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Abstract

The article investigates the influence of exogenous antioxidant substances (chlorophyllipt, ionol and lecithin) on
the duration of storage and the quality of zucchini fruit (Kavili F1 and Tarmino F1). It has been established that the
use of compositions of the listed antioxidants allows for lengthening of the storage of zucchini for 6 ... 12 days,
depending on the type of treatment. It has been shown that in an antioxidant composition, the optimum
concentration for ionol is 0.048% and 0.75% for chlorophyllipt. It has been found out that for creating a
delamination-resistant preparative form of the antioxidants the required concentration of lecithin amounts to 4%.
The joint effect of optimum concentrations of ionol and chlorophyllipt, as well as of the three-component
composition, which includes 0.75% chlorophyllipt; 0.048% ionol and 4% lecithin, has been investigated. Ithasbeen
shown that during the application of the complex antioxidant composition, the average daily weight loss is 2.73 ...
3.14 times reduced as compared with control variants and 1.36 ... 1.86 times reduced as compared with other types
of treatment depending on the hybrid of the zucchini. It has been established that the use of such a composition
allows for lengthening the storage time of zucchini up to 24 days, which is twice as long as compared with the group
of control. Thus the output of standard products of processed zucchini after storage is 91,88 ... 91,95%, taking into
account natural mass losses.
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ONTUMAJIbHI KOHIEHTPALIl EK30TEHHUX AHTUOKCUAAHTIB /1
3BEPIT'AHHA IIJIOAIB KABAYKA

OnecsaIl. Mlpicc, Banentuna @. XKykosa
Taspiticbkull depacasHuli azpomexHoio2ivHUll yHisepcumem, np. b. XmeavHuywvkozo, 18, M. Meaimonoay, 3anopizbka 06.1.
72310, Ykpaina

AHoTanisa

JocnifkeHo BIJIUB €K30reHHUX aHTHOKCHJAHTHHUX pe4YyoBUH (x/10podirinT, ioHO/ Ta JeMTHH) HAa TPUBAJIICTh
36epiraHHsa Ta fKicTb maojiB ka6auka (Kasini F1 Tta TamiHo F1). BcraHoB/€eHO, 0 3aCTOCYyBaHHSI KOMIIO3MLii 3
nepesjiiveHUX aHTUOKCHJAHTIB [03BOJISAE MOJOBXKUTH TPUBAIICTh 36epiraHHa ka6aykKiB Ha 6..12 1i6 3a1exKHO Bij,
BUY 06po6KHu. [loka3aHo, 0 B aHTUOKCH/AHTHIM KOMN03u1lii onTHUMa/JbHA KOHLLEeHTpaLis ioHo/1y ctaHOoBUTH 0,048
%, xjopodininty 0,75 %. BusBiaeHo, Mo A CTBOPpEHHA CTiKOI J0 po3mapoByBaHHA NpenapaTUBHOI ¢popMu
AHTUOKCHJAHTIB HeOOXiJHAa KOHLEHTpaLiA JenmUuTUHy ckaaza€ 4 %. BuBueHO CyMicHMI BIJVIMB ONTHMAaJIbHUX
KOHIIeHTpaliil ioHoay Ta x10podininTy, a TAKOK TPbOXKOMINOHEHTHOI KoMMo3ullii, 70 ckaaay skoiBxoauau 0,75%
xjaopodininty; 0,048 % ioHony Ta 4 % neputu”y. I[lokasaHo, WO Wi Yac 3acTrocyBaHHA KOMILJIEKCHOI
AHTHOKCHJAHOI KOMNO3uLii, cepegHbOJO0G0BI BTPaTH MacCH CKOPOYYKOTbCA Yy MNOPIiBHAHHI 3 KOHTPOJbHHUMHU
BapianTtamMu y 2,73..3,14 pa3u Ta B 1,36...1,86 nopiBHAHO 3 iHIIMMHU 06pPOGKaAMM 3a/1€KHO BiJ riopuay Ka6aukis.
BcTaHOBJIEHO, 10 BUKOPUCTAHHA TaKoOi KOMIO3MIii J03B0JIAE€ NOJOBXKHUTHA TPHUBAJIICTh 36epiraHHA KaGaukiB g0 24
Ai6, mo BABiUi JoBmIe NMpu NOpiBHAHHI 3 KOHTpoJsieM. [Ipu BbOMy BHUXiJ cTaHZAPTHOI NPOAYKUil 06poGIeHUX
Ka6aukiB nicsid 36epiranHa ckaagae 91,88..91,95 % 3 ypaxyBaHHAM NIPUPOJHHUX BTpaT MacH.

Karuosi cnoea: 36epirants; kabauki; TemnioBa 06po6Ka; aHTUOKCUJIAHTH; KOHLEHTpallisi.
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OINTUMAJIbHBIE KOHUEHTPAIIMU 3K30TrEHHbIX AHTUOKCUJAHTOB /14
XPAHEHHA I1JI0OA0B KABAYKA

Onecall. lIpucc, Banentruna @. XKykoBa
Taspuueckuii 2ocydapcmeeHHblll azpomexHoio2u4eckuli yHusepcumem, np. b. XmeavHuykozo, 18, M. Meaumonos,
3anoposcckas 06a. 72310, YkpauHa

AHHOTa s

HccepoBaHo BJIMSIHME 3K30reHHbIX AHTHUOKCHUAAHTHBIX BellecTB (XJ10podUIIMNT, HMOHOJ M JIELUTUH) Ha
NMPOJO/IKUTE/IbHOCTh XPaHEHHs M KauyecTBO IJIOAOB KaGauyka (KaBuau F1 u Tamuno F1). YcraHoBieHo, 4YTO
NnpUuMeHeHHe KOMMNO3ULUi M3 NMepeyUucjeHHbIX aHTUOKCUJAHTOB NMO3BOJIsSIET NPOJJIUTh CPOK XpaHEeHHUs KaGauyKoB
Ha 6 .. 12 cyToK B 3aBHCMMOCTH OT BHJAa 06paGoTku. [loKka3aHO, YTO B AHTHOKCHUJAAHTHOH KOMMO3UIUH
ONTHUMAJIbHAasA KOHLEHTpauys uoHosa cocrapiset 0,048%, xinopodpusiunta 0,75%. BoisiB/IeHO, UTO AJIsS CO3AAHUA
YCTOMYMBON K paccJlauBaHMI0 NpenapaTUBHOIl popMbl AaHTHOKCHAAHTOB He06X0AMMasi KOHIEHTpal s JeluTHHA
coctrasasdeT 4%. U3yyeHO cCOBMeCTHOe BJIMsHHE ONTHMA/IbHBIX KOHLLEHTPALUi HOHOJIA U XJIOpOPHU/IJIMIITA, a TaKKe
TPEeXKOMIOHEHTHOH KOMIIO3MLUU, B COCTaB KoTopoi Bxoauau 0,75% xaopopuaaunta; 0,048% wuoHosa u 4%
nenuTuHa. [lokasaHo, YTO NPU MCNOJIb30BAaHUM KOMIIJIEKCHOH aHTHOKCUAAHTHONH KOMIO3ULUH, CpeJHEeCYyTOYHbIe
NMOTepH MACChl COKPALKAITCA MO CPABHEHUIO C KOHTPOJIBHBIMU BapuaHTamu B 2,73 ... 3,14 pasau B 1,36 ... 1,86 no
CpaBHEHHUI0O C JAPYrUMH 06paGoOTKaMH B 3aBUCMMOCTU OT rM6pH/Ja KaGayKoOB. YCTAaHOBJIEHO, YTO HMCHOJIb30BaHUE
TaKOH KOMIIO3MLIUM NO3BOJIAET NPOAJUTb CPOK XpaHeHHMs KaGaykKoB A0 24 CyTOK, 4YTO BABOe J0Jblie NpU
CpaBHEHUM C KOHTposieM. [Ipy 3TOM BBIXOJ, CTAaHAAPTHOI NPOAYKIMU 06paGOTaHHBIX Ka6auyKoOB IOC/Ie XpaH eHus

cocrasjdeT 91,88 ...91,95% cy4yeToM eCTeCTBEHHOH YObIJIM MaCChI.

Kawuesvle ca08a: XxpaHeHWe; KabauyKH; TelJioBas 06pab0TKa;, aHTMOKCUJIAHTbl; KOHIIEHTpallysl.

Introduction

Ukraine has entered the top five vegetable
producing countries in the world, since 18% of
Europe'svegetables and 33% ofthe vegetablesin
the CIS countries are grown here [1]. Today
Ukrainian producers supply about 2.15 million
tons of tomatoes, 1.88 million tons of cabbage,
0.94 million tons of cucumbers and 0.53 million
tons of zucchini to the domestic market [2]. But
consumption of vegetables in our country
remains low, despite the growing production rate
- about 240 kg / one person peryear [3]. Taking
into account feeding costs (16%), losses in
storage (12%), exports (3%), seeding (1%), the
consumer receives only 163 kg / one person.

All of these positions require a correction of
loss during the storage of products. Potential
manufacturers are experiencing an acute need of
scientific knowledge. The results of scientific
research can reduce the loss of products and
increase their shelf life, in particular, of such
popular vegetables as zucchini. This will be a
convincingrationale for investors.

Problem Statement. At present, Ukraine has
1343 storage facilities with the capacity of 2.4
million tonnes for the storage of vegetable
products [4]. But the use of refrigeratory
conditions in the storage of fruit of tropical and
subtropical cultures proved to have low efficiency
due to the damage of subambient temperature
and rapid loss of quality [5-8].

The task of improving the livability of zucchini
fruit, which represent tropical crops, is still

unresolved [9]. The traditional refrigeratory
storage resultsin the coldness stress of zucchini.
It is an adaptive response to low temperature
conditions.

The damaging influence of excessive free
radicals concentration on biological structures is
an established fact[10; 11]. Undertheinfluence
of extreme factors, oxidative stress provokes an
increase in the level of active forms of oxygen,
which can damage molecules, suppress the
activity of enzymes, and destroy cell membranes.
In these pathological conditions, the fruit quickly
lose their quality [12; 13].

Analysis of Recent Studies and Publications
Scientists around the world are working on the
development and improvement of the products
that can prevent the development of the stress
state of the fruit on condition of cooling and
prolong the storage time [14-17].Itisimportant
to block the processes of free radical oxidation at
the initial stages of their development.

Excessive synthesis of active forms of oxygen
suppresses the function of endogenous
antioxidants, which prompts the development of
reliable sources of counteraction. The search for
inexpensive, non-toxicantioxidantsisunder way
around the world [18; 19]. But the main attention
of scientists is focused on natural oxidation
inhibitors, because they play a key role in
preventing the oxidation of biological structures
[20].
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To compensate for the damaging effect of low
temperatures, leading world scientists
recommend using post-harvest heattreatment of
fruit with antioxidants [21; 22].

Statement of the Objectives of the Study. The
heat treatment of zucchini fruit with the
compositions of natural and synthetic
antioxidants will provide the effective support of
protective functions of the antioxidant system of
fruit only under the condition of proper choice of
concentrations. Increased concentrations of
some exogenous antioxidant substances can be
toxic due totheir pro-oxidant effect at high doses
[23]. Insufficient level of antioxidants in the
agents for heat treatment of zucchini will not
provide the desired result. Therefore, the
purpose of the work is to choose the optimum
concentration of antioxidants for the heat
treatment of zucchini before storage.

Research methods and materials

The research was carried on the basis of the
Laboratory of Processing and Storage Technology
of Agricultural Products at the Research Institute
of Agro-Technologies and Ecology of Tavria State
Agrotechnological University (Ukraine).

The subject of the study was the fruit of Kavili
F1and Tarmino F1 zucchini. Healthy fruitwith a
16-21 cm long fruitstalk were put for storage.

Fruit of zucchini were immersed in the

solutions of antioxidant compositions at the
temperature of 42 ° C for 10 minutes. They were
preserved at8 £ 0.5° Cand therelative humidity
of 95 £ 1 %. The temperature and duration of
heattreatmentare basedon literary sources [21,
22].

The compositions consisted of the following
components [24; 25]:

- chlorophyllipte (Ch) prepared from an
alcoholic  chlorofilipot  solution (  PJSC
"Halychpharm", Lviv),

—ionol (I) by Sterlitamak Scientific-Production
Plant (Russia),

- lecithin (L) 96.55% pure, obtained from
sunflower seeds (Sunny Ltd., Dnipro). Untreated
fruit were taken for control.

Results and discussion.

Selection of Ionol Concentration. Higher
concentrations of ionol (0.036, 0.048, 0.060%)
and Chlorophyllipt (0.5%, 0.75%, 1%), whichare
characterized by minimal antioxidant status,
were tested for correction of the antioxidant
protection of zucchini tissues. To create a
resistant to stratification of antioxidant
formulation, the required concentration of
lecithin is 4%.

The use of antioxidants extends the shelflife
to 18 days, which is 1.5 times more than for the

control group (Table 1).
Table 1

Natural Loss of the Mass of Zucchini Due taking into account the action of Antioxidants; X * SX, n=5

. Kavili Tarmino
Duration of
Treatment Storage A Dail A Dail
Version days ’ Natural Loss of \[/‘eragef aly Natural Loss of verage Latly
the Mass % oss of the the Mass,% Loss of the
Mass,% Mass,%

Control 12 2.32+0.09 0.19+0.01 3.02+0.05 0.25+0.00
0,036 I+L 18 1.88+0.06 0.10+£0.00* 2.43+0.06 0.14+0.00*
0,048 I+L 18 1.81+0.05 0.10+0.00* 2.44+0.06 0.14+0.00*
0,060 I+L 18 1.85+0.06 0.10+£0.00* 2.48+0.08 0.14+0.00*
0,50 Ch+L 18 2.26+0.05 0.13+£0.00* 2.92+0.07 0.16+0.00*
0,75 Ch+L 18 2.11+0.05 0.12+0.00* 2.59+0.06 0.14+0.00*
1,00 Ch+L 18 2.06+0.06 0.11+0.00* 2.63+0.06 0.15+0.00*

HIPo,95 - 0.18 0.01 0.20 0.01

Sx, % - 3.08 341 2.53 2.44

Note. * - difference is likely to be comparable to the control group, p<0,05.

Antioxidants also reduce the natural loss of
the weight of zucchini. The experimental fruit
had less natural weight loss for 18 days of
storage, than the control group for 12 days. The
average daily weight loss in the experimental
variants of Kavili hybrid was 1.5... 1.9 times less
than in the control group. The natural loss of
mass for the antioxidant treated Tarmino

zucchini is 1,6...1,8 times less than in the control
group. The concentrations of ionol and
chlorophyllupt probably do not differ according
to the effect on the reduction of weight loss. The
two-factor analysis to determine the effect of
processing and the hybrid on the average daily
weight loss confirms the predominant influence
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of the antioxidant processing factor, being 74,2 %
(Fig. 1).

A short period of the storage of zucchini (12
days in control group) is due to their rapid
yellowing and development of microbiological

diseases. Changes in the coloring of Tarmino
zucchini is less noticeable. So, Tarmino has a
higheryield of standard fruit, both in the group of
control and in the experimental one due to its
intense dark green color.

742

Fig. 1. Share of the Influence of the Factors on the Average Daily Weight Loss:
|:| - antioxidant treatment; |:|— zucchini hybrid;.— interaction of factors; D - residual

In treated fruit, the yield of standard products
after storage for 18 days varied from 87.11 to
92.99%, depending on the hybrid of zucchiniand

the variant, taking into account natural mass
losses (Fig. 2).
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Fig. 2. Output of standard production of zucchini after storage under the action of antioxidants: |:|— Kavili,
|:| — Tarmino

For experimental data, control and
experimental fruit were stored for 18 days. The
regression model was constructed using
averaged data output of the standard production
of both hybrids of zucchini for the effects of
various concentrations ofionol. The dependence
of the output of standard products on the
concentration of ionol is described by the
following model:

y = —5,36x2 + 33,53x + 41,66, R?=0,99 (1)

where y shall mean the output of standard
production of zucchini,%; x shall mean the
concentration ofionol,%.

Graphical representation of the predictive
theoretical curve is shown in Fig. 4.

Thus, the optimum concentration of ionol to
increase the yield of standard products after
storage shall be 0.048 %.

Selection of Chlorophyllipt Concentration.
Studying the influence of different concentrations
of Chlorophyllipt on the output of the standard
product showed that for the Kavili hybrid of
zucchini, unlike Tarmino, the increase of the
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standard product output on condition of the use
0.75 Chis misleading with respectto 0.5 Ch (see.

Fig. 3).

100
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0 0,036 0,048 0,060

Concentration of lonol,%

Fig. 3. Dependence of the Output of Standard Zucchini Production on the Concentration of Ionol: 1-
experimental curve; 2 - expectation parabola

The results of studies built very accurate
(R2=0,98) dependence of the yield of standard

zucchini product from concentration of

Chlorophyllipt (Fig. 4).
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Fig. 4. Dependence of the Output of Standard Zucchini Production on the Concentration of Chlorophyllipt: 1-
experimental curve; 2 - expectation parabola

Dependence is described with a regression
model:

y = —4,89x2 + 30,75x + 42,78, 2)

where y shall mean the output of standard
product after storage,%; x — shall mean the
concentration of Chlorophyllipt, %.

Thus, 0,75% of Chlorophyllipt shall be the
optimum concentration to increase the yield of
standard zucchini after storage.

In the course of studies, the combined effect of
optimum  concentrations of ionol and
Chlorophyllipt have been studied, as well as a
three-component composition consisting of
0.75% Ch; 0.048 % I and 4 % L. The use of this
composition for processing the zucchini fruit
allows to extend storage to 24 days (2 times
longer in comparison with the control group).
When using the composition Ch +I + L, the output
of standard products after storage is 91.88 ...
91.95% depending on the hybrid of zucchini,
takingintoaccount natural masslosses. Average
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daily natural masslossesarereduced 2.73 ... 3.14
times in comparison with the control group and

1.36...1.86 times compared toother treatments
depending on the hybrid of zucchini (Fig. 5).

0,35

0,30

0,25

HIP,=0,03

0,20 +

0,15 +
0,10 +

0,05 +

Average Daily Loss of Mass, %

0,00 T T
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Fig. 5. Average Daily Loss of Mass During the Period of Zucchini Storage Under the Influence of Antioxidants:
[] - Kavili, [_] - Tarmino;
1 - control, 2-0,0481+L;3-0,0601+L; 4-0,50 Ch +L;
5-0,75Ch+L;6 -1 Ch +L; 7-0,75Ch +0,0481; 8 -Ch +I+L

Conclusions

The use of biologically active substances
(1(0.036,0.048,0.060%),Ch (0.5%,0.75%, 1%),
L (4%)) allows to extend the shelflife of zucchini
(Kavili F1 and Tarmino F1) for 6 .. 12 days
depending on the treatment. Average daily
weightloss due to antioxidant activity is reduced
by 1.5 ...1.9 times.

Optimum concentration of ionol shall be
0.048%, concentration of Chlorophyllipt shall be
0.75 %.

The developed three-component composition
Ch+1+L(0.75%Ch; 0.048%]1 and 4 % L) allows
to reduce the average daily weightloss of fruit by
2.73 ... 3.14 times, depending on the zucchini
variety. The use of such a composition allowsyou
to store zucchini for 24 days with a yield by
weightafter storage, 91.88...91.95% (takinginto
account the natural weightloss).
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