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Climate change and lower yields
require maximum utilization of
natural resources. In order to reduce
the loss of valuable raw materials,
it is relevant to substantiate craft
innovative technologies involving local
raw materials with maximum resource
conservation. Taking into consideration
global trends in the production of
organic craft products, it has been
established that there is a need to
introduce resource-saving technologies.

The object of research for the
preparation of craft confiture was
quince and green tomatoes. We
examined 5 samples of confiture with
different ratios of quince puree to the
green tomato puree. Sensory analysis
revealed that compared to the score
of the control sample (14.94 points),
sample No. 3 (14.87 points) with a ratio
of 2:1 quince puree to green tomato
puree is rational.

It was found that the viscosity
and shear stress indicators for control
sample No. 1 and sample No. 3 are
quite similar. The measurement results
showed that the systems that were
investigated have stable structure
characteristics of viscous-plastic
systems. The research results show
that the introduction of green tomato
puree into the composition of the model
compositions has almost no effect on the
viscosity of the masses (sample No. 3)
compared to the control sample. The
obtained data show that, regardless of
the shear rate, the structure is actually
the same.

It was established that in the
prototype of confiture there are no
significant changes in the chemical
composition. Howeuver, there is a slight
decreaseinthe content of carbohydrates,
organic acids, and phenolic compounds,
by 20 %, which is associated with a
decrease in the quince content and
the introduction of green tomatoes
into the recipe. The energy value of
the new product decreased by 5 %,
which is insignificant. Microbiological
studies indicate the hygienic safety of
manufactured confitures from fruit and
vegetable raw materials according to
the specified indicators and fully comply
with established standards

Keywords: fruit puree, quince
puree, craft confiture, green tomato,
model compositions
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1. Introduction

tries every year, starting with the cultivation and ending

with the sale of finished products. For the food industry,

Changes in climatic conditions and a decrease in yields  the latest trends are the production of organic and craft
pose new challenging tasks for scientists in various indus-  products, taking into consideration resource-saving technol-




ogies. In order to reduce the loss of valuable raw materials,
it is relevant to devise non-standard innovative technologies
involving local agricultural raw materials with maximum
resource conservation. One of the promising areas is the
production of craft products from raw materials that are
almost not used for industrial processing, for example, green
tomatoes and quince fruits.

Quince fruits contain pectin compounds, glucose, fruc-
tose, salts of potassium, iron, calcium, phosphorus, copper,
and organic acids, as well as provitamin A, vitamins B1, B2,
B6, B, C, PP, and E. Given the high content of pectin in
fruits, quince is recommended for people who live in areas
contaminated with radionuclides or work in hazardous in-
dustries. Pectins have the ability to normalize the microflora
of the gut and remove radionuclides from the body.

Green tomatoes contain vitamins and minerals that help
improve eye health and reduce the risk of disease. In addition
to vitamins A, E, and C, green tomatoes also contain the
antioxidants zeaxanthin, lutein, and lycopene, which protect
the eyes from light damage. Lutein and zeaxanthin, accord-
ing to experts, play a role in protecting against oxidative
damage to the eye by free radicals. When lutein enters the
body, the risk of developing cataracts is reduced.

The human body cannot fully produce and provide itself
with essential nutrients. Therefore, devising innovative
technologies for safe craft food products is an urgent task for
the scientific community.

2. Literature review and problem statement

Tomatoes are the most cultivated vegetable crop in the
world, the area of crops of which occupies about 24 % of
the total area [1]. Ripe fruits are consumed both fresh and
canned. The most common canned products are tomato
paste, a variety of sauces, sun-dried tomatoes, and those
canned whole. For industrial processing, only mature fruits
are used. The climatic conditions of the temperate zone
make it possible to grow tomatoes in the open field for a long
period. However, significant volumes of tomatoes of green
and technical maturity remain in the fields or are sent for
recycling by processing enterprises because they do not meet
the established requirements. Tomatoes are a source of car-
bohydrates, minerals, and vitamins, but green fruits contain
a significant content of solanine, which is a toxic compound.
Given the presence of a harmful element, most processing
enterprises refuse to use this raw material. It is known that
under the action of high temperatures, solanine is destroyed.
Therefore, green tomatoes can be eaten only after heat treat-
ment [2]. However, there are no data on the full chemical
composition of green tomatoes after heat treatment.

Scientists have established that green tomatoes synthe-
size glycoalkaloids dehydrotomatin and -tomatine, which
help protect against bacteria, fungi, and viruses [3]. It is
proved that green tomatoes containing glycoalkaloids have
an anticarcinogenic effect and can cause the death of human
cancer cells. Taking into consideration these results, we can
argue not only about the nutritional value of green tomatoes
but also about the biological value, which requires more
detailed research.

It was found that the use of green fruits has a positive
effect on metabolism. Studies [4] have established that when
using extracts from both red and green tomatoes in exper-
imental groups of rats, normalization of blood cholesterol

levels was observed, and the number of fat cells decreased,
but the effect on other indicators is not given. According to
the results of research, the expediency of using tomatoes in
the treatment of obesity has been established. It is important
to note that a comparison was made of tomatoes of different
maturity, and it was found that useful properties are present
in all samples.

Dried tomato extracts (Solanum Lycopersicum 1.) have
antioxidant activity, increase life expectancy, and neuropro-
tection. According to [5], Maillard reaction products sug-
gest that dry processing of immature green tomatoes forms
compounds that can protect against neurodegeneration.
These studies are important, revealing the new properties of
green tomatoes.

Analysis of studies of green tomatoes [3, 4] confirms
that these fruits are quite valuable raw materials that are
not sufficiently appreciated. Green tomatoes do not have a
clearly expressed taste, therefore they can be the basis for the
preparation of a variety of products.

There is a known technology for the production of the
sauce “Greentomato” (LLC “Fruit and Vegetable Plant
“Kherson”, Ukraine) [6], which is characterized by high
organoleptic and microbiological indicators, but this recipe
needs to be improved in order to increase biological value.

In Latin American countries, dried green tomatoes,
which are part of traditional meals, are popular [7]. Taking
into consideration the data, we can observe that green to-
matoes are eaten only after heat treatment, the effect on the
human body has not been sufficiently investigated.

It can be argued that the nutritional value of green fruits
is underestimated. Therefore, it is relevant to search for
technologies for processing tomatoes in order to maximize
the use of local raw materials and, in particular, the creation
of special-purpose products.

Another valuable local plant is quince. Fruits contain a
high content of polyphenols, vitamins, pectin, and minerals.
Pectins that are contained in the fruits of quince have a
number of technological and functional advantages, so it is
usually used for making jam.

The technology of fruit and berry sauce made of quince
and dogwood is known [8]. It has been established that it
is necessary to blanch quince with water at a temperature
of 95... 98 °C for (3...5)-60 s. Further grinding of quince to
the consistency of puree reduces the content of cellulose,
hemicellulose, and pectin substances in the insoluble residue,
respectively, by 0.56 %, 1.2 %, and 1.7 %. In view of these
data, it was found that the optimal is the moisture-heat
treatment of quince with a hydraulic module of 1:0.8...1:0.9,
at a temperature of 98...100 °C for (23...25)-60 s. A study of
the chemical composition of the sauce revealed an increase
in the content of biologically active substances, especially
flavonoids. However, the disadvantage of this recipe is the
presence in the composition of ginger, which is an allergen.
Therefore, the use of this sauce is not suitable for people with
allergic reactions.

After analyzing promising local raw materials, the ques-
tion arises of determining the group of products that will be
in demand among consumers.

Fruit and vegetable craft products include the produc-
tion of jams, preserves, jams, and dessert sauces. It was
revealed that most scientific developments are aimed at
the production of sauce products. The range of sauces is
varied and wide [9]. It has been established that production
volumes using fruit and berry raw materials are inferior to




emulsion sauces [10, 11]. However, the issue of production
of craft products such as confitures is not well understood.

Analyzing the sources revealed that considerable atten-
tion is paid to the production of jams [12, 13] and the study
of their quality [14, 15]. Methods and procedures for check-
ing the safety of these products do not always meet the qual-
ity requirements of the HACCP system. There is an increase
in jam technologies with optimized nutritional value [16]. It
is worth noting that there is a revision of the classic technol-
ogies for making jams and preserves, which makes it possible
to minimize the technological process and reduce the loss of
biologically active substances.

The properties of raw materials for the production of jams
were studied in [17, 18]. The dependence of the degree of grind-
ing of quince on the quality of the finished product has been es-
tablished. It was found that the addition of quince in the volume
of 10 % of the fruit base makes it possible to completely remove
pectin from the technology [19]. These studies are promising
for the creation of innovative technologies for structured prod-
ucts. There are known technologies for low-calorie jams using
sweeteners and pectins [20, 21]. However, the introduction of
an excessive amount of pectins in the composition of the recipe
adversely affects the work of the gastrointestinal tract. There-
fore, these developments will need to be improved.

Thus, the main share of research is based on the use of
classical raw materials and their combinations. However, due
to numerous developments, there is no clear data on structural,
mechanical, and organoleptic studies, as well as the influence of
formulation components on the values of the qualitative charac-
teristics of confiture. These data could give an idea of the tech-
nological and organoleptic properties, and the ratio of green
tomatoes and quince fruits in confiture technology. This makes
it possible to assert the feasibility of research on craft food tech-
nologies involving unconventional local raw materials.

3. The aim and objectives of the study

The aim of this study is the technology of craft confiture
from unconventional local raw materials. This will make it
possible to obtain craft confiture with high organoleptic,
structural-mechanical, and microbiological indicators that
meet the requirements of the state standard.

To accomplish the aim, the following tasks have been set:

— to determine the rational ratio of green tomatoes and
quince fruits, taking into consideration the characteristics
of the confiture behavior under the action of loads and the
speed of their application;

— to investigate the physicochemical and microbiological
parameters of confiture.

4. The study materials and methods

The object of this study was 4 model compositions of
confiture, the main components of which are green tomatoes
and quince:

— sample number 1 (control) — quince confiture;

— sample number 2 — confiture ratio of mashed quince to
green tomatoes is 5:1;

— sample number 3 — confiture ratio of mashed quince to
green tomatoes is 2:1;

— sample number 4 — confiture ratio of mashed quince to
green tomatoes is 1:1;

— sample number 5 — confiture ratio of mashed quince to
green tomatoes is 1:2.

The hypothesis of the study assumes the possibility of
ensuring high quality and safety of craft confiture by de-
termining the rational ratio of the main components (green
tomatoes, quince) of the model composition.

The main raw materials chosen were local raw materi-
als, namely, green tomatoes (variety “Slivka”)) and quince
fruits (variety “Dessert”). Tomatoes were grown in open
ground (Village Muzykivka, Kherson oblast) and were har-
vested on October 10, 2020. Quince fruits were collected
at the Research Farm “Novokakhovske” (Village Plodove,
Kherson oblast) and were collected on October 9, 2020.
They were delivered to the laboratory and selected in terms
of shape, size, color, and shine, the presence of the stem, the
absence of mechanical damage, as well as the absence of pests
on or in tomatoes and quince. The collected samples were
washed with biodegradable detergent and tap water and
allowed to air dry for further research.

The research was carried out during 2020-2021 at the
laboratories of Kherson State Agrarian and Economic Uni-
versity, Kyiv National University of Culture and Arts, the
National University of Life and Environmental Sciences,
State University of Trade and Economics, Odesa National
Technological University (Ukraine).

5. Results of investigating the craft confiture from local
raw materials

5. 1. Determining the rational ratio of ingredients

Confiture is a jelly-like product containing evenly dis-
tributed whole or crushed fruits or berries, prepared by
boiling with the addition of sugar and structure-forming
substances.

The local crops, characteristic of the south of Ukraine,
are tomatoes and a wide range of fruit crops among which is
quince. Tomatoes are a low-calorie product with a high con-
tent of nutrients, in particular, B vitamins, and minerals (io-
dine, iron, chlorine, phosphorus, fluorine), which satisfy
the functional needs of the body in essential substances [2].
Usually, ripe fruits are used for industrial processing, and
green fruits are usually rejected and disposed of. Quince
is a source of carbohydrates, especially pectin substances,
essential oils, organic acids (tartaric, malic, and citric), and
tannins. Desserts and sweet meals are characterized by ex-
cellent taste and gelling properties. Therefore, taking into
account the technological properties of quince, it is advisable
to use the fruit as a basis for the preparation of craft jams
with green tomatoes.

Variants of recipes for model compositions are given
in Table 1.

Table 1
Recipe of model compositions of craft confiture, kg
The name of the 1 Raw material consumption, kg
raw material (Sf(?rlllt)rzli Sample 2 |Sample 3|Sample 4|Sample 5
Quince puree 60 50 40 30 20
Mashed green _ 10 20 30 40
tomatoes
Sugar 40 40 40 40 40
Output, kg 100 100 100 100 100




In order to determine the rational ratio of formulation
ingredients, it was important to create a product with high
organoleptic parameters (Table 2).

Table 2

Requirements for organoleptic
characteristics of craft confiture

Indica-
tors

Organoleptic characteristics of
experimental samples

Appear-
ance and
consis-
tency

A homogeneous, jelly-like mass with
evenly distributed pieces of tomatoes
and quince. Without extraneous
plant inclusions. No signs of sugar.

The color is from amber to greenish

Color
yellow

The taste and smell are pronounced
quince, without extraneous flavors
and odors

Taste and
smell

—_
W

In the developed craft confitures, the or-
ganoleptic assessment was carried out by a
tasting board. The results of the sensory eval-
uation are given in Table 3 and shown in Fig. 1.
According to the sensory assessment of the
main organoleptic parameters (Table 3), the
optimal formulation ratio of ingredients was

established.
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Table 3

Organoleptic evaluation of craft confiture,
points

Physical
appearance
and consis-

tency
4.98
4.94
4.94
4.84
4.54

Taste
and
smell

Overall
score

Confiture Color

1,4
1,2

5.0
4.98
4.98
4.86
4.73

Sample No. 1
Sample No. 2
Sample No. 3
Sample No. 4
Sample No. 5

4.96
4.95
4.95
4.86
4.84

14.94
14.87
14.87
14.56
14.11

0,8
0,6 =
0,4
0,2
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is a control (100 % of quince) and a standard;
when replacing quince with green tomatoes,
the mass is boiled down to the content
of dry soluble substances in the finished
product to 68 %. In the process, changes
are observed, with an increase in tomatoes,
organoleptic indicators decrease, and the
maximum allowable is to replace quince
with green tomatoes in a ratio of 2:1 (sample
number 3).

Sensory evaluation (Table 2, Fig. 1) con-
firmed the high organoleptic characteristics of confitures,
which indicates that the combination of the proposed ingre-
dients improves the characteristics of the finished product in
compliance with the indicators at a high level. The graphic
image (Fig. 1) shows the dynamics and clearly shows that
the recipe of sample No. 3 is rational.

Changes in viscosity and shear stress by measurement
time depending on the rate of displacement of confiture
samples (Fig. 2), which are obtained from the experimental
data are correlated with the data of organoleptic indicators.

4 Viscosity, MPAs™! ® Shear stress, Pa

Shear rate, 1/s

b

Fig. 2. Dependence plots of shear stress on viscosity:
a — confiture sample No. 1 (control); b — confiture sample No. 3 (experiment,

ratio of quince puree to green tomatoes 2:1)

The viscosity and shear stress have a similar appearance
for control sample No. 1 and sample No. 3. That is, as the ve-
locity gradient increases, the viscosity decreases and stabi-
lizes before moving to the region of the destroyed structure,
and the shear stress values increase.

The obtained data (Fig.2) make it possible to analyze
the effect of mashed green tomatoes on the rheological char-
acteristics of confitures, the curves of viscosity and shear
stresses, constructed according to the experiment.




The measurement results showed that the systems
that were investigated have a stable structure and are
characteristic of viscous-plastic systems. The destruction
of the structure begins only after reaching the specified
stress (Fig. 2). Obtaining the dependence of the shear
stress on viscosity makes it possible to analyze the effect
of the introduced tomatoes on the rheological properties of
confiture. The research results show that the introduction
of green tomato puree (sample no. 3) into the composition
of the viscosity of the masses, compared with the control
sample, almost does not change. The obtained data (Fig. 2,
Table 3) indicate that regardless of the shear rate, the
structure is actually the same.

The technological scheme of the production of craft con-
fiture is schematically shown in Fig. 3.

The proposed confiture technology (Fig.3) does not
imply significant differences in the stages of production
compared to the classical ones.

| Green tomatoes | | Quince | | Water |
v v

Mechanical culinary processing

Table 4
Comparative physical and chemical indicators
of craft confiture
Quince confi- Confiture

Indicator name ture (control) |«Khersons'kyy»

Chemical composition and energy value (g/100 g, kcal /100 g)

Proteins 0.4 0.5

Fats 0.3 0.2
Carbohydrates 46.3 44.8
Energy value 190.5 184.0

Physical-chemical indicators, %

Dry matter content 68 68
Content of titrated acids 0.45 0.36
The content of pectin substances 0.90 0.76

pH, units 3.5 3.5

Phenolic compounds 470 380

No less important is the establishment
of the level of safety of the new product,
characterized by microbiological indica-

tors (Table 5).
v v
| Grinding | Table 5
l ¢ Microbiological indicators of craft confiture
Boiling Boiling Indicator Permissi- | Actual
¥ ¥ ble value level
| Broth | | Semi-finished quince The number of me-
sophilic aerobic and
— | facultatively anaerobic | 5.0x10% | 1.1x10?
Homogenization |« microorganisms, CFU
¢ per 1.0 g, no more
Boiling Baf:teria of thg group gf Not Not de-
coliforms (coliforms), in allowed | tected
v 0.1 g of the product
Packing Lactic acid microorgan- Not Not de-
7 isms, CFUin1.0g allowed | tected
. Not
Seal -
caling Fungi, CFUin 1.0 g | exceeding A
tected
v 5,0
Pasteurization : Not Not de-
¢ Yeast, CFUin 1.0 g allowed tected
Storing confiture The results of research (Table 5) tes-

Fig. 3. Basic technological diagram of production of craft confiture from green

tomatoes and quince

5. 2. Results of investigating the nutritional value and
microbiological safety of craft confiture

To obtain objective data on the nutritional and energy
value of the developed craft confiture, physicochemical
studies were conducted, which are crucial for the storage of
confiture. The results are given in Table 4.

Comparing confiture samples, we observe the absence of
significant changes in the chemical composition. However,
there is a slight decrease in the content of carbohydrates,
organic acids, and phenolic compounds, which is associated
with a decrease in the quince content and the introduction of
green tomatoes into the recipe. Thus, the ingredient ratio of
formulation components makes it possible to develop a new
product without a significant impact on the nutritional value
of confiture with high organoleptic parameters.

tify to the hygienic safety of manufac-
tured confitures from fruit raw materials
according to microbiological indicators
and fully comply with the requirements of
DSTU 4900: 2007. Jams. General speci-
fications.

6. Discussion of results of investigating the confiture
from local raw materials

New food products are modeled in accordance with
the recipes (Table 1) in compliance with all technological
parameters to obtain the optimal result. According to the
results of the sensory assessment of the set of indicators, it
was established that the most rational is the ratio of green
tomatoes to quince, which is 1:2. With an increase in the
proportion of green tomatoes, there is a deterioration in
organoleptic indicators (Table 3, Fig. 1). The developed




confiture recipe, based on the results of quality properties,
has established itself as a competitive product with high
organoleptic indicators.

It has been established that the use of quince to create
a confiture structure of green tomatoes is appropriate (Ta-
ble 2, Fig. 2). However, it is known that the viscoelastic prop-
erties of products are decisive in technology during the pro-
duction, storage, and consumption process. For confiture,
one of the important indicators is consistency. Therefore, it is
important to study the effect of green tomato puree introduced
into quince confiture on rheological behavior. Rheological
properties were evaluated and experimental rheograms of shear
stress and shear velocity were constructed in Fig. 2. The shear
rate varied from 3.4 to 68 s, It was found that the samples ex-
hibited a non-Newtonian pseudoplastic behavior. If it is linear
and passes through the origin, it is called Newtonian. When the
flow curve does not pass through the origin or is nonlinear, the
material is called non-Newtonian. It is known that when the
shear rate increases, the apparent viscosity decreases, which
confirms the non-Newtonian behavior of jam samples. It was
found that the apparent viscosity decreased with increasing
shear rate in Fig. 2. The apparent viscosity of confitures de-
creased with an increase in the concentration of puree from
green tomatoes. That is, there is a decrease in visible viscosity
with an increase in the shear rate, which demonstrated the
non-Newtonian behavior. It is worth noting that study [22]
explained the situation why the shear stress rheogram starts
far from the starting point of the shift/shear stress plot and is
concave downwards. This is due to the yield strength during
the flow of material, which provides a cross structure or other
interactive structure that must be damaged before the flow
begins at a convenient speed. In view of the results obtained,
the rheological properties of confiture are influenced by time,
temperature, and shear rate. In addition, linear viscoelastic
properties and viscosity depend on the concentration of pectin.

A feature of our result, in comparison with the existing
ones, is the combination of quince, which acts as a struc-
ture-forming agent with green tomatoes. Modern nutri-
tional trends are aimed at maximizing the saving of food
resources [9, 23].

The study of the nutritional value and microbiological
safety of craft confiture indicates the absence of abrupt
changes in the chemical composition. Puree from green to-
matoes does not have a clearly expressed taste but contains
vital nutrients (Table 4). The combination with quince fruits
makes it possible to create confiture with an insignificantly
reduced content of fats and carbohydrates and increased
protein content. Thus, the ratio of quince puree to tomatoes
of 2:1 makes it possible to develop a new product without a
significant impact on the nutritional value of confiture with
high organoleptic characteristics. Studies of microbiological
indicators (Table 5) indicate compliance with the require-
ments (DSTU 4900:2007. Jams. General specifications.)

The possibility of creating new resource-saving technol-
ogies not only with high organoleptic and structural-me-
chanical parameters but also with improved nutritional
value has been confirmed. In the context of a global growing
shortage of resources, the development of food technologies
is aimed at the optimal use of existing non-traditional agri-
cultural raw materials.

The proposed solutions and recommendations could ex-
pand the ways of effective use of green tomatoes and quince
in food technologies.

The results reported in this paper have limitations re-
lated to the properties of green tomatoes used to produce
confiture. To obtain identical results in production, it is nec-
essary to use green tomatoes (variety “Slivka”)) and quince
fruits (variety “Dessert”).

Further research will be aimed at studying the biological
value of quince and green tomato confiture and the use of
other pectin-containing raw materials (apples, dogwood,
ziziphus) in this technology.

7. Conclusions

1. The rational ratio of puree from green tomatoes and
quince fruits has been determined, taking into consider-
ation the characteristics of the confiture behavior under the
action of loads and the speed of their application. Changes
in viscosity and shear stress by measurement time depending
on the shear rate of confiture samples have been investigat-
ed. It has been established that the rational puree ratio is
1:2 (tomato:quince). This proportion provides appropriate
structural and mechanical properties and high organoleptic
characteristics.

2. It was established that according to the main physical
and chemical indicators, the developed confiture almost
does not differ from the control sample. The energy value
of the new product decreased by 5 %, which is insignificant.
Given that mashed green tomatoes are a mass with neutral
taste properties, there is a decrease in the volume of phe-
nolic compounds by 20 %. However, a balanced ingredient
content makes it possible to get a product with high taste
characteristics.

The study of microbiological indicators of confiture
indicated compliance with the established standards and
indicates the safety of the product.
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