Trave Science Inc.

Volume 1 Issue 1

Research & Reviews On

Polymer

e, [RBYVIGWY

RRPL, 1(1), 2010[29-34]

Exploiting microorganism for bio-plastic: An overview

C.Arunachalam*, A.M.Velmurugan, P.Ezhilarasi

E-mail : agro_arun@r ediffmail.com

Resear ch Department of Microbiology, Sri Sankara College of Artsand Science, Enathur, Kanchipuram - 631561, (INDIA)

Received: 15" March, 2010 ; Accepted: 25" March, 2010

ABSTRACT

Plagtic is the general common term for a wide range of synthetic or semi
synthetic organic amorphous solid. It refersto their malleability, or plasticity
during manufacture, that allows them to be cast, pressed, or extruded into a
variety of shapes-such as films, fibers, plates, tubes, bottles, boxes, and
much more. They are made of petrochemicals, non-renewable, contain a
variety of toxic additives and they last for hundreds of years, they damage
to natural habitatsand killing animal sthat mistake them for food. Bioplastics
is made by using renewable biomass. Many polymers were proposed and
tested for their possible industrial applications and their biodegradability,
e.g., cellulose, starch, blends of those with synthetic polymers, polylactate,
polyester-amide, and polyhydroxyalkanoates (PHAS). PHAS gained par-
ticular interest sincethey were shown to be biodegradable and biocompatible.
Bioplastics are divided in to biodegradable bio-plastic, non-biodegradable
bio-plastic and mixed bio-plastics. Bioplastics are natural biopolymersthat
are synthesised and catabolised by various micro organisms. PHB (poly-B-
hydroxybutyrate) is one of the important storage reservoirs providing en-
ergy. It isthe cellular inclusion bounded by lipid, non-unit membrane sepa-
rated from cytoplasm. B-hydroxy butyrate is connected by easter linkage
and form PHB. These materials do not cause toxic effects in the host and
have certain advantages over petroleum derived plastic. Currently there are
four biosynthetic approachesto produce PHA: in vitro via PHA-polymerase
catalyzed polymerization, and in vivo with batch, fed-batch, and continuous
(chemostat) cultures. © 2010 Trade ScienceInc. - INDIA
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INTRODUCTION

Plastic

Plagticisthegenerd commontermfor awiderange
of synthetic or semi synthetic organicamorphoussolid.
Thewordisderived from the Greek (plastikos) mean-
ingfit for molding, and (plastos) meaning molded. It
referstotheir mallesbility, or plagticity during manufac-
ture, that allowsthem to be cast, pressed, or extruded

into avariety of shapes-such asfilms, fibers, plates,
tubes, bottles, boxes, and much more. Growthinthe
human popul ation hasled to theaccumul ation of huge
amountsof non-degradablewaste materia sacrossour
planet.

Theaccumulation of plastic wasteshasbecomea
major concernintermsof the environment(®#4, Within
thelast 50 years petrochemical plastics have become
oneof our most gpplied materids. Their versdtility, out-
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standing technical propertiesand relatively low price
(1kg of polypropylene costs about US$0.70) caused
their success. Today’sapplicationsarenearly universal:
componentsinautomobiles, home gppliances, computer
equipment, construction, sport and leisure equipment,
packages, and even medical applications are aress,
where plastics clearly have become indispensable.
However, weall know that theseplasticsareenviron-
mentaly unfriendly, i.e., they are not biologically de-
graded*. Conventional plasticsnot only take many
decadesto be decomposed in nature, but a so produce
toxinsduring the process of degradation.

Disadvantagesof plastic
Significance

Plastic bagsare not renewabl e, which meansthey
cannot be easily recycled like paper bags. They are
meade of petrochemica's, whichiswha makesthem non-
renewableand arisk to the health of the planet. They
last for hundreds of years, al thewhile doing damage
to naturd habitatsand killing animal sthat mistakethem

for food. Themore plastic bags peopleuse, thegreater
the chancesof environmenta damage.

Effects

If not carefully disposed of , plastic bagscan be dev-
astatingtoanimal life. DEFRA (Department for Envi-
ronment Food and Rural Affairs) reported that
1,678,900 tons of plastic packaging was in the UK
waste stream in 2001. Because plastic bags do not
decay quickly, they stay in environments|onger, caus-
ing morebuild-up on thenatural landscapethan amore
degradablematerid likepaper would. TheMarrickville
Council reportsthat over 100,000 whales, turtlesand
birdsdieevery year asaresult of plasticinther envi-
ronmernt.

Toxicity

Duetotheir insolubility inwater and rel aivechemi-
cal inertness, pureplasticsgenerally havelow toxicity
intheir finished state, and will passthrough the diges-
tivesygemwithnoill effect (other than mechanicd dam-
ageor obstruction).

However, plasticsoften contain avariety of toxic
additives. For example, plasticizerslike adipatesand
phthal ates are often added to brittle plasticslike poly-

vinyl chloride (PV C) to makethem pliableenough for
useinfood packaging, children’stoysand teethes, tub-
ing, shower curtainsand other items. Traces of these
chemicals can leach out of the plastic when it comes
into contact with food. Out of these concerns, the Eu-
ropean Union has banned the use of DEHP (di-2-
ethylhexyl phthaate), themost widdly used plasticizer
in PV C. Some compoundsleaching from polystyrene
food contai nershave been found tointerferewith hor-
mone functions and are suspected human carcinogens.

Moreover, whilethefinished plastic may be non-
toxic, themonomers used in itsmanufacture may be
toxic; and smal amountsof thosechemica may reman
trgpped inthe product. TheWorld Hedl th Organi zation’s
Internationa Agency for Research on Cancer (IARC)
has recognized the chemical usedto make PV C, vinyl
chloride, asaknown human carcinogen. Some poly-
mersmay a so decomposeinto themonomersor other
toxic substanceswhen heated.

The primary building block of polycarbonates,
bisphenol A (BPA), is an estrogen-like endocrine
disruptor that may leach into food. Researchin Envi-
ronmenta Health Perspectivesfindsthat BPA leached
fromthelining of tin cans, dentd sed antsand polycar-
bonate bottlescan increase body weight of lab animd’s
offgoring. A morerecent anima study suggeststhat even
low-level exposureto BPA resultsininsulin resstance,
which canlead toinflammation and heart disease.

Bio-plagtic

Itisaplastic made using renewablebiomass. Many
polymerswere proposed and tested for their possible
industrial applicationsand their biodegradability, e.g.,
cellulose, starch, blends of those with synthetic poly-
mers, polylactate, polyester-amide, and
polyhydroxya kanoates (PHAS). PHAsga ned particu-
lar interest sincethey were shown to be biodegradable
and biocompatibl €58,

Both properties can best be achieved by produc-
tion in bacteria, thus, guaranteeing complete
stereospecifity [al chird carbonatomsinthebackbone
areintheR (2) configuration], whichisessential for
their biodegradability and biocompatibility. Thetypeof
bacterium and growth conditions determinethe chemi-
cal composition of PHA s and the molecular weight,
which typically rangesfrom 2x10° to 3x10° Da™.
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Biopl astic can be broken down inthe environment
by microorganismsinaprocess caled biodegradation.
This process produces carbon dioxide (CO,) and wa-
ter (H,O) under aerobic conditions. Methane (CH,)
under anaerobic conditions. Mixed bioplstic are usu-
ally biodegradable, but somearenot and can beeither
reused or processed for energy recovery.

Comparativey bio plastics decompose and com-
binewiththe soil quitefast. Itissaid that bio plastics
are 30-80% freefrom carbon compared to normd plas-
tics made from petroleum. Studies say that whenwe
usebio plasticsthe shelf life of food itemsincreases.
Thereisa20-30% increasein theusage of bioplastics
every year. Statisticsshow that |ast year 0.2 millionton
bioplasticswas manufactured.

Typesof bio-plastic
Biodegradablebio-plastic

A plastic derived from renewable biomassthat can
be broken down in the environment by micro-organ-
isms. They aremade by,

Starch-based bio-plastics can be manufactured
from either raw or modified starch (e.g. thermoplastic
starch or TPS) or from thefermentation of starch-de-
rived sugars (e.g. polylactic acid or PLA). Common
starch sourcesinclude maize, whest, potatoesand cas-
sava

Cellulose-based bio-plasticsaretypically chemi-
cally-modified plant cellulose materialssuch ascellu-
lose acetate (CA). Common cellulose sourcesinclude
wood pul p, hemp and cotton.

Lignin-based bio-plastics contain wood (or ligno-
cellulosic plant material) produced as abyproduct of
the paper millingindudtry.

Plant proteinssuchasmaize ‘zein’ canaso beused
to manufacturebio-plagtics.

Non-biodegradablebio-plastic

A plastic derived from renewabl e biomassthat can-
not be easily broken down in the environment by mi-
cro-organisms. They aremade by,

Conventiond plasticresinscan bemadefrom plant
oilsand are manufactured using compounds extracted
from castor, soyabean or oilseed rape oil. Examples
include polyurethane (PU) manufactured from soyabean
oil and nylon (polyamides or PAs) made using castor

beanail.
Conventiond polyethylene (PE) can be manufac-
tured from bioethanal.

Mixed bio-plastics

Mixed bioplastics can be both biodegradableand
non-biodegradable depending on the polymersused to
manufacturethem. For example, amixed bioplastic con-
taining starch and polycaprolactone (PCL) is biode-
gradable, whereasaplastic containingal:1 mix of bio-
mass and oil-derived polypropylene (PP) isnot.

Bio-plastic from micro or ganisms

Bioplastic are naturd biopolymersthat are synthe-
sisand catabolised by various micro organismg*1929,
These materialsdo not causetoxic effectsin the host
and have certain advantages over petroleum derived
plastici?®47, Bioplastics are manufactured using
biopolymerswhich dter renewableand sustainableal-
ternativeto oil based plastics (petro plagtic).

Itisoneof theimportant storage reservoirsprovid-
ing energy. Itisthe cdlular inclusion bounded by lipid
non-unit membrane separated from cytoplasm. 3-hy-
droxy butyrateisconnected by easter linkageand form
PHBE. Itisnow well recognized that thislipidinclusion
isaccumulated by many bacteriaasthey enter thesta
tionary phase of growth to be used |ater asan internal
reserveof carbon and energy.

Microor ganism

Bradyr hizobiumjaponicum CB 1809, Rhizobium
sp. CC 11921120 Aeromonas hydrophilal*1, Salmo-
nella enterica?, Rhizobium mdilotii®, E.coli and
Synechocytis sp.[¥1, Azotobacter vinelandiit*Y,
Comamonas acidovorans and Alcaligenes eutro-
phus*?, Halomonas bolivensisi**#!, Saccharo-
phagus degradans ATCC 43961112 Sreptomyces
sp.“d, Bacillus megaterium(*:22l - Azotobacter
chroococcum 6B, Pseudomonas putidal?,
Corynebacterium glutamicumi®, Wautersia
eutrophal®, Alcanivorax borkumensis SK249,
Pseudomonas oleovorans®+31 Nocardial®!,
Methylobacterium extorquens (DSMZ 1340)1%,
Paracoccus, Micrococcus, Staphylococcus,
Rhodococcus®, Actinobacillus, Agrobacterium, Azo-
tobacter, Rhodobacter and Sphaerotilius!?’,
Beneckeal®, and Vibrio*2.
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Advantagesof bioplastics

Biodegradable, Eco-friendly synthesis, High
processibility, Derived from renewabl e resources, Good
mechanica propertiesshortcomingsof bioplastics, Poor
interactionswith fibers, Narrow processing window,
Lack of reactivegroups, Therma degradation, Brittle-
ness.

Production of PHA

Currently therearefour biosynthetic approaches
to produce PHA: invitro viaPHA-polymerase cata-
lyzed polymerization, and invivowith batch, fed-batch,
and continuous (chemogtat) cultures.

Invitro synthesisof PHA

Much effort hasbeen put into research for thein
vitro production recently because of itsadvantagesover
theinvivo synthesis, e.g., production can becontrolled
through the addition of PHA-precursors and cofac-
torg%®!. Moreover, isolation of PHA ismuch easier since
no extractionfrom cellsisnecessary. However, there-
cycling of cofactors appearsto be problematic and ex-
pensive. Nevertheless, it was reported that purified
polymerasefrom R. eutropha formed granulesupto 3
mmin sizewhen exposed to 3-hydroxybutyryl-CoA,
Themolecular weight of 10 Dawassurprisingly high.
Invitro systemswould dso dlow thesynthes sof block-
copolymersthrough the sequentia supply of different
substrates?.

In vivo synthesis of PHA

The synthesisof PHA invivo hasbeenandisstill
investigated using batch cultures. Batch culturesareeasy
to handleand are suited for growth studiesand screen-
ingsfor potential PHA accumulating organisms. Gener-
ally, the medium is designed in such away that one
nutrient, mostly nitrogen, limitsgrowth of biomasswhile

other nutrientsincluding the carbon sourcearein ex-
cess. Depending on the microorganism and the sub-
stratethe experimentsare per formed within 1-2 days.
During this time the cells go through a sequence of
growth stages®, such aslag, exponentia growth, PHA
production, stationary, and finally death phase. Con-
comitantly, the cell s percelve acontinuous change of
their environment dueto the ever-changing nutrient con-
centration caused by the cell metabolism. Sincecells
that become starved for carbon degrade PHA again,
thismethod rarely givesan indication of themaximum
capacity of thecellsto accumulate PHA.

Thefed-batch cultureisbasically abatch culture
that iscontinuoudy supplemented with selected nutri-
entsafter it entersthelate exponential phasg®3. Biopol,
acopolymer that consists of 3-hydroxy butyrateand
3-hydroxyvaleratein various mixing ratios, was pro-
duced by Monsanto (St. Louis, USA) in such afed-
batch modeon alarge scdeuntil 1999 with amutant of
Ralstonia eutropha that could grow on glucose. The
production process consisted of two main phases. Ina
firgt phase, thecdlswereculturedinaminima medium
which contained theessentid growth nutrients, glucose,
and low amounts of phosphate, supporting cdll growth
to acertain biomass concentration and only minor PHA
accumulation!”.

In a second phase, after al the phosphorus was
consumed by the cells, PHA accumulation took place.
PHA accumulation wasdriven through the continuous
addition of glucoseand propionic acid tothe cultureat
well defined rates. After 48 h of feed the PHA con-
sisted of about 80% 3-hydroxybutyrate and 20% 3-
hydroxyvalerate. The processwas stopped when the
PHA content of the cellshad reached adesired level,
generally between 70 and 80% of the cell dry weight.
Thefed-batch processwasthe culturemethod of choice
since propionicacidistoxictothecellsand caninhibit
cdl growth a high concentrations.

Theadvantage of fed-batch culturesingenerd is
thehigh cell densitied®22 that can beobtained which
reducethe costs of PHA production significantlyt?>2,
A disadvantage of the processisthat thecellsgrow at a
decreasing growth rate when the feed rate and feed
concentration arekept constant. Thereasonfor thisis
that the added nutrients are consumed by an ever-in-
creasing cell concentration duringidentica timeunits
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thiscan lead to unexpected lossesin PHA production®?
and ashift in copolymer composition®,

Thefourth method to produce PHA biotechnol o-
gicdly, thechemogtat, isthemost controlled cultivation
method. In such asystem the culture broth is continu-
ously exchanged with sterile growth medium®1, Ac-
cording to thetheory of Monod?**® the specific growth
rate of the culture can be set by theratio of feed rateto
volumeof theculturebroth. Thisalowsthe determina-
tion of theinfluence of awd | defined growth condition
(e.g., nutrient limitation at aspecific growth rate) on
PHA accumulation(®34347, However, to date this
method isnot yet gpplied to PHA productiononalarge
scae dthoughahigh PHA productivity canbeobtained
when appropriate growth conditionsare selected. The
potentid of chemostat production can beincreased fur-
ther when two chemostats are connected in sequence.
Jung reported that the mclPHA productivity in P.
oleovorans could beincreased to a volumetric pro-
ductivity of 1.06 g1I-* h and that the PHA content at-
tained 63% (w/w) of thecell dry weight(7.

CONCLUSION

Bioplastics are natural biopolymers that are
synthesi sed and catabolised by various micro organ-
isms. Thesematerialsdo not causetoxic effectsinthe
host and have certain advantages over petroleum de-
rived plastic. Currently therearefour biosynthetic ap-
proachesto produce PHA and PHB by microorgan-
isms. In future, we carried out to produce and use
bioplasticsinlot and to eradicatethe chemical plastics.
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