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RESUMO

Introdugédo: O uso de materiais de embalagem de biopolimero para congelamento e armazenamento em baixa
temperatura proporciona a manutengéo de alimentos com qualidade e seguranga. Também reduz a polui¢cao
ambiental causada por materiais petroliferos biopolimeros que tém um longo periodo de biodegradagéo.
Objetivo: E necessario descobrir a possibilidade de usar o filme de biopolimero “CornBag” na preservagao de
alimentos em baixa temperatura. Métodos: O congelamento e armazenamento em baixa temperatura dos
filmes poliméricos foram realizados em freezer horizontal Liebherr LGT 2325 Mediline e VESTFROST Solutions
VT 078. As propriedades fisicas e mecanicas foram medidas por meio da maquina de ensaio de tragéo
Labthink XLW (M). Resultados e Discussao: O artigo aborda os resultados da pesquisa dos efeitos de baixa
temperatura nas propriedades fisicas e mecanicas (resisténcia a tragdo e resisténcia a tragdo na ruptura) do
filme de biopolimero “CornBag” derivado da polimerizagdo do amido de milho e batata-doce, tendo sido
realizada agdo em baixa temperatura no faixa de -60°C a -20°C por 90 dias. Verificou-se que durante o periodo
de armazenamento a agao de baixas temperaturas ndo reduz significativamente as propriedades de resisténcia
do filme de biopolimero. Alteragbes nas propriedades de resisténcia do filme de biopolimero e do filme de
polipropileno biaxialmente orientado sob efeitos de longo prazo de baixas temperaturas foram analisados
diferencialmente. Analisadas as mudangas na resisténcia a tragdo a ruptura, foram obtidos diagramas de
estiramento do biopolimero e dos filmes orientados biaxialmente. Concluiu-se que as propriedades de
resisténcia do filme de biopolimero “CornBag” diminuem para ndo mais que 12,5% apés 90 dias de
armazenamento sob -60° C. Conclusdes: O filme de biopolimero é igual ao filme de polipropileno orientado
biaxialmente e pode ser recomendado para congelamento e armazenamento em baixa temperatura de
alimentos.

Palavras-chave: filme de biopolimero, embalagem, efeitos de baixa temperatura, propriedades fisicas e
mecanicas, itens alimenticios.

ABSTRACT

Background: The use of biopolymer packaging materials for freezing and low-temperature storage keeps food
items qualitative and safe. It also reduces environmental pollution caused by biopolymer petrolic materials that
have a long biodegradation period. Aim: It is necessary to find out the possibility of using biopolymer film
“CornBag” in the low-temperature preservation of food items. Methods: Freezing and low-temperature storage
of polymer films were carried out in chest freezers Liebherr LGT 2325 Mediline and VESTFROST Solutions VT
078. The tensile testing machine Labthink XLW (M) measured physical and mechanical properties. Results and
Discussion: The article covers the results of researching low-temperature effects on physical and mechanical
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properties (tensile strength and tensile strength at break) of biopolymer film “CornBag” derived by polymerizing
starch from corn and sweet potato, low-temperature action having been performed in the range of -60 °C to -20
°C for 90 days. It has been found that during the storage period, the action of low temperatures does not reduce
the strength properties of the biopolymer film significantly. Changes in the strength properties of the biopolymer
film and the biaxially oriented polypropylene film under long-term effects of low temperatures have been
differentially analyzed. Changes in tensile strength at the break having been analyzed, stretch diagrams of the
biopolymer and biaxially oriented films were obtained. It has been concluded that the strength properties of
biopolymer film “CornBag” decline to no more than 12.5 % after 90-day storage under -60 °C. Conclusions:
The biopolymer film is equal to the biaxially oriented polypropylene film and can be recommended for freezing
and low-temperature storage of food items.

Keywords: biopolymer film, packaging, low-temperature effects, physical and mechanical properties, food
items.

AHHOTALUA

BekrpayHa: Vicnonb3oBaHve GUOMONMMEPHBLIX YMAKOBOYHbBIX MatepuanoB Af19 3aMOpPaXBaHUS U XpaHeHUs
npv HU3KMX TemnepaTypax obecneymBaeT Ka4yecTBO M 6€30MacHOCTb MULLEBLIX MPOAYKTOB. OTO TakkKe CHMXaeT
3arpsi3HeHMe OKpy)KatoLlen cpedbl, Bbi3BaHHOE BUOMONUMEPHBLIMU HE(PTAHBIMU MaTepuanamMm, KoTopble UMeKT
anuTeneHbln  nepuop 6uopasnoxenud. Lenb: HeobGXOAMMO BbISICHUTb BO3MOXHOCTb  MCMOMb30BaHUA
6uononumepHon nneHkn «CornBag» B KOHCEPBMPOBAHUM MULLIEBLIX MPOAYKTOB MPWU HU3KOM TemnepaType.
MeTtopgbl: 3amopaxvBaHMe W XpaHeHue MNONMMEPHbIX MIIEHOK MpYM HU3KOW TemnepaType OCYLLeCTBMSAnM B
ropusoHTanbHOM MoOpo3unbHoM annapate Liebherr LGT 2325 Mediline n VESTFROST Solutions VT 078.
duanyeckne n MexaHn4yeckme CBOWCTBa kannbpoBanu ¢ MCMoNb3oBaHUEM pa3pbiBHOM MaluvHbl Labthink XLW
(M). Pe3ynbTatbl 1 o6cyxaeHue: B ctatbe npeacTtaBneHbl pesynbTaThl UCCregoBaHNsa HU3KOTEMMNEpPaTypHOro
BO3JENCTBUS Ha (PU3MKO-MEXaHUYECKME CBOMCTBA (NPOYHOCTb MPU PacTsXKEHUM U npefen NPoYHOCTU Npu
pa3pbiBe) buononumepHon nneHkn «CornBagy, NonydeHHOW nyTem NonMMepusaumm Kpaxmana u3 Kykypyabl 1
6aTara, HM3KoTeMNepaTypHOe BO3AENCTBME NPOBOANIIOCH B YCIOBUAX ananasoHe oT -60°C go -20°C B TedeHune
90 pgHen. YCTaHOBMEHO, YTO B MNEpPUOL XPaHEeHWst BO3OEWCTBME HU3KMX TemnepaTyp He MpuMBOAUT K
CYLLIECTBEHHOMY CHWKEHMIO MPOYHOCTHBLIX CBOWCTB OMononMmepHou nreHku. MNposeneH anddepeHumnansHbin
aHanM3 MW3MEHEHUS MPOYHOCTHLIX CBOWCTB OWMONONMMEPHOM MMEHKM W  BuakcmanbHO-OPUEHTUPOBAHHON
NONMNPONWIIEHOBON MNIIEHKW MpU  ANWTENbHOM BO34EWCTBUM HU3KMX Temnepartyp. [lpoaHanmanpoBaHbl
M3MEHEHUA npedena MpPOYHOCTU MpU paspbiBe, MOMy4YeHbl AuarpaMMbl PacTsXKeHUs OMOMNOMMMEpPHbIX U
BurakcuanbHO OpMEHTUPOBAHHbLIX NreHoK. CaenaH BbiBOA, YTO NPOYHOCTHbLIE CBOMCTBA BUONONMMEPHON MIEHKN
«KopHbar» cHmwxatoTcss He 6onee yem Ha 12,5 % nocne 90-CcyTOYHOro XpaHeHus npu Temnepatype -60°C.
BbiBogbl: briononvmepHas nneHka aHanornyHa GuakcuanbHO-OPUEHTUPOBAHHOW MOMUMPONUIEHOBOMN NIEHKE
N MOXET ObITb peKoMeHA0BaHa ANsl 3aMOPaXMBaHNS U HU3KOTEMMNEPATYPHOIO XPaHEHUS NULLIEBBLIX NPOAYKTOB.

KnioueBble crnoBa: 6uornonumepHasi fieHKka, yrnakoeka, HU3KomemrepamypHoe eosdelicmeue, (hu3UKO-
MexaHuyecKue ceolicmea, NpodyKmbi MUMaHUS.

1. INTRODUCTION: 2020; Lai, Zhao, Chiou, 2021; Kasperski,
Grabowska, 2016).

The most commonly used material for
packaging frozen food is biaxially oriented
polypropylene film (BOPP). It has high barrier

The Russian frozen food market is
developing dynamically due to the growing pace
of life, especially in cities, and the desire to

diversify_the diet by consuming vegetables, frujt, properties, mechanical strength, and a relatively
and berries regardlgss of the season. The quality low price which is very important when used in
of frozen products directly depends on the modes the food industry (Lai, Zhao, Chiou, 2021; Chang,

and methods Of__ freezing,. §’Forage, aqd Kang, Park, Choic, Kimc, Hana, 2019; Gutierrez,
transportation conditions; a significant role is Mendieta, Ortega-Toro, 2021; ARRIETA, A.
played by correctly selected packaging. 5451y However, according to many researchers,
Packaged products are less susceptlble t_o the significant drawback of this packaging
changes caused by exposure to light and air o ieria) is the lack of the possibility of recycling
oxygen, desorption of moisture from the surface, and a long period of biodegradation (Holman,
and other factors that reduce the quality of food Kerry, and Hopkins, 2018; Lai, Zhao, Chiou

K[/Iemsl' (Hg!mgni:_ Kgrg andK Hop;ing, 2018; 5021 Gutierrez, Mendieta, Ortega-Toro, 2021)
otelica, Ficai, Fical, Oprea, Kaya, Andronescu, |g,4ing to significant environmental problems. In
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addition, artificial antioxidants are used in the
manufacture of polypropylene films. Under
certain conditions, they can migrate into food
products and thereby cause harm to health
(Chang, Kang, Park, Choic, Kimc, Hana, 2019).
These factors and the growing consumer demand
for organic food motivate manufacturers to use
biopolymers for food packaging. Currently,
biopolymers based on gluten, chitosan,
methylcellulose and its derivatives, starch, gelatin
are used for packaging food products (Gutierrez,
Mendieta, Ortega-Toro, 2021; Filipini, Romani,
Guimaraes, 2020; Giro, Kulikovsky, Andreeva,
Gorlov, Giro, 2020; Mostafavi, Zaeimb, 2020;
Luo, Hossen, Zeng, Dai, Li, Qin, Liu, 2022;
Korotkiy, Korotkaya, Rasshchepkin,
Sahabutdinova, 2021). The film “CornBag” was
obtained by the reaction of polymerizing corn and
sweet potato starch. The status of the biomaterial
is confirmed by documents and certificates,
including conformity certificate Ne POCC SG
AB51.H00197 [13].

At the same time, the behavior of
biopolymers under low-temperature exposure has
not been studied enough. Biopolymer films used
for freezing and low-temperature storage of food
products must retain their physical and
mechanical properties, both during technological
operations and the entire storage period. In this
regard, studying the physical and mechanical
properties of biopolymer films under the influence
of low temperatures is of undoubted interest.

The study aimed to establish the
possibility of using the biopolymer film “CornBag”
for the low-temperature preservation of food
products. The objectives of the study were as
follows: to determine the physical properties of a
biopolymer film according to the national
standards of the Russian Federation — GOST R
58061-2018 “Modified synthetic films. Types and
basic parameters” and GOST 14236-81 “Polymer
films. Tensile test method” (tensile strength at
break, relative tensile elongation) when exposed
to low temperatures in the range from -60 °C to -
20 °C during long term storage (90 days);
comparison  with the properties of a
polypropylene film.

2. MATERIALS AND METHODS:

2.1. Materials

The objects of the study were the
biopolymer film “CornBag” (company “Olive
Green Pte Ltd”, Singapore)
(www.olivegreen.com.sg) and a three-layer

biaxially oriented polypropylene (BOPP) film
(000 Interbeg, Novosibirsk, Russia)
(https://interbag.ru/katalog/pljonka/plenka-bopp).

The physical properties of the films are shown in
table 1. According to the manufacturer’s
statistics, the three-layer BOPP film consists of a
main polypropylene layer surrounded by two
heat-sealed ones. It withstands low temperatures
well without becoming brittle during polymer
crystallization. Therefore it is used for packaging
ice cream and other food products that require
low-temperature storage
(https://interbag.ru/katalog/pljonka/plenka-bopp).

Table 1. Physical properties of the polymer films

at 20°C
Indicator film BOPP film
“CornBag”
relative tensile 415 250
strain, ¢, %
tensile 475 300

strength at
break, o, MPa

2.2. Methods or Experimental procedures

The machines used for the study were as
follows: Laboratory chest freezer Liebherr LGT
2325 Mediline (maintained temperature range -
10° -45 °C with an accuracy of 0.1 °C); low-
temperature  chest freezer VESTFROST
Solutions VT 078 (Denmark) with temperature
range -60 °C -86 °C.

Based on the tasks set, the biopolymer
film was frozen at temperatures of -60°C, - 40°C,
and - 20°C. Frozen samples were stored at
freezing temperatures for 90 days.

Freezing and low-temperature storage of
the studied film samples were carried out in a
Liebherr LGT 2325 Mediline chest freezer (at
temperatures of -20 °C and -40 °C) and in a
VESTFROST Solutions VT 078 low-temperature
chest (at a temperature of -60 °C).

Physical and mechanical properties of the
polymer films were calibrated according to the
national standards of the Russian Federation —
GOST R 58061-2018 “Modified synthetic films.
Types and basic parameters” and GOST 14236-
81 “Polymer films. Tensile test method”. Tests to
determine the physical and mechanical properties
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of the biopolymer and biaxially oriented
polypropylene films were carried out on a
Labthink XLW (M) (Fig. 1) tensile testing machine
(manufacturer OOO Labthink Instruments Co).

Figure 1. Automatic tensile

machine Labthink XLW (M).
2.3. Data Collection

testing

The temperature conditions in the freezers
were maintained automatically. The controller set
them with an accuracy of 0.1 °C. The set
temperature was shown on the external display.

The Labthink XLW(M) tensile testing
machine has 7 modes of operation and is
controlled by a microcontroller. The professional
personal software supports statistical analysis of
a group of samples, superposition of test curves,
and functions of data-to-history comparison, as
well as the functions of parameter setting,
printing, cleaning, and calibration.

Samples of the film 200 mm long, 20 mm
wide, and 20 uym thick were investigated (Figure
2). The clamps of the tensile testing machine
were located at a distance of 110 mm, and the
speed of the upper clamp was 500 mm/min.

a dynamometer mounted on a movable gripper
and a built-in displacement sensor. In addition,
tensile strength, relative elongation in tension,
and strain rate were calculated using automatic
tensile testing machine software.

The tensile strength (o, MPa) and relative
elongation in tension (¢, %) were determined for
all film samples at a temperature of 20 °C.

2.4. Statistical Analysis

The studies were carried out with five-time
replication. Table 2 presents the results of
determining the physical and mechanical
properties of the biopolymer film (samples 1 — 5)
and BOPP (samples 6 — 10) at 20 °C, as well as
after 30-day storage under -20 °C, -40 °C, and -
60 °C. Statistical processing of the results was
based on using the Statistica 8 software package.

Table 2. Physical and mechanical properties of
the films according to temperature conditions

Relative Tensile
tensile strength at

Sample strain, break,

& % o, MPa
o 40 -60 -20 -40 -60
20°C ¢ ¢ ¢ ¢ °C
1. 410 394 404 469 467 463
2. 407 417 399 472 471 464
3. 412 400 397 463 461 457
4. 414 417 408 468 465 470
5. 405 406 402 478 473 475
6. 239 237 237 289 287 277
7. 240 242 243 288 282 281
8. 246 243 241 300 297 298
9. 238 245 239 299 300 287
10. 243 249 250 292 291 280

Figure 2. Samples of polymers: 1 -
biopolymer  film; 2 - biaxially oriented
polypropylene film.

The pre-prepared sample was placed
between two jaws of the tensile testing machine,
the jaws moving in the respective direction during
the test. Changes in force signals and changes in
sample position were automatically recorded with

3. RESULTS AND DISCUSSION:

3.1. Results

The results of studying the strength
characteristics of biopolymer film “CornBag” —

relative tensile strain (§, %) and tensile strength

at break (o, MPa) at freezing and low-
temperature storage are shown in figures 3 and
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Figure 3. Change in the relative tensile
strain of the biopolymer film depending on the
temperature and duration of storage.
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Figure 4. Change in the tensile strength at break
of the biopolymer film depending on the
temperature and duration of storage.

A stretch diagram was plotted to compare
the strength at break values of the heat-
shrinkable BOPP film and biopolymer film
“CornBag’. In addition, the measurements of the
actual tensile elongation of the film depending on
the longitudinal force were carried out. The
diagram is shown in Figure 5.

1
N /
e T\
g, v i Tl
4 =
L 700 00 00 0 e

actual tensile elongation, mm

Figure. 5. Stretch diagram: 1 — “CornBag” film at
20 °C; 2 - film “CornBag” exposed to -20 °C for
three months; 3 — film “CornBag” exposed to -40
°C for three months; 4 — film “CornBag” exposed
to -60 °C for three months; 5 — BOPP at 20 °C

A comparative analysis of the physical
and mechanical properties of the heat-shrinkable
BOPP and biopolymer film “CornBag” (BioP) was
carried out before freezing at room temperature
(20°C), as well as after freezing and 90-day
storage at -60 °C. Generalized comparative
characteristics of the films under study are shown

in Figure 6.

(1] 50 0 150 200 50 300 350 A0 450 ki)

wBOPP mBlP

Figure 6. Physical and mechanical
characteristics of the films. Before freezing:
tensile strength at the break — 1, relative tensile
strain — 3; after freezing and 90-day storage at a
temperature of -60 °C: tensile strength at the
break — 2, relative tensile strain — 4

3.2. Discussion

As noted above, biopolymer films used for
packaging food items are made based on natural
polymers of chitosan, gluten, gelatin, starch, soy
protein isolate, and whey protein (Gutierrez,
Mendieta, Ortega-Toro, 2021; Filipini, Romani,
Guimaraes, 2020; Giro, Kulikovsky, Andreeva,
Gorlov, Giro, 2020; Mostafavi, Zaeimb, 2020;
Korotkiy, Korotkaya, Rasshchepkin,
Sahabutdinova, 2021; Soazo, Pérez, Rubiolo,
Verdinib, 2013; Liu, Xu, Liu, Liu, Zhao, Ma,
Zhang, 2021; Liu, Xue, Li, Adhikari, 2022). A
significant part of investigations is devoted to
studying the physical properties of biopolymers
under standard conditions or high-temperature
exposure (Lai, Zhao, Chiou, 2021; Kasperski,
Grabowska, 2016; Chang, Kang, Park, Choic,
Kimc, Hana, 2019; Gutierrez, Mendieta, Ortega-
Toro, 2021; Mostafavi, Zaeimb, 2020; Liu, Xu,
Liu, Liu, Zhao, Ma, Zhang, 2021; Liu, Xue, Li,
Adhikari, 2022; Nandi, Guha, 2021). However, it
was found just a few references about the
properties of biofiims under low-temperature
exposure (Chang, Kang, Park, Choic, Kimc,
Hana, 2019; Korotkiy, Korotkaya, Rasshchepkin,
Sahabutdinova, 2021; Soazo, Pérez, Rubiolo,
Verdinib, 2013). Chang et al. (2019) studied the
migration  of  artificial antioxidants  from
polypropylene films stored at -30 °C for 1 hour
(Chang, Kang, Park, Choic, Kimc, Hana, 2019).
These antioxidants were butylated
hydroxytoluene (BHT) and pentaerythritol
tetrakismethylene-(3,5-di-tert-butyl-4-
hydroxyhydrocinnamate (Irganox 1010).

Soazo et al. (2013) investigated the
physical properties of emulsion films under low-
temperature exposure. The films were made with
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whey protein and beeswax having been added.
The authors noted that freezing did not cause
external changes in the films (cracks,
perforations) and did not affect their relative
elongation. Instead, it increased the puncture
strength but decreased the elastic modulus
(Soazo, Pérez, Rubiolo, Verdinib, 2013).

Polymer films used for freezing and low-
temperature storage of food items must retain
their strength characteristics during the entire
storage period of food products. The analysis of
the low-temperature influence on such
characteristics of biopolymer film “CornBag” as
relative tensile strain and tensile strength at break
presented in figures 3 and 4 showed that both
indicators slightly decreased with temperature
reduction and increasing shelf life. Thus, when
being stretched, the biopolymer film had the
relative tensile elongation decreased by slightly
more than 1 time at all freezing and storage
temperature regimes. After 90 days of storage, it
was reduced on average by 1.1 times and
became 11.8% of the initial value. After 90 days
of storage at temperatures of -20 °C, -40 °C, and
-60 °C, the decrease in the tensile strength at
break amounted to 6.7%, 11.3%, and 12.4%,
respectively. So, the strength characteristics of
the biopolymer film did not decline to more than
12.5% for the entire storage period under all
investigated low-temperature conditions.

The analysis of the stretch diagram shown
in Figure 5 for the films under study at room
temperature and low-temperature exposure
allows us to conclude that biopolymer film
“‘CornBag” (dependences 1-4) in its strength
characteristics is not inferior to the heat-
shrinkable biaxially oriented propylene film
(dependence 5).

These changes in the physical
characteristics of the films investigated can be
considered insignificant. Therefore, the results of
this research agree with the data of M. Soazo
and co-authors (Soazo, Pérez, Rubiolo, Verdinib,
2013).

The comparative analysis of the physical
and mechanical characteristics of the BOPP and
“CornBag” films at room temperature revealed
that the relative tensile strain and tensile strength
at break of the biopolymer film were 1.6 times
and 1.7 times higher, respectively, than those of
the biaxially oriented polypropylene film. A similar
relationship was observed after freezing and 90-
day storage at a temperature of -60 °C. The
strength characteristics of the biopolymer film
were higher than those of the polypropylene film.

After 90 days of storage, the tensile strength at
the break for the BOPP film decreased by 1.2
times and for the biopolymer film by 1.1 times.
The decrease in the relative tensile strain for the
polymer film was 5.6%, and for the biopolymer
film, 11.8%.

4. CONCLUSIONS:

According to the study, 90-day low-
temperature exposure in the range from -60 °C to
-20 °C did not materially change the physical and
mechanical properties of biopolymer film
“CornBag”. When being stretched, the biopolymer
film had the relative tensile elongation decreased
by 1.1 times at all temperature regimes. Lowering
the temperature had a greater effect on the
tensile strength at break. At temperatures of -20
°C, 40 °C and -60 °C it amounted to 6.7%,
11.3% and 12.4% respectively.

The comparative analysis of the physical
and mechanical characteristics of the films
revealed that tensile strength at break changed
approximately the same for both BOPP and
“CornBag” films. However, the relative elongation
of the BOPP film declined two times less than
that of the biopolymer one.

Based on the studies performed, it can be
concluded that the biopolymer film “CornBag” in
its strength characteristics is not inferior to the
biaxially oriented polypropylene film and can be
used for freezing and low-temperature storage of
food items.

5. DECLARATIONS
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