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Abstract

Nowadays producing of healthy vegetables and their processed products — rich with
vitamins, free of nitrates, heavy metals and other harmful compounds — remains a big
challenge. This challenge will get more importance in the future due to changing the climate
and growing of the human population on the Earth.

Methods of soil fertilization, chemical compounds and dosages of fertilizers have direct
effect on the quality of harvested vegetables in terms of content of nitrates, heavy metals and
other compounds and have impact on their processed products.

To process vegetable products with a long shelf-life and minimal expenses, manufacturers
use various chemical additives, which have an impact on human health especially in large
quantities.

The effects of various biotic and abiotic factors on developing of plants and their fruits
are different in conditions of open grounds and greenhouses. The main task of this research
was to make tomato-paste without loss of vitamin C, without emulsifiers, dyes, various harmful
additives for human health and of course without mesophilic aerobic and facultative anaerobic
microorganisms and spores. For these purposes it was necessary to find an innovative way to
reach the goal. It also was necessary to study the raw tomatoes and the soils of their harvesting
locations, in various seasons of the year. The quality of tomato-paste depends on the
composition of soils and on the raw tomatoes.

The locations of harvested raw tomatoes were Gori districts: Sveneti, Khidistavi and
Ateni, and the north side of Marneuli. The samples of raw material were subspecies of
tomatoes: Choportula, Samepho and Sagviano. The samples of soils were pasture and fertilized
types, which were taken from various depth of the ground. Fertilizer was applied to these soils
in the form of a mixture of burnt and milled cattle manure and 60% of ammonia sorghum,
which was a source of nitrogen. These fertilizers were applied before planting tomato seedlings
on an area of 30 t/ha, then during mass flowering, 40% nitrogen fertilizer was applied as for
feeding. These soils are characterized by a low level of chemical contamination. Soil samples
taken in the indicated areas are neutral, deviated to a slightly alkaline environment, with a pH
of 7.0-8.1. Soil carbonization in Marneuli is lower than in the Gori region. Hydrolytic nitrogen
is relatively high and reaches 7.2 mg% in Marneuli samples and 5.6 mg% in Gori samples.
Mobile phosphorus in samples taken from a depth of 0-20 cm from the top soil layer was
relatively low in both Gori and Marneuli soils, and higher in layers of 20-40 cm. Mobile
phosphorus in fertilized soils was higher than in pasture soils. The amount of phosphorus in
samples taken from the depth of 20-40 cm in fertilized soils of the Gori region was 8.4%, and
in soil samples from Marneuli - 3.4%. Exchangeable potassium in the samples of all points was
different and ranged from 9.8-18.0%, and there was also a difference between pasture and
fertilized soils at different sampling depths.

To prepare tomato paste, physically intact, technically ripe tomato fruits (Choportula,
Samepho and Sagviano) were selected. The main indicators that determine their quality were
studied. Analyzes were carried out between June and October. The free water content is
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maximum in June and gradually decreases by October. The largest amount of free water - 96%
- was found in Choportula, both in the Gori and Marneuli regions. The analyzes showed that
content of free water amount depends on the species of tomato. Before making tomato paste,
it is necessary to determine the amount of free water in raw tomatoes, since energy
consumption depends on this. The number of nitrates varies in all species of tomatoes.
Choportula is also the leader with the highest content in comparing with other tomato species.
In June samples taken from the Gori region, the quantity of nitrates was 180 mg/kg, but by
October it decreased in all samples. In Choportula samples taken from Gori districts in October,
it was 77 mg/kg. Heavy metals (Pb, As, Hg) are found in samples of all locations and types in
very small quantities and are below the maximum permissible concentrations.

In order to reduce energy costs and losses of ascorbic acid in the production of tomato
paste using a production method, an innovative technology for producing healthy tomato paste
was developed, which uses ultrasound with a frequency of 40 kHz. Accordingly, a tomato juice
concentration device equipped with an ultrasonic generator sterilized the tomato juice, and an
excess vacuum of -0.9 bar (100 millibar absolute pressure) created in it using a vacuum pump
ensured the boiling of the tomato juice. at a temperature of 46°C and concentration.
Accordingly, tomato paste was obtained without heating, in which ascorbic acid remained
unchanged. Ultrasonic treatment facilitated sterilization without heating up to 85-100°C.
Tomato paste samples were also produced using a heating production method, where the
vitamin C content was reduced by 98% compared to the original raw material. Due to the low
content of vitamin C in tomato (10 mg%) and to increase its concentration in tomato juice, red
sweet pepper was added in a tomato/pepper ratio of 21:1. The pepper also enhanced the red
color of the tomato paste. In order to reduce the pH of tomato juice, before preparing tomato
paste, citric acid was added to it so that the pH of the resulting tomato paste samples was less
than 4.2 (according to the standard, the pH of tomato paste should be in the range of 4.2-2.5).
The pH of the resulting product ranged from 3.6 to 3.8, which had a positive effect on its taste.
All samples were stored in a refrigerator at a temperature of 5-8°C. 1 year after production, all
samples were sent to an accredited laboratory, where microbiological analyzes were carried
out to identify mesophilic aerobic and facultative anaerobic microorganisms. No colony-
forming units were detected in any of the samples. No traces of mold or gas accumulation were
found in hermetically sealed cans of tomato paste. Tomato paste obtained by an innovative
method consumes 2.5-3 times less energy than tomato paste obtained by heating - even in the
case of additional sterilization of the tomato paste obtained by an innovative method. As a
result of our scientific research, the tomato paste produced from raw tomatoes in all three
regions is biologically pure and ecologically valuable. Which is very important for the health
of humanity, and Georgia has the potential for contribution.

37



