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Abstract

By the determination of the antioxidant system of plants and its high level lipid peroxidation
led to an increase in the activity of antioxidant enzymes. The highest amount of water-soluble anti-
oxidants was found among the legumes in soybean, with 800 pg/g on the first day of germination,
and higher amount also was observed on the third day of the growing season - 620 mg/g. Vitamin C
is a strong antioxidant and is also very important in redox reactions. The formation of vitamin C in
barley from cereal plants in a 7-day-old seedling is 69.8 mg/%. In leguminous plants, for example, in
soybean, the amount of vitamin C is greater than in a 7-day-old mung bean seedling and it is 48.4 mg
/%.
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AHHOTAIUA

OnpeneneHo aHTUOKCHIAHTHAsI CUCTEMa PACTEHUM U €€ BBICOKUI ypOBEHb NEPEKHUCHOIO
OKHCIJICHHS JINITHJIOB, KOTOPHIC IPUBEIH K HOBBIIICHUIO aKTUBHOCTH aHTHOKCHIAHTHBIX (DePMEHTOB.
HauGomnbIree KOJIMYecTBO BOIOPACTBOPUMBIX AaHTHOKCUIAHTOB Cpe 000OBBIX OOHAPYIKEHO B COE
— 800 MKI/T B epBbIH JIeHb IPOpAcTaHUs, a TAKXKE HAa TPeTUil eHb Bererauu — 620 mr/r. Buramun
C siBrsieTCsl CHITbHBIM aHTHOKCHIAQHTOM M UTPAET BAXKHYIO POJIb B OKHUCIUTEEHO-BOCCTAHOBHTEIb-
HBIX peakuusax. OOpa3oBanue BuTamuHa C B sYMEHE U3 371aKOBBIX pACTEHUH B 7-HEBHOM IPOPOCTKE
coctaBisieT 69,8 Mr/%. Y 6000BBIX pacTeHUH, HaIpUMEP, B CO€, KOJIMUeCTBO BuTaMruHa C BBIIIE, 4eM
B 7-HEBHOM IIPOPOCTKE Mallia, ¥ cocTaBiser 48,4 mr/%.

KiroueBble ¢j10Ba: aHTHOKCHIAHT, (PIIABOHOUI, PAJAUKAIIBI, OKHCIICHUE, PACTCHUS

Annotatsiya

O'simliklarning antioksidant tizimini aniqlash va uning yuqori darajadagi lipid peroksidlanishi
antioksidant fermentlarning faolligini oshirishga olib keldi. Suvda eruvchan antioksidantlarning eng
ko‘p miqdori dukkakli o‘simliklar orasida, unib chigishning birinchi kunida 800 mkg/g, vegetatsiya
davrining uchinchi kunida esa ko‘proq - 620 mg/g bo‘lgan. C vitamini kuchli antioksidant bo'lib,
redoks reaktsiyalarida ham juda muhimdir. 7 kunlik ko'chatda boshoqli o'simliklardan arpada C
vitamini hosil bo'lishi 69,8 mg /% ni tashkil giladi. Dukkakli o'simliklarda, masalan, soyada C
vitamini miqdori 7 kunlik mosh loviya ko'chatiga qaraganda ko'proq va u 48,4 mg /% ni tashkil giladi.

Kalit so'zlar: antioksidant, flavonoid, radikallar, oksidlanish, o'simliklar

Introduction. As a result of metabolism peroxidase, and glutathione reductase. These
in living organisms, oxidized products are antioxidant systems neutralize the amount of
formed, such as free radicals and peroxide free radicals in an organism, that is, they bind
compounds of organic and inorganic nature. reactive oxygen species: Oz, H202', HO™ (1).
The following groups of free radicals are These radicals are also formed as a result of
known in an organism: peroxides; hydroxyls; chronic stress and the accumulation of radio-
various lipid peroxides and others. There are active, various chemicals in an organism
several specific antioxidant mechanisms in the (2,25).

cell, including superoxide distutase, catalase,
413
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The structure and function of biological
membranes is closely related to lipid peroxida-
tion. Biological membrane lipids play an im-
portant role in cell metabolism (3). Lipid pe-
roxidation has an importance in the regulation
of lipid composition as well as permeability
and lipid synthesis processes (4, 26). The ac-
cumulation of lipid peroxide oxidation prod-
ucts leads to tissue damage. Lipid peroxidation
is controlled by antioxidant defense systems.

It is well known that lipid peroxidation is
an important indicator in determining the state
of plant cells and their growth (5,6,27).

Therefore, the daily diet should be sup-
plemented with natural antioxidants that pro-
tect the body from free radicals, increase its re-
sistance to various adverse effects and slow
down aging.

Natural antioxidants include ascorbic
acid, citric acid, polyphenols, flavanoids, ca-
rotenoids, cysteine, phospholipids, tocopher-
ols, vitamins A and K (7,16,28).

Flavanoids are not synthesized in the
body of animals, they enter the body with nu-

Herbs such as rosemary, bushes such as
black currant, green currant, walnut are rich in
ascorbic acid and their extracts, tinctures, and
concentrates are widely used in medicine [ 10].

Various biologically active compounds
with antioxidant properties have been identi-
fied in germinating cereals [12-13].

The purpose and tasks. The purpose of
this work is to study the content of biologically
active substances (antioxidants, flavonoids,
vitamin C) during the germination of cereals
and legumes.

Materials and the methods. Object:
wheat, barley, oats, mung beans, soybeans.
The study and observations were carried out on
1,3,5,7,9 day old seedlings of germinating
seeds of such crops as wheat, barley, oats,
mung beans, soybeans. The determination of
lipid peroxidation is based on the reaction be-
tween malondialdehyde and thiobarbituric
acid, since colored trimetine compounds are

l e-mail: cajis@afu.uz

trients. Flavanoids are biologically active com-
pounds that have an antioxidant effect, protect
the body from free radicals and thereby in-
crease resistance to external adverse factors.
Flavonoids are used to diminish and eliminate
many diseases.

It is well known that fruits and vegeta-
bles are rich in antioxidants and are very useful
for regular consumption. Antioxidants are
most commonly found in the following foods:
blueberries, plums, all kinds of beans, nuts, al-
monds, wild peanuts, pistachios, garlic, and
onions. The radicals accumulated in an organ-
ism are released with the help of antioxidants
(8,26,29). Various biologically active com-
pounds with antioxidant properties have been
found in cereals (9).

Vitamin C is a powerful antioxidant that
plays an important role in slowing down oxi-
dation and is involved in collagen synthesis,
iron and folic acid metabolism, synthesis pro-
cess of hormones and catecholamine, and a
number of other important processes.

A number of sources indicate that fresh
vegetables and fruits are the main source of
ascorbic aci

formed in a high temperature and acidic pH en-
vironment. The complex is measured in the
range of 532 nm (1).

The method for determining the amount
of water-soluble antioxidants is based on the
oxidation of iron-III chloride by antioxidants.
At the same time, iron-III-chloride is con-
verted into iron-II-chloride, the amount of
which is determined by the intensity of the
color formed by the addition of o-phenanthro-
line (1).

To detect flavanoids in plant leaves, a so-
lution of 1% Triton X-100 dissolved in 96%
alcohol was used. The reaction is based on the
formation of a stable color of flavanoids under
the influence of a citric acid solution extracted
from plant tissue. The obtained color complex
of flavanoids is measured on a spectrophotom-
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eter 46 at 420 nm and the total amount of fla-
vanoids in the germinating seedlings of cereals
and legumes is determined (1).

The determination of vitamin C is based
on the ability of ascorbic acid to reduce 2,6-
dichloroindophenol under acidic conditions.

Under these conditions, the dark blue
color (oxidized form) of the 2,6-dichloroindo-
phenol indicator is restored in the presence of
ascorbic acid [14].

On a spectrophotometer at a wave-
length of 265 nm, depending on the amount of
ascorbic acid, the activity of the enzyme ascor-
bate oxidase is determined [14].

At the same wavelength, ascorbic acid
has the ability to recover as much as possible.
Ascorbic acid is oxidized by ascorbate oxi-
dase. The level of oxidation of ascorbic acid is
directly proportional to the activity of the en-
zyme.

its content was observed.

Results and their discussion. The results
of our study showed that variations in lipid per-
oxide oxidation during the growing periods of
cereals and legumes were different.

During the observation, it was found that
on the 1st day of the wheat germination period,
lipid peroxidation was 12.14 pmol/g, and on
the 3rd day it was 22.83 pumol/g, and over the
next days their number decreased. On the Sth
day of the growing season, this indication was
10.64 umol/g, and on days 7-9 — 9.75 pmol/g.
The maximum lipid peroxidation during the
growing season of oats appeared at 5 days and
was 25.199 umol/g. Lipid peroxidation during
germination in oats was 11.484 pmol/g on the
1%t day, 13.568 pmol/g on the 3™ day, 23.15
pmol/g on the 5" day, and 13.322 pmol/g on
the 7 day. In barley, the highest concentration
of lipid peroxidation was observed on the 5"
day of the germination period and was equal to
26.787 umol/g. In the following days of barley
germination, a decrease in

Table 1
Lipid peroxidation during germination of cereals and legumes (umol/g)
Germination
days Cereals Legumes
Ne wheat oats barley soybean mungbean
Day 1 12,14 11,484 11,486 14,85 18,85
Day 3 22,83 13,568 22,833 12,55 13,95
Day 5 10,64 23,150 26,787 30,51 14,75
Day 7 9,75 25,199 21,781 34,15 27,09
Day 9 9,75 13,322 10,650 24,83 10,98

During the germination of leguminous
plants of soybean and mung bean, the amount
of lipid peroxidation was higher at 5,7,9 days
of germination of soybean than mung bean
and, respectively, was 30.51 pmol/g on day 5,
34.15 pmol/g on day 7, 24.83 pumol/g on day
9. The highest concentration of lipid peroxida-
tion in mung bean was detected for 7 days and
amounted to 27.09 umol/g.

Data on lipid peroxidation in cereals is
consistent with literature data (3).

l e-mail: cajis@afu.uz

The results show that the amount of
water-soluble antioxidants in grain plants, that
is, in wheat, varies, its highest content is ob-
served on the first day of the growing period
and is 600 pg/g, which decreases in the follow-
ing days. On the third day of growing period,
it was 340 pg/g, on the fifth day - 100 pg/g, on
the seventh day - 80 pg/g.

The highest amount of water-soluble
antioxidants was found on the third day of bar-
ley germination and amounted to 460 pg/g, on
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the fifth day - 400 ug/g, on the seventh day -
140 pg/g, and on the ninth day 80 pg/g.

The amount of water-soluble antioxi-
dants in soybeans is higher than in mung
beans. The highest amount of water-soluble
antioxidants in soybeans was found on the first
day of the growing period and amounted to 800
pg/g, on the third day of the germination pe-
riod it was 540 pg/g, on the fifth day 400 ug/g.
In the following days there was a decrease in
its amount. The results obtained are consistent
with the results of the scientific literature.

The results of the study also showed
that water-soluble antioxidants were higher in
legumes than in cereals, the amount was 800
ug/g on the first day of soybean cultivation,
while in mung bean a high concentration of
water-soluble antioxidants was observed on
the third day of germination, it was 620 ug/g.
In cereal crops, the highest concentration was
found on the first day of wheat germination,
with water-soluble antioxidants reaching 600
ug/g (Table 2).

Table 2
Water-soluble antioxidants in cereals and legumes (ng/g)
Germination Cereals Legumes
days
Ne wheat barley soybean mungbean

Day 1 600 160 800 440
Day 3 340 460 540 620
Day 5 100 400 400 460
Day 7 80 140 280 380
Day 9 0 80 120 340

The amount of water-soluble antioxi-
dants during the germination of soybean and
mung bean was not the same. The highest con-
centration of antioxidants in soybean was 800
ug/g on the first day of vegetation, and in sub-
sequent growing seasons, we observed a de-
crease in its content. We found that on the third

observed on the third day of the grow-
ing period at 620 ug/g, and it was found to de-
crease in subsequent days, reaching 340 pg/g
on the ninth day of the growing period.

The results showed that the highest
concentrations of water-soluble antioxidants in
legumes were found in the first days of germi-
nation in soybean, which was 800 pg/g. A
number of scientific studies have also shown
that changes in antioxidant levels are closely
related to the processes of cellular metabolism
in cereals (15).

The results of the study also show that
the amount of flavanoids in the germination of
cereals and legumes varies widely and depends

l e-mail: cajis@afu.uz

day it retains 540 pg/g, on the fifth day 400
ug/g, on the seventh day 250 pug/g and on the
ninth day 120 pg/g of the water-soluble anti-
oxidant. The highest concentration of water-
soluble antioxidants in mung bean was

on their growing period. The highest concen-
tration of total flavonoids during the growing
season of cereals and legumes was found on
the fifth day of vegetation and amounted to
37.4 mg/g in oats. In germinating grain crops —
in wheat and barley, the amount of flavonoids
was not high. On the fifth day of wheat germi-
nation, flavonoids were lower than in oats and
amounted to 29.4 mg/g.

The results show that on the first day of
germination in wheat, the amount of flavo-
noids was 14.3 mg/g, on the third day 15.8
mg/g, on the seventh day 28.95 mg/g and on
the ninth day 11.1 mg/g . At the same time, we
observed that the total amount of flavonoids in
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barley was lower than in wheat. On the fifth
day of germination in barley, its maximum
content was 19.9 mg / g. We found that on the
first and third days of germination, the amount
of flavonoids was 13.3 mg/ g, on the ninth day
- 10.1 mg / g. It was revealed that from legu-
minous plants in soybean and mung bean, the
total amount of flavanoids is lower than in
wheat. On the fifth day of germination, the to-
tal amount of flavanoids in soybean was 21.2
mg/g, and in mung bean 17.2 mg/g.

Besides, the results show that the amount of
vitamin C, which exhibits antioxidant proper-
ties during the germination of cereals and leg-
umes, depends on their vegetation.

It was determined that during the germination
of cereal crops, the amount of vitamin C was
higher in barley than in wheat and oats on days
1, 3 and 7 of the growing season.

Table 3

Vitamin C content in cereal crops (mg /%)

Germination days wheat
Day 1 15,54+0,3
Day 3 47,52+1,7
Day 5 25,08+0,42
Day 7 33,88+0,44
Day 9 24,2+1,3

oats barley
27,28+0,88 18,48+0,88
39,6+4,4 16,28+0,74
36,08+5,8 1,98+0,44
69,81+5,47 36,52+1,32

18,48+0,88 224352

The highest levels of vitamin C in cereal
germination in barley were 27.28 mg/% on day 1,
39.6 mg/% on day 3, and 69.8 mg/% on day 7.

In legumes, the highest concentration of
vitamin C during germination in soybeans was
much higher than that of mung beans and on the
seventh day was 48.4 mg /%.

day in mung bean, 54.4 mg /% on 7 days in
soybeans. The enzyme ascorbate oxidase is found
in all plants. This enzyme catalyses the oxidation
of L-ascorbic acid to the dehydroascorbic form.
Ascorbate oxidase contains 0.26% copper. Enzyme
activity was first detected on cabbage leaves.

It is known that dehydroascorbic acid is bi-
ologically active and found in plant tissues in com-
bination with ascorbic acid and, under certain con-
ditions, it turns into ascorbic acid under the action
of an enzyme.

We have studied the activity of ascorbate
oxidase during the growing season of cereals and
legumes [9].

The results show that the activity of the en-
zyme ascorbate oxidase changes during the germi-
nation of cereals and legumes and depends on their

' e-mail: cajis@afu.uz

Thus, the maximum amount of vitamin C
in wheat is 47.52 mg /% on the 3rd day of the ger-
mination period, 69.81 mg /% on the 7th day in bar-
ley, 36.52 mg /% on the 7th day in oats and 49.2
mg /% on the 7th

vegetation. It was found that the activity of ascor-
bate oxidase during the growing period in cereal
crops was higher on the 3rd day in wheat than in
barley and oats, and amounted to 557.6 g/min. The
highest activity of the enzyme in cereal crops was
found in barley on the 7th day of vegetation and
amounted to 730.2 g/min. In oats, the enzyme ac-
tivity was 441.3 g/min.

It was also found that during the germina-
tion of legumes on days 1, 3, 5, 7 and 9, the activity
of ascorbate oxidase was higher in soybeans than
in mung bean, and the highest activity was mani-
fested on the 7th day of the growing season, which
was 583.95 g/ min in and for mung bean was equal
to 525 g/min.

Conclusion. Our results showed that dur-
ing the periods of germination of cereal and legume
417
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plants, lipid peroxidation was different, in cereal
plants during the germination period, the highest
concentration of lipid peroxidation was in wheat
22.83 umol/g on the 3rd day, in oats 25.19 pmol/g
on the 7th day, in legumes — in soybeans 34.150
pmol/g on the 7th day, in mung bean on the 7th day
27.09 pmol/g. It is well known that lipid peroxida-
tion determines the antioxidant system of the plant,
and its high levels lead to an increase in the antiox-
idant enzyme systems - the enzymes superoxide
dismutase and glutathione reuctase (6).

Changes in the amount of water-soluble
antioxidants also depend on the growth processes

In this way, the source of vitamin C, which
is a powerful antioxidant, is germinating seedlings
of cereals and legumes, the amount of which de-
pends on their maturity. The highest levels of vita-
min C were observed in wheat, barley, oats, mung
beans on the 3rd day of growing period, and in soy-
beans on the 7th day of growing period.

It was also found that in germinating cere-
als and legumes, the amount of flavanoids during
germination periods was different, and the highest
concentration of flavanoids was observed on the
5th day of the germination period of oats, their con-
centration was 37.4 mg/g.

of cereals and legumes.
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