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rope are lower than those in the South. Thus, for example, 
in Finland, the average stocks of fruit and vegetable pro-
duce provide 195 g/per person/per day, corresponding to  
71 kg/per person/per year, while Greece has an average stock 
of 756 g/per person/per day (276 kg/per person/per year). 
In Ukraine, this indicator is 553 g/per person/per day  
(202 kg/per person/per year) [5]. Despite the described 
positive dynamics in terms of the increased stocks of fruits 
and vegetables, more than 40 % of people suffer from a 
so-called “latent hunger” due to the consumption of food 
products of low biological value. The deterioration of en-
vironmental situation, the intensification of agriculture, 
technological techniques for processing, do not contribute 
to the preservation of the content of biologically active 
substances in products.

1. Introduction

Providing consumers with a sufficient amount of fruit and 
vegetable produce, the level of consumption of which, accord-
ing to WHO recommendations, is 400 g/per person/per day, 
is directly dependent on the agro-climatic conditions of 
cultivation [1]. Almost all countries of the world face a 
deficit of vitamins, minerals, full proteins, and other bio-
logically active substances in the nutrition of people. The 
essential source of the above-mentioned substances is fresh 
fruits and vegetables, as well as products of their processing  
[2, 3]. According to data from the European Council on 
Food Information [4], in Europe, in recent decades, the 
supply of fruit and vegetable produce (except for potato and 
legumes) has increased by 35 %. The stocks in Northern Eu-
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Дослiджено та проведено аналiз складових бiологiч-
ної цiнностi районованого в Українi сорту капусти бро-
колi – Партенон. Наведено результати дослiджень, 
проаналiзованi змiни вмiсту аскорбiнової кислоти, iзотiо-
цiанатiв, пiгментного складу, хлорофiлу та β-каротину у 
свiжозiбранiй капустi броколi та залежно вiд способiв її 
попередньої обробки перед заморожуванням: бланшуван-
ням та витримуванням у розчинi кухонної солi. 

Доведено, що кращим способом попередньої обробки 
капусти броколi перед заморожуванням, який дозволяє 
максимально зберегти її вихiднi споживнi властивостi, є 
витримування в 3 % розчинi кухонної солi протягом 20 хв. 
Витримування у розчинi солi сприяє максимальному збе-
реженню бiологiчної цiнностi капусти броколi порiвняно з 
бланшуванням. 

Встановлено, що капуста броколi сорту Партенон 
мiстить 116,4 мг/100 аскорбiнової кислоти. Пiсля блан-
шування втрати становлять 19,3 %. Пiдтверджено зна-
чне зниження кiлькiсного вмiсту iзотiоцiанатiв – на 43 %  
порiвняно з вмiстом у вихiднiй сировинi. Втрати хло-
рофiлу становлять 26 %, зокрема а-хлорофiлу – 10 %, 
b-хлорофiлу – 16 %. Змiнюється також спiввiдношення 
форм а- i b-хлорофiлу. 

Результати засвiдчують, що при витримцi у розчинi 
кухонної солi втрати аскорбiнової кислоти становлять  
5 %, iзтiоцiонатiв – 28,2 %. Вмiст β-каротину порiвняно 
з вихiдною сировиною не змiнюється, а частка хлорофiлу 
збiльшується на 6,3 %. Змiн спiввiдношення форм хло-
рофiлу не вiдбувається. Причинами стабiлiзацiї вмiсту 
аскорбiнової кислоти є вiдсутнiсть високотемпературної 
обробки та часткова iнактивацiя аскорбiнат– та полiфе-
нолоксидази, що пояснюється здатнiстю хлоридiв витiс-
няти iони мiдi з мiдьвмiсних сполук, до яких належать цi 
ферменти. 

Незначнi втрати вiтамiну С пояснюються водорозчин-
нiстю аскорбiнової кислоти. Попередня обробка у розчинi 
кухонної солi iндукує пiдвищення вмiсту а-хлорофiлу та 
b-хлорофiлу, що зумовлено компенсаторною реакцiєю

Ключовi слова: капуста броколi, бiологiчно активнi 
речовини, вiтамiн С, iзотоцiанати, хлорофiл, попередня 
обробка
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Among the vegetables of cabbage family, broccoli de-
serves special attention. In the United States, Japan, Can-
ada, Great Britain, France, broccoli, grown at large areas, 
is very popular and used in the treatment and prophylactic 
diet. The value of broccoli is predetermined by the content 
of ascorbic acid, vitamin K, chlorophyll, carotene, mineral 
elements, glucosinolates. In terms of the amino acid compo-
sition, the protein of broccoli is not inferior to the beef pro-
tein, while the presence of tryptophan, lysine and isoleucine 
brings it closer to the protein of the chicken egg.

A specific property of broccoli is its significant content 
of sulfur-containing substances ‒ glucosinolates, which pre-
determine the specific flavor and taste of cabbage. Native 
glucosinolates in plant cells are low-active, but, when dis-
rupting the integrity of cell structures, they are hydrolyzed 
into glucose and aglycones: isothiocyanates, thiocyanates or 
organic nitriles, oxazolidines and others [6]. The derivatives 
of glucosinolates, specifically sulforaphane, have antioxidant 
properties, they suppress the negative effect of free radi-
cals on the human body and increase immunity [7, 8]. The 
above-mentioned facts confirm the expediency of the inclu-
sion of broccoli to the diet regardless of the harvesting season.

However, it should be noted that broccoli is a seasonal 
vegetable and unsuitable for long-term storage. The opti-
mal technique to preserve broccoli is the refrigeration. The 
issue on the feasibility of using other canning techniques is 
debatable because of significant losses of biologically active 
substances under the influence of light, high temperatures, 
pH of the medium. In order to stabilize the consumer proper-
ties of frozen fruit and vegetable products, the technology of 
low-temperature treatment employs various techniques for 
the pre-treatment of plant raw materials before freezing. The 
most common are blanching, aging in the solutions of acids 
and salts, osmotic dehydration, partial dehydration, the 
application of high pressure. The choice of the technique of 
pre-treatment is affected by the type of a plant raw material, 
patterns in the chemical composition, as well as the purpose 
of further utilization: direct consumption or processing.

Given the above, it is a relevant task to study the biologi-
cal value of the varieties of broccoli cultivated in the regions 
of Ukraine. It is equally important to determine the optimal 
pre-treatment techniques before freezing, in order to ensure 
the stable quality of the frozen products during low-tempera-
ture storage.

2. Literature review and problem statement

Changes in the quality of fruit and vegetable raw mate-
rials during freezing and long-term low-temperature storage 
depend on a number of factors. The most influential are the 
varietal features of raw materials and technological parame-
ters for preparing fruits and vegetables for freezing.

Scientists developed modern technologies and tech-
niques for the pre-treatment (physical, chemical, and bio-
chemical) of plant raw materials before freezing. Minimi-
zation of undesirable changes in the consumer properties 
of fruits and vegetables at low temperature preservation is 
mainly ensured by the inactivation of enzymes.

Effective techniques for the inactivation of plant tissue 
enzymes are blanching (with water or steam) and treatment 
with chemical reagents.

The benefits of the blanching of fruits and vegetables be-
fore freezing include the preservation of natural color, taste, 

and flavor of frozen foods during long-term low-temperature 
storage [9, 10]. This is ensured by the inactivation of enzymes, 
specifically polyphenol oxidase, catalase, and peroxidase, 
predetermined by changing the native properties of proteins 
at thermal treatment. Reducing the enzymatic activity helps 
to minimize changes in the taste and flavor of fruits and vege-
tables by reducing the oxidation processes with the participa-
tion of molecular oxygen and the oxygen of organic peroxides. 
The most resistant to high temperatures are catalase and 
peroxidase. They are often used as indicators in the design of 
blanching modes. The least resistant to high temperatures is 
ascorbinate- and polyphenol oxidase, the oxidation catalysts 
of vitamin C and polyphenolic compounds.

Scientists proved that the vegetative forms of micro-
organisms are partially destroyed during blanching. The 
content of nitrates and some pesticides is reduced because of 
their capability to dissolve in water [11]. The displacement 
of air from the intercellular space is accompanied by an in-
crease in the intensity of the expression of color.

The addition of citric acid to water for blanching con-
tributes to a decrease in the activity of ferments as there are 
changes to pH [12] and the threshold of thermal denatur-
ation of enzymes [13].

At the same time, blanching and long-term high-tem-
perature treatment are inappropriate for the chloro-
phyll-containing vegetables due to a change in the natural 
green color and the sensitivity of chlorophyll to the effect of 
high temperatures [14], pH, air oxygen, and light [15, 16]. 
Thus, in the acidic environment, following the replacement 
of complex-bound magnesium in the molecule of chlorophyll 
with hydrogen, there emerge the substances of brown color-
ation ‒ pheophyta.

The scientific literature reveals that the most common 
techniques for stabilizing the chlorophyll content in chloro-
phyll-containing vegetables are the use of low temperatures; 
antioxidants, mainly fat-soluble [14, 15]; addition of salts 
of various metals (zinc, iron, copper) [16]. The principle of 
action of these stabilization techniques is based on a change 
in the spatial orientation of cell structures, coagulation, and 
denaturation of protein substances [17].

 It was established in papers [18, 19] that the blanching 
of leafy vegetables (spinach, dill, parsley) in the presence of 
30 mg of Zn2+/100 g for 15 minutes contributes to the sta-
bilization of the vegetable pigment complex. A decrease in 
the losses of water-soluble nutrients of spinach, carrot, and 
pepper, was found, which is ensured by blanching at a tem-
perature of 95 °С using a pulse microwave oven [20].

Changes of color in the chlorophyll-containing vegeta-
bles are also related to the activity of chlorophyllase, which 
catalyzes the cleavage of phytol from chlorophyll and its 
magnesium-free derivatives, forming chlorophyllides and 
pheophorbides, respectively. The temperature of 60‒76 ºC 
is optimal for chlorophyllase. At temperatures above 80 ºС 
the activity of chlorophyllase somewhat decreases, and at 
100 ºС, the enzyme is inactivated [16].

Along with the benefits of blanching as a technique for 
the pre-treatment of fruits and vegetables before freezing, 
certain shortcomings should be indicated as well. The main 
is the loss of valuable water-soluble and thermolabile sub-
stances, specifically ascorbic acid, the adsorption of water by 
the product. The hydrolysis of protopectin during blanching 
causes a loss of turgor by vegetative tissue, which signifi-
cantly reduces the organoleptic properties of the product due 
to the softening of consistency.
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Therefore, the issue of the feasibility of blanching as a 
technique for the pre-treatment is debatable.

There are commonly applied techniques for the pre-treat-
ment of plant raw materials with solutions that have the 
antioxidant properties or contain substances that can form 
insoluble complex compounds. At present, aging of fruits 
and berries in the solutions of sodium and potassium meta-
bisulfite is practically implemented; in the extracts from the 
bark of oak, birch, St.-John’s-wort; in the infusion of green 
tea [21]. The addition of sodium and potassium chlorides 
during production of preserved green peas helps stabilize 
the content of natural pigments and biologically active sub-
stances [22].

However, the recommended techniques for the pre-treat-
ment of plant raw materials with aqueous solutions of salts 
and acids do not reveal a comprehensive stabilizing effect: 
some of them contribute to the improvement of consistency 
(calcium chloride) while some act as antioxidants (prepa-
rations of sulfur, acid). At the same time, most of the above 
chemical compounds render strange flavors to the products, 
some are allergens [21].

Partial dehydration of fruits and vegetables at tempera-
tures of 100 °C and above also ensures inactivation of the 
oxidation-reducing enzymes. In addition, the speed of the 
freezing process is accelerated.

Pre-treatment in the following solutions of osmotic-ac-
tive substances has a positive effect on the consumer prop-
erties of fruits: sugar; a mixture of starch, glucose, fructose; 
a mixture of sugar and salt; a mixture of sugar and sorbitol; 
concentrated fruit juices [21]. At osmotic dehydration, a part 
of free moisture decreases while that of the colloid-bound 
moisture increases [23]. This contributes to the preservation 
of microstructure of tissues and stabilization of consistency 
[24]. The aging of apple, pumpkin, and carrot in a solution of 
sugar provides for the stabilization of quality during freezing 
and storing, though it changes the taste of fruits and vegeta-
bles [25]. Despite the benefits of osmotic dehydration, such 
as increasing the content of dry substances, preserving the 
vitamin value, color, and the tissue structure of fruits, the 
osmotic dehydration is a rather costly process from a tech-
nological point of view.

An analysis of information sources revealed that the 
pre-treatment of plant raw materials before freezing is 
accompanied by a number of complex physical-chemical 
processes. Strong factors that affect the rate of the course 
of the processes are the chemical composition of fruits and 
vegetables, and parameters of the pre-treatment. The use of 
certain technological techniques is economically impractical 
owing to the complicated technological processes. The scien-
tific community pays sufficient attention to determining the 
optimal techniques and parameters for the pre-treatment.

This confirms our prospects for undertaking a research 
with respect to the anatomical-morphological attributes and 
patterns in the chemical composition of different kinds of 
fruits and vegetables. 

3. The aim and objectives of the study

The aim of this work is to investigate the effect of 
blanching and aging in the solution of salt, as the tech-
niques for the pre-treatment of broccoli before freezing, on 
the content of biologically active substances. That would 
make it possible to determine the optimal techniques and 

parameters for the pre-treatment, in order to preserve the 
biological value of frozen broccoli.

To accomplish the aim, the following tasks have been set:
‒ to determine the effect of blanching on the content of 

ascorbic acid, isothiocyanates, a- and b-chlorophyll, β-caro-
tene in broccoli;

‒ to establish the optimal parameters for the pre-treat-
ment of broccoli before freezing: the concentration of a food 
salt solution and the duration of aging, which ensure the 
stabilization of the content of ascorbic acid;

‒ to determine the effect of aging in a food salt solution 
on the content of ascorbic acid, isothiocyanates, a- and 
b-chlorophyll, β-carotene.

4. Materials and methods to study the biological value 
of broccoli 

The research was conducted at the Department of 
Commodity Studies, Safety and Quality Management at 
Kyiv National Trade and Economic University (Ukraine).

The object of the study is broccoli of the variety Par-
thenon [26], grown at the fields of LLC ARTI (Ukraine, 
Kharkiv Oblast) (Fig. 1).

Broccoli heads (not larger than 20.0 cm from the cut 
of the flower stem to the top of the head) are washed, cut 

into inflorescences with a leg (not larger than 2.0 cm).
The samples were prepared to be studied according to 

GOST 26313 [27].
Indicators were determined using the following methods:
‒ the content of ascorbic acid ‒ by the iodometric 

method [28];
‒ the content of a- and b-chlorophyll, β-carotene ‒ by 

the spectrophotometric method at the spectrophotometer 
Specord 210 [29] (Fig. 2);

‒ the content of isothiocyanates ‒ by the photo-colori-
metric method [30] (Fig. 2);

‒ the activity of ascorbate oxidase and polyphenol oxi-
dase ‒ using the method by H. N. Pochynok [31].

The above-mentioned indicators were determined for 
the freshly harvested broccoli after blanching in water at 
85 ºС for 3 minutes (experiment 1) and for the broccoli, 
which was aged in a 3-% food salt solution for 20 minutes 
(experiment 2).

 
Fig. 1. Broccoli of the variety Parthenon
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Results of the research were mathematically and statis-
tically processed [32, 33]. 

5. Results of research into biological value of broccoli

Experimental studies confirmed that broccoli is a 
valuable source of biologically active substances. It was 
established that the pre-blanching of broccoli before 
freezing negatively affects the most important compo-
nents of biological value ‒ ascorbic acid, isothiocyanates, 
chlorophyll and β-carotene (Table 1).

Table 1

Effect of blanching on the content of biologically active 
substances in broccoli, mg/100 g (n=2; P≥0.95; ε≤5)

Indicator
Before blanch-

ing
After blanch-

ing

Mass fraction of ascorbic acid 116.4 93.3

Mass fraction of isothiocyanates 0.59 0.25

Mass fraction of chlorophyll 49.0 43.9

Mass fraction of β-carotene 4.6 4.4

It was established that broccoli of the variety Par-
thenon contains 116.4 mg/100 g of ascorbic acid. After 
blanching, its content decreased to 93.3 mg/100 g. The 
losses amounted to 19.3 %. We also detected a significant 
reduction in the quantitative content of isothiocyanates, 
by 43 %, compared with the content in the original raw 
material.

The study of the pigment complex of broccoli that we 
conducted confirm the high enough content of chlorophyll 
in broccoli: 49 mg/100 g. After blanching, the content re-
duces to 43.9 mg/100 g. The losses of a-chlorophyll reach 
10 %, of b-chlorophyll ‒ 16 %. It is established that not 
only the absolute content of chlorophyll is changed, but 
also the ratio of a- and b-chlorophyll: from 3.05:1 to 2.75:1 
(Fig. 3).

Chlorophyll in green vegetables is always accompanied 
by carotenoids. The results of determining β-carotene, 
which has a high biological value and is a natural antioxi-
dant, confirm the content at the level of 4.6 mg/100 g. After 
blanching, the amount reduces only by 4 %.

In order to determine the optimal parameters of broccoli 
aging in a food salt solution, a multifactorial experiment 
was conducted. To this end, a series of experiments were 
performed, in which variable parameters were the duration 
of aging of broccoli with a step of 5 units (from 5 to 25 min),  
the concentration of a food salt solution with a step of  
0.5 units (from 1 to 3 %). The optimization criterion was the 
activity of enzymes (towards a minimum) and the content of 
vitamin C (towards a maximum), which has an antioxidant 
effect, contributes to the regeneration and healing of tissues, 
improves human body resistance to stresses, provides for a 
normal immunological and hematological status (Table 2).

Table 2

Effect of the treatment parameters on the activity of 
enzymes and the content of vitamin C 

Treatment parameters
Enzyme activity, μmol AA 

oxidized over 1 min Vitamin 
C content, 
mg/100 gτ, min

concen-
tration of 

solution, %

ascorbic 
oxidase

polyphenol 
oxidase

0 0 1.57 16.73 116.43

5 1 1.53 16.67 115.94

5 2 1.51 16.63 115.85

5 3 1.49 16.59 115.71

10 1 1.47 16.52 115.52

10 2 1.43 16.48 115.34

10 3 1.41 16.32 115.26

15 1 1.37 16.27 115.14

15 2 1.35 16.22 115.02

15 3 1.36 16.15 114.89

20 1 1.32 16.03 114.76

20 2 1.27 15.94 114.97

20 3 1.24 15.88 115.15

25 1 1.34 15.94 115.08

25 2 1.37 16.02 115.01

25 3 1.39 16.13 114.93

It was established that the maximum decrease in the 
activity of polyphenol oxidase and ascorbinate oxidase 

Fig. 2. Spectrophotometer Specord 210

 

 
Fig. 3. Change in the chlorophyll content in broccoli
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under the condition of maximum preservation of C-vi-
tamin value is observed during the preliminary aging of 
broccoli in a 3-% solution of food salt over 20 min. These 
are the pre-treatment parameters that are applied in the 
course of further research. 

The aging of broccoli in a food salt solution before 
freezing makes it possible to maximally retain its biolog-
ical value, as evidenced by the research results presented 
below.

Experimental data confirm that the pre-treatment of 
broccoli in a food salt solution does not significantly af-
fect the change of biologically active substances (Table 3).

Table 3

Effect of aging in a food salt solution on the content of 
biologically active substances in broccoli, mg/100 g  

(n=2; P≥0.95; ε≤5)

Indicator Before aging After aging

in a solution of food salt

Mass fraction of ascorbic acid 116.4 110.58

Mass fraction of isothiocyanates 0.59 0.42

Mass fraction of chlorophyll 49.0 52.1

Mass fraction of β-carotene 4.6 4.6

A reduction of the ascorbic acid content by 5 %, and 
isothiocyanates by 28.2 %, was established. The content 
of β-carotene, when compared with the original raw ma-
terial, does not change, and the proportion of chlorophyll 
increases by 6.3 %. There are no changes in the ratio of 
chlorophyll forms (Table 4).

Table 4

Effect of aging in a solution of food salt on the chlorophyll 
content, mg/100 g (n=2; P≥0.95; ε≤5)

Variety a-chlorophyll b-chlorophyll
Ratio a-chloro-

phyll/b-chlorophyll

Parthe-
non

Before aging in a solution of food salt

36.9±1.8 12.1±0.6 3.05:1

After aging in a solution of food salt

39.3±1.6 12.8±0.6 3.07:1

The results obtained allow us to conclude that the 
pre-treatment of broccoli before freezing by aging it in a solu-
tion of food salt, when compared with blanching, ensures the 
stabilization of the content of biologically active substances.

The results derived from the experimental research 
create the basis for developing a model for forecasting 
the content of ascorbic acid. Among the set of factors, 
the most significant ones are chosen, those that have the 
highest correlation coefficients: the duration of aging in 
a solution of food salt, min (r=0.95), the concentration 
of a food salt solution, % (r=0.42), and the activity of  
AO, μmol of ascorbic acid oxidized over 1 min (r=−0.83).

The developed model takes the following form:

у=140.78–0.34х1+0.03х2–1.25х3 (R2=0.936),

where y is the mass fraction of vitamin C, mg/100 g, x1 is 
the duration of treatment, min., x2 is the concentration of 
the solution of food salt, %, x3 is the AO activity, μmol of 
ascorbic acid, oxidized over 1 min. 

The adequacy of the obtained model is confirmed by 
comparing the estimated and the tabular value of the 
Fisher’s criterion (Fest=7.348, Ftable=5.318).

6. Discussion of results of studying the biological value 
of broccoli 

The study that we conducted (Table 1) confirmed 
that broccoli is a natural source of biologically active 
substances.

The results showed that the classic broccoli freezing 
technology, which implies preliminary blanching, signifi-
cantly reduces the biological value of broccoli.

The proposed technique for the pre-treatment by ag-
ing in a solution of food salt with a 3-% concentration for 
20 minutes contributes to the preservation of the content 
of biologically active substances.

The causes for stabilizing the ascorbic acid content 
are the lack of high-temperature treatment and partial 
inactivation of ascorbinate- and polyphenol oxidase. The 
thermally labile vitamin C starts to degrade at a tempera-
ture of 40 °C. The proposed technique for the pre-treat-
ment does not imply the application of high temperatures, 
which contributes to the preservation of ascorbic acid. It 
should be noted that we identified the oxinating-reduc-
ing enzymes of ascorbic oxidase and polyphenol oxidase 
in broccoli. Ascorbic oxidase and, partially, polyphenol 
oxidase are involved in the transformation of ascorbic 
acid into dehydroascorbic acid. The dehydroascorbic acid, 
although it has a С-vitamin value, it is very unstable. 
Further transformation of dehydroascorbic acid into dike-
tigulonic acid is accompanied by a decrease in the vitamin 
value. Partial inactivation of enzymes in the course of 
the proposed pre-treatment process, as an alternative to 
blanching, is explained by the capability of chlorides to 
remove copper ions from copper-containing compounds, 
which include both ascorbinate oxidase and polyphenol 
oxidase.

At the same time, we should note that the aging in a 
food salt solution results in a 5-% loss of vitamin C. This 
is due to the water solubility of ascorbic acid. In order to 
ensure maximum preservation of ascorbic acid, it is rec-
ommended to adhere to the specified optimum duration 
of broccoli aging.

We have proved the positive effect of the proposed 
pre-treatment technique on the quantitative content of 
isothiocyanates; their loss during blanching is 43 %; when 
using the alternative method of treatment, it is 28 % only.

Results of the effect of different techniques of pre- 
treatment have confirmed the effectiveness of broccoli 
aging in a solution of food salt in terms of the content 
of chlorophyll, which has the antitumor effect, enhances 
immunity, and normalizes metabolism. Pre-treatment in a 
solution of food salt induces an increase in the content of 
a-chlorophyll and b-chlorophyll due to the compensatory 
response. In this case, the ratio of chlorophyll forms does 
not change. 

The reason for reducing the chlorophyll content in 
the blanched broccoli is an increase in the activity of 
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chlorophyllase, which is observed under condition of 
high blanching temperatures.

The stability of β-carotene against short-term high- 
temperature thermal treatment was confirmed.

Based on the research results, it was proposed to use the 
preliminary aging of broccoli in a solution of food salt as an 
alternative to blanching. The industrial implementation of 
the proposed solution would make it possible to stabilize the 
biological value of broccoli during its freezing and long-term 
low-temperature storage.

The research results we report here are only part of the 
comprehensive work aimed at stabilizing the biological value 
of frozen broccoli. The prospects for the further research 
relate to the identification of the effect of pre-treatment 
techniques on the elemental and amino acid composition of 
broccoli as the components of biological value. Similar stud-
ies into other varieties and hybrids of broccoli are planned 
in the future.

7. Conclusions

1. The research results confirmed the negative effect 
of blanching on the biological value of broccoli. The 
content of vitamin C after blanching reduces by 19.3 %, 
isothiocyanates by 43 %, chlorophyll by 26 %, β-carotene 
by 4 %.

2. The rational parameters for the pre-treatment of 
broccoli are defined. The maximum preservation of vi-
tamin C is ensured when broccoli ages in a 3-% solution 
of food salt for 20 min. We have developed a model for 
predicting the preservation of the content of vitamin C.

3. It is proved that the preliminary aging of broccoli 
in a food salt solution minimizes the loss of biologically 
active substances. At the same time, an increase in the 
content of chlorophyll is registered, which is explained 
by the compensatory reaction of the plant organism. This 
confirms the effectiveness of the developed method.

References

1. World Health Organization. URL: http://www.who.int/gho/publications/world_health_statistics/en/

2. Hoichuk O. I. Osnovni pryntsypy prodovolchoi bezpeky v umovakh hlobalnoi prodovolchoi kryzy // Naukovyi visnyk NUBiP 

Ukrainy. 2012. Issue 169 (1). URL: https://oai.org.ua/index.php/record/view/294456

3. Koshchiy O. V. Problemy zabezpechennia naselennia Ukrainy prodovolstvom // Sotsialno-ekonomichni problemy suchasnoho peri-

odu Ukrainy. 2013. Issue 6 (104). P. 441–448. URL: http://ird.gov.ua/sep/sep20136(104)/sep20136(104)_441_KoshchiyOV.pdf

4. The European Food Information Council. URL: http://www.who.int/en/

5. Food and health in Europe: a new basis for action // The European Food Information Council. 2011. Issue 96. P. 11–27.

6. Kapustiani ovochi. Tekhnolohiya vyroshchuvannia i zberihannia: monohrafiya / Puzik L. M., Koltunov V. A., Romanov O. V.,  

Bondarenko V. A., Haiova L. O., Shcherbyna E. Kharkiv, 2015. 373 p.

7. Krasaekoopt W., Bhandari B. Fresh-Cut Vegetables // Handbook of Vegetables and Vegetable Processing. 2011. P. 219–242. 

 doi: 10.1002/9780470958346.ch10 

8. Porter Y. Antioxidant properties of green broccoli and purple-sprouting broccoli under different cooking conditions // Bioscience 

Horizons. 2012. Vol. 5. P. hzs004–hzs004. doi: 10.1093/biohorizons/hzs004 

9. Slaska-Grzywna B. Changes in mechanical properties and microstructure of root of celery after thermal treatment // Teka Komisji 

Motoryzacji i Energetyki Rolnictwa. 2010. Vol. 10. P. 355–362. 

10. Turcsi E., Nagy V., Deli J. Study on the elution order of carotenoids on endcapped C18 and C30 reverse silica stationary 

phases. A review of the database // Journal of Food Composition and Analysis. 2016. Vol. 47. P. 101–112. doi: 10.1016/j.

jfca.2016.01.005 

11. Selected nutrient analyses of fresh, fresh-stored, and frozen fruits and vegetables / Li L., Pegg R. B., Eitenmiller R. R., Chun J.-Y., 

Kerrihard A. L. // Journal of Food Composition and Analysis. 2017. Vol. 59. P. 8–17. doi: 10.1016/j.jfca.2017.02.002 

12. Managing Frozen Foods / C. J. Kennedy (Ed.). CRC Press, 2000. 304 p. doi: 10.1201/9781439822784 

13. Doymaz İ. Effect of citric acid and blanching pre-treatments on drying and rehydration of Amasya red apples // Food and Bioprod-

ucts Processing. 2010. Vol. 88, Issue 2-3. P. 124–132. doi: 10.1016/j.fbp.2009.09.003 

14. Principles, implementation, and application of biology-oriented synthesis (BIOS) / Wilk W., Zimmermann T. J., Kaiser M.,  

Waldmann H. // Biological Chemistry. 2010. Vol. 391, Issue 5. doi: 10.1515/bc.2010.013 

15. Levytska S., Belinska S., Kryvoshapka V. Pihmentnyi kompleks zamorozhenoi kapusty brokoli // Tovary i rynky. 2017. Issue 1.  

P. 102–109. URL: http://nbuv.gov.ua/UJRN/tovary_2017_1_12

16. Antonov A. A., Venger K. P., Ruch’ev A. S. Protochnaya azotnaya sistema hladosnabzheniya dlya holodil’noy obrabotki rastitel’noy 

produkcii, maksimal’no ispol’zuyushchaya temperaturniy potencial krioagenta // Holodil’niy biznes. 2002. Issue 6. P. 14–17.

17. Bezusov A. T., Kuznetsova K. D. Doslidzhennia stabilizatsiyi pihmentnoho kompleksu lystovykh ovochiv // Kharchova nauka i 

tekhnolohiya. 2013. Issue 4. P. 27–30. 

18. Acho F., Zoué L., Niamké S. Nutritional and Antioxidant Characterization of Blanched Leafy Vegetables Consumed in Southern 

Côte d’Ivoire (Ivory Coast) // British Biotechnology Journal. 2015. Vol. 6, Issue 4. P. 154–164. doi: 10.9734/bbj/2015/14509 

19. Effect of cooking on nutritive and antioxidant characteristics of leafy vegetables consumed in Western Côte d’Ivoire / Zoro A. F., 

Zoué L. T., Bedikou M. E., Kra S. A., Niamké S. L. // Archives of Applied Science Research. 2014. Vol. 6, Issue 4. P. 114–123. 



 Technology and equipment of food production

31

20. Assessment of nutritional quality and color parameters of convective dried watercress (Nasturtium officinale) / Ek P., Araújo A. C., 

Oliveira S. M., Ramos I. N., Brandão T. R. S., Silva C. L. M. // Journal of Food Processing and Preservation. 2017. Vol. 42, Issue 2. 

P. e13459. doi: 10.1111/jfpp.13459 

21. Berestova A. V., Zinyuhin G. B., Maneeva E. Sh. Osobennosti krioobrabotki rastitel’nogo syr’ya // Vestnik Orenburgskogo Gosu-

darstvennogo Universiteta. 2015. Issue 9. P. 130–136.

22. Review of non-enzymatic browning and antioxidant capacity in processed foods / Manzocco L., Calligaris S., Mastrocola D., 

Nicoli M. C., Lerici C. R. // Trends in Food Science & Technology. 2000. Vol. 11, Issue 9-10. P. 340–346. doi: 10.1016/s0924-

2244(01)00014-0 

23. Microwave Blanching of Vegetables / Ramesh M. N., Wolf W., Tevini D., Bognar A. // Journal of Food Science. 2002. Vol. 67,  

Isuse 1. P. 390–398. doi: 10.1111/j.1365-2621.2002.tb11416.x 

24. Kowalska H., Lenart A. Mass exchange during osmotic pretreatment of vegetables // Journal of Food Engineering. 2001. Vol. 49, 

Issue 2-3. P. 137–140. doi: 10.1016/s0260-8774(00)00214-4 

25. Simakhina H. O., Khalapsina S. V. Efektyvnist vykorystannia krioprotektoriv pry zamorozhuvanni dykoroslykh i kultyvovanykh 

yahid // Naukovi pratsi Natsionalnoho universytetu kharchovykh tekhnolohiy. 2017. Vol. 23, Issue 3. P. 179–185.

26. Derzhavnyi reiestr sortiv roslyn, prydatnykh dlia poshyrennia v Ukraini // Derzhavna veterynarna ta fitosanitarna sluzhba Ukrainy. 

2015. URL: http://vet.gov.ua/node/919

27. GOST 26313. Produkty pererabotki plodov i ovoshchey. Pravila priemki i metody otbora prob. Moscow, 1985. 5 p. 

28. Sapozhnikova E. V., Dorofeeva L. S. Opredelenie soderzhaniya askorbinovoy kisloty v okrashennyh rastitel’nyh ekstraktah yodo-

metricheskim metodom // Konservnaya i ovoshchesushil’naya promyshlennost’. 1966. Issue 5. P. 28–30.

29. Tartachnyk I. I. Metody doslidzhennia zelenykh pihmentiv v lystkakh i plodakh / A. M. Sylaieva (Ed.) // Problemy monitorynhu 

u sadivnytstvi. Kyiv: Ahrarna nauka, 2003. P. 157–159.

30. Ermakov A. I. Metody biohimicheskogo issledovaniya rasteniy. Lviv, 1987. 430 p. 

31. Pochinok H. N. Metody biohimicheskogo analiza rasteniy. Kyiv, 1976. 334 p.

32. Hryshchenko I. M., Hryhorenko O. M., Borysenko V. O. Osnovy naukovykh doslidzhen: navch. posib. Kyiv, 2001. 186 p.

33. Tyurin Yu. N. Statisticheskiy analiz na komp’yutere. Moscow, 1998. 234 p.


