48
Journal of Chemistry and Technologies, 2019, 27(1), 48-57

JOURNAL
TECH|

Journal of Chemistry and Technologies

J pISSN 2663-2934 (Print), ISSN 2663-2942 (Online).

O journal homepage: http://chemistry.dnu.dp.ua

UDC 664.8.037.1: 581.192

CHANGES IN PECTIC SUBSTANCE CONTENT DURING PEAR FRUIT STORAGE AFTER

ANTIOXIDANT COMPOSITION TREATMENT
Marina Ye. Serdyuk®!, Liudmyla N. Pylypenko?, Nona A. Gaprindashvili!, Elenal. Sukharenko?,
Svitlana S. Baiberova?
1 Tavria State Agrotechnological University, 18, Bogdana Khmelnitskogo Avenue, Melitopol, the Region of Zaporizhzhia, 72312,
Ukraine

2 0dessa National Academy of Food Technologies, Kanatna str, 112, Odesa, 65039, Ukraine
Received 24 September 2018; accepted 17 March 2019; available online 9 June 2019

Abstract

Aim. The research is devoted to determination of the regularities of pectic substance changes in pears during
refrigeration storage after antioxidant composition treatment. Methods. The content of pectic substances was
determined by titerometric method, which was based on alkaline titration of the pre-selected and prepared pectic
substances before and after hydrolysis. The titration results are proportional to the number of free esterified
carboxylic groups, and when multiplied by the corresponding equivalents, they indicate the content of
polygalacturonic acid residues in the pectic substances of the product. Results. The research showed that late
ripening pears had greater content of pectic substances when putto storage. During the first 30 days of storage an
insignificant (1...4%) increase of pectic substance content was observed in the fruit of control variants, during further
storage (130 ... 180 days) a decrease was recorded. The loss of pectic substances by the control fruit amounted to 49
% for the entire storage period. During fruit storage after antioxidant composition treatment the increase of pectic
substance content had been lasting for 2-4 months longer than of the control variants fruit, and further transfer of
protopectin to the soluble pectin was taking place at a slower rate. It provided for the best preservation of pectic
substances during storage. The loss of pectic substances by fruit treated with antioxidants amounted to 15 % for the
entire storage period. Conclusions. Minimal losses of pectic substances (7%) were found out at the storage of pears
of the varieties Victoria, Conference, Cure, Izyuminka Crimea, which had been treated with the antioxidant
composition DL.

Keywords: pectic substances; protopectin; pectin; antioxidants; pear fruit; refrigerated storage.

3MIHHU BMICTY IEKTUHOBUX PEYOBHH I1PU 3BEPITAHHI IIJIOAIB I'PYLII 3A
OBPOBKU AHTUOKCUJAHTHHUMHU KOMIIO3ULIIAMU
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Amnorargs

Jlocuinzke HHSI IPUCBsIYe Hi BU3HAYe HHIO 3 KOHOMipHOCTe i 3MiH I1e KTHHOBHX pe Y0BHH I10/1i B Py 1i MPOTATOM X010 111 b HOTO
30epiranust 3a o0pOOKM AHTHOKCHIAHTHHMH KoMmo3uumisMu. B pesyabTati gociigkeHb BCTaHOBJIEHO, W0 B Iepiox
3aKJIaJaHHA IUI0AIB Ha 30epiranus 0iJib MM BMicTOM Ne KTHHOBHX Pe4YOBHH XapaKTe pu3yBaJHcs IUVIOAM TPyl Ii3HbOTI0
TepMiny nocturanns. Ilporsirom nepumux 30 1i6 30epiranus y miogax KOHTPOJIbHUX BapiaHTiB cnocTepirajocs He3HauHe
30i/1b I HHSI BMiCTY CyMH Ile KTUHOBHX Pe40BHH, IIPU N0JaJIb1IOMY 30epiranni 3adikcoBane ii 3Hmke Hus. Ipu 30e piransi
MJ10/1iB 32 00POOKH AHTHOKCHAAHTHUMH KOMIIO3ULiSIMH 3POCTAHHA BMiCTY Ne KTHHOBHMX Pe4OBHH TPHMBAJIO Ha 2 — 4 micsam
J0BLIE, Hi’k y IJI0AiB KOHTPOJIb HUX BapiaHTiB, a NoAaJIbIIMI e peXi/l NPOTONEKTHHY Y PO3YMHHMI NEeKTHH Bif0yBa€rbcs
0inbm noBiabHUMHE Temnamu. Ile 3a0e3medyBasio Kpamyy 30epeskeHicTh e KTHHOBHX Pe4YOBHMH MNPOTAroM 30epiraHHs.
O CHOBHOIO TeHJAeHUi€l0 3MiHM MOKA3HMKA IMHAMiYHOI TBepAOCTi MIOAIB 0yJI0 3MeHIIe HHSI HOro KiJibKiCHOI0 3HayeHHS
NMPOTSITOM YChOT0 TepMiHy 30epiraHHsi He3aJeKHo BiJ Bapianty o0podku. OJHAK, IBUIKOCTI HOro 3HWKEHHSI Yy ILIOJIB
KOHTPOJIbHUX BapiaHTiB 0yJu icroTHo Bumumu. Haiiéinb mmii nosutuBHmii edekr 1151 Beix cOPTiB MI0AiB BCTAHOBJICHUHA
npu BUKOpUcTaHHi kommo3uuii 1JI.

Kamwouosi cn08a: 1EKTUHOBI pe40BHHH; NPOTOINEKTHH; INEeKTHWH; aHTUOKCUAAHTH; IJIO AN l"py].L[i,' XoJioauJIbHE 36epiFaHHﬂ.
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AHHoOTAaI U

HccnesoBaHusA NOCBALIEHBI ONPeAe/IeHHI0 3aKOHOMEPHOCTel M3MeHeHMil NeKTUHOBBIX BelleCTB B IJIOJaX IPYyIIH B
TeyeHHEe XOJOAM/JIBHOrO XpaHeHMA C O0OpaGOTKOH aHTHOKCHAAHTHBIMM KOMNO3MLMAMH. B pesysabrarte
HCC/1e0BaHUI YCTAaHOBJIEHO, YTO B EPHOJA, 3aKJIAAKH IJIOA0B HA XpaHeHHe GOJIbIIUM COJepKaHUEM NEeKTHHOBBIX
BellleCTB XapaKTepPU30BaJIMCh MJIOABI IPYLIM NO3AHEro CpoKa co3peBaHus. B Teuenune nepBbix 30 CyTOK XpaHEeHUs B
NJ10JaxX KOHTPOJBHBIX BADUAHTOB HAaGJ/II0a/10Ch HE3HAYUTE/IbHOE yBeJUYEHHE COJePKaHUA CyMMbl NEKTHHOBBIX
BellleCcTB, NpPH AajJbHellIeM XpaHeHUHU 3aPUKCHPOBAHO ee CHIKeHHUe. IIpy XpaHeHMHU NJIOJOB C 06paGOTKOM
AHTMOKCHAAHTHBIMH KOMHNO3ULMAMHU yBeJHYEHHE COAepKAaHUS NMEeKTHHOBBIX BeIeCTB MPOAO/KAIOCh HA 2 - 4
Mecsla JaJiblie, YeM Y J10,0B KOHTPOJIbHBIX BADHMAHTOB, a NOC/IeAYIOIIUNA NepeXos NPOTONeKTHHA B PACTBOPUMBbIit
NMEeKTHH NPOMCX0J1J Gojiee MeJIeHHBIMH TeMNaMHu. ITO 06eCne4YrBaJjIo JY4Ylly COXPAHHOCTh NEKTHHOBBIX BELeCTB
npu xpaHeHuU. OCHOBHOH TeHJeHIMel HW3MEeHeHHs NoKa3aTejs JMHAMHUYECKOH TBEpPAOCTH IJIOJOB GbLIO
yMeHblIeHUEe ero KOJMYeCTBEeHHOro 3HayeHHUsA B TeyeHHe BCero Cpoka XpaHeHHs He3aBHUCHMMO OT BapHaHTAa
06pa6oTkn. OJHAKO, CKOPOCTH €ro CHWXEHHMs Y IJIOAOB KOHTPOJIbHBIX BAPMAHTOB GbLJIM CyLIECTBEHHO BBIIIeE,
Haun60/1b111ii 10JI0KUTENBHBII 3G PEKT AJis BceX COPTOB IJI0J0B YCTAaHOBJIEH IPHU HCI0Ib30BAHUU KoMmno3unuu /1.

Karoueeble c1068a: TEKTUHOBbIE BELIECTBA, NPOTONEKTHUH,; IMEKTHH;, dAHTHOKCUAAHTHI; IJIOAbI FPYIUH; XOJIOAWJIbHOE XpAHEHHE.

Introduction

Pecticsubstances (PS) are presentin almostall
plants. Fruit are especially rich in them. Pectic
substances form part of the fruit cell walls,
participate in theregulation of the water regimeof
tissues, regulate transpiration [1]. Their
transformation during ripening and storage, the
transition from an insoluble form to a soluble one
and reverse determines the consistency of fruit
pulp. In this regard, the rate of the fruit ripening
and their keeping capacity are determined by the
nature of the metabolism of pectic substances [2].

However, the study of pectic substances
conversion processes was carried out with a
limited amount of fruit products. The apple fruit,
used as raw materials in the canning and
confectioneryindustry to produce products witha
jelly-like consistency were studied in the majority
of scientific works. Difficulties in extracting
individual fractions, their stabilization and
separation from other substances have led to the
fact that existing data on post-harvestmetabolism
of pectic substances are inadequate and
contradictory. Data on the intensity of the
processes of pectic substance conversion during
the storage of pear fruitin general are absent.

From this point of view, the researche of post-
harvest metabolism of pectic substances under the
influence of antioxidant compositions during the
pear fruitrefrigeration is an actual one.

Analysis of literary data and problem statement.
Pectic substances have the properties of lyophilic
colloids and are high-molecular compound of

carbon nature. They are considered to be the main
components of the primary cell membrane matrix,
and are also contained in the intercellular
substance. This substance forms a middle blade
and glues the walls of adjacent cells [3].

Pectinic acid is in the basis of the pectic
substance molecule structure (Fig.1). It is formed
from the remnants of galacturonic acid coupled
with (41 = %) limks. Pectic acid can be found in
the cell wallsin a free state or in the form of salts
and ethers [4].

COOH 4 oM

=0—=/H I:H I:I H ===
rdH R YoM fh
COOH H OH COOH

Fig.1. Part of the pectic (polygalacturonic) acid molecule

Carboxyl groups of pectinic acid easily form
ethers with methyl alcohol. Methylated pectinic
acid is called soluble pectin. Due to the presence of
free carboxyl groups of galacturonic acid, soluble
pectinis capable ofbinding both heavy metals and
radionuclides, with the formation of insoluble
complexes that are excreted from the organism
[5].

Besides soluble pectin, pectic substances in
fruit are presented by propectine, pectin and
pecticacid.

Protopectin molecule consists of a large
number of polygalacturonic acid molecule
remnants, which are joined in long chains. These
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chains are interconnected through calcium and
magnesium ions. Replacing Ca2+i Mg2+ ions with
monovalentions of sodium and potassium leads to
a breakin the bonds between the chains and the
transition of protopectin into the soluble form -
pectin [6].

Unripe fruit are characterized by high content
of protopectin. As they ripe, protopectin transfer
into pectin under the action of enzymes, and the
fruit become softened. With the beginning of the
post climacteric period, the amount of pectic
substancesin the fruit significantly decreases and
theyacquire an unpleasantpuffy consistency [7].

When overripe and aged, the pectin under the
action of enzymes turns into pectin and pectinic
acids. As a result, the fruit become overly sour
taste [8].

When stored pectic substances take an active
part in the carbohydrate metabolism of fruit. At
the same time, they, together with hemicelluloses
and cellulose, undergo significant quantitative
changes in the direction of decline. Pectic
substance content reducing is connected with
their hydrolysis and the cost of respiration. [9].

It is known that pear fruit contain less pectic
substances than apple fruitdo. Along with this, the
conversion of protopectin into pectin in pears
occurs in a shorter time than in apples [10].

In fruit that genetically have high keeping
capacity, the transition of protopectin into pectin
occurs ata slower pace, due to the weakactivity of
pectolytic enzymes. Fruit of late term ripening
even after 4 months of storage were characterized
by a dominant content of protopectin over soluble
pectin, which is evidence of a high potential of
variety preservation [11]. )

Along with this, there are assertions that the
content of pectic substances during the fruif
products storage may increase.It occurs due to the
oxidation of monosaccharides to galacturonic
acid, as well as due to the complex compounds
decomposition, which include pectin, with the
activation of hydrolytic enzymes, for example,
protopectinase [12].

Pectic substances also serve as protective
colloids that regulate the transpiration process
rate during fruit storage, and cause the turgor to
be preserved.

Thus, the main task during fruit products
storage is to reduce the rate of pectic substances
post-harvest metabolism.

The dynamics of pectic substances changes
during the pear fruit storage was studied by Kaur,
K., Dhillon, W.S., & Mahajan, B.V.[1]. At the same
time, various packaging materials were used to
store pear fruit. The authors determined that the

best packaging material which promotes the
pectin solubilization rate reducing and which
prevents fruit softening are high density
polyethylene lined CFB boxes (see annotation
below).

A promising way of slowing down the pectic
substances conversion is the use of antioxidant
compositions. The antioxidant compositions
reduce the rate of post-harvest metabolism and
they will contribute to the valuable phytonutrients
preservation [13; 14].

The effect of edible coatings such as shellac and
Semperfresh ™ (sucrose-polyester based coating)
on the pectic substances metabolism in pear fruit
has been studied [15]. However, the authors do
not reveal the question of the regulation of after-
harvesting metabolism of the pectin complex
rates.

Thus, the analysis of literary sources showed
that many issues of after-harvesting metabolism
of pecticsubstances have not been studied enough
and remain controversial ones.

Purpose and objectives of the research. The
conducted studies aimed at determining the
patterns of changes in pectic substances of pear
fruit during their refrigeration after the
antioxidant composition treatment.

To achieve this goal it was necessary to solve
the following tasks:

to determine changes in the content of pectic
substances during the refrigeration of pear fruit;

to investigate the effect of antioxidant
compositions on the intensity of post-harvest
metabolism of pectic substances in pear fruit;

to determine the dynamic hardness of the pear
fruitatthe stages of storage;

to substantiate scientifically the correlation of the
pectic substances conversion intensity and
changes in the consistency of fruit during
refrigeration after the antioxidant composition
treatment.

Materials and methods

Experimental researches were carried out in
the laboratory of technology of primary
processing and storage of crop products by the
Research Institute of Agro-technologies and
Ecology of the Tavria State Agrotechnological
University (Melitopol, Ukraine). The objects of the
research were the pear fruit of medium term
ripening varieties Victoria and Conference and of
the late term ripening - Cure and Izyuminka
Crimea.

The fruit were processed by immersion in the
following antioxidant compositions (AOC): ACM - a
mixture of dimethyl sulfoscid, ionol and
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polyethylene glycols; AARL - a mixture of ascorbic
acid, routine and lecithin; DL - a mixture of
dimethylsulphoscide, ionol andlecithin. For control
(C) fruit was treated with water. The exposure was
10 seconds. The replicate was fivefold. The mass of
one replicate was 25kg.

The storage was carried out at a temperature of
0 = 1 °C, relative humidity of 90-95%. The shelf
storage of the fruit of the pear varieties Victoria,
Conference: control - 160 days, ACM - 210 days,
AARL and DL - 220 days; Cure and Izyuminka
Crimea Crimea varieties: control -- 215 days, ACM,
AARL and DL - 260 days.

The content of pectic substances was
determined by titerometric method, which was
based on alkaline titration of the pre-selected and
prepared pectic substances before and after
hydrolysis. The titration results are proportional
to the number of free esterified carboxylic groups
and when multiplied by the corresponding
equivalents, they indicate the content of
polyuronides in the pectic substances of the
product.

To determine separately pectin and
protopectin from the prepared median sample of
twohinges of 30-50 g each was taken. To degrease
the selected hinges, they were placed in a
cartridge of filter paperand dried at a temperature
of 70-80 °C. The dried sample was placedin a flask
of 250 or 500 cm3 volume with a slice, poured 30-
40 cm3 of ether and heated in a water bath at a
temperature of 40-50 °C with a reflux condenser
for 20-30 minutes. Then the ether was carefully
drained or filtered through a paper filter. Fat
separation was repeated four or five times. The
degreasing of the sample can be carried outin the
Soxhlet’sapparatus.

The fat-free remnants of the filtered sample
were added toa flask of the fat-free hinge, poured
100 cm3 of distilled water heated to 60-70 °C and
then the extraction of pectic substances was held.

To remove water-soluble pectin, the hinge of
the test product was placed in a flask of 250 or
300 cm3volume, poured 100 cm3 of distilled water
heated to 60-70°C and shaken for 30 minutes.
Then the contents were transferred quantitatively
to distilled water intoa volumetric flask of 200 or
250 cm3 volume, cooled, kept to the mark
carefully mixed and separated the liquid by
centrifugation. The resulting extract of water-
soluble pectin was transferred toa dry dish.

The total content of pectic substances was
determined in another hinge of the product after
hydrolysis of hydrochloric acid to convert
protopectin intoa soluble state. For this, the hinge
of the test material was placed in a flask of 250 or

300 cm3volume, poured 100 cm3 of a hydrochloric
acid solution at a concentration of 0.05 mol / dm3
(pH of the mixture 1.8-2.0) and heated in a water
bath for 30 minutesatatemperatureof85-90 °C.
Then the contents of the flask quantitatively to
distilled water was transferred to a volumetric
flaskof 200 or 250 cm3 volume, cooled, kept to the
mark, stirred and left for 1-1.5 h. to level the
concentration of pectic substances in the liquid
and solid phases. The extract was separated by
centrifugation and collected intoa dry dish.

The resulting solutions of pectic substances
were purified by precipitation with an alcoholic-
acid mixture. For this purpose, 25, 50 or 100 cm3
of extract (depending on the pectin content) were
added to the chemical bottle with a pipette, a
double amount of the alcohol-acid mixture was
added, carefully mixed and left for 1-1.5h. to form
a precipitate.

The precipitate was filtered through a funnel
with a porous plate with a layer of 0.5-0.7 cm
sand. The bottle and the precipitate were washed
with a solution of 70% ethyl alcohol acidified with
hydrochloric acid for three times at 15-20 cm3,
then with a solution of 70% ethyl alcohol to a
negative reaction to chlorine ion with silver
nitrous oxide. For one sample washing 90-100 cm3
of 70% solution of ethyl alcohol was spent.

The funnel with the washed precipitate was set
in a clean flask with a tube of 250 cm3 volume and
quantitatively dissolved the pectin containing
precipitate with water at a temperature of 60-
70°C. The bottle, where the precipitation was
conducted, was also washed twice or three times
with warm water. The solution was cooled to
room temperature; 6 dropsofthe Hinton indicator
were added and titrated with a solution of sodium
hydroxide in a concentration of 0.05 mol / dm3
before the transition of yellow coloration into the
crimson one, which did not disappear within 20-
30 seconds. Then to the solution in the flask with
the help of a pipette or aburette, 20 cm3 of sodium
hydroxide solution in a concentration of
0.1 mol /dm3 was added, corked and left for
30 minutes. Then, with a burette, the solution of
hydrochloric acid in a concentration of
0.1 mol /dm3 was added, the exact amount of
which was determined by preliminary titration of
20 cm3 of sodium hydroxide in a concentration of
0.1 mol / dm3with the same acid solution with the
Hinton indicator. The mixture in the flask was
again titrated with a solution of sodium hydroxide
in a concentration of 0.05 mol / dm3.

The mass concentration of polyuronides (X)
was calculated by formula 1:
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[y -1y +ma-Ta JeV 1
T
where V3, V2 are the volumes of sodium hydroxide
solution, which are spent on the first and second
titrations, cm3; V3 is the volume of the extract
selected for precipitation and titration, cm3; c is
the exact concentration of the sodium hydroxide
solution used for titration, mol / dm3 (0.05 mol /
dm3, multiplied by the correction factor); V is a
total volume of extract, cm3; mis the weight of a
hinge, g; m: is the molecular weight of
polygalacturonic acid chain, m1 = 176 g / mol;
mz is the molecular weight of the etherified chain

of polygalaturonicacid, m=190g / mol.

The degree of extracted pectic substances
etherification (€) in percentagewise is calculated
by formula 2:

X =

[
& =
I +15

=100
(2).

The amount of protopectin is determined by
the difference between the total content of pectic
substances and the content of water-soluble
pectin.

The calculations were carried out with three
significant figures. As the final outcome the
arithmetic mean of the results of two parallel
determinations, the allowable absolute difference
between which should not exceed 0.10% during
the determination of polyuronides and 4.0% in
determining the degree of etherification was
taken. To determine the dynamic hardness, at
least 30 fruit were selected and 3 punctures in the
equatorial region were made on each variant with

apenetrometer GY-3 with a cylindrical steel probe
of 11 mm.

The calculation of the conversion of pectic
substances rate constant was carried out using
formula 3, the mathematical calculation of which
is givenin the previous publications [16]:

In 5=t

PS

k= 2
T, =T

where Kk is a constant rate of pectic substances
conversion,% per day-1, PSy, PS;z is the initial and
final content of pectic substances, %, 71, T2 is the
initial and final moment of time, days.

The processing and analysis of the experiments
were carried out using standard methods of
variation statistics using the computer programs
“MSoffice Excel 2007”, the package “Statistica 6”
and the personal computer.

Results of the study of the antioxidant
compositions effect on the pectic substances
metabolism during the storage

When placed fruit in storage, the pear fruit of
late term ripening were characterized by the
highest content of pectic substances (Table1). The
average long-term content of pectic substances in
pear fruit of medium term ripening was 1.15%
and was 12% lower than that of late term ripening
pears. This indicator was characterized by low
variability, as evidenced by the coefficient of
variation V (see Table 1). The highest content of
pectic substances among all four varieties was
recorded in the fruit of pears of the Izyuminka
Crimea variety.

Table 1

The content of pectic substances in pear fruit when placed in storage

Pomological variety

The content of pectic substances, %

average value min V on an annual
max basis
Fruit of medium term ripening

Victoria 1,170+0,055 1,212 4,7
1,107

Conference 1,122+0,039 1,157 3,5
1,079

Mean for varieties 1,146+0,047 1,212 4,1
1,079

Fruit of late term ripening

Cure 1,285+0,058 1,327 4,5
1,219

Izyuminka Crimea 1,317+0,038 1,345 29
1,274

Mean for varieties 1,301+0,048 1,345 3,7
1,219

[t should also be noted that during placing on
storage the protopectin contentexceeded over the
soluble pectin content in the fruit of all the

analyzed varieties. During the first 30 days of
storage a slight increase in the content of the
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pecticsubstances amountin all control variants of
the fruit was observed.

In the fruit of the experimental variants, the
increase of pectic substance content lasted for 2 -
4 months (depending on the variety and variant of
treatment) longer than in the control ones.
Moreover, the increase in the total content of
pectic substances took place due to increased
protopectin content. According to some authors
[17, 18], such an increase is connected with the
transformation of the hemicellulose which
contains remnants of glucuronic and galacturonic
acids into protopectin.

In the further storage of both control and
experimental fruit, there was a decrease in the
content of pectic substances. This decrease takes
place due to the enzymatic hydrolysis of insoluble
protopectin intoa soluble form - pectin, which, in
itsturn, is consumed as a result of participation in
carbohydrate metabolism.

During storing fruit with AOC treatment, the
transition of protopectin into soluble pectin takes

place at a slower pace, as evidenced by the
calculated rate constants (Tab. 2). The highestrate
constants of protopectin hydrolysis were obtained
for all varieties of control fruit. Moreover, the
maximum values are setfor the fruit characterized
by less keeping capacity, that is, pears of medium
term ripening, somewhat lower - for fruit with
high keeping capacity - pears of late term
ripening.

The positive influence of antioxidant
compositions was expressed in the reduction of
3HMKEHHI Kkpp during the storage of pears of late
term ripening with treatment of antioxidant
composition ACM in 2.2 times, with AARL
treatment -in 3 times, with the DL treatment - in
5 times compared with the fruit of control
variants. The highest positive effect of antioxidant
compositions was observed for pear fruit of
medium term ripening. Atthe same time, the value
of kpp in pears was lower than in the control
variant, respectively,in 2, 3.4 and 9.3 times.

Table 2

Rate constants of the protopectin mass fraction reduction in fruit during storage with AOC treatment

Rate constants of the protopectin mass fraction reduction in fruit with different types

Pomological variety

of treatments, kpp, day'1, x-10-2

C ACM AARL DL
Pear fruit of medium term ripening
Victoria -0,81 -0,41 -0,24 -0,12
Conference -1,05 -0,51 -0,30 -0,07
Mean for varieties -0,93 -0,46 -0,27 -0,10
Pears fruit of late term ripening
Cure -0,77 -0,36 -0,24 -0,14
Izyuminka Crimea -0,61 -0,28 -0,20 -0,14
Mean for varieties -0,69 -0,32 -0,22 -0,14

After prolonged storage the pear fruit of late
term ripening varieties Cure and Izyuminka

1.4
1,2
1

pectin substances, %

Crimea were characterized by the the highest
number of pectic substances (Fig. 2).

?
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Fig. 2. The content of pectic substances in pears after prolonged storage after the antioxidant composition
treatment

The treatment of the fruit with AOC
contributed to the better preservation of pectic

substances during storage, which is explained by
the inhibitory effect of antioxidants on oxidative-
reduction processes, and first of all on respiration.
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The greatest positive effect for all varieties of pear
fruitis defined with using DL composition (Fig. 2).

Correlated analysis confirmed the
participation of pectic substances in the processes
of post-harvest metabolismofthe pear fruit of late
term ripening.

A strong correlated connection between the
content of pectic substances and the amount of
sugarsis defined only during the storage of pears
of Izyuminka Crimea variety with all antioxidant
composition treatment (correlation coefficients r
range from -0.66 to -0.8 depending on the
treatment variant) and Cure variety DL
composition treatment (r = -0.75). A strong
negative connection between the contentof pectic
substances and the intensity of respiration was
observed during the storage of the experimental
pear fruit of Cure variety with the DL composition
treatment (r = -0.84). Negative connections of
average strength between the indicated indices
were defined in the pear fruit of the other analysed
varieties.

So, the treatment with antioxidant
compositions balances the catabolic and anabolic
processes of the transformation of carbohydrates,
resulting in the use of pectic substances as the
main spare substance for the synthesis of sugars.
And negative correlated dependences between
the intensity of respiration and pectic substances
confirms the active involvement of the latter in the
respiratory metabolismofthe fruit.

The rate of interconversion of pectic
substances during post-harvest fruit ripening
affects their consistency. Hydrolysis of
protopectin into soluble pectin is accompanied by
softening of fruit, which is explained by the
separation of adjacent cells from each other.
However, with high content of soluble pectin, due
to its ability to swell and maintain alarge amount
of moisture, the turgidity of the fruit tissues
remains high. Atthe last stage of storage, with the
rapid consumption of soluble pectin, the fruitlose
their succulence and become friable.

According to some authors [19; 22], the
decrease in the dynamichardness of fruit is mainly
determined by the protopectin content ratio to the
soluble pectin, or the so-called protopectin index
(PPD).

The main tendency of dynamic hardness index
change of the fruit was the decrease in its
quantitative value throughout the shelf life,
regardless of the treatment variant. However, the
rates of decrease in control and experimental
variants were different (Table 3). They were the
maximum in the fruit of control variants with the
variation of rate constants k,» (PH - pulp
hardness) from -0.31:10-2 in pears of Izyuminka
Crimea variety, up to -0,58:10-2 in pears of
Conference variety, minimum - duringthe storage
of all sorts of fruit with DL antioxidant
composition treatment.

Table 3

Rate constants of fruit firmness reduction during storage with AOC treatment

Rate constants of fruit firmness reduction with different kinds of treatment, kph, day-1,

Pomological variety

x-10-2

C ACM AARL DL
Pear fruit of medium term ripening
Victoria -0,48 -0,19 -0,14 -0,07
Conference -0,58 -0,32 -0,14 -0,06
Mean for varieties -0,530 -0,255 -0,140 -0,065
Pear fruit of late term ripening
Cure -0,37 -0,14 -0,07 -0,05
Izyuminka Crimea -0,31 -0,08 -0,04 -0,03
Mean for varieties -0,340 -0,110 -0,055 -0,040

Correlated analysis confirmed the existence of
close feedbackbetween PPl and the percentage of
reduction in the firmness of fruit pulp with
correlation coefficients r = -0.95 -0.98
depending on the fruit variety and the variant of
treatment.

So, the results of our studies proved that the
content of pectic substances, including
protopectin, in the fruit treated with antioxidant
compositions, in comparison with the control
ones, was kept at a higher level throughout the

period of storage (220...260 days), which had a
positive effect on their qualitative properties.
The after-harvest processing of the fruit and
their preparation for storage were carried out
according to the developed technological scheme.
At the same time, during the fruit-picking
inspection, sorting and calibration were carried
out. Fruit-picking should be done carefully, always
with the stalk, in order to preserve the wax
coating. Fruit of the highest and first commercial
grade were selected for storage. Then the fruit
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were immediately transported to the refrigerator.
Delaying fruitin the garden for more than 3 hours
is notrecommended.

Processing products with antioxidant
compositions and their simultaneous pre-cooling
were performed in the preparatory section of the
refrigerator. Pre-cooling was carried out in 2
stages. At the first stage, pear fruit in boxes or
containers were loaded intoa bath witha working
solution of the antioxidant composition with a
temperature of 1.5 £ 0.5 °C and kept for 1.5 hours.
The temperature of the working solution and the
exposure time were determined by experimental
studies [14]. Baths with working solutions were
installed in refrigeratedrooms at a temperature of
2 ..5 °C. After the end of stage 1, the fruit in the
container were raised out of working solutions
and placed above the trays to drain the excess
solution for 10... 15 minutes.

The purpose of the second stage of pre-cooling
was to reduce the temperature of the fruitto 1 °C
and toremove completely the remaining moisture
from their surface. This stage was carried out in
the intensive cooling chambers with regime
parameters: temperature minus 2 ... minus 5 °C,
relative air humidity 95%, air velocity 3 m/s.

The composition of the AOC is determined by
the results of studies [21]. The consumption of the
preparation was 25 liters of working solution per
1 ton of fruit.

Then the fruit were transported to the storage
chamber where the following operating
parameters were maintained: temperature 0 = 1
°C, relative air humidity 90 ... 95%.

The application of the proposed technology for
the pear fruit storage with AOC processing
despite the additional explicit costs of the
preparation, contributed to an increase in the
yield of standard production, a reduction in costs
for losses, and, as a result, ensured a high
economic effect.

Thus, an increase in the profitability level
during the storage of pear fruit of medium term
ripening with ACM composition was 59% with an
economic effect of 8287.019 UAN /t, with an AARL
treatment - 77% with an economic effect of
10838.74 UAH/tand witha DL composition - 92%
with the economic effect of 12455.72 UAH /t.

When storing pear fruit of late term ripening,
profitability growth was for variants 27% with an
economic effect of 3864.095 UAH/t, 42% with an
economic effect of 5972.059 UAH /tand 52% with
an economic effect of 7034996 UAH/t
respectively.

Thus, the economic indicators analysis of fruit
storage has shown that the most effective is the

[2] Ksapauxemus B. H.

technology of fruit storage after the DL
composition treatment.

Conclusions

When put to storage, pear fruit of the late term
ripening varieties was characterized by high
content of pectic substances. During the first 30
days of storage a slight increase in the content of
pectic substance amount was observed in the
control samples. During further storage, a
decrease in the content of pectic substances was
registered.

During the fruit storage after the antioxidant
composition treatment, the growth of pectic
substance content had been lasting for 2 - 4
months longer than in the fruit of the control
variants, and the further transition of protopectin
into the soluble pectin wastaking place at a slower
rate. This provided for the better preservation of
pecticsubstances during the storage. The greatest
positive effect for all fruit varieties was achieved
by treating with the DL composition.

The main tendency of dynamic hardness index
change of the fruit was the decrease in its
quantitative value throughout the shelf life,
regardless of the treatment variant. However, the
rates of decrease in the fruit of control variants
were significantly higher. They were minimal
when storing all varieties of pear fruit after the
antioxidant DL composition treatment.

The results show that the antioxidant
composition DL balances the catabolic and
anabolic processes of carbohydrate
transformation, resulting in the use of pectic
substances as the main storage compound for the
synthesis of sugars and pectic substances take
place in the respiratory metabolism of the fruit
Along with this, the degree of pectic substances
participation is based on varietal features of the
fruit. From this point of view, there is a need to
conduct the research with a wider range of
varieties. This will be the task of our further
research.
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