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active substances. This can be provided with fresh vege-
tables [1]. 

In terms of the content of chemical components, Brussels 
sprout can be attributed to valuable vegetable plants whose 

1. Introduction

The intense rhythm of modern human life requires 
nutrition that is rich in vitamins and other biologically 
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The effect of antimicrobial 
preparations on the intensity of loss-
es in the quality of Brussels sprout 
heads during storage has been sci-
entifically substantiated. Brussels 
sprout heads were treated with anti-
microbial solutions before storage. 
The following solutions were used: 
0.05 % sorbic acid, 0.2 % benzo-
ic, 0.5 % citric acid, Baikal EM-1, 
0.5 % solution of ascorutin. The 
heads were stored in boxes lined 
with a 40 µm thick polyethylene film.

Treatment with antimicrobi-
al preparations increases the shelf 
life of Brussels sprout to 50 days 
without significant weight loss. 
A solution of sorbic acid significant-
ly reduces the natural mass loss 
by Brussels sprout after 10 days of 
storage. The effect of other prepa-
rations is observed only on day 30 of 
storage. Standard product output is 
85.2–86.9 % depending on the fea-
tures of the hybrid.

Antimicrobial preparations con-
tribute to the preservation of chem-
ical components in Brussels sprout 
heads. At the end of storage, the 
content of dry matter, dry soluble 
substances, total sugar, and ascor-
bic acid is 5‒8 % higher than that 
in the control variant. A greater 
content of some components of the 
chemical composition is observed 
in produce treated with solutions 
of sorbic and benzoic acids before 
storage.

Solutions of sorbic and benzoic 
acids effectively hinder the develop-
ment of harmful microorganisms on 
the heads of Brussels sprout.

The result of this study has 
established that a 0.05 % solution 
of sorbic acid and a 0.2 % solution 
of benzoic acid are more effective 
at contributing to the preservation 
of quality by Brussels sprout heads. 
Sorbic and benzoic acids do not 
affect the organoleptic properties of 
products and are safe for humans. 
This makes it possible to recommend 
to use their solutions as an effective 
and safe measure to preserve the 
quality of vegetable produce over its 
long-term storage
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intensity and reduced losses from diseases in fresh pineapple 
fruits. The oil was introduced to the coating at a concen-
tration of 0.3 %. The effect was observed during 16 days of 
storage at a temperature of 10 °C. The organoleptic indica-
tors were retained as well. While the concentration of oil of 
0.5 % contributed to the preservation of mass and prevented 
losses from diseases, it worsened the organoleptic indicators 
of produce [10]. The convenience of using film-forming mix-
tures is that they can be supplemented with antiseptics and 
preservatives even though each type of raw material requires 
a specific formulation. In addition, such mixtures are poorly 
washed with water from the surface of fruits and vegetables. 
Therefore, they are more expedient to use on produce that 
can be used without a peel.

Researchers also emphasize the fungicide properties 
of extracts from plants such as borago (Borago offici-
nalis), bean broomrape (Orobanche crenata), buck’s-horn 
plantain (Plantago coronopus), ribwort plantain (Plantago 
lanceolata), salad burnet (Sanguisorba minor), bladder cam-
pion (Silene vulgaris), rough milk thistle (Sonchus asper), 
sow thistle (Sonchus oleraceus), and common dandelion (Ta-
raxacum officinale). Extracts of these plants were used 
for treating before laying to storage table grapes, apricots, 
nectarine, and oranges. These herbal extracts significantly 
or completely inhibited the development of some pathogenic 
organisms of the genus Penicillium, Aspergillus, as well as 
Botrytis cinerea, Monilinia laxa [11].

The addition of Aloe vera juice to the protective coating 
on papaya fruits made it possible to increase their shelf life 
by three times – up to 15 days at a storage temperature of 
30 °C, due to the decrease in the intensity of microorganism 
development [12, 13]. The use of Aloe vera juice as part of 
an edible protective coating on the fruits of table grapes 
significantly reduced the intensity of microorganisms’ de-
velopment over 15 days at a storage temperature of 4 °C [14]. 
It should be noted that the use of essential oils and plant 
extracts as antiseptics, as well as film-forming mixtures, 
has not been widely used by manufacturers. Essential oils 
in their pure form can leave burns on the surface when 
entering fresh produce. This spoils its physical appearance. 
An alternative is to use the stems and leaves of essential oil 
plants. They are laid out both from above and inside the 
products. However, most manufacturers do not have this 
possibility because the maximum preservation of essential 
oils in vegetable raw materials is possible provided they are 
fresh. And the import of enough essential oils or essential-oil 
raw materials is not economically justified. The same applies 
to the use of plant extracts.

Treating table grapes with lactic acid bacteria Lactobacil-
lus delbrueckii subsp. Bulgaricus, strain F17, and Leuconostoc 
lactis, strain H52, significantly inhibited the development of 
mold and yeast on berries. This made it possible to preserve 
the organoleptic indicators of grapes for 20 days at a tem-
perature of 8 °C. Chopped apples and lettuce leaves, which 
were treated with Lactobacillus plantarum and Lactobacillus 
casei, retained their organoleptic indicators at a temperature 
of 8 °C for 16 days. Treating lychee fruit with Lactobacillus 
plantarum ensured the preservation of mass and organoleptic 
indicators for 21 days at a temperature of 8 °C [15]. Lactic 
acid bacteria during their life activities emit carbon and fatty 
acids, ethanol, carbon dioxide, hydrogen peroxide, and other 
substances that demonstrate a bactericide effect [16].

Treating eggplant fruits before storing with a 0.5 % 
citric acid solution and a 0.1 % solution of the preparation 

presence is extremely desirable in the diet of modern people. 
It is advised to be included in the menu for postoperative 
patients because it stimulates the healing process of wounds; 
for patients with cardiovascular system diseases and dia-
betes. The broth of sprout heads is not inferior in taste and 
nutrition to chicken broth. Riboflavin (vitamin В2) is found 
almost as much as in milk and dairy products [2‒4].

It is possible to prolong the period of consumption of 
fresh vegetables under conditions of refrigeration storage. At 
the same time, one of the ways to prolong the storing period, 
to reduce mass loss, as well as the loss of components of the 
chemical composition is to treat vegetables before storing 
with antimicrobial preparations. Antimicrobial prepara-
tions are both synthetically (mainly acids and their salts, 
vitamins) and organically derived (essential oils, bacteria, 
juice of some plants). Their use is an effective technique for 
inhibiting the pathogens of infectious diseases of vegetables 
during storage. 

Consequently, the use of antimicrobial preparations to 
prolong the period of consumption of fresh vegetable prod-
ucts is relevant.

2. Literature review and problem statement

Treatment with antimicrobial preparations prolongs the 
shelf life of vegetable produce, reduces the loss of compo-
nents of the chemical composition of vegetables, decreases 
their diseases during storage, improves the output of com-
modity products.

Work [5] reports data on the use of antimicrobial 
preparations of organic origin. Researchers treated gar-
lic bulbs, before laying to store, with the biopreparations 
Glyocladin (Russia, LLC AgroBioTechnology) and Phy-
tosporin (Ukraine, LLC “NVP “BashIncom”). Glyocladin 
contains the fungal culture Trichoderma harzianum, strain 
VIZR-18; Phytosporin contains strains of Bacillus subtilis 
26 D bacteria. It was established that the treatment of garlic 
bulbs with these biopreparations contributed to the release 
of commodity products after six months of storage at the lev-
el of 80‒83 %. This is 10.2 % more than in a treatment-free 
variant [5].

One of the promising directions in the fight against the 
development of pathogenic microorganisms on fruit and 
vegetable produce during storage is to treat it with essential 
oils [6]. The use of essential oils of rosemary, oregano, and 
thyme makes it possible to halve the losses in crushed white 
cabbage and carrot, damaged by pathogenic organisms, 
over 6 days at a temperature of 8 °C. However, they burn 
the surface of produce, which spoils its physical appearance. 
Using fresh essential oil raw materials made it possible to 
achieve the same reduction in product losses from diseases 
and preserve its physical appearance [7]. Oregano essential 
oil, when applied to the inner side of the packaging film, hin-
dered the development of pathogenic organisms on the salad 
made from crushed fresh carrots, red-headed cabbage, and 
lettuce. The effect was observed for four days at a storage 
temperature of 8 °C [8]. Essential oils of fennel and thyme 
at concentrations of 400 and 600 ml/l significantly inhib-
ited the development of Borytis cinerea mycelium on grape 
berries over 60 days and contributed to the preservation 
of their mass and organoleptic indicators at a temperature  
of 4 °C [9]. Lemongrass essential oil as part of the protective 
coating contributed to a significant decrease in breathing 
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Polydez (a mixture of salts of polyhexamethylene guanidine, 
20 %) increased the shelf life at a temperature of 8±1 °C by 
6‒9 days. The output of standard produce increased to 94 % 
while in the control variant it was 90 % [17]. The use of a 
1 % citric acid solution made it possible to preserve the or-
ganoleptic indicators of freshly cut early white cabbage and 
extend its shelf life to 22 days at a temperature of 0 °C [18].

Treating strawberries before freezing with a mixture of 
0.4 % citric acid and 1 % calcium lactate contributed to the 
preservation of its texture and color during defrosting [19]. 
Effective was the use of a 0.5 % citric acid solution with 
starch to create a protective coating on fresh mango fruits 
for storing at a temperature of 5 °C. This contributed to the 
preservation of the organoleptic indicators of fruits, which 
affected their marketable physical appearance [20].

Synthetic preparations such as sorbic, benzoic, and citric 
acids, as well as vitamins, have become more widespread. 
They are characterized as food additives, are safe, they can 
be obtained in large quantities, they are cheap, and are con-
veniently used in the form of aqueous solutions.

Organic preparations that contain strains of microorgan-
isms or products of their metabolism are gaining popularity 
among manufacturers. These preparations are also safe and 
their use does not harm the environment.

However, the scientific literature did not reveal data on the 
use of organic and synthetic preparations to extend the shelf 
life of Brussels sprout, as well as the application of water-sol-
uble vitamins such as C and P, to preserve its quality during 
storage. Given today’s wide range of vegetable products, this 
is an unresolved part of the scientific problem. Solving it is 
interesting from a scientific and practical point of view.

3. The aim and objectives of the study

The aim of this study is to investigate the preservation 
of Brussels sprout depending on the treatment with antimi-
crobial preparations before storage, which would prolong the 
duration of its consumption.

To accomplish the aim, the following tasks have been set:
– to determine the natural loss of mass by Brussels 

sprout heads during storage; 
– to determine the mass loss during storage caused by 

diseases and physiological disorders;
– to investigate a change in the components of the Brus-

sels sprout chemical composition during storage and to con-
duct a comparative assessment of the preservation of Brussels 
sprout depending on the type of antimicrobial preparation.

4. Materials and methods to study the preservation of 
broccoli quality; the chemical, organoleptic indicators

We studied the late-ripening hybrids of Brussels 
sprout (Abacus F1 (Switzerland), Brilliant F1 (the Nether-
lands)). A cultivation technique: transplanting (a 40-day-old 
Brussels sprout with 4‒5 real leaves was planted in a field in 
the second decade of May). A plant arrangement technique: 
ribbon-type, with a placement scheme of (40+100)×50 cm. 
The area of the accounting plot in the experiment involv-
ing Brussels sprout is 20 m2, the experiment was repeated 
three times. The arrangement of variants is systematic. The 
sprout was collected when the heads acquired the size and 
density characteristic of a particular hybrid. The diameter 

of the Brussels sprout head, according to the standard, was 
not less than 2 cm.

Abacus F1 is a hybrid of the Brussels sprout with a ripen-
ing period of 110‒115 days from transplanting. The diameter 
of the heads is 2.5–3 cm. The plants are very aligned and 
demonstrate high resistance to stress. The hybrid is meant 
for both freezing and fresh consumption.

Brilliant F1 is a hybrid of the Brussels sprout with a grow-
ing period of 130 days from the moment of transplanting. The 
plant has a medium strength of growth, resistant to lying 
down. The heads are equal, densely and evenly placed on the 
stem, mostly large, with a diameter of about 3 cm, dark green. 
The hybrid has a strong resistance to disease and good taste 
properties. Meant for fresh consumption and freezing.

We determined the content of some components of the 
chemical composition in Brussels sprout heads in accordance 
with the acting state standards. The Brussels sprout heads 
were separated from the stem and treated with antimicro-
bial preparations before storage: a 0.05 % solution of sorbic 
acid (SA), a 0.2 % solution of benzoic acid (BA), a 0.5 % 
citric acid solution (CA), Baikal EM–1 (diluted working 
solution in water at 1:500), and a 0.5 % solution of ascoru-
tin (С+P). The separated Brussels sprout heads were stored 
in boxes lined with a 40 µm thick polyethylene film. Control 
was the untreated sprout stored in a polyethylene film (PF). 
Sprout was stored at a temperature of 0±1 °C and relative 
air humidity of 90‒95 %. Observations were conducted in 
dynamics after 10 days.

Underlying the working hypothesis is the assumption 
about the possibility of using antimicrobial preparations to 
increase the resistance of Brussels sprout during storage. 

The data reported in this work is the average between 
three measurements. Statistical analysis was performed us-
ing Microsoft Excel 2007. The differences were considered 
statistically significant at the level of α=0.05.

5. Results of studying the preservation of brussels sprout

5. 1. Determining the natural mass loss by Brussels 
sprout heads during storage

It was established that the treatment of Brussels sprout 
with antimicrobial preparations before storage and subse-
quent packaging in polyethylene-lined boxes increased their 
preservation. 

Thus, the treatment with antimicrobial preparations sig-
nificantly reduced natural losses (НІР05=0.2 %). The heads 
were stored no more after 50 days. During this time, the nat-
ural losses by Abacus F1 amounted to 2.3‒3.3 %, by Brilliant 
F1 – 1.8‒2.5 % depending on the treatment with the prepa-
ration (Fig. 1). Larger natural losses were demonstrated by 
variants involving the use of the preparation Baikal EM‒1; 
smaller ‒ involving the use of sorbic acid.

Natural product losses depended by 51.7 % on the treat-
ment with antimicrobial preparations, the influence of a hybrid 
was 32.0 %, the total effect of the preparation and the features 
of the hybrid accounted for 3.3 %, the rest of the impact was 
due to other factors. The natural losses per day fluctuated, 
for the hybrid Abacus F1, within 0.05‒0.07 %, for Brilliant 
F1 – 0.04‒0.05 %, depending on the preparation. They were 
substantially smaller (НІР05=0.01 %) for the variants where 
acids and ascorutin were used. Dispersion analysis has found 
that the effect of the preparation on the daily mass losses by 
Brussels sprout is 51.3 %.
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5. 2. Determining the mass losses 
by Brussels sprout heads during stor-
age due to diseases and physiological 
disorders

The first signs of lesions of the Brus-
sels sprout heads by diseases and physio-
logical disorders (regardless of treatment 
with the preparation) appeared on day 
30 of storage: the first mass losses by the 
hybrid Abacus F1 amounted to 4.8‒6.1 %, 
by Brilliant F1 – 4.2‒5.3 %, depending on 
the preparation (Fig. 2). They were larg-
er for variants involving the use of Bai-
kal EM‒1, smaller ‒ involving sorbic acid.

During the next 10 days of storage, the 
development of diseases and physiological 
disorders was not observed. On day 50, the 
loss of mass by the produce amounted to 
larger than 10 %. The affected rigid cover 
leaves of the heads were removed; the next 
ones are more delicate, so during the subse-
quent storage the produce was even more 
affected by diseases. On day 70, the losses 
due to diseases reached about 20 % or more. 

It was found that the treatment of 
Brussels sprout with antimicrobial prepa-
rations affects the shelf life by 14.0 %, the 
feature of the hybrid ‒ 3.0 %, the total ef-
fect of these factors is 14.0 %. The influence 
of other factors (weather conditions of the 
growing season, the degree of development 
of diseases and physiological disorders on 
the heads) accounts for 69.0 % (Table 3).
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Fig. 1. The dynamics of natural losses by Brussels sprout depending on the treatment with antimicrobial preparations, %: 	
a – Abacus F1, b – Brilliant F1; …♦… – PF; __■__ – Baikal EM–1; __∆__ ‒ CA; __х__ – SA; __

*
__ – BA; __○__ ‒ C+P	

*Note: this figure indicates the possible shape of the dependence of natural mass losses on the treatment with antimicrobial 
preparations
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Fig. 2. The dynamics of mass losses by Brussels sprout due to diseases 
and physiological disorders depending on the treatment with antimicrobial 

preparations, %: a – Abacus F1, b – Brilliant F1; …♦… – PF; __■__ – Baikal EM–1; 
__∆__ ‒ CA; __х__ – SA; __

*
__ – BA; __○__ ‒ C+P	

*Note: this figure indicates the possible shape of the dependence of mass losses due to 
diseases and physiological disorders on the treatment with antimicrobial preparations
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Losses due to diseases and physiological disorders were 
less in variants with the use of antimicrobial preparations; 
for Abacus F1, 12.5‒15.2 %; for Brilliant F1, 11.3‒13.5 % (Ta-
ble 3). They were substantially smaller (НІР05=0.7 %) for 
variants where citric, sorbic, and benzoic acids were used. Dis-
persion analysis has found that the effect of the preparation on 
losses due to diseases and physiological disorders was 47.7 %.

5. 3. Change in the components of the chemical com-
position and the assessment of Brussels sprout preserva-
tion during storage

It was found that the Brussels sprout variants, which used 
antimicrobial preparations, demonstrated the loss of mass, 
due to dry matter, that is 1.1‒1.2 times less than that in the 
control variant depending on the preparation (Table 1). At the 
same time, the mass loss due to dry matter was significantly 
smaller (НІР05=7.9 %) for the variants that used sorbic acid. 
The mass losses due to moisture evaporation for variants with 
antimicrobial preparations were greater, depending on the 
preparation, by 1.1‒1.2 times than those in the control variant.

Table 1

The structure of the natural mass loss by Brussels sprout 
during storage depending on the treatment with antimicrobial 

preparations

Variant
Storage 

dura-
tion, day

Mass loss, %

total
due to the 
loss of dry 

matter

due to 
moisture 

evaporation

Abacus F1

1. PF 50 4.0 46.6 53.4

2. Baikal EM–1 50 3.3 43.3 56.7

3. CA 50 2.8 41.3 58.7

4. SA 50 2.3 38.5 61.5

5. BA 50 2.5 40.3 59.7

6. С+R 50 3.1 42.1 57.9

Brilliant F1

1. PF 50 2.9 42.8 57.2

2. Baikal EM–1 50 2.5 40.9 59.1

3. CA 50 2.1 38.1 61.9

4. SA 50 1.8 35.9 64.1

5. BA 50 1.9 36.9 63.1

6. С+P 50 2.4 39.9 60.1

НІР05 3 0.2 7.9 8.0

Treating Brussels sprout heads with antimicrobial prepa-
rations contributed to the preservation of dry matter in 
them. It was found that during 50 days of storage, Abacus F1 
lost dry matter by less than 1.1‒1.5 times compared to the 
control variant depending on the preparation. For variants 
with the hybrid Brilliant F1, the loss of dry matter over 
50 days of storage was less by than 1.1‒1.3 times compared 
to control. The content of total sugar in Brussels sprout 
heads at the end of storage for variants using antimicrobial 
preparations was higher than that in control.

The content of ascorbic acid in Brussels sprout heads (Ta-
ble 2) increased slightly under the influence of antimicrobial 
preparations in the middle of storage (day 20) compared to 
the control variant. For the hybrid Abacus F1, the content 
of ascorbic acid increased by 16.4‒17.5 %, for Brilliant 
F1 ‒ by 15.4‒16.4 %, depending on the preparation. At the 
end of storage (50 days), the content of ascorbic acid in the 

variants using antimicrobial preparations was higher than 
that in control: Abacus F1 ‒ by 1.8‒6.0 %, Brilliant F1 ‒ by 
1.8‒4.8 %.

Table 2

The dynamics of ascorbic acid content in Brussels sprout 
heads during storage depending on the treatment with 

antimicrobial preparations, mg/100 g	
 (average for 2014‒2016)

Variant
Storage duration

Start 20 days 50 days

Abacus F1

PF 124.5 148.4 116.9

Baikal EM–1 124.5 148.9 119.0

CA 124.5 149.5 121.6

SA 124.5 150.9 124.3

Ba 124.5 150.7 123.2

С+R 124.5 149.2 119.8

Brilliant F1

PF 140.6 165.8 137.2

Baikal EM–1 140.6 166.1 139.7

CA 140.6 166.7 141.4

SA 140.6 168.1 144.1

Ba 140.6 167.9 143.3

С+P 140.6 166.4 140.3

НІР05 9.0 3.0 2.2

Significantly higher content of ascorbic acid was demon-
strated by variants with the use of citric, sorbic, benzoic 
acids, and ascorutin.

Table 3

Preservation of Brussels sprout depending on the treatment 
with antimicrobial preparations

Variant
Storage 

dura-
tion, days

Product loss, %
Output of 
standard 

produce, %

natural due to diseases 
and physiolog-
ical disorderstotal

24 
hours

Abacus F1

1. PF 50 4.0 0.08 15.6 80.4

2. Baikal EM–1 50 3.3 0.07 15.2 81.5

3. CA 50 2.8 0.05 13.9 83.3

4. SA 50 2.3 0.05 12.5 85.2

5. BA 50 2.5 0.05 13.2 84.3

6. С+R 50 3.1 0.06 14.6 82.3

Brilliant F1

1. PF 50 2.9 0.06 13.9 83.3

2. Baikal EM–1 50 2.5 0.05 13.5 84.0

3. CA 50 2.1 0.04 12.6 85.3

4. SA 50 1.8 0.04 11.3 86.9

5. BA 50 1.9 0.04 11.7 86.4

6. С+P 50 2.4 0.05 12.9 84.7

НІР05 3 0.2 0.01 0.7 0.7
Note: PF – storage of untreated sprout; treated with: CA – citric acid, 
SA – sorbic acid, BC – benzoic acid; C+P – ascorutin

The output of standard produce was significantly high-
er (НІР05=0.7 %) for variants using the antimicrobial prepa-
rations: Abacus F1 ‒ 81.5‒85.2 %; Brilliant F1 ‒ 84.0‒86.9 %. 
It was larger when using sorbic acid. It was found that the 
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effect of the preparation on the output of standard produce 
was 47.3 %. 

It was established that the natural mass losses by Brus-
sels sprout over 50 days of storage were significantly small-
er (НІР05=0.2 %) for variants where antimicrobial prepara-
tions were used. Natural mass losses fluctuated, for Abacus 
F1, within 2.3‒3.3 %, Brilliant F1 – 1.8‒2.5 %, depending on 
hybrid (Table 3).

6. Discussion of results of studying the influence of 
antimicrobial preparations on the preservation of 

Brussels sprout quality 

The quality of vegetable produce is a set of indicators 
that determine its consumer value. Among them, an at-
tractive physical appearance and the content of chemical 
components occupy an important place. During storage, the 
appearance of juicy products can deteriorate due to moisture 
loss and damage by microorganisms. Consequently, the stor-
age duration of produce is significantly reduced.

Using a polyethylene film, 40 µm thick, ensured the 
output of commodity produce after 50 days of storage at the 
level of 80‒83 % (Table 3). The effectiveness of the use of 
packaging is due to the creation of a modified environment 
around the produce by changing the gas composition of the 
air. At the same time, the concentration of carbon dioxide 
gradually increases due to breathing, thereby inhibiting it. 
Increased carbon dioxide content in the air also adversely 
affects the development of harmful microorganisms.

The use of antimicrobial preparations enhances the ef-
fect of packaging. The efficacy of sorbic and benzoic acids is 
due to the ability to inhibit in microbial cells the activity of 
enzymes responsible for oxidative-reducing reactions. Citric 
acid reduces the pH of the environment and thus disrupts 
the flow of processes of metabolism of microorganisms. Ru-
tin and ascorbic acid are powerful antioxidants that prevent 
oxidation processes and enhance each other’s actions. The 
microorganisms included in the preparation Baikal EM‒1 
inhibit the life activities of pathogenic microflora on sprout. 
Thus, the use of antimicrobial preparations increased the 
output of commodity produce to 87 % (Table 3).

Natural sprout losses during storage are caused by 
moisture evaporation from the surface and breathing, 
during which the dry substance is consumed. The share of 
influence of the preparation on natural losses is 52 %. The 
antimicrobial preparations contributed to inhibition of 
breathing intensity, so dry matter consumption decreased 
by 1.5 times depending on the hybrid (Table 1). The sig-
nificant effect (НІР05=7.9) on the preservation of dry 
matter was exerted by the treatment with sorbic acid. The 
content of such a component of the chemical composition 
as ascorbic acid in Brussels sprout heads was significantly 
higher (НІР05=2.2) at the end of storage for variants using 
antimicrobial preparations (Table 2).

Similar results were obtained when studying the effects 
of these same preparations on the preservation of broc-
coli quality. Baikal EM–1, a 0.5 % citric acid solution, a 
0.2 % benzoic acid solution, a 0.05 % sorbic acid solution, 
a 0.5:0.5 % solution of ascorutin contributed to prolonging 
the storage duration of broccoli to 20 days and ensured the 
output of commodity produce at the level of 76.8‒86.2 %. 
They also helped reduce the intensity of consumption of dry 

soluble substances, vitamin C, and sugars. The best results 
were obtained for variants with acids and ascorutin.

Ascorutin provided, over long-term storage, for the mass 
loss, due to diseases and physiological disorders, that was 
less by 0.8‒2.2 %, as well as 4.1‒7.6 % higher output of com-
modity produce [21]. 

Consequently, the effectiveness of the use of antimicrobi-
al preparations depends on the species and varietal features 
of vegetable produce, the species composition of microflora 
on its surface, and other factors.

Antimicrobial preparations in the form of aqueous solu-
tions do not affect water loss by reducing the intensity of 
produce breathing and its evaporation from its surface. 
These issues are solved using antimicrobial preparations 
together with packaging in polymeric films or paper, as well 
as in a mixture with film-forming compositions. 

This study reports the results of using sorbic, benzoic, and 
citric acids on Brussels sprout, as well as the results of apply-
ing ascorutin and Baikal EM‒1 on this crop. The use of these 
preparations to prolong the shelf life and preserve the quality 
of Brussels sprout produce has a positive effect. The accuracy 
of our results has been confirmed by statistical analysis.

However, this study focused on synthetic preparations 
and was limited to only one of the organic origin. In further 
studies, it would be appropriate to investigate the antimi-
crobial effect of more preparations of organic origin. This 
is due to that the cultivation of organic products is gaining 
popularity. These products are also laid down for storage; 
prolonging its duration implies the use of organic antimicro-
bial preparations.

In addition, a promising direction is a search for mea-
sures that could increase the effectiveness of the use of 
antimicrobial preparations. As well as studying their impact 
on changes in the content of macro- and microelements in 
vegetable produce during storage.

7. Conclusions

1. Treating Brussels sprout heads with antimicrobi-
al preparations significantly (НІР05=0.2) reduces natural 
mass loss. The smallest natural losses at the end of stor-
age (50 days) were demonstrated by variants involving a sor-
bic acid treatment – 1.8‒2.3 %, depending on the features of 
the hybrid; for the control variant, it was 4.0 After 30 days of 
storage, the number of heads damaged by disease and physi-
ological disorders was, for the hybrid Abacus F1, 4.8‒6.4 %; 
for Brilliant F1, 4.2‒5.5 %. The development of pathogenic 
microorganisms was more efficiently restrained by the use of 
solutions of sorbic and benzoic acids.

2. After 30 days of storage, the number of heads dam-
aged with disease and physiological disorders was, for the 
hybrid Abacus F1, 4.8‒6.4 %; for Brilliant F1, 4.2‒5.5 %. 
The development of pathogenic microorganisms was more 
efficiently restrained by the use of solutions of sorbic and 
benzoic acids.

3. Antimicrobial preparations contribute to the preser-
vation of chemical components in Brussels sprout heads. At 
the end of storage, the content of dry matter and total sugar 
was 1.5 times larger than that in the control variant. The 
content of ascorbic acid in variants with the antimicrobial 
preparations was higher than that in control: Abacus F1 ‒ by 
1.8‒6.0 %, Brilliant F1 ‒ by 1.8‒4.8 %. Better preservation 
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of ascorbic acid in produce was contributed to by the treat-
ment with citric, sorbic, benzoic acids, and ascorutin.

4. The output of standard produce at the end of storage 
was greater when using benzoic acid, 84.3‒86.4 %, and 
sorbic acid, 85.2‒86.9 %, depending on the features of the 
hybrid. Dispersion analysis has found that the antimicrobial 
preparation significantly (НІР05=0.7) increases the output 
of standard produce; its share of influence is 47.3 %.
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