o o

Hocaidxceno ma npoeedeno amnaniz cxkaadosux 6ionoziu-
noi yinnocmi paiionosanozo ¢ Yxpaini copmy xanycmu 6po-
xoni — Ilapmenon. Haeedeno pesynvmamu 00CaioxHceHdv,
npoananizosani aminu emicmy ackopo6inoeoi xuciomu, izomio-
uianamis, nizmeHmHoz20 ckaady, xaopodiny ma B-kapomuny y
ceidcosibpaniii kanycmi 6poxoni ma 3anedxncno 6i0 cnocooie ii
nonepeonvoi 06podKu neped 3amopolcysannam: Granumysean-
HAM Ma 6UMPUMYBAHHAM Y POZUUHI KYXOHHOT COJIL.

Hoesedeno, wo xKpawum cnoco6om nonepeonvoi 00po6Ku
Kanycmu Opoxoni neped 3amMoOpoINCYBAHHAM, AKUL 0036015€
Maxcumanvio 30epeemu it 6uxioni cnojcueni enacmueocmi, €
sumpumyeanus 6 3 % po3uuni KYxonnoi coi npomsieom 20 xa.
Bumpumyeanns y pozuuni coui cnpuse Maxcumaivnomy 3oe-
pediceniio Gionoziunoi yinnocmi xanycmu OpoKoJi nOpieHANO 3
onanwyeannam.

Bcmanosaeno, wo xanycma opoxoni copmy Ilapmenon
Micmumo 116,4 m2/100 acxopbinoeoi xucaomu. Ilicas oaan-
wyeanns empamu cmanogasmo 19,3 %. Iliomeeposceno 3na-
YHe 3HUNCEHHA KibKiICHO20 8Micmy i3omioyianamis — na 43 %
nopieHaAHO 3 eMicmom Yy euxioniii cupoeuni. Bmpamu xno-
poiny cmanosaamo 26 %, 3oxpema a-xaopodiny — 10 %,
b-xnopoiny — 16 %. 3Mint0emvcs maxoxc Cni6eiOHOWEHHS
¢opm a- i b-xnopodpiny.

Pesynvmamu 3aceiouyiomo, w0 npu UMpUMUi y po3uuHi
KYXOHHOT coni empamu ackopfinoeoi Kuciomu cmamosasanto
5 %, ismioyionamie — 28,2 %. Bmicm B-xapomuny nopiensano
3 BUXIOHOI0 CUPOBUHOI0 He IMIHIOEMBCS, A UACMKA XJ0OPOPiny
36imvmyemovca na 6,3 %. 3min cnigsionowenns Gopm xao-
podiny ne eiodyeaemvca. IMpuwunamu cmabinizauii emicmy
ackop6inosoi kucaomu € sidcymmuicmv sucoxomemnepamypmoi
00po6KU ma wacmroea inakmueauin ackopoéinam— ma nonige-
HOJI0KCU0A3u, wo NOSICHIEMbCS 30amMHICMIo XaA0puodie eumic-
HAMU 10HU Mi0L 3 MIOLEBMICHUX CROJYK, 00 AKUX HATENCamd Ui
depmenmu.

Hesnauni empamu simaminy C nosacniolomocsa 6000po3uui-
nicmio ackopoinoeoi xucaomu. Ilonepeons oopobra y pozuuni
KYXOHHOi cogli iHoyKye nideuuienns emicmy a-xaopodiny ma
b-xaopoiny, wo 3ymoe1eH0 KOMREHCAMOPHOI PEaKUiErO

Kmouosi caosa: xanycma opoxoni, 6ionoziuno axmueni
peuwosunu, eimamin C, izomoyianamu, xaopoiu, nonepeons
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1. Introduction

Providingconsumerswithasufficientamountoffruitand
vegetable produce, thelevel 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-

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
71kg/perperson/peryear,while Greece hasan 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.




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 Zn?*/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 °C 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 °C
is optimal for chlorophyllase. At temperatures above 80 °C
the activity of chlorophyllase somewhat decreases, and at
100 °C, 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.



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, B-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, B-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

Fig. 1. Broccoli of the variety Parthenon

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, B-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 °C for 3 minutes (experiment 1) and for the broccoli,
which was aged in a 3-% food salt solution for 20 minutes
(experiment 2).



Results of the research were mathematically and statis-
tically processed [32, 33].

Fig. 2. Spectrophotometer Specord 210

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 B-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; £<5)

40 36,9

32,2

w025
=)

B g-chlorophyll
u B-chlorophyll

11,7

Before blanching After blanching

Fig. 3. Change in the chlorophyll content in broccoli

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

. Before blanch- | After blanch-
Indicator . .
ing ing
Mass fraction of ascorbic acid 116.4 93.3
Mass fraction of isothiocyanates 0.59 0.25
Mass fraction of chlorophyll 49.0 439
Mass fraction of B-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 B-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 %.

Treatment parameters Enzyr.nde- ac(tiwlty, l‘ll mql AA
oxidized over 1 min Vitamin
concen- ) C content,
tmin | tration of ascorbic polyphenol | mg/100 g
’ solution. % oxidase 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



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; e<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 49.0 521
Mass fraction of B-carotene 4.6 4.6

A reduction of the ascorbic acid content by 5 %, and
isothiocyanates by 28.2 %, was established. The content
of B-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; €<5)

. Ratio a-chloro-
Variety | a-chlorophyll | b-chlorophyll phyll/b-chlorophyll
Before aging in a solution of food salt
Parthe- 36.9+1.8 12.1+0.6 3.05:1
non 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 (#=0.95), the concentration
of a food salt solution, % (r=0.42), and the activity of
AQO, pmol of ascorbic acid oxidized over 1 min (r=—0.83).

The developed model takes the following form:

y=140.78-0.342,+0.03x2—1.25x3 (R*=0.936),

where y is the mass fraction of vitamin C, mg/100 g, x1 is
the duration of treatment, min., x is the concentration of
the solution of food salt, %, x5 is the AO activity, pmol 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 (F,s=7.348, F;4p1.=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 C-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



chlorophyllase, which is observed under condition of
high blanching temperatures.

The stability of B-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 %, B-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.
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