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Tomato fruits are characterized by a high content of biologically active substances, which makes them an ir-
replaceable component of nutrition. However, tomatoes are perishable products and require additional measures
to extend storage. One of the most problematic areas is the limited use of synthetic chemicals for processing fruit
prior to storage. An alternative to them are natural exogenous preparations with antioxidant and disinfectant
effects, which are environmentally friendly. However, the treatment of fruits with natural substances does not
have sufficient efficiency in comparison with synthetic ones, which requires a combination with other post-haroest
measures to increase cold stress. The object of research is the process of storing tomato fruits using heat treatment
with a biological product. Numerous studies indicate the feasibility of using the processing of fruits with biological
products to extend their storage duration. Standardized preparations based on bee products are of great interest.
The research carried out in this work is aimed at extending the shelf life of tomato fruits while maintaining their
quality by heat treatment of tomatoes with a solution of a biological product (tincture of the biomass of the larvae
of the greater wax moth) before storage. In the course of the study, it was found that such treatment prolongs
the shelf life of blank tomatoes up to 50 days, which is 40 % longer compared to the control. It has been proven
that fruits treated with a biological product demonstrate a low level of metabolic processes. This is due to the fact
that the proposed treatment slows down the rate of accumulation and degradation of sugars and organic acids.
In particular, in fruits treated with a biological product, the sugar content is 8.8—10.6 % higher than in the control.
The rate of decrease in the level of titratable acidity in the variants treated with the biological product is 15—19 %
slower than in the control. The above results indicate the effectiveness of the use of a biological product for storing
tomato fruits in comparison with similar measures.
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1. Introduction

The world food problem is associated mainly with the
growth of the world’s population, a shortage of resources,
and an increase in anthropogenic impact on ecosystems.
The main ways to solve it are the promotion of sustainable
and healthy diets based on plant products and the reduc-
tion of food waste and food losses, including post-harvest
losses [1]. According to FAO statistics [2], 44 % of all
losses of food resources are losses of fruits and vegetables.
On average, losses for perishable crops such as fruits and
vegetables are 6.4 % compared to 2.7-3.8 % for other crops.
In addition, post-harvest losses of fruits and vegetables in
low- and middle-income countries are 10—15 %, while, for
example, in Europe and North America, only 4-7 % [3].

Today, scientists have developed a number of techno-
logical aspects designed to reduce the loss of fruit and
vegetable products [4, 5]. However, the problem remains
relevant for scientists around the world.

Among all groups of vegetable crops, fruit vegetables
have the lowest shelf life, the most popular of which are
tomatoes. It is the dominant vegetable crop in the European
market [6]. Tomato fruits are characterized by high phyto-
nutrients, which makes them an irreplaceable component
of human nutrition [7, 8].

2. The ohject of research
and its technological audit

The object of research is the process of storing tomato
fruits using heat treatment with a biological product.

One of the most problematic areas in the selection of
chemicals for processing fruit prior to storage is the limited
use of synthetic chemicals. Their characteristic disadvan-
tages are potential negative effects on human health and
the environment. The obvious risk factor raises concern and
contributes to the search for environmentally friendly natu-
ral preparations with antioxidant and disinfecting effects,
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which are alternative to synthetic ones. However, often
the treatment of fruits with natural substances does not
have sufficient efficiency compared to synthetic ones, which
requires a combination with other post-harvest measures
to increase cold stress.

3. The aim and ohjectives of research

The aim of research was to lengthen the shelf life of
tomato fruits while maintaining their quality by inactivat-
ing pathogenic and epiphytic microflora from the surface
of tomatoes with a solution of a biological product before
storing them.

To achieve this aim, the following objectives were set:

1. To establish the optimal concentration of the biologi-
cal product to maximize the storage duration of tomato
fruits while maintaining their quality.

2. To investigate the peculiarities of the influence of
a biological product on the commercial quality and bio-
chemical parameters of fruits during storage.

4. Research of existing solutions
to the prohlem

Scientists pay much attention to the development and
improvement of fruit storage technologies based on the use
of safe, environmentally friendly methods and natural compo-
nents for post-harvest processing [9, 10]. Numerous studies
indicate the advisability of using treatment with exogenous
biological products to increase the shelf life without losing
the quality and biological value of the fruits. Scientists
have developed complex compositions of antioxidant ac-
tion, the treatment with which effectively increases the
resistance of fruits to cold stress during storage [11, 12].
Among antioxidant substances for processing fruits, ionol,
dimethyl sulfoxide, lecithin, chlorophyllipt, ascorbic acid,
as well as plant extracts and biological products are most
often used [13—-15].

Preparations based on bee products, which are standardi-
zed in medicine and are actively used to treat a number
of diseases, are of great interest. The world scientific com-
munity recommends their use due to the high biological
value of such products, anti-inflammatory, bactericidal,
fungicidal, antiviral, antioxidant activity [16]. In addition,
biological products based on beekeeping products are used
for the primary processing of fruits and for increasing the
storage duration [17, 18].

The biomass of the greater wax moth has been studied
in detail by scientists. Tincture of the biomass of the larvae
of the greater wax moth (BLGWM) is produced by the
pharmacological production of Ukraine. It has undergone
preclinical pharmaco-technological, physicochemical studies,
according to which it is not toxic, not pathogenic, is cha-
racterized by a therapeutic and prophylactic effect, and
has no side effects [19, 20]. This biological product is
characterized by therapeutic and prophylactic, immuno-
modulatory properties due to its rich chemical composition:
essential amino acids, unsaturated fatty acids, hormones,
enzymes, sugars, vitamins, microelements. BLGWM tinc-
ture is safe, has antimicrobial and antioxidant properties.
The antimicrobial effect of the drug was found against
gram-positive and gram-negative bacteria, mycobacterium
tuberculosis and pathogenic fungi. The antioxidant effect
is due to the content of tocopherols and ascorbic acid.

Microorganisms enter the fruit at all stages of the
technological production chain: during the growing season,
collection, storage, packaging, sale. The use of antimicro-
bial drugs in the technology of pre-harvest processing or
storage is highly effective [21]. Thus, the use of a bio-
logical product with a pronounced antimicrobial activity
to increase the storage duration of tomato fruits can be
promising and requires scientific research in this direction.

At the National Scientific Center «Institute of Bee-
keeping named after P. I. Prokopovich» (Kyiv, Ukraine),
a technology for preparing BLGWM tincture under the
Gretavisk trademark has been developed. For this, the
properties of the larvae were studied depending on age,
the optimal algorithm of the tincture preparation tech-
nology was presented, and the Technical Conditions of
Ukraine were approved for it [22]. The normative document
TU U 01.2-00729557.002-2002 contains requirements for
quality indicators for the BLGWM tincture, which gua-
rantee high quality and safety of the biological product,
describing the process of its production.

5. Methods of research

The effectiveness of the technology of primary pro-
cessing and storage of tomato fruits depends on the ob-
servance of many factors and the consistent performance
of all technological operations: transportation, inspection,
sorting, calibration, processing of fruits with a biologi-
cal product, drying, storage and sale. Tomatoes must be
healthy, clean, free of mechanical damage, signs of wilting,
defects, diseases and extraneous moisture. Primary process-
ing and storage measures aimed at adapting the processes
of fruit viability, reducing the negative influence of external
factors and stress factors.

Tomatoes were used for storage, a mid-season variety
Katiusha F1, blanc degree of ripeness, flat-rounded, dense,
characterized by high keeping quality and transportability.

The fruits were harvested by hand in the morning
in dry, clear weather, typical in color and shape. Blanc
fruits were immersed in a solution of BLGWM tincture
at a concentration of 1, 3, and 5 % at a temperature of
45 °C for 15 min. The temperature and exposure of heat
treatment were selected based on literature data and pre-
vious studies [23]. The fruits were dried, put into plastic
boxes, cooled and stored at 12+1 °C, relative air humidity
85-90 %. Untreated fruits (K1) and fruits treated with
a 5 % aqueous solution of alcohol (K2) were taken as control.
A schematic flow diagram of the primary processing and
storage of tomato fruits is shown in Fig. 1.

In the course of the research, changes in the commer-
cial quality and some biochemical parameters of tomato
fruits during storage were studied.

Experimental experiments were carried out in 2019-2020
in the laboratory of technology for primary processing
and storage of crop products of the Research Institute
of Agrotechnology and Ecology of the Tavrichesk State
Agrotechnological University named after Dmytro Motorny.

In the course of research, in accordance with generally
accepted methods, the commercial quality, total sugar con-
tent, titratable acidity were determined, and organoleptic
assessment was carried out.

Sampling and preparation of samples for analyzes was
carried out in accordance with DSTU ISO 874-2002. Com-
modity analysis — in accordance with DSTU 3246-95.
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Organoleptic evaluation — in accordance with the guidelines
for storage and processing of crop products. Physiological
and microbiological diseases were determined by examining
the fruits and distributing them according to the type of
lesion. The end of the storage time was determined by
the total loss of fruits, no more than 10 %.

Transportation

v

Reception

v

| Control of quality and safety indicators |

-

Inspection

v

Calibration, sorting

v

Heat treatment with a biological product
(=45 °C, =15 min)

v
Drying of fruits

v

| Packaging fruits in containers |

!
| Storage (=12+1 °C, W=90+3 %) |

.

| Commodity processing |

v

| Sale |

Fig. 1. Basic technological scheme of primary processing
and storage of tomato fruits

The mass concentration of sugar was determined ac-
cording to DSTU 4954:2008; titrated acids — according to
DSTU4957:2008. Mathematical processing of the research
results was carried out according to V. Moiseichenko and
the computer program <«Excel 2010».

6. Research resulis

The commercial quality of fruits is a complex indica-
tor that determines their competitiveness in the market.
It combines a number of tomato-specific characteristics:
biochemical, physical, biological, which are determined by

the genotype and the level of its implementation in the
corresponding growing region.

The commercial quality of tomato fruits supplied and
sold for fresh consumption, as well as for further storage,
is regulated by the state standard DSTU 3246-95 «Fresh
Tomatoes. Technical conditions».

Consumers give preference to beautiful, uniformly colo-
red, dense fruits with high taste characteristics; when choos-
ing fruits, their appearance, nutritional and technological
value, shelf life, transportability, environmental friendliness
and safety are assessed.

The quality of tomatoes, their commercial and consumer
properties are formed during the growing season, during
ripening on the mother plant [24, 25]. It is influenced
by a combination of many factors, among which the main
ones are the biological characteristics of the variety, soil-
climatic and agrotechnical conditions of cultivation [26—28].

Tomatoes of the corresponding variety under specific
conditions are characterized not only by certain external
indicators, ripening time, but also by a special chemical
composition, which can be predicted depending on the
level of abiotic factors [29].

After 30 days of storage, among the control variants,
according to the commercial characteristics, the best indi-
cators were in the fruits treated with an aqueous solution
of alcohol (Table 1), which can be easily explained by
a certain bacteriostatic effect of the treatment.

The maximum number of standard fruits after 50 days
of storage was in the variants of the BLGWM finishing
with concentrations of 3 and 5 %. However, the difference
in the yield of standard products between the variants
with the concentration of the biological product of 3 and
5 % is unreliable. This testifies to the inexpediency of
increasing the concentration of the BLGWM tincture.

The decrease in the yield of standard products was
due to physiological disorders — the wilting of the fruits.
Table 2 shows the loss of fruits from physiological disor-
ders and microbiological diseases after storage.

After 30 days of storage of the control groups, a higher
level of microbiological damage was in the K1 option —
8.0 %. On the contrary, in option K2, only 2.4 % of the
fetuses have signs of microbiological diseases. Losses from
physiological fetal disorders in options K1 and K2 were
at the level of 5.45 and 6.01 %, respectively.

The level of fruits affected by microorganisms after
50 days of storage was significantly lower in the finish-
ing options for BLGWM with concentrations of 3 and
5 % and amounted to 0.7 and 0.5 %, respectively. During
storage of research groups of fruits, losses from functional
disorders were significantly lower in treatments with con-
centrations of 3 and 5 % and averaged 4.5 %.

Tahle 1
Commercial quality of tomatoes after storage, %, M+m, n=3
Option Storage duration. Products. % Tasiing. scare.
days standard non-standard technical defect absolute waste point
K1 - 80.94+0.44 8.86+0.10 3.56+0.08 1.62+0.03 3.50+0.10
K2 87.36+0.53 4.55+0.09 2.25+0.09 1.04+0.05 3.74+0.15
BLGWM 1 % 40 84.30+0.69 6.04+0.04 4.07+0.10 0.95+0.08 3.65+0.08
BLGWM 3 % - 88.71+0.38 2.15+0.08 2.16+0.06 0.98+0.05 4.08+0.20
BLGWM 5 % 89.78+0.57 1.91+0.08 2.28+0.05 0.72+0.03 425+0.11
HIPgs - 1.52 0.58 0.12 0.19 0.38
G 42 TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 3/3(59), 2021



I55N 2664-93969

CHEMICAL ENGINEERING:
FOOD PRODUCTION TECHNOLOGY )

0.60
Tahle 2 HIP,=4.81
Diseases of tomato fruits after storage, %, M+ m, n=3 < 055
- ey
o o E 050 +——~SW S <
Ontion Storage dura- | Physiological | Microbiological S NN S
P tion, days diseases, % diseases, % g 045 RN ~ * o
@ \:i.~§\$(\\\\)‘.
K1 6.01+£0.45 8.03+0.25 § 0.40 > = e S~ o~
30 g S~ TS~k
K2 5.45+0.19 2.39+0.17 = 035 - X
0.30 ‘ ‘ : ‘ ‘
BLGWM 1 9 40 8.89+0.05 2.17+0.22
" 0 10 20 30 40 50
BLGWM 3 % 4.58+0.12 0.70+0.08 Storage duration, day
50
BLGWM 5 % 438010 | 052007 —¢ K1 =% K2 —4~ BLGWM 1 %—>~ BLGWM 3 %~ BLGWM 5 %
HIPos _ 0.51 0.03 Fig. 3. Dynamics of titratable acidity in tomatoes during storage

According to the results obtained, the treatment of fruits
with a biological product based on a tincture of BLGWM
lengthens the shelf life of tomato fruits and increases the
yield of standard fruits in comparison with control samples.

The taste indicators of tomato fruits are determined
by the level of sugars, organic acids and their ratio. The
composition of dry matter of tomatoes is dominated by
carbohydrates, mainly simple saccharides [7, 30].

The dynamics of the total content of saccharides in fruits
during storage is shown in Fig. 2. The dashed curves shown
in the graph characterize the probable form of dependences.

During storage, the blank fruits of the tomato ripen,
therefore the sugar content increases. In the control group
of fruits, the maximum level of simple carbohydrates is ob-
served on the 20th day, then the biosynthesis process stops
and the aging process begins. Fruits treated with BLGWM
ripen more slowly, the process lasts up to 40 days. And, ac-
cordingly, the processes of overripening of the research group
of fruits occur later. And this leads to a 8.8-10.6 % high
saccharide content in comparison with the control options.

6
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Fig. 2. Dynamics of the sugar content in tomatoes during storage

Tomatoes contain citric, malic, oxalic and fumaric
acids [31]. Lemon is predominant. During storage, acids
act as a substrate for respiration, which leads to a gradual
decrease in their content (Fig. 3). The dashed curves
shown in the figure characterize the probable form of
dependences.

The rate of consumption of acids in the variants treated
with the biological product is 15-19 % slower, which indi-
cates a lower level of metabolic processes in the tomatoes
of the experimental samples.

7. SWOT analysis of research resulis

Strengths. The positive effect of the research is the
choice of an effective natural biological product for heat
treatment of tomato fruits before storage. In the course
of the research, it was possible to establish the optimal
concentration of the biological product to maximize the
storage time of tomatoes while maintaining their quality.
This was facilitated by the study of the peculiarities of
the effect of heat treatment with a biological product
on the commercial quality and biochemical parameters
of fruits during storage.

Weaknesses. The weak side of the research is the analysis
of the effect of this treatment exclusively on the com-
mercial quality and biochemical parameters of tomatoes,
and not covering the complex of endogenous antioxidants.
However, the study of the dynamics of all antioxidants in
tomato fruits will lead to overload and difficult percep-
tion of this work.

Opportunities. The prospect of further research is the
analysis of the effect of heat treatment with a biologi-
cal product on endogenous antioxidants of tomatoes. The
results of the work will be reflected in a separate work,
which will allow to understand the complex mechanism
of the influence of this processing. The implementation
of the results obtained will allow to extend the period
of tomato supply to consumers both in Ukraine and around
the world.

Threats. For the effective use of this technology, it is
necessary to additionally take into account the annual
fluctuations in the biochemical parameters of tomatoes,
depending on the weather and climatic conditions of grow-
ing. When implementing the research results, additional
costs are required. In particular, when processing tomato
fruits with a biological product, the storage cost increased
to 170 USD/t, and the net profit amounted to 52 USD/t,
while the profitability of fruit storage was 16.03 % higher
compared to the control.

1. It has been established that heat treatment of tomato
fruits with a tincture of BLGWM at a concentration of
3 % allows to increase the storage time of blanche fruits
up to 50 days, which is 40 % longer than in the control.
An increase in the concentration of a biological product
does not lead to an increase in the shelf life. The maximum
number of standard fruits after 50 days of storage was
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in variants 3 and 5 % BLGWM - 88.71 and 89.79 %,
respectively. Since a high BLGWM concentration does
not significantly increase the yield of standard products
or extend shelf life, a concentration of 3 % is preferred.

2. It has been proven that fruits treated with a biological
product demonstrate a low level of metabolic processes.
This is confirmed by the slower rates of accumulation and
degradation of sugars and organic acids. In fruits treated
with a biological product, sugars are 8.8-10.6 % higher
than in the control. The rate of decrease in the level of
titratable acidity in the variants treated with the biological
product is slower — by 15-19 % compared to the control.
The above results indicate the effectiveness of the use
of the preparation from the biomass of the larvae of the
greater wax moth for storing tomato fruits.
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