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Abstract

Since its invention in the 1930s, plastic packadiag posed two challenges: its dependence on g@etnohnd
the problem of waste disposal. Over the past fa@ry packaging suppliers have been introducingwariorms

of biodegradable plastics made from a variety ahtd, in the main corn. The market of biodegradablgmers

at the present is growing based on projections ¢basumers and recycling regulations will drive dewh for
environmentally-friendly packaging. Market introdion has started successfully all over Europe. Most
important application sectors of biodegradable p@lss today: organic food and service packagingpsing
bags, catering products, bio waste bags, mulchsfilhorticulture auxiliaries. At the Latvia Univessiof
Agriculture faculty of Food Technology the follovgrtasks of some biodegradable polymer testing dod f
applications were carried out:

- plasticized PHB films were used for sour cream saled with meat and mayonnaise packaging;

- PLA film influence on the quality indices of ryedard at the storage time and their suitability ficzalol
packaging was evaluated;

- with the aim to check the published data of bioddgble PLA packaging film special suitability to
provide longer shelf life of fresh fruits and végjdes, some in Latvia cultivated fruit storage ever
tested.
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Introduction

Since its invention in the 1930s, plastic packagimas initiated two challenges: its
dependence on petroleum and the problem of waspmoshl.Most of today’s conventional
synthetic polymers are produced from petrochemieald are not biodegradable. Theses
stable polymers are a significant source of enwvitental pollution, harming organic nature
when they are dispersed in the environment. The m@terials such as fossil fuel and gas
could be partially replaced by greener agricults@lrces, which should also participate to
the reduction of C@emissions (Narayan, 2001). Over the past fivesg/packaging suppliers
have been introducing various forms of biodegraglaldstics. These materials are made from
a variety of plants, in the main corn. The marlkiebiodegradable polymers at the present is
growing based on considerations that consumerseytling regulations will drive demand
for environmentally-friendly packaging. Some of th®degradable polymers are already
competitive alternatives to conventional food pajtkg, polylactate (PLA) is being one most
important of then{Haugard, Martensen, 2003).

State of the art of biodegradable polymer packagingAccording to the Biodegradable
products Institute (BPI) a biodegradable plasticene in which degradation results from the
action of naturally occurring micro-organisms swdh bacteria, fungi or algae. This takes
place in two-steps: degradation/defragmention atetd by heat, moisture, or microbial
enzymes, and second step — biodegradation — whershorter carbon chains pass through
the sell walls of the microbes and are used asnangg source. The packaging is certified
compostable and biodegradable according to Europtamdard EN-13432, which is the
internationally recognized standard for compostaplckaging in Europe in 20800
Biodegradable polymers are a growing fiékhplan, et al., 1993; Van de Velde, Kiekens,
2002; Rouilly, Rigal, 2002)Some micro organisms and enzymes capable of degradem
have been identified (Chandra, Rustgi, 1998; Kgpl®&x®8). Depending to the evolution of

! Drachman F. // Development in Biodegradable Riadir packaging, Industry Insights, Intertech Fi€97.
Sourcewww.intertechpira.comresource used on 10.02.2008.

64



FOODBALT 2008

the synthesis process, different classificationsioflegradable polymers have been proposed.
There are 4 different categories of biodegradaliynpers; only 3 of them have been
obtained from renewable resources. Production dgypdor biodegradable polymers
worldwide has grown dramatically since the middfe1890s. Demand for bioplastics in
Europe experienced its first boom in 2006, accaydina survey by the European Bioplastics
Association. Currently bioplastics account only fess than one percent of the European
plastics market. Prospective amount of biodegradaickaging market at 2010 could be
about 10% Renewable resource based biopolymers such ashsamd PLA account for
around 85% of the total producti@apacity with synthetic biopolymers accounting fioe
remaining 15%. Biodegradable polymers market intobidn has started successfully all over
Europe (Platt, 2006). European Bioplastics Associationinestes the global production
capacities of bioplastics to increase six timedl @ill. The shares of the three material
classes: synthetic biodegradable, biobased biodalgla and biobased non-biodegradable are
expected to change significantly towards biobasedniodegradable bioplastics. Their share
is about 12 percent in 2007 of a total productiapacity of 262000 tones in a year; in 2011
the share of biobased non-biodegradable plastit®evalmost 40 percent of total capagity
Most important application sectors of biodegradgimé/mers at the present time are mainly
for organically produced foods packaging, convaraldruit and vegetables as well as bread
and bakery products, ready-to-eat foods, servic&gmang, shopping bags, catering products,
bio waste bags, mulch films, horticulture auxikexi Nets, trays and flow pack — from PLA,
cellulose and starch materials — are being usetedls Not only the range of biodegradable
products has widened but the number of those matwréas, distributors and users has also
increased. At present PLA is the most widely usedidgradable polymer for fresh-food
applicationd. A new study from Pira Intl. Ltcestimated that biodegradable packaging will
grow at a compound annual growth rate (CAGR) op2&ent by introduction of lower-cost
polyhydroxyalkanoate (PHA) in 20i1Until today the poor barrier properties of unesht
biodegradable materials have prevented their useim@ducts requiring a long shelf life.
Currently Hycail Finland Oy have developed a neweagation biodegradable PLA material —
Hycail ® XM 102¢, which is ovenable and microwavable and can vatigttemperatures
over 200 °C. Compostable PLA trays to improve shigffor meats and other food products
by absorbing any liquids exuded during storage heeen developédBiodegradable lidding
film Alcan’'s CERAMIS®- PLA with high-barrier properties to seal foodysdfor fresh meat,
sausages, cheese and pasta packaging) has beeiudetll. Presently, biopackaging can be
found almost everywhere on the shelves in Eurogeaermarkets. Supermarket — Sainsbury
in the UK was first who recognized the opportursitier compostable plastics packaging.
Supermarket chains such as Delhaize (Belgium), (petonging to the Carrefour group;
Italy), Albert Heijn (Netherlands) and Migros (Seetrland) are actively placing their trust in
biopackaging As an industry leader in research and developrmkbtodegradable films is
Treofan Company offering one of the broadest prodines for food packaging. Biophan

! 1% European Bioplastics Conference, 21-22 Novemb@62Crowne Plaza Hotel, Brussels. 2006. Source:
http://european-bioplastics.orgésource used on 09.02.2008.

2 2" European Bioplastics Conference, 23 November 2B6f@blished as the place to be of bioplasticssitrgiu

- Berlin/Paris. 2007. Sourcénttp://european-bioplastics.org/index.php?ids6#8ource used on 08.02.2008.

® Biodegradable packaging to grow at CAGR of 22 eetc Packaging Digest, 08.01.2007. Source:
http://www.packagingdigest.com/article/CA649017ihtresource used on 11.02.2008.

*  Hycail launches first transparent, microwavable d anovenable biopolymer.  Source:
http://www.hycail.com/pages/engels/nieuwsen.ht@$ource used on 11.02.2008.

® Compostable tray devised for meat packaging. 20B6urce: http://www.foodproductiondaily.com/news-by-
product/news.asp?id=82700&idCat=0&k=Biopak--meatrP olylactic-Acid resource used on 12.02.2008.

® CERAMIS® PLA High-Barrier films Biodegradable packaging rRd. 2007. Source:
http://www.publications.alcan.com/sustainabilityd@@en/pages/review_7_innovation_casestudies_9.html
resource used on 12.02.2008.

" Packaging. Sourcéittp://european-bioplastics.org/index.php?id=1&3ource used on 08.02.2008.
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films (thickness of 20 um up to 50 fnhave excellent product features: high transparenc
exceptional surface gloss, high stiffness, resistaroil, fat and alcohol, low water vapour
barrier, high water transmission rate. The headlioE PLA properties and application for
cheese packaging have been studied and presentdr iBEC funded framework project
“Biopack” (Plackett,et al., 2006). The market development of biodegradablstipk has
been hindering by their high price. Since 2003gap between conventional petroleum-based
plastics and biodegradable plastic prices has wadaonsiderably due to the price jump of
crude oil and energy as well as growing of bioddghde polymer production capacities.
NatureWorks produced PLA (to compete directly WiET) price is 2.2-1.5 € per kg, while
for PHB Metabolix it is foreseen 1.85 € per kg D08,
The aim of this work is to batch information in geal of the state of the art of biodegradable
polymers for food packaging and to capsule the reeit the studies carried out in Latvia
on suitability of biodegradable polymers. In thebdeatories of Department of Food
technology as well as in the Latvia State Institoke=ruit-Growing, Dobele, the following
tasks of some biodegradable polymer testing fod foplications were performed:
- plasticized PHB films were used for sour cream aakhd with meat and mayonnaise
packaging;
- PLA film influence on the quality indices of ryedad at the storage time and their
suitability for bread packaging was evaluated;
- with the aim to check the published data of bioddgble PLA packaging film special
suitability to provide longer shelf life of fredhuits and vegetables, some in Latvia
cultivated fruit storage were tested.

Materials and Methods

All published data on the studies of biodegradalalekaging materials for food performed in
Latvia University of Agriculture (LUA) were analyde and accordance with them
consequences were drown. In detdile quality of fresh strawberries, black currentsi a
raspberries at the storage time were tested. Trawviserry varieties: ‘Tenira 'and‘ Pegasus’,
which have been commercially grown in Latvia, blaclrrent as well as late-bearing
raspberries, were used for our experiments. Folitgusudies at the storage time the fruits
were packed in polypropylene (PP) trays (210x148rd%) and sealed on the sealing
equipmentPratica with oriented polypropylene (OPP) film with thickss 40um, as well as
the PP trays and Carton boxes as control packagifhgberries were enclosed into pouches
size of 200x300 mmade from biodegradable PLA films thickness of P&6fan company)
and 40pum (MaaG company)All samples were stored in alight showcases apé&rature
+5+2 °C. To evaluate the packaging material infageon the ambience in packaging head
space the gasses composition was measured by ghwean”OXYBABY” ECO. The
moisture dynamics of the berries at the storage tiras determined by sample mass change
weighing on the scales at each day of analyZzlee weight losses were calculated as % of the
initial weight.

Results and Discussion

In the experiments performed at LUA several kindglasticized PHB were tested. The
impact of plasticized PHB comparing with Lean PquPlE covered with light protective
graphite layer films and PS cups of volume 250 sually used for dairy product packaging
were evaluated on the quality indices of sour crednimas been noticed that significant

! European Bioplastics Member. Source: Treofan GmbH http://www.european-

bioplastics.org/index.php?id=35&source used on 10.02.2008.

2 Techno-economic Feasibility of Large-scale Proiductof Bio-based Polymers in Eurgp&uropean
Commission, Directorate-generaloint Research Centre, EUR 22103 EN, Decemi2805. Source:
http://www.biomatnet.org/publications/1944rep.pdfsource used on 06.02.2008.

% Drachman F. // Development in Biodegradable Riagiir packaging, Industry Insights, Intertech PR@O7.
Sourcewww.intertechpira.conresource used on 06.02.2008.
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differences of £ &’ and b~ colour values during storage time for 18 daysteaimong all
sour cream samples packed in different kinds ofenmads; kind of PHB plasticizer slightly
influences L &’ and b- values during storage. Significant differencese¢ondary oxidation
products acetaldehyde, pentanal and 2-methyl-1gmaipcontent among samples storage was
observed as well. In general established that PHBedb polymer films with various
plasticizers (Dioctylsebacate or Bisoflex) might Iseitable for different packaging
technologies of dairy products (Muizniece-Brasa2@06; Muizniece-Brasavat. al, 2006).
The shelf life extension of meat salad in mayorgmoked beef, potatoes, eggs, pickled
cucumbers, salt, and mayonnaise) packed in pounhds from biodegradable commercially
in Brazil produced plasticized PHB (poBrhydroxybutyrate) films thickness of 605 pm
was determined. pH of samples packed in plasticRid& film under vacuum significantly
decreased after 10 days refrigerated storage &C+4A favourable impact of biopolymer
packaging material — plasticized PHB film on tatalor changes of salads at the storage time
has been observed. The growth of micro organismseiat salad in mayonnaise demonstrated
that storage time of salads in a vacuum packagadhgs made from plasticized PHB could
be not more than 10 days (Muizniece-Brasawval, 2007). Treofan Company as producer of
biodegradable PLA films suggest their Biophan filfmsuse in bread packaging because it is
transparent, it allows preserve freshness andigesg of bread products, what is provided by
high water vapour permeability of the material. @periments showed that after 21 days of
storage rye bread samples packaged in environmefigndly PLA material films loosed
22.01-22.80% of their initial moisture contentvesl as moisture loss from sweet-and-sour
rye bread within 28 storage days reached respéct8B@05% and 33.11%. The mentioned
moisture loss is too high and bread becomes stal@eceptable for Latvian consumer. The
results show the optimum shelf life for rye breatkaged in PLA film is up to one week,
when moisture loss is still negligible. For longerm storage materials with better barrier
properties should be used (Straungteal, 2007).In the same way, vacuum-packaged cakes
in PLA film due to its high water vapor permealyiliapidly loses moisture and hardens faster
then control sample in air ambiance, therefore nah be recommended in packaging
technologies for shelf life extension of cakes (khiece-Brasavat. al, 2007).

As an example the dynamics of oxygen and carbowidkoin the MAP packaged black
currents container headspace at the storage tist®ign in Fig. 1.
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Figure 1. The dynamics of oxygen and carbon dioxidat the storage time in the
headspaces of different containers with packed bl&acurrents
(Latvia State Institute of Fruit-Growing, Dobele)

As the sealing of packages was performed at atneogpear ambiance, the initial content of
CO, was presumed closely to zero and &cording as in atmosphere — 21%. The gas
composition in packages established at the stdnangedepends from the barrier properties of
films used for packaging. As a result of berry’sdthing the C@content in the head space of
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packages has been raised accordinglyc@tent — decreased. The highest,@ontent 18%
have been observed in the PP trays sealed withfiDRRfter 25 storage days. It could be
explained by low C@ permeability of OPP film, which promotes g€@ccumulation in the
packages. The more acceptable concentration gff@Gtorage of berries has been observed
in the carton boxes inserted in PLA pouches thisknef 40um (MaaG company) — 11 to
12% and Q@ — 4%, which could be assessed as adequate tobeiguil modified atmosphere
(EMAP) for minimal breathing of fruits at the stgetime. In the PP trays enclosed into
pouches made from biodegradable PLA films thickn&s&5 pm (Treofan company) the
content of CQ was acceptable, whereag €ntent decreased close to zero, the oxygen free
ambiance could not provide the fruit quality at herage time. The mass of berries packed in
PP trays and sealed with OPP film accordingly td®G#herent moisture barrier properties
does not changes for 21-25 storage days.

Conclusions

A rapid growth of biodegradable packaging materials European countries started
since 2006, the global production capacities ofplaistics will increase six times until
2011. At present PLA is the most widely used biagddgble polymer for food packaging.
The experiments performed in LUA proved about thigability of biodegradable packaging
materials for food application, for all that thepeximent should be followed up.
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