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Production Of Biocomposite Packaging Materials From Fruit Juice Processing Wastes
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ABSTRACT: The use of biocomposite packaging materials is nowadays considered as an important
issue for overcoming the environmental problems caused by plastic-based packaging materials that is
produced from fossil fuels which take centuries to degrade in nature. Biocomposite materials are made
up of two components, a polymer matrix and a natural organic reinforcing agent/filling material. In the
production of biocomposites, the use of low-cost and widely available waste materials have
advantages such as increasing biodegradability and a reduction in weight of the more expensive
materials. The pomace resulting from the large quantities of peel, seed, stalks, etc. produced as waste
by the fruit juice processing sector, and the polysaccharides such as starch, pectin, cellulose,
hemicellulose and lignin derived from this pomace, has the potential to be used as reinforcing agent
and/or filling material in the development of biocomposite packaging materials with 10-50% (w/w)
addition. In this review, (i) extraction of some of the biopolymers such as pectin and cellulose from the
fruit juice processing waste, (ii) production of biocomposite food packaging materials, and (iii)
investigation of the effects of reinforcing agents obtained from the fruit juice processing waste on the
mechanical, barrier and biodegradation properties of biocomposite materials were summarized.
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Meyve Suyu isleme Tesisi Atiklarindan Biyokompozit Ambalaj Malzemelerinin Uretimi

OZET: Giiniimiizde fosil kaynaklardan elde edilen, dogada kendiliginden yok olmasi yiizlerce yil alan
plastik esasli ambalaj atiklariin neden oldugu gevresel sorunlarin giderilmesinde, biyobozunur 6zellik
gosteren biyokompozit ambalaj malzemelerinin kullanimi 6nemli bir alternatiftir. Biyokompozit
malzeme polimer matris ve dogal organik takviye ajani/dolgu maddesi olmak iizere iki bilesenden
meydana gelmektedir. Ozellikle biyokompozit malzemelerin iiretiminde, ucuz ve bol olan atiklarin
kullanimi; maliyet avantaji, biyobozunma davranmisi ve daha pahali malzeme agirliginda azalma
saglamaktadir. Meyve suyu isleme sanayinde atik olarak yiiksek miktarda ortaya cikan kabuk,
cekirdek, sap vb. bilesenleri i¢eren posanin kendisi ve bu atiklardan elde edilen nisasta, pektin, seliiloz,
hemiseliiloz ve lignin gibi polisakkaritler biyokompozit ambalaj malzemelerinin gelistirilmesinde
takviye ajan1 ve/veya dolgu maddesi olarak agirlik¢a %10-50 oraninda kullanim potansiyeline sahiptir.
Bu derlemede; (i) meyve suyu tiretim atiklarinda bulunan pektin ve seliiloz biyopolimerlerinin tiretimi
(1) biyokompozit gida ambalaj malzemelerinin iiretimi, (iii) meyve suyu isletim tesisi atiklarindan elde
edilen takviye ajanlarinin biyokompozit malzemenin mekanik, bariyer ve biyobozunma davranisi
tizerine etkileri konusunda bilgi verilmektedir.

Anahtar kelimeler: Meyve suyu atig1, posa, pektin, seliiloz, biyokompozit film

1 Seda ERSUS (Orcid 1D: 0000-0003-0475-4099), Arzu YALCIN MELIKOGLU (Orcid ID: 0000-0002-2762-4169), Ege
Universitesi, Miihendislik Fakiiltesi, Gida Miihendisligi B6liimii, Izmir, Tiirkiye

2 Serap CESUR (Orcid 1D: 0000-0001-6581-0854), Ege Universitesi, Miihendislik Fakiiltesi, Kimya Miihendisligi Béliimii,
[zmir, Tiirkiye

*Sorumlu Yazar/Corresponding Author: Arzu YALCIN MELIKOGLU, e-mail: arzuyalcin@gmail.com

Gelis tarihi / Received: 19-02-2019
Kabul tarihi / Accepted: 08-10-2019

250



Seda ERSUS et al. 10(1): 250-259, 2020

Production Of Biocomposite Packaging Materials From Fruit Juice Processing Wastes

INTRODUCTION

Agriculture and agricultural-based industries occupy a relatively important place in Turkey’s
economy and economic development. Turkey, which produces 16.3 million tons of fruit annually, is in
the 6™ place in the world, and also accounting for 3% of total fruit production worldwide (Akdag,
2011). A large part of the fruit mainly apple, peach, apricot, orange and sour cherry produced in
Turkey is processed into juice. The production and processing of pomegranate, tomato, carrot and
grape also have an increasing trend recently (Akdag, 2011; Anonymous, 2011; Aygoren et al., 2014).

Solid waste produced during the processing of fruit juice, comprising peel, seed and stalks, etc.
is called pomace, and the quantity of pomace produced by different fruit can vary between 20-50%
w/w. While 25-35% of the input material becomes waste in apple juice production, this ratio is 50% in
orange juice production and 20% in grape juice production (Oreopoulou and Tzia, 2007; Djilas et al.,
2009; Van et al.,, 2013). These wastes are generally used as animal feed (Massias et al., 2015).
However, it is known that fruit pomace is rich in phenolic compounds and has antioxidant, antiallergic,
antiviral and antimicrobial properties (Llorch et al., 2002; Barreca et al., 2014; Denev et al., 2014;
Bupesh et al., 2016; Karling et al., 2017; Alison and Simmons, 2018). The extract obtained from these
wastes has the potential to be used in the food, cosmetic and pharmaceutical sectors. The current
global trend towards the efficient use of natural resources is also supporting sustainable agricultural
production and the transformation of agricultural waste into high value added products. In the last 10
years, it has seen increased momentum in studies focusing on the extraction of such natural polymers
as pectin and cellulose (Pinheiro et al., 2008; Fishman and Cooke; 2009; Azad et al., 2014; Wang et
al., 2016; Szymanska-Chargot et al., 2017). The pomace itself and the biopolymers such as pectin and
cellulose that can be obtained from this pomace all have the potential to be used in the development of
biocomposite packaging materials. Actually, carrot and apple pomace are rich in cellulose and contain
51.6 and 43.6% cellulose of the dietary fiber (DF) proportion, respectively, while pear pomace
contains more pectin (13.4%) than apple pomace (11.7%) (Table 1).

Table 1. Proportions of dietary fibers in fruit pomaces (Nawirska and Kwasniewska, 2005)

Pomace Pectin (%) Hemicellulose (%) Cellulose (%) Lignin (%0)
Apple 11.7 24.4 43.6 20.4
Cherry 1.51 10.7 18.4 69.4
Chokeberry 7.85 33.5 34.6 24.1
Black currant 2.73 25.3 12.0 59.3
Pear 13.4 18.6 34.5 33.5
Carrot 3.88 12.3 51.6 32.2

Cellulose and pectin are the most widespread polysaccharide biopolymers in nature and can be
obtained from plant sources. Biopolymers, which are environmentally-friendly and renewable
polymers can in contrast to synthetic plastics, be biologically degraded by microorganisms such as
fungi and bacteria, and be eliminated within a short period in nature by being converted into CO2, H.O
and biomass products (Aruchelvi et al., 2007; Melikoglu Yalg¢in et al., 2017). However, biodegradable
materials produced from natural polymers have some disadvantages such as lower gas barrier and
mechanical properties when compared to synthetic plastics. They also cause some difficulties in
processing through traditional production techniques, which limits their usage in the food packaging
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industry. But, the production of biocomposites through the modification of synthetic polymers with
natural polymers allows for an improvement of the material’s mechanical, resistance and barrier
properties, while also encouraging biodegradability of the synthetic plastics (Mangiacapra et al., 2006;
Okelo et al., 2012; Sumigin et al., 2012; Aigbodion et al., 2013; Gaikwat et al., 2016; Baron et al.,
2017; Batori et al., 2017; Ali etal., 2017).

Extraction of Plant-Based Biopolymers from The Waste of Fruit Juice Processing

Pectin

Pectin is a natural polysaccharide that is found in the cell walls of plant tissue, between cells and
in the central lamella region. Pectin is found in many fruit and vegetables, holding cells together and
providing structural resistance. They are constituted of long and linear chain polysaccharides formed
by an a-1,4 bond between D-galacturonic acid units (Cemeroglu, 2004; Zhang et al., 2013). With its
film forming properties, pectin is a polysaccharide that is widely used in the food sector as a thickener,
renewable film and coating material, and also in the pharmaceutical sector as a coating and capsule
material. The most commonly used raw materials for commercial pectin production are the white layer
named albedo in citrus fruit and the pomace and peel of apples. The quality of pectin is closely related
to the properties of the raw material used. Pectin production is generally based on extraction
techniques and drying of the produced pectin gel. In pectin production, granting solubility to the pectin
found in the raw material requires treatment for a certain time and temperature in a dilute acid
solution, followed by the filtration, precipitation, washing, drying of the extract and grinding steps
(Figure 1) (Arslan, 1994; Garna et al., 2007; Baississe et al., 2010; Giinkaya et al., 2016).

Dryed and grlound pomace

(pH; 1-3) ¥ _
Extraction at 60-90° C
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—— — *,, i
0, A A
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Figure 1. Pectin and cellulose extraction from plant-based materials (Baron et al., 2017; Giinkaya et al., 2016;
Garna et al., 2007; Szymanska-Chargot et al., 2017; Rodsamran and Sothornvit, 2015)

During the extraction of pectin from the peel and pomace of fruit such as apples, oranges,
carrots, pomegranate and grapes that are used in fruit juice production, the pH value, extraction time,
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temperature and the acid used in the extraction step are important factors for improving the yield and
the capacity of the pectin to form a gel. In general, high pectin yield depending on the type of the fruit
can be achieved at low pH values and high extraction temperature and time (Miceli-Garcia, 2014; Kar
and Aslan, 1999). Depending on the degree of esterification of the carboxyl groups on the pectin
molecules, pectins are classified as either high methoxyl or low methoxyl. Low methoxyl pectins with
less than 50% esterification exhibit gelling in the presence of calcium, while high methoxyl pectins
with more than 50% esterification exhibit gelling in environment with acid and sugars (Sharma et al.,
2006).

Scabio et al. (2007) determined a pectin yield of 9.05g 100g™ dry pomace and with an
esterification degree of 74.39%, resulting in a high methoxyl pectin in a pectin extraction carried out
via a 20 min treatment in an 50 mM HNOs solution at 80 °C from apple pomace. Twari et al. (2017),
investigated the effect of pH value on pectin yield and the degree of esterification during pectin
extraction from sun dried orange peel. Extraction in a citric acid solution with a pH value ranged
between 1 and 2.5 caused different extraction yields where the samples treated with lower pH values
(pH=1) provided a higher yield pectin extraction. In another study, carrot pomace treated for 30-
150 min at a pH value of 0.5-2.5 and a temperature of 50-90 °C resulted in a pectin yield ranged from
5 to 15.2%, while the degree of pectin esterification was found as low methoxyl pectin (22.1-51.8%)
(Jafari et al., 2016).

Cellulose

Cellulose is the most widely found biopolymer in plant world and is a fundamental component
of the plant cell wall. Together with hemicellulose and lignin, cellulose are found in the cell walls of
woody plants and are referred collectively as lignocellulosic substances. Cellulose is a linear
homopolymer composed of D-glucopyranose units linked with -1,4-glycosidic bonds. It has a low-
cost, high resistant, high thermal resistance and it is environmentally-friendly polymer that can be
effectively broken down by many microorganisms (Sampath et al., 2016; Johar et al., 2012; Anwar et
al., 2014).

The extraction of cellulose from plant tissue is performed through an extraction system
consisting of series of consecutive steps such as (i) pre-treatment, (ii) removal of pectin, (iii) removal
of hemicellulose and lignin through alkali treatment, and also (iv) removal of remaining lignin
through bleaching, resulting in pure cellulose (Figure 1) (Szymanska-Chargot et al., 2017; Rodsamran
and Sothornvit 2015). In literature dealing with the extraction of cellulose from carrot, tomato,
cucumber and apple pomace, the cellulose yields were reported as 10.01+0.20, 8.6+0.34, 16.13+0.90
and 8.81+0.51 g 100g™* dry pomace, respectively (Szymanska-Chargot et al., 2017).

Biocomposite Packaging Materials

Packaging, which is the widely used in the food industry, is a coordinated system with a
multidisciplinary structure that allows the product to be protected, preserved, stored and transported
until it reaches the consumer, and also enables it to be sold and to communicate with the consumer. In
fact, the delivery to consumers of such rapidly spoiling foods such as meat, milk, fruit and vegetables
is made possible through the protective and storage function of packages with other food processes
(Kocamanlar, 2009; Arikan, 2010).

The selection of packaging materials for foods involves the consideration of parameters such as
(i) the respiration rate of the fresh food (fruits and vegetables), (ii) the planned shelf life, (iii) the
oxygen and water vapor permeability of the packaging material, (iv) mechanical properties and (v)
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cost. In this context, synthetic plastics obtained from petroleum derivative fossil fuels such as PE, PP,
PVC, PET, PS etc. are widely preferred in the packaging of food materials, owing largely to their (i)
inertness, (i) resistance to microorganisms, (iii) ability to act as a barrier to gases, (iv) ease of
shaping/molding and their ability to retain shape for long periods, and (v) low cost. However, after
completing their service life, plastic-based packages form significant amounts of waste that lead to
environmental and economic problems (Mangaraj et al., 2009; Shin and Selke, 2014; Lima et al.,
2018). Furthermore, the selection process for suitable packaging materials according to respiration rate
and the quality characteristics of the food materials generally lead to the preparation of polymers with
different matrices and many layered combinations of these, which in turn limits the recyclability of
these materials. Efforts to resolve the environmental problems caused by plastic-based packaging
waste, which have today reached global proportions, has given momentum to studies aimed at
producing biocomposite packaging materials with biodegradable properties.

The goal of producing biocomposites is to enhance the mechanical, resistance and barrier
properties of the material, while also encouraging its biodegradability. Hence, it becomes necessary to
take into account some factors such as the appropriate matrix and reinforcing agent, the production
technique, and the resistance properties of the components. Organic reinforcing agents are described as
environmentally friendly owing to their renewability, biodegradability and ability to ensure energy
resaving when burned. Furthermore, by combining the positive features of natural materials and the
synthetic polymers that compose them, biocomposites have the potential to provide even more positive
results. In the development of such high added value products as biocomposite packaging materials
can be obtained from agricultural waste represent a cost advantage, biodegradability and a reduction in
the weight of the more expensive material (Ali et al., 2017; Makhijani et al., 2015; Aigbodion et al.,
2013; Thakur et al., 2010). Encouraging biodegradability to polymers through the addition of organic
additives and/or filling materials is important because it (i) helps to reduce the environmental pollution
caused by the packaging wastes that do not degrade in nature, (ii) allows the design of packaging
materials that does not pose a threat to food safety, (iii) provides a solution for the disposal of the
agricultural waste by opening up a new area of use with high added value, and (iv) contributes to
sustainable development.

The production of biocomposite packaging materials is performed mainly through two methods,
being the solvent casting and the extrusion techniques. The solvent casting technique is based on the
principle of (i) dissolving the polymer in a suitable solvent, (ii) adding a natural organic reinforcing
agent/filling material, plasticizing, cross-linking, gelling etc. additives to the solution, (iii) casting the
solution on the fixed surface and (iv) removing the solvent to obtain a film (Siemann, 2005). The
extrusion technique, on the other hand, is based on the principle of first transferring the polymeric
material and addition of natural organic reinforcing agent/filling material to the feeding unit of a single
or twin screw extrusion machine, after which it is turned into a molten state under a certain pressure
and temperature (Tadmor and Gogos, 2006). The extrusion technique is preferred by the packaging
industry for the industrial level production and in the manufacturing of plastic based packaging
materials. The extrusion process maintains homogenous distribution of the film thickness with the
rapid and serial production and has the ability to produce film to the desired dimensions and the
preparation of the film surface for pressure through corona application; and its economizing on
workforce needs through automation. Figure 2 shows a production diagram of biocomposite packaging
materials through the extrusion technique.
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Figure 2. The biocomposite packaging material production by the extrusion technique

During the extrusion process, various additives, such as plasticizers, compatibilizers and cross-
linking agents are used to ensure the homogenous distribution of organic filling substances within the
polymer matrix. In fact, to improve the processability of organic filling materials that cannot readily
mix with non-water-based systems due to their strong hydrogen bonds and polarity, various additives
are used, such as maleic anhydride, dicumyl peroxide, polyethylene glycol (PEG) and glycerol (Aimin
and Chao, 2003; Yang et al., 2007; Bengtsson et al., 2007).

Attributes of Biocomposite Packaging Materials

Studies have determined that the usage of dried ingredients from the wastes of fruit juice
processing has great potential in biocomposite material production. The pomace and the extracted
biopolymers such as pectin and cellulose from it can be used to produce biocomposite packaging
materials. These biomaterials affect the barrier and mechanical properties where encourages the
biodegradability and active properties of the synthetic plastics (Okelo et al., 2012; Sumigin et al.,
2012; Aigbodion et al., 2013; Gaikwat et al., 2016; Baron et al., 2017; Batori et al., 2017; Ali et al.,
2017).

Gaikwad et al. (2016) produced biocomposite films containing PVA and apple pomace powder
(AP) (1, 5, 10, 30%) by solvent casting technique, and investigated the mechanical, gas barrier and
active properties of the biocomposite product. It was found that an increase in apple pomace
concentration led to an increase in the oxygen permeability of the biocomposite material, along with a
decrease in its tensile strength. Also despite to apple pomace’s high phenolic content (12.3 mg GAE g
dry weight) and antioxidant activity (DPPH scavenging activity of 70%), it was fairly effective in
granting the resulting biocomposite material with antioxidant properties where the antioxidant activity
increased with increasing concentration of apple pomace in biocomposite matrix. In a PVA/AP
biocomposite material containing 30% apple pomace, the total quantity of phenolic substances and the
DPPH scavenging activity were determined as 7.9 mg GAE g dry weight and 39.8%, respectively.
For investigating the thermal properties of LDPE/cellulose materials, Sumigin et al. (2012) was used
twin screw extruder for production of a biocomposite containing commercial cellulose at ratios of 2, 5
and 10%. The increase in cellulose concentrations in biocomposite materials did not change the
melting temperature (Tm) of the LDPE/cellulose composite, while its crystallization peak were found
to be 61-62, 98 °C and melting peak at 110-111 °C. The crystallization of the biocomposite material
Is decreased according to LDPE.
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Baron et al. (2017) is also isolated pectin from orange peel and blended it with chitosan in
different concentrations to form a biocomposite by solvent casting technique. Glycerol was used as
plasticizing agent in the production of the biopolymeric material. The increase in the concentration of
pectin had showed an effect on the moisture and water solubility of the packaging film significantly
(P<0.05). It was also determined that the increase in pectin concentration in chitosan and pectin blend
decreased the tensile strength of the material (MPa), while increased its elongation at break (%).

Batori et al. (2017) studied the mechanical properties of a biofilm obtained from orange-peel
waste by solvent casting technique, and determined that the tensile strength (MPa) of the biofilm was
close to that of synthetic plastics (LDPE, HDPE, PP), while its elongation (%) was relatively lower
then synthetic plastics. In another study, orange peel waste was added to a HDPE matrix as a
reinforcing agent at ratios of 5-25% (w/w) to form a biocomposite material. The researchers
determined that the tensile and bending strengths of biocomposite materials were increased with the
increase in orange peel concentration (Aigbodion et al., 2013).

Ali et al. (2017) blended cellulose fibers obtained from pineapple peel with LDPE in a twin
screw extruder to obtain a biocomposite material, the biodegradability of the material were measured
by burying the material in garden soil for 6 months. The researchers reported that a concentration-
dependent loss of weight occurred in samples containing 30-50% pineapple peel fibers, which they
attributed to the consumption and breaking-down of polymer chains by soil microorganisms. In
another biodegradability study of biocomposite materials prepared HDPE/cellulose (%5-20 wi/w)
blends were kept in soil for 182 days under controlled conditions (25-27 °C, 60-70% RH and pH 6.4—
6.6) and after 100" days, degradation rate is increased (Okelo, 2012).

CONCLUSIONS

Studies results have demonstrated the high potential usage of the fruit juice processing waste in
the development of biocomposite packaging materials. It has been determined that the use of fruit juice
waste as reinforcing agents is fairly effective in encouraging biodegradability of synthetic plastics,
which normally take centuries to degrade in nature. Moreover, the biodegradation process depends on
the concentration of the natural organic reinforcing agent/filling material in biocomposites. In the
production of biocomposite materials, increasing the concentration of organic wastes has been shown
negatively effect on the mechanical properties, where they lead to increase the oxygen permeability.
The usage of the fruit juice processing wastes in the production of biocomposite packaging materials
will not only enable the acquisition of high added value products from these wastes, but also have a
potential to give active and biodegradable properties to synthetic plastics, and overcome the
environmental and economic problems related to synthetic plastics. Due to the environmental
problems caused by plastic-based packaging materials, many European countries has limitations to
their use, while also enacting laws that promote the use of bio-based packaging materials with
biodegradable properties. Hence, the usage of fruit juice processing wastes in the packaging industry
will not only support the development of biodegradable and environmentally based packaging
materials with bio-based content, but also help in fulfilling the legal requirements related to exports.
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