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Abstract. Nowadays in the food industry great attention is paid to reducing losses at the stages of 
agricultural products’ harvesting, treatment, and storage. Many developed countries produce food products 
of extended storage period. To increase the shelf life of semi-finished and finished food products, non-
thermal treatment methods are being used that allow one to save a greater amount of biologically active 
substances. One of these methods is products treatment by ionizing radiation. The article presents the results 
of assessing the influence of radiation treatment on microbiological, physico-chemical and organoleptic 
characteristics of vacuumized semi-finished products from potatoes. A technology for the production of 
semi-finished products using ionizing radiation has been developed, an effective dose of irradiation of 
vacuumized semi-finished products has been selected, which allows prolonging their shelf life. The research 
results show the influence of ionizing radiation on the cellular structure of root crops, which soften a little 
when treated by radiation. The determined quantity of mesophilic aerobic and facultative anaerobic 
microorganisms shows that ionizing radiation has a microbicidal and microbostatic effect, which allows 
increasing the shelf life of vacuumized semi-finished products from potatoes. 

1 Introduction 
One of the main tasks of the food industry worldwide is 
to increase the number of manufactured products by 
reducing waste at all stages of industrial treatment of 
agricultural raw materials. This can be achieved through 
the use of innovative and environmentally-friendly 
technologies [1,2]. At present, much attention is also 
paid to environmentally-safe technologies for processing 
household waste and wastewater [3-6]. 

In order to extend the shelf life and reduce the loss of 
food products, their special treatment - conservation is 
used. 

The action of preservative factors is aimed at slowing 
down or stopping enzymatic processes, as well as at 
suppressing vital functions or destroying 
microorganisms that cause food spoilage. Conservation 
methods are divided into physical, chemical, physico-
chemical, microbiological and biochemical. 

Nowadays, the physical methods are increasingly 
often used in many countries of the world. These include 
the following methods: ultrasonic sterilization, treatment 
with high-frequency currents and ultraviolet, radiation 
treatment, the practice of using a pulsed electric field, 
ozonation, and others [7-9]. 

Innovative methods provide higher quality, increase 
the shelf life of products, and are potentially able to 
provide better preservation of nutritional value, that is, to 
make products healthier [8-9]. The literature analysis 
showed that the use of ionizing radiation to process raw 

materials is of strategic importance for the development 
of the global market of health-friendly products. All over 
the world, it is believed that this technology is one of the 
most studied safe methods of non-thermal treatment of 
food products [10-18]. 

Ionizing radiation is the irradiation that has sufficient 
energy to separate electrons from atoms or molecules, 
thereby ionizing them. Raw materials and food products 
are exposed to ionizing radiation in order to inactivate 
pathogenic microorganisms, in particular Escherichia 
coli, Listeria and Salmonella [13, 19-21]. International 
organizations, namely the United Nations Food and 
Agriculture Organization (FAO), the World Health 
Organization (WHO) and the International Atomic 
Energy Agency (IAEA) guarantee the safety of ionizing 
radiation use for food treatment in order to obtain food 
that is safe for health and to preserve their nutritive 
properties [14,22,23]. 

Studies of food quality after radiation sterilization 
have shown the promise of this technique. Today, 
ionizing radiation is recommended for use to storage of 
semi-finished products and culinary products, meat, fish 
and other marine products, potatoes, onions and other 
root crops, in the spring and summer months, for 
perishable berries and fruits for the periods of their 
transportation from producer to consumer, as well as 
fruit juice concentrates and other agricultural products. 
The ionizing radiation treatment technology also allows 
one to control the degree of products infection by insects 
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and parasites, and inhibits the maturation and 
germination processes. 

In accordance with the recommendations of the 
International Organization for Standardization, the Gray 
(Gy) is adopted as the unit of measurement of the 
absorbed dose of ionizing radiation. This is the amount 
of energy (J) absorbed by 1 kg of product. The doses 
absorbed by the products during treatment are measured 
in kGy. The maximum dose depends on the purpose of 
product treatment [15,22]. 

Nowadays treatment of agricultural and food 
products is carried out in more than 60 countries. 
Radiation treatment of food products is most effectively 
used worldwide for the following purposes: pest control, 
slowing down of ripening and germination, increasing of 
shelf life, preventing of mold growth, and inactivation of 
pathogenic microorganisms. Various modes of radiation 
treatment of food products [13,14,20,24-27] are used 
depending on the set goals and objectives, Table 1. 

The aim of this study was to assess the influence of 
radiation treatment on the microbiological, physico-
chemical and organoleptic characteristics of vacuumized 
semi-finished products from potatoes. The main task was 
to develop a technology for production of semi-finished 
products using ionizing radiation, as well as selection of 
an effective dose of radiation for vacuumized semi-
finished products in order to extend their shelf life. 

2 Materials and methods 
The raw materials of the Russian production – the 
Nevsky potatoes (grown in the Leningrad Oblast, 
Russia) were selected as the object of the study. In this 
work, we developed a technology for the production of 
vacuumized semi-finished products using radiation 
treatment [21]. 

Research was carried out in several stages. Potato 
roots of approximately the same size were selected. Then 
they were washed, inspected, and the greened potato root 
crops, as well as that damaged by pests and with 

sympthoms of spoilage were taken away. Then root 
crops were mechanically peeled. The peeled root crops 
were packed in 200 g packages of 100 microns thick 
PET film (lavsan). Potato samples were vacuumized 
using the vacuum machine (Grado di protezione: IP-20). 

At the next stage of experiment, all samples of semi-
finished products subjected to evacuation were divided 
into two parts. The first part of samples was stored in a 
refrigerator at a temperature of 4 ± 2 °C for the entire 
period of studies. The second part of samples was 
subjected to radiation treatment using the K-120000 
cobalt installation. The exposure time was 60 minutes, 
and the radiation doses were 2, 5, and 10 kGy. The 
evacuated and irradiated semi-finished products were 
stored in refrigeration conditions throughout the entire 
period of studies at the same temperature of 4 ± 2 °C. 

At the third stage, the storage periods of vacuumized 
semi-finished products were investigated. To determine 
the shelf life of the treated and untreated root samples, a 
number of studies were carried out to determine their 
organoleptic, physico-chemical and microbiological 
characteristics. 

The moisture content and titration acidity were 
determined from physico-chemical parameters for all 
samples. The physico-chemical characteristics of potato 
quality were determined using the standard methods 
[28,29]. 

All studies of organoleptic, physico-chemical and 
microbiological quality indicators of vacuumized 
vegetables were carried out on the 11th, 18th, 26th, 33rd 
and 46th days from the beginning of evacuation and 
radiation treatment. 

3 Results and discussion 
The organoleptic assessment of vacuumized vegetable 
semi-finished products shows that the sensory 
characteristics of samples exposed to ionizing radiation 
compare favourably with the quality indicators of semi-
finished products that are not exposed to radiation. It was 

Table 1. Recommended irradiation doses used at radiation treatment of food products. 

Product Radiation dose, kGy The purpose of irradiation 
Potato, onion 0.05-0.15 Germination inhibition 
Grain, fruit 0.15-0.50 Pest control 
Fruits, vegetables 0.5-1.0 Slowing down of ripening 

processes 
Strawberries, vegetables 1.5-3.0 Extending of shelf life 
Fruit and vegetable products 1.0-3.0 Decontamination of fruits and 

vegetables (4) 
Fresh fruit and vegetable products 1.0-3.0 Mold growth prevention (4) 
Fresh and frozen chicken, shrimps 2.0-5.0 Destruction of pathogenic 

parasites and microorganisms 
Food products 2.0-10 Improving the technological 

properties of a number of food 
products 

Food additives and ingredients (spices) 10-50 Disinfection 
Meat, meat products, diet products for patients 30-50 Sterilization  
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found that the evacuated samples of root crops that were 
not exposed to radiation did not withstand long-term 
storage (33 and 46 days), because they had a significant 
deterioration of quality indicators, manifested in 
darkening of samples, softening of their structure, 
appearance of an extraneous putrefactive odor. These 
changes, apparently, occurred as a result of 
microbiological spoilage. Therefore, these samples 
received very low scores during the tasting assessment; 
therefore, they did not participate in further studies. 

Microbiological spoilage of vegetable products most 
often begins before the visually observed signs of 
spoilage appear, therefore, determination of 
microbiological parameters is very important when 
conducting research. The determined microbiological 
parameters of the studied samples are presented in 
figure. 

It is known from literature that efficiency of radiation 
usage as a method of semi-finished products 
decontamination depends on the sensitivity of certain 
types of vegetable products to radiation [20,30,31]. 
Determination of the quantity of mesophilic aerobic and 
facultative anaerobic microorganisms (QMAFAnM) on 
the 11th, 18th, and 26th days after the samples 
evacuation showed that the semi-finished products 
subjected to ionizing radiation showed a smaller number 
of colonies at the time of performing the microbiological 
studies. The QMAFAnM indicator on the 26th day of 
storage for vacuumized potatoes treated with irradiation 
is 1.75 times less than that of untreated potatoes. It 
means that ionizing radiation has a microbicidal and 
microbostatic effect, which ensures longer shelf life of 
the product. The storage time during which the vegetable 
semi-finished products remained safe according to 
microbiological indicators was not more than 11 days for 
untreated vacuumized semi-finished products, and 26 
days for those treated with radiation. 

4 Conclusions 
Modern technologies cannot guarantee production of 
fresh fruit and vegetable products completely free of 
pathogens throughout the entire storage period. 
According to experts, about 25% of raw materials are 
lost due to microbiological spoilage and insect 
contamination after harvest. Therefore, effective 
measures must be included in the systems for production 
and sale of fresh fruits and vegetables to ensure the 
products safety for the health of consumers. At present, 
this safety can be ensured at a high level using 
technologies for treatment of raw materials and finished 
products with ionizing radiation. 

The sensory evaluation of vacuumized semi-finished 
products showed that radiation treatment of vegetables 
(with doses up to 10 kGy) doesn’t cause significant 
changes in their commercial quality, but in some 
cultures, cell juice is released. During prolonged storage, 
the total score of the organoleptic evaluation of samples 
decreases. It is important to note that for samples of 
treated foods, the total score is higher than that of 
untreated ones. The results of organoleptic studies 
correlate with the results of determining microbiological 
parameters. So, in samples not subjected to ionizing 
radiation, an unpleasant odor was observed, indicating 
signs of semi-finished products’ damage. Thus, ionizing 
radiation reduces the microbiological contamination of 
vegetables, and this allows one to increase the shelf life 
of the vacuumized vegetable products. 

The storage time during which the vegetable semi-
finished products remained safe according to 
microbiological indicators was not more than 11 days for 
untreated vacuumized semi-finished products, and 26 
days for those treated with radiation. 

 
Fig. 1. The QMAFAnM indicator of irradiated and non-treated vegetable semi-finished products. 
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The results of the study allow us to suggest that the 
radiation treatment of vegetable products, as non-thermal 
method, can be used to increase the shelf life of 
vacuumized semi-finished products. The most 
appropriate dose for potato irradiation is 10 kGy, since 
these samples retained consumer properties for the 
longest time. 
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