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Introduction. The aim of the study is to determine the effects of
thickeners on the structural characteristics of low-calorie jam.

Materials and methods. The technology of apple puree jam with
complete removal of refined sugar and with the addition of sweetener was
studied. Research methods: calcium-pectate method for determination of
pectin substances, refractometric method for determination of dry
substances, method for determining the mass of the load to destroy the
structure of the jam to determine its strength; profile method on a 10-point
scale of correspondence of intensities of sensation of aromatic and taste
properties.

Results and discussion. Removal of refined sugar from the recipe
leads to deterioration of the structural characteristics of the jam. In order to
determine the optimal quantitative ratios of ingredients, the dependence of
physicochemical quality indicators of jam on the content of thickeners in
it.

Reduction in the amount of sugar in the range of 100-333 g /1000 g
leads to a decrease in strength from 320 g to 160 g. At the same time, a
significant amount of dry matter is lost: from 65,2 to 45,2%. Their number
partially increases with increasing content of apple puree from 550 g/ 1000
g of jam (control sample) to 650 g.

This explains the slight increase in titratable acids content from 1.0 to
1.5mg/ 100 g. The titratable acidity was main when choosing pectin as a
food additive to improve the structural characteristics of the finished
product. A sufficient amount of pectin can be considered 10 g / 1000 g of
jam. The strength of the jam's structure at this amount is 300 g. The
addition of modified corn starch Regel 200 G in the amount of 10 g /1000
g of finished product allows to stabilize the texture of the jam and
maintains its strength..

The addition of stevia extract in the amount of 15 g /1000 g is optimal.
Further increase in the amount of stevia extract is not justified, because the
taste remains intensely sweet and the difference is not particularly
noticeable. The taste profile of the studied samples shows the preservation
of sweet taste and a slight increase in the fullness of bitter taste.

Conclusion. Adding pectin and starch as thickeners to jam, which
contains dry stevia extract and does not contain refined sugar allows to get
low-calorie jam and preserve the sensory properties of the product.
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Introduction

The healthy food has led to interest in low-calorie food products (Manippa et al., 2021).
There is a modern trend in restaurant business for development of food products sugar-free.
Fruit gel is an intermediate moisture food containing fruit pulp, sugar, pectin, and acid. For
a this product like jam, it is important to understand the relationships between the sensory
perception of food gel and textural or rheological properties.

A new product like a low calorie fruit gel in which the sugar content is low has to be
manufactured by controlling the sensory and textural perception of the product. The chapter
describes the rheological behavior of fruit gels as influenced by alternative sweeteners by
partial or full replacement of sucrose (Basy et al. 2021).

Confectionery is not an essential product, but it is in high demand. Among these products
are jams, which together with other canned fruits and berries are a source of pectin and only
organic ingredients, vitamins and minerals (Oliver, 2015; Wim et al., 2002). This
biologically active substance has medicinal properties, has antibacterial properties (Wikiera
et al. 2014). To make fruits available for consumption during off-season, the fruits are
processed into shelf-stable products like jam (Shinwari et al., 2018). That is why this work
proposes developed technology low-calorie jam.

Many works are devoted to the study of technologies and components in the production
of jams and other fruit and berry products (Rafeek et al., 2015). One of the main
characteristics of the jam is a jelly-like consistency. It is due to the interaction of sugar with
pectin in the presence of a significant amount of organic acids (Figuerola et al., 2007).

According to the formula (Cervera-Chiner et al., 2021), the sugar-free jam is prepared
from water, strawberries, pectin, maltodextrin, citric acid, sodium citrate and sucralose. The
sugar-free jam has the advantages of reasonable formula, advanced process, healthy and
nutritional product and the like.

Stevia is of great scientific and practical interest in the production of low-calorie foods
and which, in addition to the formation of sweet taste, gives a functional focus to products
using it (Mufioz-Almagro et al., 2021). Stevia leaf extract is zero-calorie. It is being used
globally to reduce energy and added sugar content in foods (Ashwell et al., 2015).

However, the substitution of sucrose by stevia, as sweetening agent, could be a challenge
for industry, since in addition to the sweet taste, other sensory features could modify the final
product (Reale et al., 2020). Stevia gives a functional focus to products using it.

The sweet secret of stevia is a complex molecule called stevioside, which is a glycoside.
It is this complex molecule and a number of other related substances that are responsible for
the extraordinary sweetness of stevia (300 times sweeter than sucrose). Stevia extract is not
fermented by microorganisms and does not stain jams. Overall, stevia shows promise as a
new tool to help achieve weight management goals.

The importance of good practice in the use of stevia in foods has been described both as
a potential health product and a sweetener (Wang et al., 2021). Based on recent reports, this
work is considering adding stevia extract to the jam.

The aim of the study is to determine the effect of thickeners on the structural
characteristics of low-calorie jam, to stabilize the texture of the jam, maintain the strength
characteristic of the classic jam-like consistency
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Materials and methods
Materials

The study used model samples jam with sugary and sugary-free; puree from apple.
Highly esterified apple’s pectin brand WEJ-5 manufactured by Rektowin. Its
physicochemical characteristics: gel strength 100+5 © SAG, degree of esterification 50—
55%, pH of 1% solution 3,4+0,5.

Preparation of research samples

Preparation of apple puree: sorted apple fruits are washed in cold water, crushed and
cooked in a special dish until completely softened (the duration of the technological stage is
not more than 15 minutes); grind through a special wiping sieve with a hole diameter of not
more than 1,5 mm.

Preparation of jam: apple puree is boiled, stirring constantly; add the required amount of
sugar / sweetener, pectin concentrate solution and starch (duration of the technological stage
10-15 minutes).

Packing: puree in a hot state at a temperature of 95-97 °C is packed in a glass container;
glass jars with jam are covered with lids and subjected to sterilization (duration of
sterilization of jam in glass jars with a capacity of 0,5 liters — 15 minutes, 1,0 liters — 25
minutes); then the jars are sealed, turned upside down and cooled (Bekele et al., 2020).

Experimental plan
The study of the effect of a new food supplement with other ingredients requires further

step-by-step research. The jam’s recipe was supplemented with sweetener and gradually.
Table 1 shows various ingredients for making jam.

Table 1
Ingredient composition of model samples
Mass, g

o= | — o~ ™ <t Tol ©
Ne | Ingredient 5 212 2 212 2|2

sS| € S S S S S

DEe|H & S | & S | &
1 | Puree from apple 550 600 610 | 620 | 630 | 650 | 650
2 | Water 110 285 366 | 350 | 325 | 305 | 305
3 | Sugar 333 100 - - - - -
4 | Stevia extract - 5 10 15 20 25 30
5 | Apple’s pectin 7 5 7 10 15 20 30
6 | Modified starch - 5 7 10 15 15 15

—Ukrainian Journal of Food Science. 2021. Volume 9. Issue 2— 213



—— Food Technology ——

Description of methods
Methods for determining dry soluble substances

Refractometric method is to determine the mass fraction of dry matter in the product by
the refractive index of its solution (Chen, 2019). For this purpose two drops of sample of
model samples put on a prism of a refractometer. The sample was left in the refractometer to
equilibrate thermally for two minutes and then the reading was performed. Temperature
corrections are used to bring the refractometer reading to 20 °C. The repeatability
determination was evaluated performing 10 subsequent measures under repeatability
conditions on the same samples (Giulio et al., 2008).

Method for quantitative determination of pectin substances

This method including the conversion of pectin into a solution, demethoxylation with alkali
and treatment of the resulting pectic acid solution with a calcium compound. The treatment of the
pectic acid solution is carried out its hydroxide by titration with calcium in the presence of 0.002
wt. including copper acetate and including sodium chloride per 1 wt. including pectin (Yu. et al.,
2021).

Mass fraction of pectin in the sample X,% was determined:

_ 10*m,v-0.9235
= 1)
mvq (100-W)

where m;, — the mass of the precipitate is calcium pectate,g; v — total amount of extract, cm?;
0,9235 — conversion factor of calcium pectate; m — the mass of the product, g; vi — the amount
of extract taken to determine pectin, cm®; W — mass fraction of water in the product,%.

Method for determining the strength of the jam

The method is based on determining the mass of the load required to destroy the structure
of the gem. The essence of the method: a sample of 30 ml in a cylindrical container is subjected
to destruction by loading at a rate of 10-15 g/min. The mass of the load, which was critical, was
recorded.

Expert method of sensory evaluation

The expert method of values quality indexes determination is based on committing the
thought of the highly skilled and experienced specialists-experts (The expert of — it a
specialist on the certain type of object which owns the increased sensitiveness to properties
of this object) (Kuzmin et al., 2020a). The intensity was evaluated on a 10-point scale.

Results and discussions

Acording the objectives of the study, it is proposed to make some samples. One of them
contained sugar and complied with regulations. The remaining samples 2—6 were prepared
without sugar. Based on the results of modern scientists, it was decided to add dry extract of
stevia leaves as an additional source of sweet taste (Roik et al., 2015). Modified starch and
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pectin were included in the recipe to ensure normalized physicochemical quality indicators

(Dangi et al., 2021).
The creation of new low-calorie jam provides for the following:

— Justification for the use of stevia extract in the production of jam based on apple puree;

— Reduction of energy value of the product due to removal (reduction) of sugar;

— Replacement of refined sugar with stevia extract while maintaining consistency by
adding pectin and modified starch;

— Determination of physico-chemical quality indicators of the developed product;

— Determination of sensory assessment of the quality of test specimens according to
regulatory documentation.

When adding a new ingredient to the recipe, it is necessary to determine the optimal
mass and method of application. The results obtained from the samples were compared to
show the differences among them. Especially important determine at which technological
stage the application of food additives will have the best results.

Dry matter content

The Figure 1 shows that the reduction in the amount of refined sugar (sample 1) and its
extraction (samples 2—6) leads to a decrease in the amount of dry matter, which can lead to
loss of structure of the jam. Increasing the amount of stevia extract from 5 g to 30 g per 100
g of product affects the dry matter content very little. This means that you need to conduct a
sensory evaluation of the quality of the finished product.

~
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Analysis of titrated acidity of samples

The addition of various amounts of apple puree in the samples helps to increase the mass
fraction of titrated acids due to organic acids that are part of fruit puree (Figure 2). That will
allows extending the shelf life of jams and prevents microbiological spoilage (Shinwari,
2018).
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Figure 2. Dependence of mass fraction of titrated acids on stevia content

The titrated acids found in this study was in the range of 1.0-1.5 mg/100 g, showing
significant differences among the acidity of six samples. This is due to the increase in the
amount of apple puree of 550-650 g per 1000 g (Table 1). In jams with a mild sour taste and
high pH, pectin should be used. Especially if the dry matter is 60 — 68 %. If you use very sour
fruits and berries or use a lot of acid to taste, low pH requires medium or slow pectin. Quick-
release pectin is able to gel even when the dry matter content is 55 %, but sometimes it is
used when the dry matter content is 55-60 % (Bekele et al., 2020).

Strength of samples

Strength is the most important indicator for culinary dishes with a jam-like structure,
which determines most of their organoleptic characteristics. Strength is studied at the end of
the process of structure formation of the gel, which lasts depending on its prescription
composition and the concentration of the main prescription components. According with data
Krzysik et al., (2020) highly esterified apple pectin of the WEJ-5 brand manufactured by
Rektowin was selected. The results of the study of strength are shown in Figure 3.

The figure shows that the strength of the studied samples of jam is in the range of 160—
330 g. The highest value of strength reaches samples 4-6. This amount of the pectin (15-30
g) is not acceptable enough for apple jam, which naturally contains a significant amount of
pectin. It does not meet the daily needs of pectin consumption (Mufioz-Almagro et al., 2020).
We consider optimal sample 3, the strength of which is 300 g, pectin — 10 g/1000 g. This
value lies in the rational range of strength of control samples with the addition of sugar, which
is 320 g.

However, pectin is a rather expensive component and is strictly regulated in terms of
content, so it is advisable to replace some of it with modified starch. Oxidized starches are of
the greatest interest in the production of restaurant establishments.
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Figure 3. Dependence of strength of samples

The next step is study of the degree of swelling of the modified starch (Figure 3).
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Figure 3. Changing the degree of swelling of the modified starch depending on the
duration of swelling
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It was determined that the greatest degree of swelling has a modified corn starch Regel
200 G - 1,75%.

Hydration function of modified starches (Table 2) is its main characteristic when
choosing.

Table 2
Degree of hydrophilicity of modified starches

Name of the hydrocolloid | Hydrophilicity, %
Potato elianebc 160 36,7
Potato pasellibc 25,9
Corn Regel 200 G 43,5

Thus, based on the technical data of the manufacturer, it is found that the optimal is modified
corn starch Regel 200 G hydrophilicity of which is 43,5%. Using the latter will help create
heat-reversible gels and reduce the amount of sugar in the products.

Through theoretical calculations and experimental studies, it was possible to establish
the optimal recipe of the jam, which includes stevia extract powder, apple pectin and
modified starch. This is the sample 3.

Formation of the quality of the jam

According to organoleptic indicators, jams must comply with sample control and some
the indicators (Bekele et al., 2020). During the preparation of jam based on apple puree, a
sensory evaluation of the obtained samples was performed. The essence was to decompose
the taste into simple components (sweet, salty, bitter, spicy, sour, tart) intensity. Figure 4
shows the profile of samples 1, 2, 3, 4 and control.

The taste of stevia extract remains intensely sweet and the difference is not particularly
noticeable. It was found that the closest to the control sample is the sample 2. This means
that the optimal concentration of sweetener that can be introduced is 10 g per 1000 g of
finished product. The subsequent increase in the amount of stevia extract leads only to the
deterioration of flavoring properties.

The characteristics of the test samples are presented in Table 3.

Table 3
Characteristics of the model samples

Characteristic Sample control Sample 2

Appearance Inherent in jam, transparent | Light yellow homogeneous mass
homogeneous mass

Color Inherent in apple jam, hasa | Inherent in apple jam, has a yellow
light yellow hue tinge

Taste Gentle, sweet Pleasant, tender, sweet with bitterness

Scent Inherent in apple jam Inherent in apple jam

Consistence Homogeneous puree, well Homogeneous jelly-like mass, does not
spread spread on a horizontal surface
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Figure 4. Sensory profilograms of samples

The main purpose of this work was to reduce the energy value and avoid refined sucrose.
For this purpose, the search for the optimal recipe that will preserve the physical and chemical
quality indicators.

Jam is mainly a source of carbohydrates (48-65%) and its energy value is 183—
253 kcal/100 g. From biologically active substances emit ascorbic acid. Its amount is
depending on the type of raw material and cooking technology ranges from 1,5 to 53,3 mg
per 1000 g of product. Non-sterilized jams include more ascorbic acid than sterilized ones.

Despite all this, the main goal of this work was to reduce the energy value and avoid
refined sucrose. For this purpose, the search for the optimal recipe that will preserve the
physical and chemical quality indicators.

Analysis of the results of the calculation of energy characteristics shows that the main
objective of the work has been achieved: the energy value of the low-calorie has been reduced
to 123 kcal. It is slightly less than 2 times compared to apple jam (sample control).
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Nutritional value of low-calorie jam

Table 4

Daily norm [Sample control|Low-calorie jam
Energy value, kcal 1684 250 123
Proteins, g 76.0 0.4 1.6
Carbohydrates, ¢ 219.0 65.0 29.0
Dietary fiber, g 20.0 2.3 4.3
Water, g 22.7 32.9 63.9
Part of the norm
in jam in 100g, %
Energy value 14.8
Proteins 0.5
Carbohydrates 29.7
Dietary fiber 5
Conclusions

1. According to the task of scientific work, it was studied influence and value of thickeners
on the structural characteristics of low-calorie jam. Complete replacement of sugar with
dry stevia extract in the recipe of low-calorie jam was made. It was found that the
optimal concentration of sweetener is 10 g / 1000 g of finished product.

2. Theoretical calculations and experimental studies have established the optimal recipe
for the low-calorie jam, which includes stevia extract powder, apple pectin and modified
starch.

3. During creating a new jam, it is advisable to use modified corn starch Regel 200 G in
the amount of 10 g per 1000 g of finished product. It helps to create heat-reversible gels
and reduce the amount of sugar in the products. We consider optimal sample 3, the
strength of which is 300 g. This value lies in the rational range of strength of control
samples with the addition of sugar, which is 320 g.

4. Sensory evaluation of the model samples shows the preservation of sweet taste and a
slight increase in the fullness of bitter taste. It was found that the closest to the control
sample is the sample 3. This means that the optimal concentration of sweetener that can
be introduced is 10 g per 1000 g of finished product.

5. The energy value of the low-calories jam is 123 kcal. The share of energy value that
satisfies 100 g of this jam — 7,3 % of a daily requirement. Consumption of 674 g of low-
calorie jam will provide the daily norm of energy value.
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