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Abstract. The influence of heat treatment with antioxidant compositions on the content of biologically active
substances during storage of cucumbers is investigated. It was found that the use of the proposed treatment inhibits the activity
of ascorbate oxidase by 15-18%, which allows to slow down the decomposition of ascorbic acid by 1.5 times. The content of
ascorbic acid in the experimental fruit after storage for 28 days is 1.4 times higher than in the control after 21 days of storage.
It was found that in the cucumbers 11-14 sm long, the synthesis of polyphenols continued in the period of storage. The
intensity of accumulation of phenolic substances proved to be different in the treated and control groups. It was shown that
thermal treatment with antioxidants slowed the growth rate of total polyphenols by 20% relative to control, indicating
inhibition of maturation processes. It was revealed that the activity o polyphenol oxidase during the storage of treated fruits
was slowing down. It has been established that the application of said treatment substantially inhibits the degradation of
chlorophylls. Rapid loss of chlorophyll caused yellowing and loss of consumer properties in the control groups after 2 weeks
of storage. In processed cucumbers only 21 days of storage revealed a decrease in the concentration of chlorophyll in relation
to the moment of laying. At day 28 the amount of chlorophylls in the experimental fruit is at the same level as in the control
after a week of storage. It has been found that the use of the proposed treatment slows the degradation of carotenoids. The
quantity of carotenoids in experimental cucumbers at the end of storage is 21-23% higher than in the control ones. The
compensatory function of ascorbic acid, carotenoids and phenolic substances during storage of cucumber fruits is proved.
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AHoTtamisi. JIoCTi/PKEHO BIUIUB MIiCIA30MpaibHOT 00pOOKH aHTHOKCHIAHTHHUMH KOMITO3HIISIMH Ha BMIiCT 0i0JIOTiYHO
AKTHBHMX PEYOBHH IIiJ] 4ac 30epiranHs oripkiB. BussieHo, 0 BUKOpUCTaHH 3arporioHoBaHoi 00poOky ramsmye Ha 15-18%
aKTHBHICTh ackopbaToKcuaasy, II0 J03BOJSiE B 1,5 pa3u COBUIBHHUTH po3maj] ackopOiHOBOI kucioTH. Bmict ackopOiHOBOT
KHCIIOTH B JOCITIJHUX IUIOAax micis 30epiranHs mpoTsrom 28 ni6 B 1,4 pasu BuULIMi, HiX B KOHTPONBHHX micist 21 mpobu
36epiranns. [lokaszano, mo micns30upanbHa 00poOKa aHTHOKCHIAHTAMH CIIOBUIBHIOE TEMITN 3pocTaHHs noiidenonis Ha 20%
BITHOCHO KOHTPOJIO, IO CBIAYHMTH MpO iHTiOyBaHHS MpOLECiB O03piBaHHA. BcTaHOBIEHO, HI0 3acTOCYBaHHS 3a3HAYEHOI
006po0OKH icTOTHO iHTIOY€e merpanarniro xsuopodinis. B 00pobnenux oripkax yumre Ha 21 100y 30epiraHHs BUSBICHO 3HIDKCHHS
KOHIIEHTpanii XJIOpoQiIiB MO BiJHONIEHHIO 10 MOMEHTy 3aknazaHHsi. Ha 28 noOy cyma xmopodimiB B JOCHITHMX IUIOAAxX
3HaXOJMTHCS HA TOMY JK piBHI, IO i B KOHTPOJBHMUX Yepe3 TIKICHb 30epiraHHs. BusBIEHO, IO BHKOPHCTaHHS
3aIpONOHOBAaHOI 0OPOOKH CIOBUIBHIOE Jierpasamnilo KapoTHHOINiB. KiNbKiCTh KapOTHHOINIB y NOCHIHUX OTipKax Ha KiHelb
30epiranns Ha 21-23% Oinblua, HDK B KOHTPONbHHX. J[OBENEHO KOMIIEHCATOpHY (YHKII0 acKOpOiHOBOI KHCIOTH,
KapOTUHOIIB i PEHOIBHUX PEUOBHH ITi/1 Yac 30epiraHHs IJI0/IB OTipKa.

KuarouoBi cioBa: 30epiraHHs OTipkiB, (CHONBHI PEYOBHHHU, aCKOpPOIHOBa KHCIOTA, KAPOTHHOINH, XJIOpodiny,
moJieHoOKCHAa3a, aCKOpOaTOKCHIa3a.
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Introduction. Formulation of the problem that diet violations lead to the development of

) structural and functional changes in a body, disorder of
Numerous researgh of the population health  metabolic processes, trophic homeostasis as well as its
status conducted by leading healthcare experts showed  protective reserves [1,2]. The retrospective analysis
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suggests the alimentary diseases having a steady
upward trend within the recent decades [3,4].

The negative influence of the environment,
prevalence of deceased and stressful conditions of
people stipulate the need to enrich the diet with fruit
and vegetable products with high content of
biologically active substances. The yielding of fruit
and vegetable products is increasing on the world
agrarian market. Its structure is currently comprised of
about 20% of fruits and more than 50% of
vegetables [5].

The gross level of vegetable production both in
the world and in Ukraine shows the positive dynamics
towards the increase of the volumes of yield. The
calculation of the vegetable crops per capita has
convincingly demonstrated the indications of the
vegetable crops increment: in 1990 the world market
received 88 kg of vegetables per capita, while in 2010
this indication constituted 138 kg [6]. In Ukraine,
during the permanent financial crisis, vegetable
growing is becoming a major factor in supplying
products with high nutritional value and biological
value to the population at affordable prices.

Cucumbers occupy a significant part (10%) in
the structure of vegetable production in Ukraine [6].
The increase of the planted areas under this crop is
facilitated by its early ripening, high profitability, and
consumer demand. According to FAOSTAT, Ukraine
is ranked sixth in the classification of world cucumber
producers [7]. The annual rate of consumption of
vegetables per person is 161 kg, of which cucumbers
take15.5 kg [8].

The stable demand for the fruits of this
cucurbits crop throughout the year is due to their high
taste and dietary characteristics. Cucumbers contain
about 96% water, insignificant amount of fibers and
are characterized by a reduced energy value. The level
of dry matter in them is in the range of 3,0-6,0% [9].
Cucumbers are rich in biologically active substances:
vitamins A, B, C and K, polyphenols, flavonoids,
tannins, chlorophylls, lutein, p-carotene, as well as
minor nutrient elements: potassium, magnesium,
phosphorus, calcium; they contain glycosides,
steroids [10—-12]. Polyphenols of cucumbers are
represented by flavonols, cumaric, cinnamic and
caffeic acids [13].

cucumber fruits and preservation of their biologically
active substances.

Cucumbers are heat-loving crops, therefore they
are characterized by the low adaptive potential for
cold [17]. The development of oxidative stress in fruits
during cold storage causes the proliferation of
intracellular ~ destructive processes and, as a
consequence, physiological disorders, disintegration of
biologically active substances and loss of quality [18,
19].

The chemical treatment with exogenous
antioxidants proved to be effective in preventing the
damage of fruits by cold [20-22]. They complement
the internal mechanisms of anti-radical protection and
suppress the oxidation reaction [23]. Thermal
procedures determine the formation of protective
proteins of thermal shock, which, in turn, prevent the
damage of cellular compartments from oxidative
stress [18,24-26]. Positive effect was found when
combining chemical treatment with heat treatment of
fruits, the synergy of their effects increases the internal
mechanisms of resistance to stress [27-29].

The novelty of the scientific work is that the
cucumbers have not been investigated in such a
perspective so far. It is still unresolved, though, how
the fruits respond to this postharvest treatment. Further
studies are required for the full understanding of the
effect of heat treatment with antioxidants on the
preservation of biologically active substances of
cucumbers. The obtained results will promote the
development of innovative methods for processing
cucumbers before storage and dissemination of their
practical application. This confirms the relevance of
the chosen research direction.

The conducted research is aimed at determining
the effect of postharvest treatment with solutions of
antioxidant compositions on the content of biologically
active substances during the storage of cucumbers.

To achieve the selected aim, the following
objectives were set:

1. To analyze the dynamics of ascorbic acid,
phenolic substances, chlorophylls, carotenoids during
the storage of cucumbers.

2. To analyze the dynamics of activity of
ascorbate oxidase, polyphenol oxidase during the
storage of cucumbers.

Analysis of recent research and publications

Research Materials and Methods

Demand for fresh cucumbers is steadily high
throughout the year [14]. However, in the diet of the
population, there is a significant seasonal shortage of
cucumbers. High-priced imported products are
predominantly at retail [15]. Domestic cucumber
production, despite the general trend of yield growth, is
constrained by the lack of efficient cold storage
technologies [16]. In order to meet the needs of all
market actors, there is a need for research in the
direction of extending the duration of storage of
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The research was carried out within the period
2005-2015 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). Cucumbers Masha F1 and Athena F1 were
studied. Intact fruits 11-14 cm long were laid for
storage. Fruits were immersed into antioxidant
compositions at the temperature of 42 ° C for 10
minutes. The temperature and duration of heat
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treatment were accepted on the basis of the literary
data [30]. The solutions contained chlorophyllipt (Ch),
ionol (I) and lecithin (L) [31]. Cucumbers were dried
and put in boxes, lined with a plastic film and stored at
the temperature of+0.5°C and the relative humidity of
95+1%. Raw fruits were taken for control.

Indicators of chemical composition were
determined according to the following methods:

- the content of phenolic substances in mg/100 g,
using the Folin-Denis reagent, according to
[32];

- the content of chlorophylls and carotenoids in
mg/100 g, by means of extraction with acetone,
followed by determination thereof by the
spectrophotometric method [33];

- ascorbic acid content in mg/100 g, according to
the restoration of Tillmans' reagent [33].

The activity of enzymes was determined by
means of the following methods:

- ascorbate oxidase activity, according to the rate
of vitamin C oxidation, by iodometric titration,
in pumol AA/gxmin [34];

- polyphenol oxidase activity, by means of
titration of the unreacted vitamin C residue in
the oxidation of pyrocatechin in pmol
AA/gxmin [35].

Results of the research and their discussion

For all the sources of active forms of oxygen in
a cell, an individual mechanism of protection was
formed. Despite the fact that hydroxyl radicals, singlet
oxygen, peroxynitrite and some other radicals actively
oxidize the protein molecules, they can not be removed
by protein catalysts [34]. Thus, the role of absorbers of
highly reactive oxygen intermediates is played by low
molecular weight antioxidants, namely, ascorbic acid
(AA), polyphenols and carotenoids.

Within the period of research, there was no
statistically significant difference in the accumulation
of AA with different hybrids. No varietal specificity
was established in the dynamics of AA during storage.
From the moment of placement in storage, there has
been active linear decrease in the level of AA in all
variants (Fig. 1).

The reduction of the content of AA in control
groups was rapid. Within the first week of storage, the
content of AA reduced by 15%. And by the 21st day,
the amount of vitamin C became 2.1 times less than
the original value.

Loss of AA is related to the enzyme metabolism
and the oxidative action of ascorbate oxidase (AAO).
AAO in cucurbits crops is the most active. This is
explained by its participation in the division and
intensive cell growth during maturation [36]. AAO
activity is maximal in zucchini, slightly lower in
cucumbers, while in melons and pumpkins it is
minimal [37].
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Fig.1. Dynamics of ascorbic acid content in carrots:

a — Athena; b — Masha; ——_ control; A —
heat treatmentCh+I+L
The wuse of postharvest treatment with

antioxidants provides effective retardation of AAO
activity (by 15-18%, depending on the hybrid), which
allows 1.5 times retardation of AA losses (Fig. 2).
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Fig. 2. Dynamicsof ascorbate oxidase in cucumbers:
a — Athena; b — Masha; ——_ control; A -
heat treatmentCh+I+L
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During the storage period (28 days) the
concentration of AA in the treated variants on average
decreased by 1.5 times with regard to the initial value.
The level of AA in experimental groups after storage
for 28 days was 1.4 times higher than in control ones
after 21 days of storage.

It was found that there was a decrease in the
level of phenolic substances in the cucumbers 9 ... 11
cm long during the period of storage [38]. By contrast,
in the fruit 11-14 cm long, during the storage period
the ability to synthesize polyphenols, such as lignin
and suberin, which is a characteristic property of
cucurbits crops, disappeared [39]. Studies have shown
that cucumbers consistently accumulate total phenolic
substances with the difference only in the intensity of
this process in the treated and control variants (Fig. 3).
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Fig. 3. Dynamics of phenolic substances quantity in
cucumbers:
a — Athena; b — Masha; ——_ control; A -
heat treatmentCh+I+L

Postharvest treatment of fruits with antioxidants
inhibited the activity of polyphenol oxidase (PPO) at
the beginning of storage (up to 14 days), which is a
natural reaction to the effect of high temperature at the
time of treatment [40]. The activity of PPO of the
experimental fruit is further reduced.
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Fig. 4. Dynamics of the activity of polyphenol
oxidase in cucumbers:
a— Athena; b — Masha; —f—_ control; A
— heat treatmentCh+I+L

In general, postharvest treatment of fruits with
antioxidants showed its effect in inhibiting the growth
of total polyphenols by 20% compared with control,
which indicates a slowdown in afterripening processes.

Varietal differences in the level of chlorophylls
are not significant (Fig. 5). During the storage of the
two hybrids control fruits, the loss of chlorophylls is
15% after a week of storage, and it has increased to
35% by the end of the storage period. Rapid loss of
chlorophyll causes yellowing and loss of consumer
properties in control variants after 2 weeks of storage.
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Fig.5. Dynamics of chlorophylls during the storage
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of cucumbers:
O — Athena, no treatment, A - Athena,
heat treatmentCh+I+L,
—— _ Masha, no treatment, —r— Masha,
heat treatmentCh+I+L.
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Due to the use of antioxidant composition, the
decomposition  of  chlorophylls slows down
significantly. In treated variants, a statistically
significant reduction of chlorophyll levels relative to
the beginning of storage was established only on the
21st day of storage. On the 28th day, the amount of
chlorophylls in the experimental groups remained at
the same level as in the control ones after 7 days of
storage. In this case, the external characteristics of
cucumbers meet the requirements of the standard.

The wvarietal peculiarities of carotenoids
formation in cucumbers are leveled during the period
of storage. The dynamics of these pigments is
reflected in a steady decrease in their content, both in
control and experimental groups (Fig. 6).
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Fig. 6. Dynamics of carotenoids during the storage
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of cucumbers:
O — Athena, notreatment, A — Athena,
heat treatmentCh+I+L,
—— _ Masha, notreatment, e _ Masha,
heat treatmentCh+I+L.

The main cause of carotenoids degradation is
their enzymatic and non-enzymatic oxidation.
Therefore, the use of antioxidant compositions slows
down their destruction. The rate of carotenoids decay
in experimental fruits is much lower. At the end of
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storage, they account for 21-23% more than in the
control groups.

Conclusions

In the course of research, the effect of
postharvest treatment with solutions of antioxidant
compositions on the content of biologically active
substances during the storage of cucumbers was
established.

Postharvest treatment with antioxidants slowed
down the growth rate of total polyphenols by 20%
relative to the control, indicating inhibition of
afterripening processes. Analysis of the activity of
enzymes in treated fruits showed the inhibition of
polyphenol oxidase as compared with control samples.

The application of postharvest treatment with
antioxidants significantly slows the disintegration of
chlorophylls. In the treated cucumbers, a statistically
significant reduction in the chlorophyll content relative
to the start of placement in storage was established
only on the 21st day of the storage. On the 28th day,
the content of chlorophylls in the treated fruit remained
at the same level as in the control after 7 days of
storage.

The use of the proposed treatment inhibits the
degradation of carotenoids. The concentration of
carotenoids in experimental variants at the end of the
storage is 21 ... 23% higher than in the control.

Postharvest treatment with antioxidants slows
the activity of ascorbate oxidase by 15 ... 18%. This
ensures that the loss of ascorbic acid is inhibited by 1.5
times. The content of ascorbic acid in the experimental
fruit after storage for 28 days is 1.4 times higher than
the control after the 21st day of storage.

The resulting data determine the expediency of
the further research as to the effect of the postharvest
treatment with antioxidants on the extension of the
storage time of vegetable crops.
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AHHoTamus. lccrenoBano BiHsAHHE HOCIEyOOpPOUHOH 0OpaOOTKM AHTHOKCHIAHTHBIMH KOMIIO3HIMSMH Ha
coJiepKaHHe OMOJIOTHUECKN AKTHUBHBIX BEIIECTB IPH XPAHEHWH OTYPLOB. BBIBIEHO, UTO MCIOIB30BAHHE MPEUIOKECHHOH
ob6paborku TopMo3uT Ha 15-18% axkTMBHOCTH ackopOaTOKCHIa3bl, 4TO MO3BOJsIET B 1,5 pasa 3aMeuUTh pacran
ackopOuHOBO# KuCIOTHL. CozepixaHne aCKOPOMHOBOM KUCIOTHI B HCCIIEIOBATEILCKHUX IUIO/aX MOCIe XpaHEeHHs B TeueHue 28
cyTok B 1,4 pa3a Bblmle, yeM B KOHTPOJBHBIX mocie 21 cytok xpaneHws. ITokasaHo, yTo mocieyOopouHas oOpaboTka
AQHTHOKCHIAHTAMH 3aMeJUIsIeT TeMIIbl pocTa ooumx noiaudeHonoB Ha 20% OTHOCUTENIBHO KOHTPOJIS, YTO CBUACTENBCTBYET 00
MHTUOUPOBAaHUU MPOLIECCOB CO3PEBAHUS. Y CTAHOBICHO, YTO NMPUMEHEHHE yKa3aHHOW OOpabOTKH CyIIECTBEHHO WHTHOUpYeT
Jerpaganuio xyuopo¢uwuioB. B o6paboTaHHBIX oryprax jaumib Ha 21 CyTKM XpaHEHUS BBIABICHO CHIDKCHHE KOHIGHTpAIUU
XJIOPOWIIOB 1O OTHOLIEHUIO K MOMEHTY 3aknaiku. Ha 28 cyTku cymMma XJIopoH/UIOB B HCCIEIOBAaTEIbCKHUX IUIONAX
HaxXOAWTCS Ha TOM JK€ YPOBHE, YTO M B KOHTPOJBHBIX dUepe3 HENENI0 XpaHCHUS. BBIABIEHO, YTO HCIIOIB30BAHUE
TIPEUTOKEHHO 00pabOTKH 3aMeUIseT AeTpafaliio KapOTHHOMAOB. KoimduecTBO KapOTHHOHMIOB B ONBITHBIX OTypHax Ha
KOHeI XxpaHeHHs1 Ha 21-23% Ooinbie, 4eM B KOHTPOJBHBIX. Jl0OKa3aHa KOMIEHcAaTOpHast (QyHKIHMS acCKOpOMHOBOH KHCIIOTHI,
KapOTHHOMIOB U (pEHOJIBHBIX BEIECTB BO BPEMsI XpaHEHUS INIOA0B OTyplLa.

KiroueBble cjl0Ba: XpaHeHHE OrypLOB, (JeHONbHbIE BELIECTBA, aCKOPOMHOBAs KMCIIOTA, KAPOTHHOMBI, XJIOPO(QUILIBL,
nonudenonrokcngasa, ackopbaToxkcuasa.
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