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SUBSTANTIATION OF THE FILM-FORMING COMPOSITION
FOR EGGPLANT FRUITS TREATMENT BEFORE STORAGE
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The micro- and mycobiota of the fresh eggplant fruits phyllosphere of different
botanical varieties Valentyna and Samurai (Japanese agriculture), Clorinda (Egg
agriculture), Solaris (American agriculture) was studied. The possibility of oak bark and
leaves, juniper berries, St. John’s wort, costmary, common plantain, wormwood and
motherwort extracts use is considered. It is recommended to use extracts of oak bark and
leaves, juniper berries and St. John'’s wort on the base of studies of medicinal and
vegetable raw material extracts potential toxicity. The studied extracts have
antimicrobial activity against 4 reference strains: E. coli ATCC 25922, S. aureus ATCC
25923, P. aeruginosa ATCC 27853, C. albicans ATCC 885-653. Fungal growth
inhibition zones are identified in the studied samples compositions: Cladosporium from
15 mm to 28 mm, Fusarium from 18 mm to 30 mm, Rhizopus from 16 mm to 30 mm. The
effect of the film-forming agent type on the fungal culture growth inhibition is studied. It
is determined that the medicinal and vegetable raw material extracts composition with
chitosan use as film-forming agent has the greatest fungistatic properties. The studies
results show the dependence of respiratory intensity on the eggplant fruits variety. The
use of film-forming composition of medicinal and vegetable extracts on the base of low
molecular weight chitosan reduces the amplitude of eggplant fruits respiration and
allows storage prolonging by 2,0-2,3 times.

Keywords: eggplant, epiphytic microflora, toxicity, antimicrobial activity,
film-forming agent, respiration rate, chitosan.

OBTPYHTYBAI—_I_HH CKJAY INMIBKOYTBOPIOBAJIBHOI
KOMITO3HUIII 1JIs1 OBPOBKHU IIVIOAIB BAKJTA’JKAHA
MHEPE/ 3BEPII' AHHSIM
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Jlocnioaceno mikpo- ma mikobiomu ginochepu ceidcux niodie barnaxcana
pisHux OGomaniunux copmie. BusHaueno nomeHyiliHy MOKCUYHICIb eKCmpaxkmis
JiKapcoKko-mexuiunoi  cuposunu. OOIPYHMOBAHO  OOYINbHICMb — BUKOPUCHAHHS
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excmpaxkmie Kopu ma aucms 0yoa, A2i0 anieyio i mpasu 38ipod0H 36UUALHOZO.
Tlooano oyinky anmumixpobHoi akmuenocmi ekcmpakmis. Busnaueno @yueiyuoni
B1ACMUBOCI  KOMNO3UYIL ~ eKCMpakmie i3 pi3HUMU  CNiB8IOHOWIEHHAMU
Komnounenmis. Jlocniodceno 6naue muny niigKoymeoplosaud Ha 3ampumky pocmy
KyIbmyp ysinesux epudxis. JJocniodceno enius niigKoymeoproaibHUX KOMRO3UYill
Ha THMeHCUBHICMb OuXanHs N100i6 OaAKIANCAHA.

Knruosi cnosa: oaxnascan, enigpimna mikpoguopa, moxcuynicmo,
AHMUMIKDOOHA AKMUBHICMb, NILIBKOYMBOPIO8AY, IHMEHCUBHICTb OUXAHHS, XIMO3aH.

OBOCHOBAHUE COCTABA IIJIEHKOOBPA3YIOIIEN
KOMITO3UIIUU JJ151 OBPABOTKMH IIJIOJIOB BAKJIA’YKAHA
INEPEJl XPAHEHUEM

A.A. lyoununa, T.H. Jleryra, T.B. ®@pososa, E.E. Cxupna,
U.M. beasiera, T.H. IlonoBa

Hccnedosana mukpo- u muxobuoma quiocghepol  cgexcux nioooe
baxnasxcana  pasnelx Gomanuueckux —copmos. Onpedenena  NOMEHYUATbHAS
MOKCUYHOCMb  IKCMPAKMOB  IeKAPCMECHHO-MEXHUYecko2o cbipbs. Ob6ochosana
4enecoobpazsHOCmy  UCHONb308AHUA IKCMPAKMOE KOpbl U aucmves 0yba, 1200
MOdICOICe8eNbHUKA U mpagbl  36epobos  obbikHOGenHo2o.  [lana  oyenka
AHMUMUKPOOHOT akmugHocmu dkcmparkmog. Onpedenenvl Qyneuyuonsie ceolicmea
KOMRO3UYutl ~ dKCMPAKmos ¢ PA3HbIMU ~ COOMHOUIEHUAMU — KOMNOHEHMOS.
Hccnedosano enusmue muna nieHKOOOPA306ameNs HA 3A0EPAUCKY POCMA KYIbMyp
naechegvix 2pubkos. HMccnedosano enusnue nieHKOOOPA3yiowux KOMRO3UYUL HA
UHMEHCUBHOCTb ObIXAHUSA NA0008 DAKNANCAHA.

Knioueevte cnosa: 6arxnascan, s3nugumnas MUKpoguopa, moKCUdHOCb,
AHMUMUKPOOHAS. AKMUGHOCHb, NAEHKOOOPA308aMeNs, UHMEHCUBHOCHb ObIXAHU,
Xumo3sat.

Statement of the problem. Vegetables are essential components of
a healthy diet. Their value is conditioned by the vitamins, minerals and
nutrients complex presence which have the ability of free radicals
neutralizing. For Ukraine as country which focuses on the agricultural
products export, vegetable products high quality is necessary condition for
gaining access to the European market. According to FAO, 44% of all food
resources losses are losses of fruits and vegetable raw material. The main
reason of vegetables significant losses is their affection by microorganisms.
The composition of the surface microflora is very diverse and random; it
depends on the type of plant, geographical, climatic and other conditions.

Modern agricultural practice usually uses synthetic agents for food
products processing, mostly contact fungicides with broad spectrum of
action, which have unsatisfactory toxicological profile for the human body,

195



and in case of insufficient hygienic treatment by consumers can cause
poisoning and health damage.

Therefore, the development of vegetables processing new agents on
the base of harmless to human vegetable components is very important task
of modern agricultural, phytochemical and biological industries.

Review of the latest research and publications. Currently,
refrigerated storage is the main method of storing fresh fruits and
vegetables. Despite the high cost, the efficiency of refrigerators use for
fruits and vegetables storage is very high, because of natural weight loss
and losses from microbiological and physiological diseases reduction. It
also should be noted that the storage method in controlled gaseous medium
has become widespread. The base of storage in the regulated gaseous
medium is not the inhibition of phytopathogens of the microflora, but the
regulation of metabolism, which prevents the occurrence of functional
disorders and thus provides high resistance to infectious diseases. Another
way of fruits’ affecting during storage is treatment with chemicals. The
following types of treatment are common: calcium preparations, synthetic
antiseptics, ethylene-producing preparations, iodine-containing antiseptics,
potassium metobisulfite.

The disadvantage of such technologies is the detrimental effects of
these chemicals use on the human body. Innovative technologies of
vegetable raw material storage by means of various physical factors of
influence are currently developed. They include, for example, the
technology of agricultural raw material long-term storage with use of raw
material pre-treatment before storage by electromagnetic field [1-7].
Washing of vegetable raw material with tap, chlorinated, electroactivated
and ozonated water has positive effect on microbiological purity and raw
material quality during storage [8]. Different methods are used in addition
to the use of various physical factors which affect on vegetable raw material
for storage period increasing; these methods include not only the effect on
the raw material, and also use of other various methods such as the
bactericidal packaging, as well as various types of raw material pre-
treatment before packaging [9-12]. Also natural extracts from various
spicy-aromatic plants which have bactericidal effect are widely used in the
food industry [13-15]. In addition currently storage methods on the base of
various oxygen absorbents from packaging are used [16].

The objective of the research is the film-forming agent
composition substantiation for eggplant fruits treatment before storage.

Purpose achieving includes the following tasks:

— study of fresh eggplant fruits composition epiphytic microflora;
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— study of medicinal and technical raw material extracts potential
toxicity;

— establishing of medicinal and technical raw material extracts
antimicrobial activity;

— determination of medicinal and technical raw material extracts
fungicidal properties;

— study of the film-forming agent type effect on the microorganisms
growth;

— study of the fresh eggplant fruits, which are treated with film-
forming composition respiration intensity.

Presentation of the research material. The research objects are:
fresh eggplant fruits of Valentyna and Samurai varieties (Japanese
agriculture), Clorinda (Egg agriculture), Solaris (American agriculture);
extracts: oak bark and leaves, juniper berries, St. John’s wort, costmary,
common plantain, wormwood and motherwort; film-forming agents:
chitosan, methylcellulose, sodium alginate; unprocessed eggplant fruits
(Ky), eggplant fruits treated with «Tweeny preparation (K;), eggplant fruits
treated with film-forming composition on the based of chitosan and
medicinal and vegetable raw material extracts (Chitosan).

The total bacteria number, composition of the micro- and mycobiota
of fresh eggplant fruits epiphytic microflora are determined with use of
standard methods which are recommended for food products sanitary and
bacteriological control [17; 18].

Studies of medicinal and technical raw material extracts potential
toxicity were carried out by the bacteriological method, namely, by 5%
blood agar inoculation [19]. Antimicrobial activity tests were carried out by
sanitary bacteriology methods [20]. The extracts’ fungicidal properties were
studied according to the experimental mycology methods [21].

Fresh vegetables losses main cause is microbial damage. For a long
time, fresh vegetables remain viable; there are various physiological
processes in fresh vegetables. However, in contrast to vegetative plants,
dissimilation processes (respiration) predominate in the gathered vegetables,
and they also retain transpiration functions (water evaporation). Deep and
irreversible changes in vegetables occur under intense biochemical
processes. The storage period decreases and appearance deteriorates under
vegetables aging. They gradually loosen, lose flavor and nutritional value;
ability to diseases resisting reduces; various microorganisms begin to
develop on their surface.

The plants resistance to microbial lesions is explained by many
factors. Their anatomical structure, especially the integuments structure has
significant importance. Peels (their thickness, suberization cells presence,
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cuticles and wax bloom) are powerful protective barrier to the microbes’
penetration into the vegetables pulp. The chemical composition, substances
which inhibit microorganisms’ development, such as dyes (anthocyanins,
flavonols), essential oils and especially phytoncides also play important
role. Many of these substances are concentrated mainly in the vegetables
peel and adjacent pulp cells.

Various microorganisms are constantly on the surface of vegetables,
great part of which is not involved in the disease and spoilage processes,
and it is in inactive state. If the peel isn’t damaged, then there is usually
small amount of nutrients in it, so only some species of microorganisms
which make up the so-called epiphytic microflora can exist and multiply on
its surface. Vegetables infection with microorganisms can be active — the
pathogen penetrates into the tissues through intact integuments and passive
— the pathogen penetrates through damaged areas. Significant part of these
microorganisms is in inactive state and after a while dies because of
insufficient conditions for their development.

We carried out the general contamination study of eggplant fruits
different botanical varieties. The research results are presented in table 1.

Table 1
Study of myco- and microbiota of eggplant fruits phyllosphere
Indicator Botanical varieties
(CFUIn1 cms) Valentyna Samurai Clorinda Solaris
QMAFAM 8,0x10* 1,2x10° 1,8x10° 4,3x10°

Bacterium of
intestinal bacillus

Pathogenic
enterobacteria

Enterococus spp - - -

Yeast fungi — — — —
Mold fungi 6,0x10* 4,1x10° 1,2x10° 6,7x10°
NFGNB 2,2x10° 4,4x10° 6,1x10° 4,1x10°

The total quantity of mesophilic aerobic and facultative anaerobic
microorganisms (QMAFAM) is in the range from 8,0x10* (Valentyna
variety) to 4,3x10° (Solaris variety). Bacteria of the Escherichia coli group,
including coliform microorganisms, as well as pathogenic enterobacteria,
including salmonella were not identified. However, during seeding on Endo
medium, pink colonies with diameter of 1,0-1,5 mm in the amount of
2,2x10° to 6,1x10° CFU/g were identified. Under identifying these isolates
on differential diagnostic media, they were classified as non-fermenting
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gram-negative microorganisms. These microorganisms belong to the
bacteria group which is the component of QMAFAM index. Bacteria of
Bacillus, Pseudomonas, Xanthomonas genus were also identified on fruits
surface. The study of the eggplant fruits phyllosphere mycobiota
composition shows the fungi presence of Botrytis, Alternaria, Fusarium,
Aspergillus and Cladosporium genus. The genus Fusarium was
predominant; all other fungi were represented by single colonies.

On the base of obtained data, we can conclude that the eggplant
fruits epiphytic microflora is diverse; its composition has random character.
With taking it into account, we used the principles of selection plants with
the highest antimicrobial and antifungal activity against virulent pathogens
of agricultural crops at the stage of film-forming composition for eggplant
fruits treatment theoretical development. We considered the possibility of
oak bark and leaves, juniper berries, common St. John’s wort, costmary,
plantain, wormwood and motherwort extracts use during the composition
substantiation for eggplant fruits treatment. The potential toxicity of the
samples was studied by extracts inoculating with 5% blood agar for herbal
extracts safety assessment. Toxic compounds hemolyze erythrocytes and
enlighten the bloodstream at the test site (erythrocyte lysis). The research
obtained data are presented in table 2.

Table 2
Study of the medicinal and technical raw material extracts
potential toxicity

Ne Tested samples The hemolysis zone
diameter, mm

1 Oak bark and leaves Hemolysis isn’t observed
2 Common plantain 2

3 Juniper berries Hemolysis isn’t observed
4 Common St. John’s wort Hemolysis isn’t observed
5 Costmary 5

6 Common wormwood 7

7 Motherwort 7

The study identified the blood agar lysis absence in samples Ne 1, 3, 4.
Samples Ne 5, 6, 7 hemolyze erythrocyte cells, and relatively weak lysis was
identified in sample Ne 2. Oak bark and leaves, juniper berries and common
St. John’s wort extracts were selected on the base of obtained results for
eggplant fruits treatment and further research.
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We used reference microorganisms’ strains for the screening phase
of the study for extracts antimicrobial activity assessment of medicinal and
vegetable raw material. The reference rather than clinical strains of
microorganisms use is one of the main requirements for the experimental
conditions unification, which can significantly increase the reliability and
comparability of the microbiological studies results. In accordance with the
requirements of regulatory documentation, we used ATCC strains
(American Type Culture Collection) of the following species of
microorganisms: E. coli ATCC 25922, S. aureus ATCC 25923, C. albicans
ATCC 885-653, B. cereus ATCC 537, B. subtilis ATCC 6633. The effect of
medicinal and vegetable raw material extracts on the isolate, which is
extracted from eggplants lavage fluid and the mold fungi isolate were also
studied. The results are presented in table 3.

Table 3
Antimicrobial activity of the medicinal and vegetable raw
material extracts

Reference strains and isolates Oak bark Juniper St. John’s
and leaves berries wort herb
extract extract extract

E. coli ATCC 25922 — _ _
S. aureus ATCC 25923 — - _
P. aeruginosa ATCC 27853 — —

C. albicans ATCC 885-653

B. cereus ATCC 537 +
B. subtilis ATCC 6633 +
NFGNB “B” isolate -
Mold fungi isolate - — _

— growth absence,
+ microorganisms’ growth.

+[+]
+

With taking into account the obtained data, we can conclude that the
studied extracts have antimicrobial activity against 4 reference strains,
namely: E. coli ATCC 25922, S. aureus ATCC 25923, P. aeruginosa
ATCC 27853, C. albicans ATCC 885-653, to the isolate which is sown
from the eggplant fruits lavage fluid and from mold fungi isolate. The
reference strains B. cereus ATCC 537 and B. subtilis ATCC 6633 are
resident to the study extracts.
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Fungicidal properties studies of the medicinal and vegetable raw material
extracts compositions were carried out on pure cultures of fungi Cladosporium,
Fusarium, Rhizopus. The research results are presented in table 4.

Fungal cultures growth inhibition zones were noted in the studied
samples of extract compositions: Cladosporium from 15 mm (oak bark and
leaves, juniper berries and common St. John’s wort extracts ratio is 1:1:1) to
28 mm (ratio 2:1:2); Fusarium from 18 mm (extracts’ ratio is 1:1:1 and
1:1:2) to 30 mm (extracts’ ratio is 2:1:2); Rhizopus from 16 mm (extracts’
ratio is 1:1:1 and 1: 1: 2) to 30 mm (extracts’ ratio is 2:1:2). It should be
noted that the juniper berry extract concentration increasing has almost no
effect on cultures’ growth inhibiting. Oak bark and leaves and common St.
John’s wort extracts concentrations increasing in the composition allows the
growth inhibition zone diameter increasing by 60-80%.

Table 4
Determination of compositions’ fungicidal properties of oak bark and
leaves, juniper berries and common St. John’s wort extracts

The diameter value of growth inhibition zone,
Extracts composition mm

Cladosporium Fusarium Rhizopus

Oak bark and leaves,
juniper berries and
common St. John’s
wort extracts 1:1:1

15+0,38 18+0,41 18+0,40

Oak bark and leaves,
juniper berries and
common St. John’s
wort extracts 2:1:1

19+0,42 25+0,50 16+0,40

Oak bark and leaves,
juniper berries and
common St. John’s
wort extracts 1:2:1

19 £0,41 20 +0,50 18 £0,41

Oak bark and leaves,
juniper berries and
common St. John’s
wort extracts 1:1:2

25 +0,51 18 £0,42 16 +0,40

Oak bark and leaves,
juniper berries and
common St. John’s
wort extracts 2:1:2

28 40,53 30 40,44 20 40,41
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The results of film-forming agent type effect on the mold fungi
cultures’ growth inhibiting are presented in table 5.

Table 5
Determination of film-forming agent type effect on the mold fungi
cultures’ growth inhibiting

The diameter value of growth inhibition zone,

The film composition mm

Cladosporium Fusarium Rhizopus
Extracts composition +
chitosan 34,1+0,53 35,0+0,50 26,4+0,47
Extracts composition +
methylcellulose 14,0+0,12 16,0+0,14 12,3+0,13
Extracts composition +
sodium alginate 0,0+0,00 0,0+0,00 0,0+0,00

The obtained data analysis allows concluding that the film-forming
composition on the chitosan base has the greatest fungistatic effect. Fungi
growth inhibition zones are Cladosporium — 34,1 mm, Fusarium — 35,0 mm,
Rhizopus — 26,4 mm. The methylcellulose adding reduces extracts’ effect on
microorganisms’ growth inhibition. The film-forming composition with sodium
alginate adding as a film-forming agent hasn’t antimicrobial activity.

During fruits storage, respiratory gas exchange is generalizing
indicator which reflects the metabolic processes intensity during storage.
Undesirable overripeness and aging of fruits can be delayed by respiratory
activity reducing, which helps to extend the storage period.
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Fig. 1 Respiratory intensity dynamics of variety eggplants: a — Valentyna;
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Figures 1, 2 present studies results of eggplant fruits respiratory
intensity. Results analysis shows that eggplant fruits respiratory intensity
depends on their variety. At the beginning of storage period the respiration
rate of Solaris variety fruits (American agriculture) is 32,0 mg CO,/kg-h;
Clorinda variety (Egg agriculture) is 52,4 mg CO,/kg-h; Valentyna and
Samurai varieties (Japanese agriculture) are 62,4 and 69,0 mg CO,/kg-h
respectively. The film-forming composition on the base of low molecular
weight chitosan use reduces respiratory intensity amplitude and allows
storage period increasing by 2,0-2,3 times.

As research result the film-forming composition with
antimicrobiological activity for eggplant fruits treatment on the base of
medicinal and vegetable raw material extracts with use of low molecular
weight water-soluble chitosan as a film-forming agent, was theoretically
substantiated and experimentally proved.

Conclusion. The developed film-forming composition on the
chitosan base allows it recommending for fresh eggplant fruits treatment
with the aim of longer and better storage on the base of conducted
researches and a number of positive results obtaining, namely, lack of
toxicity, tested vegetables improved storage conditions compared to control
sample and a wide range of antimicrobial activity.
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3MIHM BMICTY BITAMIHY E IIJ{ YAC 3BEPITAHHS
MAMOHE3IB HA OCHOBI OJIIN KYITAJKOBAHUX

HO0.M. Xankesuy, T.B. Illep6akoBa, I'.A. Cearotina

Jocniooceno emicm eimaminy E 6 mavionesniti npooykyii Ha ocnogi oniil
KYNAJICOBAHUX — 3AI€JICHO 8I0 CNIGBIOHOUICHHS! COHSWHUKOBOI ma pinaxkoeoi oii.
Ipoananizosaro 3minu emicmy simaminy E nio uac 36epicanns mationesis. Ilokazatno,
wo 6ci 3pazku Mationesie Ha OcHosl onitl Kynascoeanux nicisi 90 0i6 36epicanns
Micmambs 3HaAuHO Oinvute gimaminy E, HidC c8idcosucomosnenuti 3pazox Maione3y Ha
OCHOBI  paghino8anol  COHAWHUKOBOT onil. 3po6reHo BUCHOBOK NPO OOYLIbHICb
BUKOPUCIMAHHSL Ol KYRAICOBAHUX Y BUPOOHUYMBE MALIOHE3HOL nPOOYKYIT.

Knrwuosi cnosa: onii kynaswcosani, pinakoea onis, nONiHEHACUYEH] HCUPHI
Kuciomu pady -3 ma -6, aemMOOKucHenHs, a-moxogepon, [-moxoghepon,
J-mokogepon, y-moxkoghepon, 2anbMy6aHHA A8MOOKUCHEHHSL.

W3MEHEHUE COAEPKAHUSI BATAMUHA E ITPU XPAHEHUN
MAHMOHE30B HA OCHOBE MACEJI KYITA’KNPOBAHHBIX

10.H. Xankesuy, T.B. lllepb6akoBa, I'.A. CenroTtnna

Hccneoosaro cooeporcanue sumamuna E 6 matlone3Hot npooyKyuu Ha OCHO8e
Macen  KYNAajCUpoBAHHbIX 6 3A8UCUMOCIU OM  COOMMHOUWEHUS. NOOCOTHEYHO20 U
pancogozo macna. Ilpoananusuposarvl usmenenus cooepxcanus eumamuna E npu
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