Due to the antimicrobial action of anthocyanins,
flavonoids and phenolic acids, this sample provides a reduction in
the growth of mesophilic aerobic and facultative anaerobic micro-
organisms on the 8th day of storage. This allows to achieve a shelf
life of 6-7 days that are 1-2 days exceeding the expiration date of
the control sample. By microbiological indicators, the obtained data
confirm the effectiveness of Clitoria ternatea extract.in extending the
shelflife of a bun.

Phenolic compounds are the key to the antimicrobial and antioxi-
dant properties of the aqueous extract of Clitoria ternatea flowers and
play an important role in extending the shelf life of bakery products
using it (Table 7).
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Table 6
Microbiological indicators of bread with Clitoria ternatea extract, CFU/g
Indicator Day Control sample Sample 1 Sample 2 Sample 3
0 < 10? < 10? < 10? < 10%
Mesophilic aerobic and faculta- 3 102 102 < 10? <102
tive anaerobic microorganisms 7 3 S S
( M AF AM) 7 10 10 10 10
10 10* 10 103 10°
0 <10 <10 <10 <10
<10 <10 <10 <10
Molds mushrooms
7 10? 10% <10 <10
10 10° 10? 107 10%
Escherichia coli bacteria 0-10 Not detected Not detected Not detected Not detected
Staphylococcus aureus 0-10 Not detected Not detected Not detected Not detected
Salmonella 0-10 Not detected Not detected Not detected Not detected
Table 7 A further challenge in the application of Clitoria ternatea extracts

Analysis of crumb friability of buns with Clitoria ternatea extract compared
to the control sample

Duration storage of the finished product
Indicator
Day 1 Day2 Day 3
Crumb friability, %

Control sample 1.15 1.30 1.43
Sample 1 1.15 1.25 1.40
Sample 2 1.14 1.22 1.36
Sample 3 1.14 1.20 1.34

The results of the crumb friability study indicate a positive effect
of the flower extract on maintaining the freshness of the crumb during
storage and slowing down the staling of the finished product compared
to the control over 72 hours.

Thus, the analysis of the properties of the extract from the flowers
of Clitoria ternatea and the possibility of its application in the pro-
duction of bakery products allows improvement of their consumer
properties. The finished product contains phenolic compounds, an-
thocyanins, antioxidants, saponins, which are lacking in flour systems.
As aresult of the addition of the extract, original, high-quality products
are obtained that have an extended shelflife.

These products have marketing appeal, as products using Clitoria
ternatea extracts are trendy in the functional and premium product seg-
ment, as they have a bright and recognizable color. The color can change
at different pH, giving the products new sensory properties. In addition,
the anthocyanins of the extract contribute to strengthening blood ves-
sels, improving metabolism and protecting cells from free radicals.

Clitoria ternatea anthocyanins are heat-sensitive, but there is not
enough research on their preservation at high temperatures.

The interaction of Clitoria ternatea extracts with the main struc-
tural and biochemical components of dough, particularly the protein-
gluten complex, enzymatic systems, and minor ingredients, has not
been sufficiently studied. Such interactions may significantly influence
the rheological behavior of dough, including water absorption capacity,
elasticity, viscosity, and gas-holding ability, which in turn directly affects
the technological properties during fermentation and baking. More-
over, the incorporation of bioactive compounds, such as anthocyanins
and polyphenols, could potentially interfere with enzymatic reactions
in the dough system, altering starch hydrolysis, sugar availability for
yeast fermentation, and the dynamics of crust formation during baking.
These processes may lead either to improvements in nutritional and
functional properties of bakery products or to undesirable changes in
texture, volume, and sensory characteristics.

lies in the absence of standardized technological parameters for their
production and use. At present, no universally accepted requirements
exist regarding extract quality, anthocyanin concentration, stability, pH
range, or solubility in aqueous food systems. Variations in raw mate-
rial origin, processing methods, and storage conditions can result in
significant fluctuations in extract composition, thereby complicating
their integration into bakery technologies. Standardization is therefore
necessary to ensure reproducible technological performance and con-
sistent product quality.

The use of Clitoria ternatea extract in the production of bakery
products is promising, but the results of the studies depend on the
conditions of extraction, dosage, and technological parameters of the
technological process. The main limitation is the thermolability of an-
thocyanins and the effect of the extract on the structure of the dough,
which makes it difficult to reproduce the results on an industrial scale.
Further research should be directed towards improving the stability
of anthocyanins, optimizing processing regimes, developing encapsu-
lated forms of the extract, and studying their impact on the quality and
consumer properties of the finished product to standardize produc-
tion processes.

From an industrial perspective, the economic feasibility of em-
ploying Clitoria ternatea extracts in large-scale bakery production
remains largely unassessed. No comprehensive cost-benefit analyses
have yet been performed to evaluate the financial implications of re-
placing or supplementing conventional ingredients with such extracts.
Key issues include the potential increase in raw material costs, the
effect on production efficiency, and the impact on the final retail price
of the product. Equally important is the question of consumer accep-
tance and willingness to pay for bakery products enriched with exotic
botanical extracts. While health-conscious and innovation-oriented
market segments may demonstrate interest, broader consumer demand
will likely depend on balancing enhanced functional and sensory quali-
ties with accessibility.

4. Conclusions

1. The study of the physicochemical properties of the extracts
showed that the extract of Clitoria ternatea, in comparison with the
extract of mallow, has a rich composition of bioactive compounds:
anthocyanins 0.04-0.12%, coloring substances 26.1 g/dm?, polyphe-
nolic acids 0.075%, hydroxycinnamic acids 0.035%. The extract has
a slightly acidic environment with pH 6.6-6.8, which provides antimi-
crobial activity against mold fungi Aspergillus, Penicillium and bacteria
Bacillus subtilis. Its dark blue color and neutral taste with a slight sour-
ness make it suitable for baking.
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2. It was found that the extract from Clitoria ternatea flowers
has a significantly higher content of coloring substances at all levels
of the hydromodule, which reflects a higher concentration of pig-
ments in the raw material or their higher solubility. The increase in
the content for both extracts (Clitoria ternatea and Malva mauritiana)
with a hydromodulus from 0.5:50 to 2.5:50 (4.5 times for mallow and
2.0 times for Clitoria ternatea) confirms the effectiveness of the higher
solvent ratio, but the difference in growth rates (slowing down for
mallow) indicates the degradation of its pigments. The obtained data
emphasize the advantage of Clitoria ternatea as a source of dyes and
anthocyanins (the content of dyes in the extract of Clitoria ternatea is
three times higher than their content in the extract of mallow). The
pigments of Clitoria ternatea do not degrade and are more stable.
Therefore, the use of extract of Clitoria ternatea in the production of
buns is appropriate and will provide them with special organoleptic
and functional properties.

3. By organoleptic evaluation, it was established that the optimal
concentration of Clitoria ternatea extract for use in bread technology
is 3.0:100. This concentration provides a balance between the techno-
logical properties of the dough and the organoleptic characteristics of the
product, giving the crumb a delicate blue color and a harmonious taste.

The effect of Clitoria ternatea extract on the physicochemical prop-
erties of the dough and the finished product was studied. It was found
that with an increase in the concentration of the extract, the moisture
content in the dough decreases by 0.1-0.2%, and the acidity increases
by 0.1-0.2 degrees. The physicochemical properties of the finished
product do not undergo significant changes compared to the control,
moisture and porosity decrease slightly, and acidity increases by 0.1 de-
grees. The finished product has a homogeneous porous structure, deli-
cate crumb and attractive appearance. Organoleptic indicators received
high marks, indicating a harmonious taste with light herbal notes.

4. The study of the effect of extracts on the shelf life of the bun
showed that samples with the addition of the extract demonstrated
improved microbiological stability compared to the control sample.
Probably due to the antimicrobial effect of anthocyanins, flavonoids
and phenolic acids, the growth of mesophilic aerobic and facultative
anaerobic microorganisms is reduced even on the 8th day of storage.
This makes it possible to extend the shelflife of the studied products by
1-2 days compared to the control sample according to microbiological
indicators. The results of the study of the crumb friability of the finished
product confirmed the positive effect of the flower extract on preserv-
ing the freshness of the crumb during storage and slowing down the
staling of the finished product compared to the control for 72 hours.
Therefore, the use of the extract as a potential source of natural dye with
antioxidant properties is appropriate and relevant, although it requires
further research. This will allow us to abandon synthetic preservatives
and influence the processes of microbiological spoilage. This will allow
us to combine quality improvement, shelflife extension and innovative
product design, which will increase its competitiveness in the market,
especially in coffee shops, confectionery and fast food chains.
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