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During the cultivation and harvesting of fruit and vegetables, a large number of microorganisms accumulate on their surface. Their active and ex-
cessive reproduction leads to spoilage of products. The purpose of the study was to assess the effect of combining various packaging technologies with
different biopreservatives on the stability of physicochemical and microbiological characteristics of fresh vegetables and fruit during storage. Samples
of fruit and vegetable products (apples, tomatoes) were subjected to the following procedures: packaging without treatment, treatment with a mixture
of bacteriocin-like substances and packaging with or without modified atmosphere. Packaged samples were stored in a refrigerator at a temperature
of 4°C for 25 days. The bacteriocin-like substances in combination with modified atmosphere reduced the contamination of samples by pathogenic
microorganisms at least 4 times while maintaining the quality characteristics of the fruit during the storage period. A biopreservative in combination
with modified atmosphere can be used to control microbial spoilage and to keep fruit and vegetables fresh after harvest.

INTRODUCTION

Fruit and vegetables are the best sources of nutrients. They
contain natural ingredients such as carbohydrates, proteins,
organic acids, vitamins, efc. [Watson & Preedy, 2016; Dyshly-
uk et al., 2017]. Consumption of fruit and vegetables remains
stable, despite their price increase. One of the reasons for
the increase in production costs is waste (at least 20% of all
fruit and vegetables produced spoil, not reaching the con-
sumer) [FAO, 2011; De Laurentiis et al., 2018; Prosekov
& Ivanova, 2018]. In the process of maturing, harvesting,
transporting, and storing, the fresh vegetables and fruit re-
main unprotected from sources of contamination by patho-
genic bacteria, spores of mold and fungi that remain active
for a long time [Paskeviciute er al., 2018]. Economic losses
are also caused by microorganisms (bacteria, fungi, mold)
that colonize fruit surface [Buzby & Hyman, 2012; Jaeger
et al., 2018]. Appropriate post-harvest treatments can mini-
mize moisture loss, slow the respiration rate and save fruit for
the consumer. The technologies for preserving the qualitative
characteristics of fresh fruit and vegetable products include,
first of all, ensuring certain climatic conditions (temperature,
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humidity, illumination), as well as washing, vacuum packag-
ing, treatment with preservatives, irradiation with ultraviolet,
use of a modified gas medium and their combination [Ma
etal., 2017; Putnik et al., 2017].

The most promising is the complex use of modified at-
mosphere packaging with other technologies (temperature re-
gime, biopreservation, UV irradiation, efc.), which determine
a double barrier to the growth of microorganisms and ensure
the safety and preservation of food products, including fresh
fruit and vegetables [Allende & Artés, 2003; Alvarez et al.,
2015; Hussein et al., 2015; Oliveira et al., 2015].

The work performed by Wang et al. [2015] presents tech-
nology of preserving cherries in the process of long-distance
sea transportation at a temperature of 0°C. Colgecen & Aday
[2015] preserved cherries in modified atmosphere packaging
(MAP) with a chlorine dioxide dissolver for 5 weeks without
visible damage to the fruit by rot and mold at a temperature
of 4°C. Argyri et al. [2015] used packaging with modified
gas medium for olives fermented with lactic acid bacteria;
the probiotic characteristics of this product were retained
within 6-month storage in refrigerator. There are enough
studies that use bacteriocins of lactic acid bacteria or bacte-
riocin-like inhibitory substances (BLIS) produced by Bacillus
cereus to preserve food products, including fruit and vegeta-
ble products [Settanni & Corsetti, 2008; Leroi et al., 2015;

© Copyright by Institute of Animal Reproduction and Food Research of the Polish Academy of Sciences
© 2019 Author(s). This is an open access article licensed under the Creative Commons Attribution-NonCommercial-NoDerivs License

(http://creativecommons.org/licenses/by-nc-nd/3.0/).



290

Complex Preservation of Fresh Fruit and Vegetables

Leite et al., 2016; Cavicchioli et al., 2017; Ho et al., 2018].
The search for producers of bacteriocins of a broad spectrum
of action and safe for humans is being continued [Nes et al.,
2006; Molloy et al., 2011; Burke et al., 2013; O’Bryan et al.,
2015]. However, there are no works in free access with the re-
sults of the joint use of biopreservatives and MAP.

In the present study, the effect of bacteriocin-like sub-
stances, a consortium of bacteria from the surface of fruit
and vegetable products, in combination with various pack-
aging technologies on the stability of the physicochemi-
cal and microbiological characteristics of fresh vegetables
and fruit has been assessed under conditions simulating com-
mercial use during storage at various temperatures.

MATERIALS AND METHODS

Materials and chemicals

Fresh ripe red tomatoes of Alcazar cultivar and yellow ap-
ples of Golden cultivar were purchased in the retail networks
of the city of Kemerovo (Russian Federation) in August 2017.
Fruit of medium size (apples 180+10 g, tomatoes 150+10 g)
with no visible damage were selected.

Food gases (carbon dioxide CO,, oxygen O,, nitrogen
N,) were purchased from Linde Gas (St. Petersburg, Russia).
The study used acetic acid and boric acid (LLC Component-
Reactiv, Russia); hydrochloric acid, sodium acetate (LLC
Component-Reactiv, Russia); isopropanol (LLC Plant Che-
misol, Russia) and all other chemicals of analytical or higher
grade.

Bacteriocin preparation

Cultures of microorganisms (Bacillus pumilus, Bacillus
safensis) were isolated from fruit and vegetables [Zimina
et al., 2016]. Triturated fruit were placed into a liquid nutri-
ent broth medium (meat-peptone broth) and cultivated at
30+2°C, 37x2°C and 45+2°C for 1-5 days. When sufficient
biomass was grown, inoculation was performed onto nutri-
ent agar (meat-peptone agar) daily until separate colonies
were formed. Genetic analysis of the strains was performed
for identification via 16S RNA sequencing using the Sa-
gner Method with “ABI Prism Big Dye Terminator Cycle
Ready Reaction Kits Sequencing” (Appliedbiosistems, USA)
and GSJunior 454 sequencer (Roche, Switzerland). Isolated
microorganisms were stored in a freeze-dried state in am-
poules at a temperature of 4=2°C for at least 24 months.

Lyophilized cultures of the isolated microorganisms
were reconstituted by transferring the contents of ampoules
to tubes containing sterile skimmed milk. Cultures were in-
cubated at 37°C. 5.0% inoculum was added to MRS-broth
and incubated at a temperature of 37°C for 16 h until the con-
centration of microorganisms reached 1.5x10° CFU/mL.

At the end of the cultivation, the biomass was separated
from the nutrient medium by centrifugation at 8000xg for
20 min. Then, the supernatant was concentrated on hollow
fibers which cut off substances with a molecular mass of more
than 15 kDa; stirred with dry sodium chloride (0.5 M) at a stir-
ring speed of 100 g/min for 20 min; centrifuged at 10,000xg
for 15 min. Water was added to the precipitate at a volume

of 0.1% of the supernatant washed with isopropyl alcohol
(0.1% of the supernatant) for 30 min at a temperature of 0°C.

Evaporation of isopropanol was carried out with a rotary
evaporator at a temperature of 60°C. The solution with water
and activated carbon (0.5% w/v) was kept for 15 min, centri-
fuged at 10,000xg for 15 min; filtered through a membrane
that cuts off molecules with a molecular weight of more than
10 kDa. Lyophilization of the obtained biopreservative com-
pounds was carried out with the following parameters: dura-
tion 90 min, drying temperature 30°C, drying duration 6 h,
drying layer thickness 2 mm.

Sample preparation

Apple and tomato fruit were stored at 4°C and at atmo-
spheric pressure after purchase. Fresh fruit were washed with
tap water, dried at room temperature and immersed in a 1% so-
lution of biopreservative for 1 min. Each fruit was considered
as an experimental unit and, after treatment with bacterio-
cin, was placed in a sealed packet with modified atmosphere.
Three different combinations of fruit treatments were exam-
ined: in a package without treatment (control), in a package
with biopreservative treatment (BIO), and in a package with
a modified gas medium and with biopreservative treatment
(BIO+MAP). In total, 288 fruit (144 apples and 144 toma-
toes) were packed for each treatment method. The treated
samples were stored at 4°C for 25 days. Sampling for micro-
biological analyses was performed on day 0, 5, 10, 15, 20,
and 25 for measurements of the basic microbiological param-
eters (pathogenic bacteria and fungi growth), whereas sam-
pling for the evaluation of quality indicators during storage
was done on day 0 and 25. Sampling on day 0 was performed
2 h after packaging. Samples were aseptically removed from
the package.

Packaging technologies

Fresh fruit were sorted at room temperature and packaged
aseptically into 10 X 10 cm polypropylene bags (0.025 mm
thickness) under the following conditions: MAP1 - 3% O,
+ 95% N, + 2% CO, (apples); MAP2 - 3% O, + 77% N,
+ 20% CO, (tomatoes). Bags containing fruit were sealed
and checked for punctures or tightness of the seal by immer-
sion into water.

Microbiological analysis

Washings from the surface of the fruit were done with
a sterile cotton pad soaked in a peptone-salt solution (differ-
ent parts of the fruit surface with a total area of 100 cm® were
wiped). The peptone-salt solution was prepared as follows:
under slow heating. The pad was placed in a test tube with
10 mL of the peptone-salt solution (8.5 g of sodium chloride
and 1.0 g of peptone were dissolved in 1 L of distilled water
with pH 7.0+0.1). The contents of the test tube were mixed
thoroughly. The resulting suspension was considered the ini-
tial dilution.

The washings from the surface of fruit were put on
the agar surface (VRBL and SABOURAUD). The total num-
ber of microorganisms after the treatment of the fruit was de-
termined by inoculating washings from the surface of the fruit
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on the agar in a Petri dish. Each Petri dish was filled with
about 15 mL of 44-47°C VRBL-agar culture medium (Merck,
Germany) to determine pathogenic microorganisms. After
the medium in the Petri dishes had solidified, about 4 mL
of 44-47°C used agar medium were poured to create a second
layer. SABOURAUD-4% dextrose agar (Merck, Germany)
was used to determine the presence of fungi.

After solidification, the prepared dishes (upside down)
were incubated at a temperature of (37+1)°C for (24+2) h to
detect pathogenic bacteria, and at a temperature of (25+1)°C
for 5 days to detect fungi (additionally, growth media were left
at room temperature for | to 2 days). Regardless of the pres-
ence or absence of growth signs including blackening, inocu-
lation with a smear loop was performed from the culture lig-
uid on the surface of one of the agarized selective diagnostic
mediums: Chromocult Coliform Agar ES (Merck, Germany),
OXFORD agar (Merck, Germany), or PALCAM-agar (FBUN
SSC PMB Obolensk, Russia). After incubation, Petri dishes
with 15 to 150 CFU of bacteria or yeast and 5 to 50 CFU
of fungi were selected and counted. The sensitivity limit for
the bacterial number was about 10> CFU/mL.

Species of fungi present on the surface of the fruit was
determined by molecular genetic analysis. The nucleotide
sequence of 16S RNA gene was determined through the 16S
RNA fragment sequencing using the Sanger method [Sanger
etal., 1977].

Quality analysis

To calculate the average weight of fruit in grams, 30 to-
matoes and 30 apples were weighed, respectively, on the elec-
tronic scales (BK 600.1, MASSA-K, Russia) with an accuracy
of 0.001 g.

Mass fraction of total soluble solids (TSS) was determined
by placing 0.5 mL of a fruit homogenate, purified by centrifu-
gation (4000xg, 10 min), on hand prism refractometer Atago
PR1 (ATAGO CO., LTD, Tokyo, Japan), and the results are
presented in ° Brix [Javanmardi & Kubota, 2006].

Titratable acidity was determined by titration of 10 mL
of fruit homogenate to a pH value of 7.6 using 0.1 M so-
dium hydroxide and expressed in g/L of citric acid; measure-
ment was performed with a digital pH-meter (pH-150M,
Gomel’skiy Zavod Izmeritel'nykh Priborov, Russia).

The firmness of the fruit was evaluated by puncture
strength (N) test with a digital penetrometer PCE-PTR 200
(PCE Instruments UK Ltd, Hampshire, UK). Fruit were
compressed with a constant speed of 0.95 mm/s, the diameter
of the puncture was 5 mm.

The color of vegetables was determined using Minolta
Chroma Meter model CR-200B (Konica Minolta, Tokyo,
Japan) at three different points located in the equatorial
area [HunterLab, 2008]. The colorimeter has a beam di-
ameter of 8 mm, three response detectors set at 0 viewing
angle and a CIE standard illuminant C with diffuse illumi-
nation. This illuminant is accepted as having a spectral ra-
diant power distribution closest to reflected diffuse daylight.
Color changes were documented throughout the experiment.
L values indicate lightness (black [L = 0] and white [L =
100]), a values indicate redness-greenness (red [a=100]
and green [a=-100]), b values indicate yellowness-blueness

(yellow [b=100] and blue [b=-100]). Chroma (C) (C=
V(a2+b?) measures color saturation or intensity and the hue
angle (h=1/tan(b/a)) determines the red, yellow, green, blue,
purple, or intermediate colors between adjacent pairs of these
basic colors. A lower hue value indicates a redder product
[Ayala-Silva ez al., 2005].

Statistical analysis

Each experiment was repeated three times and data were
expressed as means = standard deviation. Data processing
was carried out by standard methods of mathematical statis-
tics. Homogeneity of the sampling effects was checked using
the Student’s t-test. The data were subjected to the analysis
of variance (ANOVA) using Statistica 10.0 (StatSoft Inc.,
2007, USA). Differences between means were considered
significant when the confidence interval is smaller than 5%
(P<0.05).

RESULTS AND DISCUSSION

At the preliminary stage of the study, the compositions
of modified gas mixtures for fruit storage were determined,
the gas ratio (O,: N,: CO,) 3.0:95.0:2.0and 3.0: 77.0 : 2
0.0 in %, respectively, for apples and tomatoes. Similar
combinations of gases of the modified gas mixture prevented
the development of aerobic bacteria (Salmonella, Clostridium
Botulinum, Moraxella, and Acinobacter), counteracted the de-
velopment of mold, reduced the pH level in the medium
of the packaged product, and did not deform or compress
the product, which is important when packaging fresh-cut
and minimally processed fruits and vegetables.

Samples of apples and tomatoes were examined for mi-
crobiological growth during storage, depending on the select-
ed packaging technology (Tables 1-2). In all samples, regard-
less of the packaging technology, E. coli and other pathogenic
bacteria (including L. Monocytogenes) were not detected dur-
ing the entire study period. After 15 days of storage, apples
and tomato fruit treated only with the biopreservative con-
tained at least 40% less fungi than the untreated samples,
while the fruit treated with the biopreservative in combina-
tion with MAP had no fungal growth. Apples, processed with
the biopreservative and packaged with modified atmosphere,
did not contain fungi after 25 days of storage. Fruit packaged
without modified atmosphere contained at least 13% less
fungi than samples without treatment. The content of fungi
in the untreated tomato samples (control) exceeded the con-
tent of fungi in the treated samples packaged with modified
atmosphere (over four times more), as well as in the treated
fruit samples without MAP (on 84%).

Packaging of cherry tomatoes in polypropylene or poly-
ethylene bags of low density in a modified gas mixture (5%
0,, 5% CO,) increased their shelf life at a temperature of 5°C
to 25 days. The combination of UV irradiation, low tempera-
tures, and MAP (5.3% CO, + 5.5% O,) allowed improving
the antioxidant quality and microbiological safety, and ex-
tending the shelf life of cherry tomatoes [Choi ef al., 2015].
Irradiation of strawberries and MAP (CO, - 10%: O, - 5%; N,
- 85%) allowed increasing their storage period at a tempera-
ture of 4°C to 14 days with the preservation of external quality
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TABLE 1. Changes in fungal growth of packaged apple samples within
25 days of storage.

TABLE 2. Changes in fungal growth of packaged tomato samples within
25 days of storage.

Duration Penicillium Rhizopus Botrytis Duration Penicillium Rhizopus Botrytis
of storage expansum stolonifer cinerea of storage expansum stolonifer cinerea
(days) (log CFU/g) (log CFU/g) (log CFU/g) (days) (log CFU/g) (log CFU/g) (log CFU/g)
Control Control
0 NF NF NF 0 NF NF NF
5 0.5x0.0 1.0=0.12 1.2+0.1¢ 5 L1x0.12 0.8=0.0° 1.4+1.00
10 22010 3.4+0.2¢ 3.0+0.3 10 2.5+0.2¢ 2.6+0.2¢ 2.2=+0.1°
15 5.8+0.3 6.5+0.3¢ 5.5+0.2¢ 15 6.3+0.3 7.0+0.32 5.8+0.2¢
20 7.1+0.4 7.6x0.4 6.4+0.3 20 8.7+0.5 9.2+0.4 7.5+0.3¢
25 9.6x0.4 10.0+0.4 8.8+0.3¢ 25 11.4+0.5 12.3+0.5¢ 9.0+0.3¢
BIO BIO
0 NEF® NE® NEF® 0 NEF® NE® NE®
5 NF® NF® NF* 5 NF® NF® 0.2+0.0°
10 NP NF® NF* 10 1.8=0.1° 1.5+0.1° 1.7+0.1°
15 4.0=0.1° 3.5+0.1° NP 15 4.5+0.1° 3.0+0.1° 2.5+0.1°
20 5.8+0.3° 4.9+0.3° 3.6x0.2° 20 5.0+0.2° 4.8+0.2° 3.8+0.2°
25 8.5+0.3° 7.0£0.2° 4.5x0.1° 25 5.6%0.2° 6.0£0.2° 4.9x0.2°
BIO+MAPI BIO+MAP2
0 NF NF NF 0 NF NF NF
5 NE NF NEF 5 NE NF NEF
10 NE NF NF 10 NE NF NEF
15 NE NF NF 15 NE NF NF
20 NE NF NEF 20 NE NF NEF
25 NE NF NF 25 1.2+0.1¢ 3.0+0.1¢ 1.8=0.1°

Control — samples not processed with biopreservative and packaged with-
out modified gas mixture; BIO — samples treated with biopreservative;
BIO + MAPI - samples treated with biopreservative and packaged with
a modified gas medium; NF - not found. The data are expressed as mean
+ standard deviation (n=3). Values followed by different letters in a col-
umn are significantly different (P<0.05) by LSD post-hoc test.

characteristics [Jouki & Khazaei, 2014; Fagundes et al., 2015].
The obtained data agree with those already published. Thus,
we can state that combining the treatment of fresh vegetables
and fruit with a biopreservative, based on bacteriocins of lac-
tic acid or other bacteria, and MAP is safe for humans. In ad-
dition, MAP preserves the qualitative characteristics of fruit
and vegetable products. The shelf life of these products can
be prolonged as well, without using any chemicals.

The results of studying the qualitative characteristics
(fruit weight, TSS, pH, firmness, and color) of fruit during
storage are presented in Tables 3-4. The tissues structure
of apples and tomatoes was not damaged during the experi-
ment. The loss in fruit weight leads to the quality decrease
of the product [Briassoulis ef al., 2013]. Obviously, during
storage, the weight of a fruit decreases, but its intensity is de-
termined by the method of packaging and storage [Khorshidi
etal., 2010]. When stored at room temperature, the reduction

Control — samples not processed with biopreservative and packaged with-
out modified gas mixture; BIO — samples treated with biopreservative;
BIO + MAP2 - samples treated with biopreservative and packaged with
a modified gas medium; NF - not found. The data are expressed as mean
+ standard deviation (n=3). Values followed by different letters in a col-
umn are significantly different (P<0.05) by LSD post-hoc test.

in fruit weight is always more pronounced than when stored
in refrigeration units. Tomato and apple weight loss was less
than 5% within 25 days of storage, depending on the method
of packaging. According to Kader & Saltveit [2003], about
3-5% post-harvest weight loss of the product is due to the re-
lease of CO, through the fruit skin. Weight loss of more than
3-5% usually leads to the loss of freshness.

In the package without modified atmosphere, the weight
loss was higher than in the package with modified atmo-
sphere when storing tomatoes and apples, but did not ex-
ceed 5% within 25 days. It is possible that the presence of an
antimicrobial coating and a modified gaseous medium led
to a decrease in the moisture evaporation rate by reducing
the permeability of the peel. However, weight loss of less than
3% after 25 days of storage is a good indicator for increasing
the shelf life of tomatoes and apples in packages with modi-
fied atmosphere and an antimicrobial agent.
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TABLE 3. Changes of quality indicators of packaged apple samples within 25 days of storage.

Duration Indicators
of storage (days) Weight (g) TSS (° Brix) pH Firmness (N) Hue angle (h)
Control
0 184.229.0¢ 12.90.6° 3.5£0.0 73.623.6° 78.0=4.00
5 182.529.1¢ 12.90.6° 3.5£0.20 73.123.6! 78.0=4.00
10 180.9+9.0¢ 13.0=0.72 3.5+0.20 73.0+3.6* 78.0+4.0°
15 178.2+8.9¢ 13.1£0.72 3.540.2¢ 72.9+3.6° 78.0+4.0°
20 176.0+8.9° 13.320.72 3.5+0.0 72.8+3.6 78.04.0°
25 175.4%8.9¢ 13.4+0.7° 344020 7272370 78.0=4.00
BIO
0 184.229.0¢ 12.90.6° 3.5£0.20 73.623.6) 78.0=4.00
5 182.229.1° 13.0£0.7° 3.5£0.0 73.53.60 78.0=4.00
10 181.529.1° 13.120.7° 3.540.20 73.5+3.6° 78.0=4.00
15 179.9+9.0¢ 13.1£0.72 3.540.20 73.4+3.60 78.0+4.0°
20 176.18.8: 13.20.7° 3.5+0.20 733+3.60 78.0+4.0°
25 175.629.0° 13.5+0.6° 3.4+020 73.3+3.60 78.0+4.0°
BIO+MAPI

0 184.229.0¢ 12.90.6° 3.5£0.20 73.623.6) 78.0=4.00
5 183.829.20 13.0£0.7° 3.5£0.20 73.623.6) 78.0=4.00
10 181.329.1° 13.0£0.7° 3.5£0.0 73.623.6° 78.0=4.00
15 179.429.0¢ 13.20.7° 3.540.20 73.5+3.60 78.0+4.0°
20 179.0+9.0° 13.320.72 3.5+0.20 73.5+3.60 78.0+4.0°
25 178.8+8.9° 13.5+0.6° 332020 73.4%3.7 78.0=4.00

Control - samples not processed with biopreservative and packaged without modified gas mixture; BIO — samples treated with biopreservative; BIO +
MAPI - samples treated with biopreservative and packaged with a modified gas medium. The data are expressed as mean + standard deviation (n=3).
Values followed by the same letter in a column do not differ significantly (P>0.05) by LSD post-hoc test.

During the storage period under consideration, TSS of to-
mato fruit decreased up to 4%, depending on the packaging
method. Changes in the TSS content of apples were practical-
ly not observed (P=0.982). Wright & Kader [1997] and Erkan
et al. [2004] reported that after nine months of storage there
was a slight loss of TSS, explaining this either by the ratio
of gases in MAP, or by the hydrolysis of polysaccharides to
monosaccharides [Visser ef al., 1968].

During the storage, the pH-value of tomatoes increased
and the pH-value of apples decreased. In this case, the type
of packaging did not affect the taste of fruit. It is known
that taste sensations depend not only on the concentration
of acids and sugars, but also on their ratio. Fruits can have
a more acidic taste, not from a high content of organic acids,
but from low sugar, and vice versa. It seems that after 25 days
of storage, the content of sugars and the concentration of or-
ganic acids used for product’s respiration was increased, lead-
ing to metabolic changes. The same results were obtained
in the study by Tumwesigye e al. [2017]. The sugar content at
the end of the shelf life decreased, and the pH value increased

slightly over time as the concentration of organic acids was
declining with maturity due to the utilization of malic acid as
a substrate for respiration. The change was also attributed
to the metabolic changes and water loss in cherry tomatoes.
With those storage and package conditions, the fruit had fully
met the necessary tomato market requirements.

Fruit firmness is one of the important quality parameters,
both for apples and tomatoes. The loss of firmness in apples
is noticeable with prolonged storage or with short-term stor-
age of already overripe fruit, and is closely associated with
a decrease in water content and metabolic changes [Garcia
et al., 1998]. Firmness of tomatoes decreases more quickly
than that of apples. After 25 days of storage, the firmness
of tomatoes was almost halved, and the apples remained vir-
tually unchanged (P=0.846).

There was a slight change in the intensity of the color of to-
matoes, which can be explained by the ripening of these fruit
(hydroxylation of carotenoids and synthesis of xanthophylls
in them) [Gross, 1991]. Changes in the color of apples were
not observed within 25 days of storage (P=0.999). A similar
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TABLE 4. Changes of quality indicators of packaged tomato samples within 25 days of storage.

Duration Indicators
of storage (days) Weight (g) TSS (° Brix) pH Firmness (N) Hue angle (h)
Control
0 158.3+8.00 5.7+0.3° 3.7+0.20 2.6=0.10 2312100
5 156.7+7.8° 574030 3.7£0.20 240,10 23.621.00
10 154.827.72 5.6+0.3° 3.7£0.20 220,10 2394108
15 153.07.7¢ 5.60.3° 3.7£0.20 2.00.1° 24.8%1.00
20 152.4%7.6° 5.540.3° 3.8£0.20 1.7=0.18 25.1%1.3
25 151.3+7.8° 5.4+0.3° 3.8£0.20 1.3=0.18 253+1.3
BIO
0 158.38.0% 5.7+0.3° 3.7+0.20 2.6=0.10 2312100
5 155.9+7.8 5.7+0.3° 3.7+0.20 2.5+0.10 23.5+1.00
10 155.0%7.7 5.7+0.3¢ 3.7£0.20 2.1£0.10 242120
15 153.627.7 5.60.3° 3.8£0.20 1.6=0.10 25.1+1.30
20 152.5+7.6% 5.6+0.3° 3.8£0.20 140,10 252130
25 151.727.8% 5.540.3° 3.8£0.20 1.3=0.18 253%1.00
BIO+MAP2

0 158.328.00 5.7+0.3° 3.7+0.28 2.6=0.10 2312100
5 157.9+7.90 5.7+0.3° 3.7+0.20 2.0+0.10 2342100
10 157.5+7.8° 5.7+0.32 3.7+0.22 1.8+0.1# 23.8+1.2¢
15 157.0+7.80 5.6+0.3° 3.8£0.10 1.7=0.10 2462100
20 156.427.80 5.6+0.3° 3.8£0.10 1.5+0.10 25.0+1.00
25 156.0+7.9° 5.540.3° 3.80.1° 140,10 2504108

Control — samples not processed with biopreservative and packaged without modified gas mixture; BIO — samples treated with biopreservative; BIO +
MAP?2 - samples treated with biopreservative and packaged with a modified gas medium. The data are expressed as mean + standard deviation (n=3).
Values followed by the same letter in a column do not differ significantly (P>0.05) by LSD post-hoc test.

result was reported for apples and pears [Bessemans ef al.,
2016; Mditshwa et al., 2017].

The three preservation methods had a significantly dif-
ferent effect on fungal growth. The ratio of the quality char-
acteristic values for fruit without a biopreservative and with
a preservative is comparable for both tomatoes and apples for
25 days of storage. The best results were observed in fruit for
which a combined treatment method was used (BIO+MAP).

CONCLUSIONS

The need to ensure food security requires researchers to
develop technologies for preserving food without deteriorating
the quality characteristics and, preferably, at the lowest costs.
The efficiency of the combined preservation technology (for
apples and tomatoes) using a biopreservative and MAP was
studied. The results of microbiological indicators of packaged
fruit were obtained immediately after processing and packag-
ing, and also after 5, 10, 15, 20, and 25 days of storage at
a temperature of 4°C. Samples of fruit treated with biopreser-

vatives and packaged with modified atmosphere produced
the best microbiological results after 25 days of storage.
Qualitative characteristics of packaged fruit remained within
the permissible freshness for 25 days of storage. Undoubtedly,
the physicochemical characteristics of the fruit we examined
are determined by the variety, geographic and climatic condi-
tions of growth, and even by the degree of maturity of the har-
vested fruit. Therefore, we assume that for other samples of to-
matoes and apples, the differences can be more significant for
the considered packaging and storage conditions. However,
the technology of preserving vegetables and fruit with a bio-
preservative in combination with a MAP confirms its potential.
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