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Abstract. Boiled sweets are a popular type of sweets. In their
classic recipe, boiled sweets are a source of simple carbohydrates. The
disadvantage of boiled sweets, though, is the absence of valuable
bioactive substances in their composition, such as vitamins, minerals,
unsaturated fatty acids, or dietary fibre. A promising direction of current
importance is the development of formulations and the creation of
technology for manufacturing boiled sweets enriched with bioactive
substances through the use of extracts of plant origin, in particular,
extracts of secondary apple raw materials. In order to enrich the boiled
sweets with bioactive substances, an extract of powder from the seed-
containing cavities in the core of apples, a by-product of the preparation
of apple crisps, can be added to the composition. Powdered seed-
containing cavities of apples include components having a beneficial
effect on health. The purpose of this study was to develop a recipe for
boiled sweets using an alcohol extract of powdered apple cores with
seeds, and to evaluate the sensoryand physicochemical characteristics,
as well as the composition of volatile substances in the resulting sweets.
The powder extract was added in the amounts 4%, 8%, 12%, and 16%
of the total amount of sugar and molasses. The results have shown that
when an extract of powderedapple core with seeds is added, the acidity
of the boiled sweets slightly increases, butthe other physicochemical
parameters of the finished products do not change significantly. When
an extract of seed-containing apple cores is introduced into the caramel
mass, boiled sweets are enriched with valuable trace elements, in
particular, zinc and copper, and with other valuable bioactive
components usually found in the stones or seeds of plants. These are
tocopherols possessing antioxidant properties, and linolenic and
arachidonic acids — essential polyunsaturated acids, myristic acid with
antimicrobial properties, andbetulinic acid with antibacterial, anti-
inflammatory, and antiviral properties. The results obtained correlate
well with the studies by other authors on the phytochemical value of
apples, apple products, and by-products.

Keywords:boiled sweets, extract, cores of apples withseeds,
bioactive substances.

Introduction. Formulation of the problem

materials required for the production of these sweets

are sugar, starch syrup, food acids, flavouring agents,
food colorants. Sugar is a refined raw material

Sweets similar to modern lollipops have been
known since ancient times in many countries
worldwide. Among the most popular contemporary
brands of lollipops today is ChupaChups founded by
EnricBernat. In the Ukrainian market, boiled sweets
from Roshen, AVK, Conti, Svitoch (Nestlé) are in the
highest demand.Popular boiled sweets companies on
the European market are Berning’s (Germany), Klaus
(manufactured in France and Switzerland), Dean’s
(Scotland), ElI' Almendro (Spain), Valade (France),
Lofthouse of Fleetwood (Britain), and in the US
market, Hershey’s, Vintage Confections.

Boiled sweet products have recently become
increasingly popular due to their low cost. The key raw
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consisting of simple carbohydrates and containing no
other essential substances. Besides maltose, starch
syrup contains health promoting macronutrients and
trace elements: potassium, phosphorus, sodium,
calcium, magnesium, iron. Depending on the ratio of
sugar and molasses, sweets of different structure may
be obtained: amorphous (boiled sweets) or
amorphocrystalline  (soft mass with  chewing
properties).

Boiled sweets are primarily a source of glucose for
the human body. Glucose is a key metabolic substrate
for energy production in tissues. Around 80% of
glucose is consumed by the brain. A stable glucose
level is necessary for maintaining all metabolic
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processes in the body. In the state of physiological rest,
the intensity of glucose metabolism in the body is
about 2 mg/kg/min [1]. Glucose provides for the
functioning of the hormonal system [2]. The traditional
boiled sweet formulation completely lacks valuable
bioactive substances, such as vitamins, lipids,
fibres.Still,boiled sweetsmay be used as a platform for
delivering valuable bioactive substances to the human
body.

Considering that boiled sweetsare a popular
variety of sweets available for different segments of
the population, development of new formulations
including natural bioactive additives in the form of
extracts of phytobiotic origin may prove animportant
and promising direction.

Analysis of recent research and publications

A body of research on the use of natural
ingredients in food, confectionery, and beverages has
been growing recently [3].

The manufacture of functional-purpose and
prophylactic boiled sweets for a wide range of
consumers demonstrates stability in growth and
demand. Instead of ordinary granulated sugar,
developers use natural and synthetic sugar substitutes
(lactitol, isomalt, stevia) and introduceaqueous and
alcohol extracts of herbs as enrichment additives.
When using pepper extract (Capsicum annuum),
lollipops enriched with vitamin C, phenols, and
carotenoids were obtained [4]. Powdered dried fruit
ofFicusreligiosawas used as a source of valuable food
components to obtain biologically enriched lollipops
with antioxidant and antibacterial properties. Basic
compounds detected by gas chromatographic mass
spectroscopy (GC-MS) in ethanol extract of
Ficusreligiosa were caryophyllene, campesterol,
itigmasterol, B-amyrin, a-amyrin. Stigma sterolis a
powerful antioxidant. Campesterol, for example, is
found in dandelion herbal tea and has anti-
inflammatory,  antioxidant, and  antimicrobial
properties. Caryophyllene is found in many essential
oils [5].

In the food industry, there is a trend towards
manufacturing functional products that have a health-
improving effect due to their antioxidant properties.
The antioxidant properties of phytoextracts have been
widely studied in order to use them in the formulations
of boiled sweets. Formulations of boiled sweets
containing calendula extract enriched with compounds
with antioxidant activity were proposed [6]. In the
formulation, the optimal content of yellow carotenoid
pigments of calendula improving the sensory
properties of sweets was 0.30 and/or 0.35%. It was
shown [6] that the use of aqueous extracts in the
production of boiled sweetswas impractical, since this
altered their physicochemical parameters, including the
moisture content,and using an ethanol solution for
extraction was advisable instead.

In order to impart functional properties to boiled
sweets, an extract of Etlingeraelatior flowers was used
[7]. The flower extract was added in the amount of 4%,
6%, 8%, and 10% of the total sugar and molasses. The
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results showed that the addition of the Etlingeraelatior
flower extract had a significant effect on the moisture
content, pH, and antioxidant activity, and reduced the
sugar content. A high level of antioxidant activity was
obtained by adding the extract of Etlingeraelatior
flowers to boiled sweets in an amount of 10% [7]. The
results of the studies [8] showed that Egyptian red
cabbage anthocyanin possessed valuable characteristics
as a natural source of food colorants that mightbe used
instead of synthetic ones. The Egyptian red cabbage
anthocyanin produces a wide range of colours, from
red to blue,depending on the pH of the medium. The
colorant is heat-resistant, shows no loss of colour when
temperature  increases, andis low-sensitive to
photodegradationwhen the pH is 1.0 to 5.0. It has a
high antioxidant activity, thus, it is an attractive
substance to use in the manufacture of boiled sweets.
Addition of the Egyptian red cabbage anthocyanin in
the amount of 0.1% does not worsen the organoleptic
characteristics of boiled sweets [8].

Plant extracts may be used as natural flavouring
agents and colorants for boiled sweets. Fruit of
Cudraniatricuspidata may be used as a natural additive
providing the desired colour and improving the
nutritional profile of sweets [9]. Rhizome of red ginger
(Zingiberofficinale var. rubrum) containsalkaloids,
flavonoids, saponins, tannins, and triterpenoids, which
have potential antibacterial activity, as well as
gingerol, shogaol, and zingeron, all effective
antioxidants. Red ginger is used as a flavouring agent
in sweets, because its essential oils impart a distinctive
ginger flavour, and oleoresin imparts a spicy ginger
flavour to the product. When adding 1% red ginger
extract to the boiled sweet formulation, the
organoleptic characteristics (colour, aroma, flavour,
and texture) are the most acceptable, and the
physicochemical characteristics meet the quality
requirements [10].

The wuse of extracts of viburnum berries,
lemongrass, green tea, reindeer’sunossified antlers

makes it possible to obtain boiled sweetswith
antistress, tonic, and immunostimulating
properties [11]. The chemical composition of

unossified antlers varies. In the process of growth, the
content of phosphorus and calcium increases and the
amount of bioactive substances decreases, therefore, it
is important to collect raw materials properly. In the
study [12],in order to enrich products with
biocomplexes, it is proposed to use extracts of sage
leaves, liquorice root, and motherwort extracts in the
boiled sweet formulation, which allows obtaining new
aromatic compositions,apart from the medicinal
properties.

A peculiar idea is to saturate sweets with iodine
through the use of Laminariaceae algae decoction.
A decoction made from brown algae allows achieving
the same degree of enrichment with iodine as the direct
addition of powdered seaweed to the boiled sweet
composition [13].

Soluble dietary fibre is added to boiled sweetsfor
their enrichment [14]. Extracts of Egyptian purple
carrots were used as a source of dietary fibre and as a
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food colouring agent in the preparation of sweets.
Anthocyanins derived from purple carrots were used as
alternative natural red colorants for boiled sweets[15].

Clitoriaternatea is a well-known Ayurvedic plant
with significant health benefits. The material studied
was the extract from the Clitoriaternatea flower, blue
in colour, high in polyphenolic compounds acting as a
source of protection against free radicals. The
property of C. ternatea flower extract to absorb free
radicals showed the highest level of 59.3% [16]. In
accordance with the findings, it was concluded that
the natural colouring agent from the Clitoriaternatea
flower might be used in any food compounds, in
particular, in the boiled sweet formulations, replacing
synthetic colorants. In order to use natural colorants
in the manufacture of boiled sweets, the stability of
the  neocandenatone pigment was  studied.
Neocandenatone is a newly identified purple pigment
present in the cores of Dalbergiacongestiflora [17].
The colouring of boiled sweets depended on the
concentration of pigments and acid in the
formulation. The pigment being stable in boiled
sweets, the neocandenatone pigment can be
potentially used as a food colouring agent.

In recent years, extraction of bioactive food
components from agro-industrial by-products has
attracted significant attention, as they may be a cheap
and safe source of natural food additives and
ingredients. Extracts from such by-products as
pomegranate seeds, apple peel, chestnut shells, and
black carrot pomace, have been found to be high in
phenolic compounds and have a high level of
antioxidant activity, hence the need to develop
industrial processes to extract phenolic compounds
showing biological activity.

Studies by various researchers have shown that the
bioactive components of apples have significant
potential in preventing and reducing disease in
humans. Apples and their by-products, including juices
and extracts, are rich in various phytochemicals [18].
There is a potential link between the consumption of
apple products and a reduced risk of coronary heart
disease, lung cancer, asthma, diabetes [19].

When apples are being processed, 10.9% of by-
products, including seeds and pomace [20], is
generated. Apple pomace is the primary production
waste, accumulated mainly during the processing of
apple juice. Phloridzin, chlorogenic acid, epicatechin,
and quercetin glucosides were isolated from apple
pomace. These phenolic compounds isolated from
apple pomace were found to have high antioxidant
activity, suggesting that apple pomace might have
dietary health and commercial benefits [21]. Annually,
tons of apple peel waste are formed in the production
of apple purée and canned apples. Powdered apple peel
had strong antioxidant activity and significantly
inhibited the proliferation of cancerous cells. Since
apple skin contains more antioxidants thanapple pulp
does, it is a value-added ingredient [22].

Formulations of boiled sweetsusing apple powder
were developed [23]. Apple powder was dosed in an
amount of 2-6% of the total weight of sugar and
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molasses. The dosage limits of apple powder are due to
the following: the powder is insoluble in water, thus, it
will be distributed in the form of inclusions in finished
boiled sweets. It was shown [23] that the boiled sweet
samples with the addition of 2% apple powder had the
best sensory and physicochemical parameters.

In [24], we investigated the possibility of using
powder from apple cores with seeds in the technology
of the manufacture of boiled sweets. The value of the
component composition of a powdered apple core,
which includes the vitamins C, B1, B2, B17, P, E,
[B-carotene, the elements potassium, iron, manganese,
calcium, iodine, pectins and organic acids, was
shown [25]. It was found that the addition of 6% of this
powder to the formulation mixture allowed obtaining
caramel, 5 g of which contained as much calcium as 50
ml of apple juice did, and 10 g of caramel satisfied the
recommended daily iron intake by 10%. However,
when consuming boiled sweets containing powdered
apple cores, these sweetshave a somewhat rough
surface, which may limit the consumption of the
product.

Thus, the analysis of publications shows the
importance of solvingthe problem of imparting
functional propertiesto boiled sweets, and the prospects
of developing recipes using extracts of plant origin, in
particular, extracts of secondary apple raw materials.

Purpose and objectives of the research. The
purpose of the study is to develop a formulation for
boiled sweetsusing an alcohol extract of a powder from
apple seeds cavities. The study included the following
objectives:

— to develop a formulation for
sweetsusing apple by-products;

— to evaluate the sensory and physicochemical
parameters, the content of toxic elements in the
finished product;

— to evaluate the content of bioactive
components in boiled sweets by gas chromatography-
mass spectrometry (GC-MS).

boiled

Research materials and methods

Applecores with seeds, a by-product obtained
from the production of apple crisps, were studied.
Cores with seeds of Gala apples were used. The cores
were dried at 60°C to the moisture content 6—7.5%,
then crushed with a blender, and thus powder was
obtained. The powder was extracted with 70% aqueous
ethanol. 20 ml of the extractant was added to 1 g of the
powder and left for 72 hours, and the mixture was
mixed in a shaker. Then the mixture was poured into
centrifuge tubes and centrifuged at 4000 rpm for 5
minutes. The centrifugate was filtered through paper
filters. The resulting extract filtrate was stored at
4+1°C until used.

The colour of the extract obtained was yellow, the
pH was 5.0. The extract was added in the amount of
4%, 8%, 12%, 16% of the total amount of sugar and
molasses (Table 1), based on the research by the
authors [6, 25, 26]. In this study:

A = Adding 0%of extract from powdered cores
with seeds
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B = Adding 4%of extract from powdered cores
with seeds

C = Adding8%of extract from powdered cores
with seeds

D = Addingl2%of extract from powdered cores
with seeds

E = Addingl6%of extract from powdered cores
with seeds

Table 1 — Formulation of the materials for making
boiled sweets

. Dosage
Materials A B C D E

Sucrose (g) 70 70 70 70 70
Maltose

molasses (q) 30 30 30 30 30
Water (g) 30 26 22 18 14
Extract (g) 0 4 8 12 16
(Tg‘;ta' Material | 135 | 130 | 130 | 130 | 130

The use of aqueous extracts in the production of
boiled sweetsis impractical, since this alters the
physicochemical parameters, including the
moisturecontent,that is why an ethanol solution was
used for extraction.

The caramel mass was prepared from granulated
sugar (DSTU 4623-2006) and starch molasses (DSTU
4498-2005) by the following method: the materials
were weighed, sugar, molasses, and water were mixed.
The mixture was heated to 65-70°C, then the extract of
powder from the seed-containing cores was added in
accordance with Table 1. The mixture was continually
heated to 150°C. The resulting mass was poured into
moulds and cooled. Ready sweets were stored at room
temperature. During the preparation of sweets at
150°C, ethanol volatilises, since its boiling point is
78°C. The use of an extract of seed-containing apple
cores does not affect the final temperature of the
caramel mass, but increases theintensity of its colour,
which is due to the colouring of the extract obtained.

The organoleptic characteristics of the sweets were
assessed according to DSTU 3893:2016. By the
physicochemical parameters, the moisture content of
the caramel mass was determined as a percentage
(DSTU 4910:2008), the mass fraction of reducing
substances as a percentage (GOST 5059:2008), the
acidity of caramelaccording to DSTU 5024:2008 and
pH; mass fraction of ash insoluble in solution with a
mass fraction of hydrochloric acid of 10% (DSTU
4672:2006).

Statistical treatment of the research results was
performed for the probability level of 0.95 (the number
of thetest replicates was 5).

The samples with the addition of extract were
analysedfor the content of lead, cadmium, copper, and
zinc by themethod ofatomic absorption on
aspectrophotometer Semy C-115 M 1 (Ukraine), for
the mercury content by cold vapour using
aspectrophotometer GRG107, for the arsenic content
by using anatomic absorption spectrometer Ouagiap
Brescia AA 240 with thermal atomisation (Australia).

The composition of volatile substances of the
sweets obtained with an extract from seed-containing
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apple cores added was analysed. The analysis was
carried out by chromatography-mass spectrometry on a
gas chromatograph FINNIGAN FOCUS. AThermo
Electronics  massselective  detector  of  the
chromatograph was used. The diameter of the HP-5MS
quartz capillary column was 0.25 mm, the length 30 m,
the vapour deposition film thickness 0.25 pm. The
carrier gas was helium, its flow rate in the column was
1.2 ml/min. Split mode (split 1:10) was used. The
injector temperature was 250°C, the MSD interface
temperature 280°C. Theinitial temperature of the
programmable chromatograph oven was 50°C with
retention for 0.5 min.Then at the rate 25°C/min, it was
raised to 125°C, then at the rate 10 °C/min up to
255°C, andfurther it continued being raised at the rate
25°C/min up to 300°C with retention for 10 min. The
electron energy ofelectron impact ionisation was70 eV.
The MSD mode of operation involved full scan of ions
from 29 to 450 atomic weights (SCAN mode). The
components were identified by comparing the retention
times of chromatogram peaks and full mass spectra of
individual components with the suitable results for
pure compounds in the NIST-5 mass spectrum library,
using linear retention indices. The relative quantitative
content of chemical components was calculated by the
method of internal normalisation of peak areas without
adjustment sensitivity factors.

Results of the research and their discussion

The sensory characteristics of the resulting sweets
meet the requirements of DSTU 3893:2016 in terms of
colour, flavour, transparency of the control samples
(the ones with no extract added) and the samples with
the addition of the extract. The flavour and aroma are
typical ofboiled sweets. The structure of the resulting
boiled sweets is homogeneous and vitreous. The
colouring of individual boiled sweets is of
similarintensity, with no stains, and the surface is dry
and non-sticky.

The physicochemical parameters of the boiled
sweets obtained are shown in Table 2.

Table 2 — Physicochemical parameters
of boiled sweets

Parameters A B C D E

Moisture 55
content, % 2.3 23 | 22 | 21

Mass fraction of

reducing 208 | 21.0 | 214 | 21.8 | 21.8
substances, %
Caramel acidity, 75 8.5

deg 7.8 8.0 8.3

pH 6.8 6.3 6.0 5.6 5.3

Mass fraction of
ash insoluble in
10% 0.1 0.1 0.1 0.1 0.1
hydrochloric
acid solution

Accordingto these results, the introduction of an
alcohol extract from apple cores with seeds into the
caramel mass does not affect the physicochemical
parameters (Table 2) of the boiled sweets obtained, and
their values meet the DSTU 3893:2016 requirements.
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The moisture content of the samples of boiled
sweetsunder study ranged 2.0-2.3%. The moisture
content of boiled sweets affects their shelf life. It is
believed that the manufacture of sweets with an
extended shelf life requires the manufacture of
products with a minimum moisture content.

The acidity of a product has a significant effect on
the feeling of freshness and is an important parameter in
determining a product’s quality. The addition of the
extract from powderedseed-containingapple cores affects
the acidity value. The highest titratable acidity and a
lower amount of pH, respectively, were determined for
the formulation E. With an increase in the percentage of
the extract from powdered seed-containing apple cores in
the formulation, the total pH value of the sweets
decreased and the level of acidity increased based on the
pH of the raw material, as the extract from powderedapple
cores had the pH value 5.0.

The pH value critical for the oral cavity is usually taken
as 5.5.Lower values pose a threat to the health of the oral
cavity, namely to the tooth enamel [27]. Thus, the
formulation D containing 12% of the extract from
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powderedapple cores with seeds was selected for further
research.

The content of reducing sugars increases slightly
when the extract is added. The content of the reducing
sugars is affected by the cooking temperature. The
higher the heating temperatureis, the greater the
percentage of inverted sugar. Also, the increased
content of reducing substances is caused by acid. The
lower the pH of the sweets, the higher the content of
reducing substances. In our study, the content of
reducing substances remained within acceptable limits
for this type of sugar products.

The ash content in the sweets obtained did not
exceed 0.1%. The ash content is among the
requirements for the quality ofsweets.The lower the
ash content, the more transparent the sweets are. It has
been established that the addition of the powder extract
from apple cores with seeds does not affect the ash
content of sweets.

The results of the study of the component
composition of boiled sweets with the addition of 12%
alcohol extract from seed-containingapple cores are
shown in Table 3 and Fig. 1.

TIC: KP-13
) 12.99
11.00 15.94
11.86
14.41
1239
7 12.T
42| 11)81 | |
' |
U & | LLﬂLhﬁhkdﬁﬁtﬁﬂﬁﬁu eyt
T L R .
1000 11.00 1200 1300 1400 1500 16.00 17.00

Fig. 1. Chromatogram of the component composition of volatile substances of boiled sweetsmade according
to the formulation D

The results of gas chromatography-mass
spectroscopy show that sweets produced with the
addition of the extract from powderedapple core
contained a variety of valuable components.

The components of volatile substances of boiled
sweets with the addition of the extract from
powderedapple cores with seeds, like apple core
powder [25], include tocopherols, betulinic,
arachidonic, linoleic, myristic, and other acids.

Analysis of the component composition of volatile
substances of boiled sweets produced with the extract
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from apple cores with seeds (Table 3) shows that the
volatile components of these sweets contain a lower
percentage of oleic and stearic acids as compared with
the volatile components of powderedapple core [25].
This may be explained by the low solubility of oleic
and stearic acids in the water/alcohol solution used in
the process of extraction. Also, the composition of the
volatile substances of the sweets with the extract lacks
certain components contained in the composition of the
volatile components of the powder from apple cores
itself, for example, hexanal, methyl-3,5-heptadiene-2-
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one. Of course, this is because the boiling of the
caramel mass, to which the extract is added, occurs at
the temperature 150°C. Hexanal and some other
volatile components of the extract have a lower boiling
point, and these substances are absent among the
volatile components of the finished product.

From the data in Table 3, it can be concluded that
boiled sweets are enriched with valuable trace
elements, in particular, zinc and copper, and other
valuable bioactive components usually found in stones
or seeds of plants. These are tocopherols possessing
antioxidant properties, and linolenic and arachidonic
acids, which are essential polyunsaturated acids,
myristic acid with antimicrobial properties, betulinic
acid with antibacterial, anti-inflammatory,and antiviral
properties [21-23].

Table 4shows the results of studyingthe content
ofheavy metals and arsenic in the boiled sweets

supplemented with 12% alcohol extract from seed-
containing apple cores.

Table 4 makes it clear that the content of heavy
metals and arsenic identified in the boiled sweets
does not exceed the permissible levels of these
elements in the raw material which boiled sweets are
prepared from, namely in granulated sugar and starch
molasses. The introduction of an alcohol extract from
apple cores with seeds into the caramel mass does not
increase the content of mercury, lead, cadmium, and
arsenic. When the extract is added to the caramel
mass, the zinc content increases by 1.28 times, and
the copper content in the finished boiled sweets
increaseshy 9.5 times. This is due because copper and
zinc are Dbiomicroelements included in the
composition of many metalloenzymes and are present
in the extract obtained from apple cores with seeds.
The content of zinc and copper in the sweets with the
extract does not exceed the allowable biological limit.

Table 3 — Component composition of volatile substances

No Component Mass fraction of caramel enrichgd with extract
) from powdered apple cores with seeds, %

1 Heptanal 1.1

2 Acetophenone 3.0

3 3-Methyl-2-cyclopenten-1-one 2.1

4 4H-Pyran-4-one, 2,3-dihydro-3,5- 56

dihydroxy-6- methyl- 5.3% '

5 Myristic acid 8.7

6 Linoleic acid 12.5

7 Pentadecanoic acid 11.1

8 Oleic acid 6.5

9 Palmitic acid 12.8

10 Stearic acid 9.7

11 Arachidic acid 10.2

12 Tocopherols 12.2

13 Betylinicacides 5.3

Table 4 — Content of heavy metals and arsenic in the boiled sweets
Parameter Content of elements, mg/kg
Hg Pb Cd Zn Cu As

Permissible level in not not
granulated sugar, mg/kg 0.01 0.5 0.05 standardised standardise 1.0
(DSTU 4623-2006) d
Permissible level in
starch molasses, mg/kg 0.02 0.5 0.1 30.0 10.0 0.1
(DSTU 4498:2005)
Caramel with no extract | 0.0051+0.001 0.44+0.02 0.031+0.00 0.486+0.010 0.010+£0.00 | 0.005+0.00
added 0 1 8 1
gsé:?el with the extract 0.00462J_ro.001 0.44+0.03 0.032110.00 0.621-40.014 0.0952J_rO.01 0.0041J_rO.00

Almond kernels, apple seeds, apricot, plum,
cherry kernels, and some other fruit cores are known
to contain amygdalin. Amygdalin is highly soluble in
alcohol solutions. Decomposition products of
amygdalin add a bitter taste to the kernels of almonds
and other stone fruit and seed fruit containing
amygdalin. Under the action of the enzyme emulsin,
which is contained in the stones and seeds of fruit,
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amygdalin is broken down in aqueous solution into 3-
glucose, cyanic acid, and benzaldehyde [28]. Cyanic
acid is a highly toxic substance that can cause varying
degrees of poisoning when consumed in large
quantities in raw bitter almond kernels or other plants
containing amygdalin. Preliminary heat treatment at
temperatures not lower than 70-80°C inactivates the
emulsin so that amygdalin does not decompose with
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the release of cyanic acid, and remains amygdalin,
which is not toxic itself.

The alcohol extract from seed-containing apple
cores proposed to obtain boiled sweets is introduced
into the caramel syrup at the stage of caramel mass
preparation. The caramel mass is boiled at 150 °C,
and therefore no formation of toxic decomposition
products of amygdalin is possible, since emulsin,
should it enter the extract, is destroyed at this
temperature.

The research results presented in the paper may
be used in the preparation of boiled sweets in craft
manufactures. For example, the Ukrainian
manufacturer of boiled sweetsGogodza produces
boiled sweets with dried Carpathian berries and
pieces of fruit, which are dried at low temperatures to
preserve bioactive substances. Thesesweetsare free of
artificial colorants and preservatives. Such industries
may be offered the technology of boiled sweets
production using extracts of vegetable by-products to

apple cores, a by-product of apple crisps production
and a source of valuable substances (tocopherols,
polyunsaturated acids, etc.), has been developed.
When an alcohol extract of apple cores with seeds is
introduced into the caramel mass, boiled sweets are
enriched with valuable trace elements, including zinc
and copper, as well as other withbioactive substances.
The use of an extract from seed-containingapple
cores in the boiled sweets formulation does not
impair its physicochemical parameters.This has a
positive effect on the technological process, as it does
not require introduction of additional technologies.
The use of an extract from seed-containingapple
cores in the boiled sweets formulation does not lead
to the accumulation of decomposition products of
amygdalin or toxic elements in the finished product.
The use of plant extracts to enrich boiled sweets
may be an alternative to the current technology of
enriching boiled sweets with dried berries, dried fruit
pieces, fruit powders, which make the surface of

expand their unique product ranges.

consumedsweetsnoticeablyrough. It alsoallows
expanding the range of boiled sweets made from

Conclusion

natural raw materials without artificial colorants and

A recipe for the manufacture of boiled sweets  Preservatives.

with the addition of 12% extract of seed-containing

integration of energetics with function. Physiological reviews. 2019;99(1):949-1045.
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Kagenpa XapuoBHX TEXHOJIOTIH

Hauionanpnuii yHiBepcuteT «UepHiriBebka noiitexHikay,Byi. [lleBuenka, 95, M. Uepniris, Ykpaina 14035

AnoTamnis. JIboAsHIKOBa KapaMeb - MOMYJSIPHUIN BHJ IIyKepOK. Y CBOIH KJIaCHYHIN pelenTtypi Jb0JIHUKOBa KapaMeib —
LIe JUKEPEJIo MPOCTUX ByriaeBoAiB. HeqomikoM JIbOASHUKOBOT KapaMmedi € BiJCyTHICTb B 11 CKJIa (i HiHHKUX OiOJOTiYHO aKTUBHHX
PEUYOBHH, TAKUX SIK BiTaMiHH, MiHEpaIH, HCHACHUYCHI HUPHI KUCIOTH, XapuoBi BOJIOKHA TOLIO. AKTYaJIbHAM 1 epPCHEeKTUBHUM
HaNpsIMKOM € po3po0Ka pelentyp i CTBOPEHHs TEXHOJOrii kKapamelsi 30aradeHol OiOJOriYHO AaKTMBHUMH PEYOBHHAMH 3a
PaxyHOK EKCTPAKTiB POCIMHHOIO IOXOKEHHs, 30KpeMa eKCTPakTiB BTOpHHHOI s0iaydHoi cupoBuHHU. I1[00 30aratuti
JIBOJITHUKY 010JIOrYHO aKTUBHUMHU PEYOBHHAMHM, MOYKHA BBECTH Y TX CKJIaJl €KCTPAKT HOPOIIKY 3 sI0IyIHUX HACIHHEBHUX Kamep
3 HACIHHSIM, SIKi € TOOIYHUM MPOLYKTOM BUPOOHUIITBA sIOMydHHX YirnciB. [Toporiok 3 s01y4HIX HACIHHEBUX Kamep 3 HACIHHIM
MICTUTh KOMIIOHEHTH, KOPHUCHI ISl 310pOB’si. MeToro 1boro JI0CiiKeHHs Oyia po3pobka peLenTypH JIbOITHUKOBOI Kapameni
3 BHKOPHCT@HHSIM CIHHPTOBOI'O €KCTPAKTY IMOPOIIKY sIOMydHHX CEPLEBHH 3 HACIHHSM, OL[iHKAa OPraHOJENTHUYHHX, (i3UKO-
XiMIYHHX XapaKTePUCTHK, KOMIIOHEHTHOI'O CKJIaay JEeTKMX PEYOBHUH OTPUMAaHHX JIbOASHUKIB. EKCTPaKT MOPOLIKY J0/1aBaiy B
Kinbkocti 4%, 8% , 12% i 16% Bin 3arayibHOI KiJbKOCTI LyKpY 1 MaToku. Pe3ynpraTy mokasaim, 1o py 10JaBaHHI eKCTPAKTY
MOPOLIKY 3 sIONyYHMX HACIHHEBHUX KaMep KHCIOTHICTb JIbOASHHUKIB HE3HAYHO 3pOCTa€, iHMN (Hi3UKO-XIMiuHI MOKa3HUKH
TOTOBHX BHPOOIB CYTTEBO HE 3MIiHIOIOTHCS. [Ipy BBeACHHI y KapamesnbHY Macy eKCTPaKTy sIONydHHUX CepLEBUH 3 HACIHHSIM
JIBOJITHAKOBA KapaMelb 30aradyeTbesl [IHHUMHU MiKpOEIEMEHTaMH, 30KpeMa IMHKOM 1 Ky[pyMoM, Ta IHIINMH LiHHAMH
010JI0rYHO aKTUBHUMH KOMIIOHCHTAMHU, sIKi 3a3BHYail BXOJATH 10 CKIIaIy KicTo4oK abo HaciHHs pocnut. Lle Tokodepomnu, ski
BOJIOZIFOTh AHTUOKCUAAHTHUMH BIIACTHBOCTSMH, JTIHOJICHOBA 1 apaXiJOHOBA KHCIIOTH — HE3aMiHHI MOJTiHCHACHYCHI KUCIIOTH,
MIPICTUHOBAa KHCJIOTa, SIKa MpPOSBIISLE AHTHUMIKPOOHI BIIACTHUBOCTI, OETY/IiHOBA KHCIIOTA, sKa Ma€ aHTHOAKTepiasbHi,
MPOTHU3aNalbHi, MPOTHBIpYyCHI BractuBOcTi. OTpuMaHi pe3ynbTaTd A00pe KOPETIOTh 3 MOCITIHKEHHSMH iHIIMX aBTOpIB,
CTOCOBHO (hiTOXIMiYHOI IIHHOCTI SIONTYK, IOTYYHUX HPOAYKTIB Ta BiAXOMIB MEPePOOKH STOTYK.

Ku1i04oBi ci10Ba: 1h0ITHUKOBA KapaMellb, €KCTPAKT, SIOTy4IHI HACIHHEBI KamepH, O10JI0rYHO aKTUBHI PEUYOBHHHU.
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