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THE EFFECT OF MICROELEMENTS ON THE ACTIVITIES OF PEROXIDASE AND
POLYPHENOLOXIDASE IN EGGPLANT LIEAVES AND FRUIT
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1. Introduction

Microelements are necessary for normal processes
of metabolism in the living bodies. They are related to
vitamins, hormones, enzymes, therefore, play a signifi-
cant role in growth and development of the body [1].

The source of microelements is the soil with the
chemical elements of mother rock as well as the gases,
meteorite showers, smoke, volcanoes. Microelements oc-
cur in the solid particles of the soil and in the surface col-
loids. Microelements content in soil is dynamic in vege-
tation periods, for example, manganese, copper and iron
content is in the greatest amount in spring, when there is
great amount of moisture and the anaerobic processes are
going on. In early spring these elements are less absorba-
ble for plants. Microelements content in different types
of soil is different, for example, zinc accumulates in
meadow and reeded podzolic soils, while they are in the
least amount in dark podzolic soils; copper accumulates
in irrigated and reeded soils, cobalt content does not dif-
fer according to the soil types. The content of manganese
and molybdenum is reduced in the deeper layers of soil.

Microelements introduced to plants through ferti-
lizers stimulate their growth and development, and in-
crease the crop. However microelements have different
action on different effect on one and the same plant in
different phases of vegetation. Therefore, is it necessary
to estimate the exact doses of microelements according
to the soil type [2].

Microelements in plant should not exceed a cer-
tain control point, for example, Mn — 40.0, Mo — 0.20,
Co-15,7Zn-0.3, B - 0.5 mg/kg [2]. They can be deliv-
ered to plants in three ways:

1) By means of roots through introduction of mi-
croelements into soil;

2) By means of spraying the leaves weak solution;

3) By means of pre-sowing treatment of a seed in
aqueous solution of salt of microelements.

Pre-sowing treatment is more effective for study-
ing the effect of microelements, because in such a case
seeds can absorb maximum amount of microelements,
the embryo begins development earlier and the micro-
elements’ influence spreads on the new cells generated
by the embryo division [3].

There was Studied the effect of microelements (B,
Zn, Cu, Co, Mn) on the activity of the enzymes — peroxi-
dase and polyphenol oxidase in eggplant leaves and fruit.
Peroxidase (EC1.11.1.7) is one of the enzymes of the
respiratory process. It belongs to the group of oxidore-
ductase. Peroxidase contains heme (protoporphyrin IX).
The enzyme causes oxidation of some organic com-
pounds such as phenols, amines and some other hetero-
cyclic compounds with hydrogen peroxide [4].

Donor-H,0, =oxidized donor + H,O

Unlike catalases, peroxidase does not cause oxida-
tion of hydrogen peroxide and spirits. Under the action of
catalase H,0, is decomposed into molecular oxygen and
water while peroxidase can restore H,0,.

The interaction of peroxidase with H,O, forms in-
termediate compounds which have different spectral
properties. Today there are known 4 types of such com-
pounds. According to Chance the process is going on as
follows:

— peroxidase Fe ** +H,0 --complex 1

—complex1+ AH, —complex I1+AH

— complex 11+AH,+-peroxidase F*~+AH

2. Literature review

Complex I is formed as soon as H,0, is added. It
is an unstable compound with green color which can be
easily transformed into complex 1. Complex |1 is formed
from the excess amount of H,O, and has red color. These
compounds are not characterized by catalytic action.
Their formation hinders the peroxidase action [4, 5].

Peroxidase protects a cell from the harmful action
of H,0, and actively participates in cell metabolism. It is
mainly localized in mitochondria and chloroplast. Some
researchers admit existence of peroxidase in ribosomes
and nucleus. Peroxidase regulates the process of plant
growth and development, because it is the part of the in-
doxylic enzyme system [3, 6].

Polifenol oxsidase (EC 1.10.3.1) contains copper,
which has an influence on different o-phenols. The en-
zyme activates molecular oxygen and oxidizes dioxy-
phenol (sometimes even the monophenols) [7]. diphe-
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noloxidases catalyze two strong reactions of different
mechanisms:

1) o-dioxyphenol oxidation into o-chinon (i.e.
“catechinoloxidase activity);

2) monooxyphenol hydroxilization forming o-
dioxyphenol (cresol action).

The enzyme is widely spread in plants. It is the re-
sult of the polyphenol oxidase action when a fruit and
vegetable change color on air as soon as they are cut. The
enzyme is easily solved in water. Therefore, it is not easy
to define its localization in a cell. Supposedly, they occur
in mitochondria and plastids, though some scientists have
different viewpoints, therefore, the question of its locali-
zation requires investigation and specification [8]. Mi-
croelements influence the enzyme activity [9, 10].

3. Aim and objectives of the study

Aim — The effect of microelements on the activi-
ties of peroxidase in the eggplant leaves and fruit.

To achieve this aim, it was necessary to solve the
following problems:

1. Microelements are necessary for normal pro-
cesses of metabolism in the living bodies. They are relat-
ed to vitamins, hormones, enzymes, therefore, play a sig-
nificant role in growth and development of the body.

2. Microelements introduced to plants through fer-
tilizers stimulate their growth and development, and in-
crease the crop. However microelements have different
action on different effect on one and the same plant in
different phases of vegetation. Therefore, is it necessary
to estimate the exact doses of microelements according
to the soil type.

4. Materials and Methods

The object of the study was eggplant species
“Dark” (solanum melongela L.), which is widespread in
our conditions. Before sowing the eggplant seeds were
treated in 0.02 % — solutions of ZnSO,. CuSQO,, CoCl,,
KMnQO,, H3BOs;. The control seeds were processed in
distilled water. After drying the seeds were sown on an
experimental plot. Its biochemical analysis on the content
of microelements was preliminarily carried out. The ma-
terial (the leaves of the middle layer) for the analysis was
taken at 12 o’clock of the day.

The activity of enzyme peroxidase was defined in
the acetone preparation obtained from the raw material.

The acetone preparation of 20 mg was placed in
the test-tube and was added with 3.0 ml. M/ 15 phos-
phoric buffer (whose PH is equal to 6.0) 10 mg pyrogal-
lol (solution in 1.0 ml water) and 1.0 ml 1.0 % — H,0,.
Reaction proceeded for 10 minutes. After that the solu-
tion was added with 5.0 ml of ethyl alcohol for activa-
tion of the enzyme and then it was filtered. In the fil-
trate the optical density was defined by means of photo-
electrometric colorimeter at 360 nm.

The possible amount of enzyme polyphenol oxi-
dase was deducted from the received number. For that
the test-tube was placed according to the above de-
scribed general scheme of reaction in conditions of in-
troduction of 1.0 ml water instead of 1 % hydrogen ox-
ide [1].

5. Result of research
The results of the analysis are given in Table 1, 2.

Table 1
Influence of microelements on the activity of peroxidase in eggplant leaves and fruit (%)
. phase of 4-5 phase of 6-7 phase of blos- | phase of fruit | phase of ma- phase of
version leaves appear- | leaves appear- . . - technical rip-
. . soming appearing ture fruit . .
ing ing ening of fruit
Control 7.6x£0.01 15.2+0.01 15.2+0.01 11.2.2+0.01 13.0+0.01 5.0+0.01
HsBO; 7.0+£0.01 13.6+0.01 13.6+0.01 37.0+0.01 9.0+0/01 11.2+0/01
ZnS0O, 7.4+0.01 11.4+0.01 11.4+0.01 25.6+0.01 11.2+0.01 18.0+0.01
CuSO, 3.0+0.01 9.8+0.01 9.8+0,01 18.0+0.01 13.3+0.01 9.8+0.01
CoCL, 6.0+0.01 9.2+0.01 9.2+0.01 15.4+0.01 5.8+0.01 16.0+0.01
KMnO, 17.8+0.01 13.4+0.01 13.4+0.01 19.8+0.01 7.8+0.01 13.0+0.01
Table 2
Influence of microelements on the activity of polyphenol oxidase in eggplant leaves and fruit (%)
. phase of 4-5 | phase of 6-7 phase of blos- | phase of fruit | phase of ma- phase_ .Of
version leaves appear- | leaves appear- . . - technical rip-
. . soming appearing ture fruit . .
ing ing ening of fruit
Control 15.44+0.01 7.2+0.01 7.0£0.01 19+0.01 0+0.01 3.9+0.01
H3sBO; 20.6:+0.01 5.8+0.01 12.6+0.01 17+0.01 0.7+0.01 3.6+0.01
ZnS0O, 20.4+0.01 11.0+0.01 11.8+0.01 13.44+0.01 7.0+0.01 3.0+0.01
CuSQ, 23.4+0.01 29.8+0.01 15.0+0.01 13.0+0.01 9.0+0.01 11.2+0.01
CoCL, 21.4+0.01 35.0+0.01 0+0.01 0.8+0.01 5.0+0.01 18.0+0.01
KMnO, 15.4+0.01 3.6+0.01 17+0.01 11.44+0.01 8.0+0.01 5.4+0.01

In the phase of appearing 4-5 leaves the polyphe-
nol oxidase activity in eggplant leaves is greater than that
of peroxidase. In the next phase of vegetation of 6-7
leaves and in phase of blooming the peroxidase activity

increases exceeding the polyphenol oxidase activity. In
the phase of fruit bearing the polyphenol oxidase activity
increases again and in the phase of technical ripening of
fruit the activity of both enzymes decreases that is related
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to the age of the plant. In the phase of vegetation of 4-5
leaves the greatest increase of the polyphenol oxidase ac-
tivity is observed first in the plants treated with copper
and then in those treated with cobalt compared to the
control version. The action of boron (20.6) and zinc
(20.4) equally increases the enzyme activity.

In a case of boron the polyphenol oxidase activity
is greater than that of peroxidase. The peroxidase activity
is observed to be decreased and the polyphenol oxidase ac-
tivity increased in comparison with the control version.
And in phase of fruit bearing, on the contrary, the poly-
phenol oxidase activity is less decreased (12.5 %) and the
peroxidase activity is 4-times increased. In the phase of
technical ripening of fruit the polyphenol oxidase activity
is greater than that of peroxidase. In the late phases of veg-
etation the peroxidase activity increases more than that of
the polyphenol oxidase in the zinc version. As it was in
case of the boron action, in those phases the peroxidase ac-
tivity is greater than that of polyphenol oxidase (the latter
decreases in comparison with the control group).

Copper treatment greatly increases the activity of
polyphenol oxidase. Also, copper has a positive action on
the peroxidase activity in the late phases of vegetation.
With this respect a plant treated with copper significantly
differs from the control group.

Cobalt increases the polyphenol oxidase activity
in the phase of vegetation of 6—7 leaves while the activity
of the enzyme is zero in the phase of blooming. In cobalt
version the activity of polyphenol oxidase is greatest
among the other versions.

Manganum effect on the activity of the enzymes
under study is revealed in the later phase. The peroxidase
activity is more increased.

In an immature fruit of eggplant the polyphenol
oxidase activity is less than that of peroxidase. In the bo-
ron version the polyphenol oxidase activity is decreased
(0.7), and peroxidase activity is also reduced.

The zinc and copper treatment increases polyphe-
nol oxidase activity in eggplants. Unlike the other micro-
elements in manganum version the activity of both en-
zymes is similar.

6. Discussion

Microelements are required by living organisms
for the normal processes of metabolism. They are con-
nected with the formation of vitamins, hormones, and
ferments. Therefore, they play a very important role in
the growth and development of organisms;

The provision of microelements for plants in the
form of micro fertilizers improves their growth and
development, increases yields. However, microelements
affect differently various species of plants. More to the
point, one and the same microelement has a varied effect
on one and the same plant in the different stages of
vegetation. Because of that, it is necessary to determine
the exact ratio of microelements essential for plants,
according to the types of soil. Due to the results gained

from our experiment, an optimal ratio of microelements
under study is 0,02 % solution of salts.

Microelements can be supplied for plants when
the quantity of theirs in the soil does not exceed a certain
point, for example Mn — 40,0 Mo - 0, 20, Co - 1,5 Zn -
0,3, B — 0,5mg/kg., and etc. Because of that, it is
essential to conduct a preliminary study of the soil.

For plants to be supplied with micro fertilizers, it is
more effective to treat seeds in a number of ways before
sowing. Because that increases maximum intake of
microelements; a plant embryo starts growing earlier,
metabolic processes activate, the influence of microelements
spread on the new cells formed through the division of cells
in an early embryo. It is difficult to equally distribute
microelements in a large area, because one hectare requires
3-5 kg of fertilizers. That’s why it is convenient for farmers
to soak seeds prior sowing in concrete water and salt
solution together with the concentration referred to for
24 hours in specially equipped baths. After drying, seeds
should be planted.

In regions, where the soil lacks the crop capacity,
it is advisable for farmers to focus on the greenhouse
cultivation of water cultures, which is of actuality in
western countries (in the Czech Republic — tomato
growing). Due to the experiment of ours, the impact of
microelements in water cultures is more effective.

The influence of microelements on the increase of
the crop capacity of vegetable cultures is rather im-
portant.

7. Conclusions

1. The activity of enzymes varies in different
phases of vegetation of the plant under study. It can be
explained by the fact that eggplant bears technically and
physiologically ripe fruit together with crude fruit and
buds and blossoms. In both versions (the controlled one
and the one with microelements) with the increase of the
peroxidase activity the polyphenol oxidase activity de-
creases.

2. In comparison to the control versions in the
phase of vegetation of 4-5 leaves the polyphenol oxidase
activity is greatest under the action of copper, than comes
cobalt. While boron and zinc action on the enzyme activ-
ity is similar. Under the action of boron the polyphenol
oxidase activity is especially increased in the phase of
appearing 4-5 leaves, while in later phases it is decreased
and the peroxidase activity changes accordingly).

3. At pre-sowing treatment of seeds with zinc the
peroxidase activity in leaves (early phase of vegetation)
and fruit decreases, while at vegetation of the fruit it
reaches its maximum.

4. Under the action of copper and cobalt the perox-
idase activity increases in leaves (late phase) and fruit.

5. Manganese has lesser effect on the activity of
polyphenol oxidase in the earlier phase than in the later
phase. In eggplant fruit the activity of polyphenol oxi-
dase increases.
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1. Beryn

VY cyuacHOMY CBITi aKTyaJdbHOIO MPOOJIEMOIO 0io-
JIOTIT Ta MPAKTUYHOI MEIUIIMHU 3aUIIAETHCS OCTI-
JOKEHHSI aJlanTalii TBapyUH 0 HU3bKHUX TEMIIEpaTyp J0-
Bkt [1]. lItydHa rimoTepmis MIMPOKO BHKOPHCTOBY-
€THCSl B MEJIMYHIN TMPAKTHUIIl 3 METOIO JIIKYBaHHS Ta pea-
OumiTamii micns pi3HOMaHITHUX 3aXBOPIOBaHb, OTICPATHB-
HUX BTpy4aHb tomo [1, 2]. Lle moB’s3aH0 31 3HAYHUM
3HIKCHHSAM OOMiHY PEYOBHH 1 BHUKOPUCTAHHS KHCHIO
IpHU TOHIDKEHIH TeMIlepaTypi Ta MOJAJBIIAM BiJTHOB-
neHHsM (diziosorivHux QyHKUIN micas HopMmaiizauii Te-
MIepaTypH.

Cran mTyyHOi TimoTepmili MOXXHa CTBOPUTH i3
BUKOPUCTAHHSM TillOKCH-TIEPKAIHIYHUX T'a30BHX Ce-
penoBuI. 3a IUX YMOB TBAPHHHU BXOAATH B CTAaH LITY4-
HOTrO Tino0io3y NpH 3HWKEHHI TeMIIepaTypu Tijia o
14-23 °C [3, 4]. OnHUM 3 TaKUX CIIOCOOIB € METOHKa
3a baxmerpeBa-/xaits-Anxyca [4]. DopmyBaHHS IUTY-
YHOTO TiMOOIOTHYHOTO CTaHy BeIe IO TimoMeTadouis-
My, IIO CYNPOBOJUKYETHCS 3HW)KEHHSIM eHepro3abesrie-
YeHHs TeIIOKPOBHOTo opranismy [5, 6]. Ha ceoroaHi-
IIHIA JeHb TOCHIIIKEHO NOCHTH 0arato 0lOXIMIYHHX Ta
(i3107I0TIYHNX TIOKA3HHUKIB CTaHy OpPraHi3My 3a IITyd-
HOTO Tinmo6i03y.

2. JlireparypHuii orJisi

TepminoMm «rimo6io3» (rpempk. hypo — min, BHU3Y
Ta bios — XKHUTTS) XapaKTEePU3yIOTh CTaH MPUPOIHOTO (pi-
3HOTO TJIMOWHM) NIPUTHIYEHHS >KUTTENISUIBHOCTI OpraHi-
3My, B TOMY YHMCJIi 1 CTaH 3MMOBOI UM JIITHBOI CIITYKH

TBapuH, ab0 3UMOBOTrO 3allineHiHHs. Bin OyB 3amporio-
HoBanuii b. Montepeco y 1934 p. [7].

BBeneHHs roMOWOTEpMHHMX OpraHi3MiB B CTaH
IITYYHOTO Tino6io3y, 3 METOIO JIOCSTHEHHSI TOBHOT HEYy-
TIMBOCTI Tepes XIpypriuHUM BTPYYaHHSM, 3aiimManucs
e B MUHYJIOMYy ctouiTTi [8]. It BBeaeHHs mabopaTop-
HHUX TBapWH B CTaH HITyYHOTO Tirno0io3y BUKOPHCTOBY-
BAJIN METOJ| «3aKPUTOi CYIMHHU», 3alporoHOBaHMi bax-
METBEBHM, SIKUH MOJISTae B IX OXOJOMKEHI B yMOBax Io-
CTYIIOBO 3pOCTal0Y0i B MPOIIECi AUXAaHHS TIMOKCIi 1 rime-
pxanuii [9]. B monansmomy I1. baxmerwes, JI. Jxaii ta
P. Amxyc mnpu npoBeleHHI XIpypriuHMX BTpydYaHb Ha
JpiOHMX TBapUHAX Juisi iX oxojomkeHHs po 18-20 °C
BHKOPHCTOBYBAITH METOJ «3aKpuToi cyanum» [10].

ExcniepumenTH, sxi 0ynu nposeneni E. B. Maiic-
Tpax CBiAYaTh, 10 MPUTHIYCHHS JKUTTEISUIBHOCTI MOXK-
Ha JOCATHYTH OJHOYACHMM OXOJIOJDKCHHSIM Ta BIMXaH-
HSIM Ta30BO{ CyMIllli 3 BUCOKOI KOHIICHTPAIIEI0 KUCHIO
(mo 90-95 %) 3 nomaBaHHSAM BYTIIEKUCIIOTO a3y, sSKa Ma€e
30ymKyIouy Jifo Ha TuxansHui neHTp. lltydne nuxanHs
KOMOIHYBaJIOCh 31 IITYYHHM KPOBOOOIrOM 1 BBEIICHHSIM
JKapchbKHUX pedoBHH [11].

VY mopampmoMy OISl CTBOPEHHS IITYYHOTO Tiro-
METa0OJIIYHOTO CTaHy BHKOPHCTOBYBAIM OKPEMHUMH
ounieHi Qpaxmii i TPOMiKHI HNPOAYKTH METabOIi3MYy,
BUIJICH] 3 MO3KY, TOHKOTO KHIIEYHUKY, KPOBi Ta MEYiH-
ku [12]. Ilpu BBeOeHHI TaKMX EHAOTEHHHX PEYOBHH 3
TKaHWH TBapWH, IO BIAJAIOTh Y MPUPOAHIN Timo6io3 y
KpOB OUIMX MHMIIEH crioctepiranocs iHriOyBaHHS ceKpe-
1[ii TOPMOHIB MEPEIHBOIO 1 33 JHHOI0 YACTKAMH Tirmodisy,




