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ABSTRACT

A total of 119 rubber degrading bacteria were isolated using natural
rubber latex as a sole source of carbon and energy. 78 of these isolates formed clear
zones (translucent halos) around the colonies on a mineral salt medium containing NR
and all degraded starch. 9 of these isolates that produced large radial zones of about
3.0 mm were checked for their stability for degrading NR. The 16s RNA sequence
from isolate CH13, that consistently produced the largest clear zone size was 99%
similar to Streptomyces coelicolor.

Degradation tests, showed that isolate CH13 was highly efficient at
degrading both polymers. Polymers incubated with the bacterium and stained with
Schiff’s reagent produced a purple colour on these surface to provide evidence for the
occurrence of degradation products containing aldehyde groups. SEM (Scanning
Electron microscopy) observation revealed a different pattern of colonization by the
isolate on the 2 different substrates. On the polymer blend, S. coelicolor CH13
produced an extensive coverage on the surface. In contrast growth on the rubber
gloves strips was sparse. However, there were major changes to the surfaces of the
rubber gloves and polymer blend. The strategies used by the bacteria to degrade the 2
polymers differed slightly in that direct penetration of the polymer was only achieved
on the polymer blend. Strain CHI13 adhered and merged into the polymer blend to
form large holes and ultimately caused disintegration.

When fourier transform infrared spectroscopy was applied to the
degrading polymers it was demonstrated, that after incubation occurred carbonyl groups
were formed and double bonds were broken down (C=C) so the number of cis-
1,4(isoprene) bonds decreased, to indicate that there had been an oxidative attack at the

double bond which is normally the first metabolic step in the biodegradation of the NR.
v



Degradation of these polymers was verified by measuring the release
of CO; over a 30 day period using a mineral salts medium with NH4NOs as the
nitrogen source at a concentration of 1 g/L. when up to 56.58% of the polymer blend
and approximately 10.24% of rubber glove were converted to CO,. Furthermore, up
to 85% of the starch in the cassava starch foam blend with natural rubber latex
disappeared over 20 days during the degradation process. The starch was changed to
oligosaccharides then free glucose using amylolytic enzymes as demonstrated by
Soxhlet extraction result and analysis of reducing sugar levels.

Establishment of the optimum conditions for both polymers over a 4
week period showed that it was possible to achieve a percentage weight loss of 96.8
and 36.5 for the polymer blend cassava starch with NR latex and rubber gloves
respectively with an initial inoculum size at 10% cells/mL. An incubation temperature

of 30°C, a pH of 7 and NH4NOs as a nitrogen source at a concentration of 10 g/L.
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CHAPTER 1

Introduction

There are very few aspects of our daily lives that now do not involve
plastics. Plastic foams are just one of the many forms of plastics seemingly essential for
our normal activities such as packaging, drink cartons and food containers. Foams from
polystyrene, polyethylene, polyurethane etc. are macromolecules normally derived by
synthesis from petroleum-based compounds. Foams are almost crystalline and their
molecules have high molecular weights, and this makes attacks by enzymes from
microbes very difficult. They are thus biodegraded very slowly or not at all and give rise
to non-degradable waste polymers that have accumulated in the environment in large
amounts causing a phenomenon in the oceans termed “white pollution”. There is a need
to produce alternative polymers that are more environmentally-friendly and
biodegradable hence there is pressure to develop foams made from biopolymers, that can
be made into biodegradable plastic foams.

Research workers in many countries are interested in developing
biopolymers made from biodegradable plastic. In 2003 Carvalho et al. studied the
characteristics of a number of thermoplastic starch/natural rubber polymer blends
prepared directly from natural latex and corn starch. These polymer blends had a reduced
modulus of tensile strength, and were less brittle than thermoplastic starch alone.
Nevertheless, the shelf life of starch/natural rubber polymer blends can be virtually
unlimited, and they are difficult to process. Thai research workers have recently improved
the properties of cassava starch foams blended with natural latex. In their studies high
concentrations of rubber were used. Although the blends had good properties such as high
tensile strength and impact strength, conversely, they were still difficult to degrade. At
present, research workers are developing new methods to degrade polymer blends. For
instance in Brazil there has been research on the degradation of polychloroprene/natural
rubber blends containing FeCl;*6H,0 using the photo-Fenton process. They found that
films containing FeCl3*6H,0 are less stable than those without FeCl;*6H,0; however the

degradation rates were still too slow (Freitas et al., 2008). Other research has been
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concerned with the biodegradation of polymers via microorganisms. Hamad et al. 2005
reported that the degradation of polyethylene was catalysed by Brevibacillus borstelensis,
Rhodococcus rubber was isolated from soil by Siven et al., 2006. Schlegelella
thermodepolymerans (Roman et al., 2004) also degraded poly(3-hydroxybutyrate) a
biopolymer that it produces.

One thing of importance for any new polymers is to check the
biodegradability of the materials they contain so they do not continue to add to the “white
pollution”. This shown to be slowly degraded are undesirable. It is possible that cassava
starch foam blended with natural rubber latex is physiologically inert, even though rubber
latex and starch are both natural products. However one “natural law” claims that any
compound that is produced by living things can be degraded by living things as the
enzymes that make them are simply catalysts. In theory one just needs to provide
conditions where the reverse reaction to “synthesis” i.e. “degradation” is favoured and
dominates “synthesis”. This may occur by simply adding one new enzyme to the
pathway. In the environment, NR/ST foams blended can be degraded by oxidative
degradation to a mixture of alcohols, carboxylic acids, hydroxyl-carboxylic acids all
glucose with a relatively lower molecular mass (Griffin ez al., 1994) that can be used by
many microorganisms as a source of energy.

Starch itself is one of the most commonly used energy sources for
microbes and is readily mineralized. In theory polymer blends that include starch should
therefore be degraded via microorganisms better than other managed wastes. Some
enzymes released by microorganisms can split the back-bone of the polymer chains, to
produce smaller molecules that are then assimilated aerobically to produce more
microorganism instead of being mineralized to carbon dioxide. This reduces the amount
of carbon dioxide released that might have resulted from mineralization. Incomplete
degradation can also produce compost a value added product that will, when added to
soil, have a beneficial effect on the environment. Degradation rates of any polymer can be
greatly affected by its morphology as does the type of microorganism involved in this
process. So producing the right polymer and isolating the right microorganism is the best
way to be “green”.

There has been an increased interest in the isolation and study of

microorganisms able to degrade any new polymer and this information should



accompany its manufacture to ensure that the polymer will be environmentally-friendly,
and have less impact on the ecology by being eliminated by biodegradation over a
reasonable period of time. The goal of this work, was to isolate microorganisms able to
readily degrade a new biopolymer, made by the Bioplastic Research Unit at Prince of

Songkla University, i.e cassava starch foam blended with natural rubber latex.

The objectives of this study

1. To isolate and identify bacteria able to degrade cassava starch foam
blended with natural rubber latex and rubber gloves.
2. To characterize the mechanisms involved in the degradation process.

3. To establish optimum conditions for the biodegradation rates.

Perceived advantages

Isolation of bacteria with an ability to degrade cassava starch foam
blended with natural rubber latex and rubber gloves will improve the ability to ensure that

these polymer foams can be degraded and removed from the environment.

The scope of this thesis

Develop methods for screening, isolating and identifying bacteria able to
degrade cassava starch foam blended with natural rubber latex prepared at PSU,
Bioplastics Research Unit. As the rubber might be the most difficult part to degrade,
rubber gloves were also used to confirm that any isolated microbe could degrade NR
products or even to facilitate enrichment for NR degrading microbes. Parameters
investigated included changes in polymer morphology by SEM, examining starch loss by
Soxhlet extraction and assays for appropriate starch degrading enzymes. Biodegradation
of rubber was investigated by the detection of aldehyde groups in the polymers and
change of molecular weight. Mineralisation was also investigated by measuring the
release of CO, during the degradation process. Optimum conditions most for the critical

the parameters were also investigated.



CHAPTER 2

Literature reviews

2.1 Biopolymers

The development of environmentally biodegradablelymers
represents a very important goal in the drive tolwaesponsible waste management

and environmental protection.

2.2 Definitions

The definitions developed by the American Sociaty Testing and
Materials (ASTM) for degradable, biodegradable, rbgtically degradable and
oxidative degradable plastics are probably the madély accepted as written or in

some slightly modified form.

Degradable plasti¢ a plastic designed to undergo a significant ckangts chemical
structure under specific environmental conditiorsuiting in a loss of some

properties as measured by standard test methodsyaigpe to the polymer.

Biodegradable plasti¢ a degradable plastic in which the degradationltg$érom the

action of naturally-occurring microorganisms sushbacteria, fungi and algae.

Hydrolytically degradable plastic, a degradable plastic in which the degradation

results from hydrolysis promoted either by chemaraénzymatic processes.

Oxidative degradable plasti¢ a degradable plastic in which the degradationli®es

from oxidation.

Photodegradable plasti¢ a degradable plastic in which the degradatioalte$rom
the action of natural sunlight (oxygen is also rezq).



2.3 Biopolymers from renewable resources

Recently scientists have started to look for ptastiesigned to be
susceptible to microbial attack, to make them d#gjpbe in an active microbial
environment. Biodegradable plastics or biopolymeveh opened the way for
consideration of new strategies of waste manageroentiegrading wastes under
environmental conditions (Augus# al., 1992; Wittet al., 1997). Many renewable
resources are of interest as alternatives for géingrenergy and as raw materials for
producing biodegradable polymers and plastic prieduthe term “polymers from
renewable resources” refers to natural products dh& polymeric in character and
produced by living organisms or can be convertedptdbymeric materials by
conventional or enzymatic synthetic procedures tS26002) (Figure 1). Thus under
that heading one can include natural polymers wsedlirect feedstock for plastic
production as well as for artificial polymers oloied by chemical modification of

preformed natural polymers.

. End products
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Figure 1. Life cycle of bioplastics

(Siracuseet al,, 2008; www.european-bioplastics.org)



The biodegradable plastics: polyesters, polyhydatkgnoates (PHA),
polylactides, polycaprolactone, aliphatic polyestgrolysaccharides and copolymers
or blends of these, have been developed succgsstdr the last few years (Table 1),
for example, Poly(3-hydroxyalkanoates) (PHA) aretbaal storage compounds of
carbon and energy that can be accumulated in matgerial cells such as
Schlegelellasp. KBla (Romeret al, 2004). The most know of these are poly(3-
hydroxybutyrate) and poly(3-hydroxybutyrate-co-3hyxyvalerate). The key
properties of PHAs are their biodegradability, app& biocompatibility, and their
production from renewable resources. The globarést in PHAS is high as they can
be used in different packaging materials, medicaViaks, disposable personal
hygiene products and also have some agriculturplicgions as a substitute for
synthetic polymers like polypropylene, polyethylegte. (Ojumuet al, 2004: Lee,
1996).

Then there are NR-g-Poly methyl methacrylate-aiedlisheets with
cassava starch compounds (NR-g-PMMA—-ADS—cassawehstampounds) that have
been synthesized and used with the rubber compamentompounding formulation
for packaging food (Nakasoet al, 2005). Starch-based products can incorporate
natural rubber latex to foam baked starch foam&das wheat, potato, and waxy
corn starches (Shest al, 2006). Bioplastics (biopolymers) obtained frtma growth
of microorganisms or from plants which are gendificangineered to produce such
polymers are likely to replace currently used ptasat least in some fields (Lee,
1996). In the past 10 years, several biodegradalbitics have been introduced into
the market. However, none of them is efficientlpdegradable in landfills. For this
reason, none of the products has gained widesprsadAt present, biodegradable
plastic represents just a tiny proportion of theketas compared with conventional
petrochemical derived materials. Bioplastics wécbme comparatively cheaper and
competitive while oil prices continue to rise. Adtilgh not widely used today, plastic
shopping bags can be made from polylactic acid (PaAviodegradable polymer

derived from lactic acid. This is one form of a g&ple waste-based bioplastic.



Table 1 Uses of biodegradable plastics (Skeahl, 2008)

Plastics Current Uses

Polyglycolic acid (PGA) Specialized applicationentrolled drug releases; implantable

composites; bone fixation parts

Polylactic acid (PLA) Packaging and paper coatigiser possibe markets include
sustained release systems for pesticides andZers)

mulch films, and compost bags

Polycaprolactone (PCL) Long-term items; mulch atieepagricultural films; fibers
containing herbicides to control aquatic weedsdkeg

containers; slow release systems for drugs

Polyhydroxybutyrate (PHB)  Products like bottlesg®anrapping film and disposable nappies, as
a material for tissue engineering scaffolds andcémtrolled

drug release carriers

Polyhydroxyvalerate (PHBV) Films and paper coatjraiber possible markets include biomedical
applications, therapeutic delivery of worm medicioecattle,
and sustained release systems for pharmaceutiogs dr

and insecticides

Polyvinyl alcohol (PVOH) Packaging and bagging &ailons which dissolve in water to
release products such as laundry detergent, pssicand

hospital washables

Polyvinyl acetate (PVAc) Adhesives, the packagipplizations include boxboard
manufacture, paper bags, paper lamination, tube

winding and remoistenable labels




PLA materials biodegrade quickly under compostiogditions and do
not leave toxic residue. However, bioplastics cavehtheir own environmental
impacts depending on the way it is produced (Hé&p:wikipedia.org). There is also
an urgent need to develop efficient microorganismgroduce and degrade and their
products to solve this crucial global issue of “tefpollution” (Kathiresan, 2003).

In summary a small number of new bioplastics abtelathat are

known to be biodegradable and are being used tmifsppurposes.

2.4 Standard testing methods for degradatiofShahet al, 2008)

2.4.1 Visual observations

The evaluation of visible changes that can occuplastics during
degradation can be performed in many ways. Obsengsmtused to describe
degradation include roughening of the surface, &iom of holes or cracks, de-
fragmentation, changes in color, or formation ob-fiims on the surface. These
changes do not prove the presence of a biodegoadairocess in terms of
metabolism, but the parameter of visual changesbeansed as a first indication of
any microbial attack. To obtain information aboug tdegradation mechanism, more
sophisticated observations can be made using esttemning electron microscopy
(SEM) or atomic force microscopy (AFM) (Ikada, 1998fter an initial degradation,
crystals can appear on the surface; this could Xgawmed by a preferential
degradation of an amorphous polymer fraction, andien of the slower-degrading
crystalline parts out of the material. In anotherestigation, (Kikkawaet al, 2002)
used AFM micrographs of enzyme degraded PHB filnimtestigate the mechanism
of surface erosion. A number of other techniques aBo be used to assess the
biodegradability of polymeric material. These ird#y Fourier transformed infrared
spectroscopy (FTIR), differential scanning coloringe(DSC), nuclear magnetic
resonance spectroscopy (NMR), X-ray photoelectrpacsoscopy (XPS), X-ray
Diffraction (XRD), contact angle measurements andtew uptake. Use of the
following techniques are often used to follow thedegradation of a polymer.



2.4.2 Weight loss measurements: determinationsidiual polymer

The loss of the polymer mass is widely measuredegradation tests
(especially in field- and simulation tests), altbuno direct proof of biodegradation
is obtained. Problems can appear with incorrecroiey of the specimen, or if the
material disintegrates excessively. The samples bmarplaced into small nets to
facilitate recovery; this method is used in fulkke composting processes. A sieving
analysis of the matrix surrounding the plastic si@s@allows for a better quantitative
determination of the disintegration characteristiésr a finely distributed polymer
samples (e.g., powders), the decrease in resicigingr can be determined by an
adequate separation or extraction technique (palyseparated from biomass, or
polymer extracted from soil or compost). By comb@ia structural analysis of the
residual material and the presence low moleculaighteintermediates, detailed
information regarding the degradation process @aoltained, especially if a defined
synthetic test medium is used (Wattal, 2001).

2.4.3 Changes in mechanical properties and molasma

In the case of visual observations, changes in nmhtproperties
cannot be proved directly to be due to metaboli§ith® polymer material. However,
changes in mechanical properties are often used whly minor changes to the mass
of the test specimen are observed. Propertiesasitdmsile strength are very sensitive
to changes in the molar mass of polymers, whidcise changed directly and acts as
an indicator of degradation (Erlandssemnal, 1997). While, for an enzyme-induced
depolymerization the material properties only chaifga significant loss of mass is
observed (the specimen becomes thinner because @utface erosion process; the
inner part of the material need not be initiallfeated by the degradation process, for
an abiotic degradation process which often takasepbver the entire material and
includes the hydrolysis of polyesters or oxidatamnpolyethylenes) the mechanical
properties may change significantly, although almos loss of mass due to
solubilization of the degradation intermediatesurs@t this stage. As a consequence,
these types of measurements are often used foriedatehere abiotic processes are

responsible for the first degradation step (BredlBB3; Tsuji and Suzuyoshi, 2002).
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2.4.4 CQ evolution/Q consumption

Under aerobic conditions, microbes use oxygen idiox carbon and
form carbon dioxide as one of the major metabofid product. Consequently, the
consumption of oxygen (respirometric test) (Hoffma al, 1997) or the formation
of carbon dioxide are good indicators for polymegihdation. Due to the normally
low amount of other carbon sources present in mdib the polymer itself, when
using synthetic mineral media, only a relativelwlbackground respiration must be
identified, and the accuracy of the tests is ugugdiod. In particular, the type of
analytical methods, especially for the determimatad CO, have been modified.
Besides conventional trapping of €@ Ba(OH) solution, followed by manual
titration, infrared and paramagneti¢ @etectors can also be used to monitera@d
CO, concentrations in the air stream. Although, thdéommated and continuous
measurements have advantages, they also have a@mtades. For example, the exact
air flow must be measured, the signals of the deteecnust be stable for long periods
of time and, if slow degradation processes areetadiermined, the increase of £0
concentration or the fall in Oconcentration to be detected is very small, thereb
increasing the likelihood of systematic errors. Bindhese circumstances, other
concepts (e.g., trapping G@ a basic solution, +pH 11.5) with continuousatiion or
detection of the dissolved inorganic carbon (Paggal, 2001) may be useful
alternatives. Other attempts to overcome probleitis @O, detection are based on
non-continuously aerated, closed systems. Herdgereia sampling technique in
combination with an infrared-gas analyzer (Calnebml, 2000) or a titration system
(Mueller, 1999) can be applied. Another closedeaystwith a discontinuous titration
method has been described by Sokdral.,(1998). Tests using small closed bottles as
degradation reactors and analyzing for the,G® the headspace (ltavaara and
Vikman, 1995) or by the decrease in dissolved ory@tosed-bottle test) (Richterich
et al, 1998) are simple and relatively insensitivedaklages, but may cause problems
due to the low amounts of material and inoculumdugdthough used originally in
aqueous test systems for polymer degradation, &alysis was also adapted for tests
in solid matrices such as compost (Pagga, 1998),this method has now been
standardized under the name, controlled composésg(ASTM, 1989; 1992). For
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polymer degradation in soil, GQletection proved to be more complicated than in
compost because of slower degradation rates tbatde only to long test durations
(up to 2 years) but also low G@volution as compared to that from the carbon
present in soil. One means of overcoming problentls background C@evolution
from the natural matrices compost or soil is to asenert, carbon-free and porous
matrix, wetted with a synthetic medium and inocediatwith a mixed microbial
population. This method proved practical for sininga compost conditions
(degradation at ~60 °C) (Belliret al., 2000), but has not yet been optimized for soil

conditions.
2.4.5 Radio labeling

In contrast to residue analysis, net C@nd **CO, evolution
measurements are simple, non-destructive and neeastimate biodegradation. If
appropriately*C labeled test material is available, the measunésnand their
interpretations are relatively straightforward. Bfa&ls containing a randomly
distributed **C marker can be exposed to selected microbial emwients. The
amount of**C carbon dioxide evolved is estimated using a ®leition counter. This
method is not subject to interference by biodedsedanpurities or additives in the
polymer. Biodegradability investigations using tteshnique for polymeric materials
in different microbial environments show a high aEgof precision and consistency
(Sharabi and Von, 1993). However, labeled mateaaésexpensive and not always
available. The licensing and the waste disposablpros connected with radioactive

work may also be a drawback.
2.4.6 Clear-zone formation

A very simple semi-quantitative method is the shedaclear-zone
test. This is an agar plate test in which the pelym dispersed as very fine particles
within the synthetic medium agar; this results he tagar having an opaque
appearance. After inoculation with microorganisrige formation of a clear halo
around the colony indicates that the organismsaaileast able to depolymerize the
polymer particles. This method is usually appliedscreen for organisms that can
degrade a certain polymer (Nishida and Tokiwa, 199%u- Zeid, 2001), but it can



12

also be used to obtain semi-quantitative resultartalyzing the growth of clear zones
(Augustaet al, 1993).

2.4.7 Controlled composting test

The treatment of solid waste in controlled compusgtfacilities or
anaerobic digesters is a valuable method for trgaéind recycling organic waste
material (Biological Waste Management Symposium,95)9 Composting of
biodegradable packaging and biodegradable plastiesform of recovery of waste
that can cut the increasing need for new landh§ikites. Only compostable materials
(in other words biodegradable) can be recycledutnobiological treatment, since
materials not compatible with composting could dase the compost quality and
impair its commercial value. The optimum environtarconditions for composting
are the following: high temperature (58°C); aerotmaditions; proper water content
(about 50%). Compost used as a solid matrix, requa source of thermophilic
microorganisms (inoculum), and a source of nutsefhe test method is based on the
determination of the net GCevolution, i.e. the C@®evolved from the mixture of
polymer compost minus the G@volved from the compost control (blank) tested in
different reactor (Bellinat al, 1999). A very important requisite is that theksging
material under study must not release toxic comgsunto the compost during
degradation, which could hinder plants, animalsgl haman beings by entering the
food chain (Tosiret al, 1998).

In summary there are a wide variety of standarchods available for

use to measure biodegradation depending on purposes

2.5 Bioplastic symbols

Bioplastic symbols that are stamped on productbieip consumers

identify products and packaging made from bioptastéire shown in Figure 2.
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Figure 2. Symbols used to identify biopolymers

Bioplastics

(http://'www.machine marketplace.com/new-bioplastcbol.html)

2.6 Introduction to starch and natural rubber for use as biopolymers
2.6.1 Starch

Starch can be inexpensive, is available from mdagtp in Thailand
and Asia. It is produced in excess of current mar&guirements. It is a major form
of carbohydrate storage in many plants, and cam dieeap waste product from many
commercial process. It is the principal compondnhost seeds, tubers and roots and
is produced commercially from corn, wheat, ricgidaa, sago and other sources.
Most commercial starch is produced from corn trstcomparatively cheap and
abundant throughout the world. Wheat, tapioca astdtp starch are produced on a
smaller scale and at higher prices. Starch islyob@degradable in a wide variety of
environments and allows for the development ofllptdegradable products for
specific market demands. In recent years this baslted in a renewed interest in
starch-based plastics. In the past, studies daflststers and ethers wer abandoned for
most applications due to the inadequate propedidbese materials in comparison
with cellulose derivatives. More recently, starctafy copolymers, starch plastic
composites and starch itself have been proposedtemative plastic materials so
there has been a renewed interest in starch bataders.

Starch is a polymer of the six-membered carbon ohglucose units
(glucopyranose). The majority of starch moleculep o 100% in waxy starches,

72% in normal maize starch and 80% in potato sjahave a highly branched
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structure, known as amylopectin. Amylopectin molesware composed of chains of
-D-glucopyranosyl units joined by-1-4 linkages with branches formed by joining

these chains with-1-6 linkages (Figure 3).

The branch chains are present in a double heléal, can produce
crystalline structures. The average branch chaigtleis 20-30 glucosidic units with
an average degree of polymerization (DPn) thatearetween 3x2@.5x1¢ (Mn
5x10-2x1¢ Dalton) (BeMiller, 1994). The short branches inyéopectin are the
source of the crystallinity of starch. The amyldpestructure is shown in Figure 3.
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Figure 3. Schematic representation of amylopectin structure
(http://www.cheng.cam.ac.uk/research/groups/polyRMP/nitin/Starchstructure)

The other constituent of starch is known as amylasgrimary linear
molecule with very few branches; consisting of edpey units of 1-4 -linked
glucose monomers. In certain high amylose varigtles amylose content can be as
high as 50 or 70%. Its DPn is comprised of betw2@®220 x 16 depending on the
source and method of attainment. Amylose can haxeral conformations, its

structure is shown in Figure 4.

The ratio of amylose and amylopectin in naturalrctavaries
according to the starch source. The chemical strest of starch, such as the
molecular size of the amylose, numbers and lengftfisanch-chain amylopectin and

the proportion of amylose to amylopectin do aftbet functional properties of starch.
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Figure 4. Schematic representation of amylose structure
(www.cheng.cam.ac.uk/research/groups/polymer/RMiR/Bitarchstructure.html)

Amylopectin interacts with other molecules moreeefively and
amylose generates greater viscosity and gel stitaijien the amylose content of the
starch increases, the viscosity and gel strengtthefstarch paste also increases.
Amylose alone and high-amylose maize starch, pdbong tough films. Starch is
largely utilized, other than for food, especially the U.S. and Brazil, for ethanol
production by a fermentation process, that produglesose as an intermediate
product and many different end products. Starch fatgls wide usage in several non-
food sectors such as sizing and coating of paelisesives, thickeners, and as an
environmentally friendly additive in composite nraés. Appropriate selection of
chemical reagents allows for the introduction oait or cationic charges into the
starch molecules. The modification of starch anel pinoperties and uses of such
modified starches have been reviewed several tingsveral polyhydroxide
compounds have been developed from starch for induapplications that are less
expensive than comparable products made from caideStarch can be easily
converted to glucose from which a variety of cydind acyclic polyols. aldehydes,
ketones, acids, esters and ether can be obtairem@nRy a wood adhesive has been
prepared from crosslinked cornstarch and  polyvinydlcohol  with
hexamethoxylmelamine in the presence of citric asié catalyst (Scott, 2002).

Modified starch finds several applications in intlyssuch as cationic
starches for paper treatment. Thus starch is eakémt paper making applications.
Since starch is less crystalline than cellulosésiimore susceptible to chemical

modification and therefore more vulnerable to ddgt@on during modification.
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Research into starch modifications have mostly $eduon improving the starch
moisture resistance without losing its more favtgatharacteristics such as ease of

degradation and its relatively low price.

Starch esters represent an important class ofhstengvatives and this
aspect has been recently reviewed by Tessler dhddss (1996). Starch esters can
be produced by an aqueous process, at low alkalimitier a controlled pH and low
temperature reactions. However these processedlyusichieve only a fairly low
degree of substitution (DS). Starch acetates witbSaof 2.4 or higher cannot be
biodegradable as they are more like cellulose,eninermediate DS acetate are more
easily biodegradable. Most commercially used stdegivates have a DS of less than
0.2. Pure amylose starch is considered to be trst desirable precursor for starch-
ester based thermoplastics since amylopectin hasharse impact on the mechanical
and physical properties of these derivatives. &taen react with organic anhydrides
in water to yield starch esters, such as starchagcedhat has been produced

commercially by this process (Scott, 2002).

2.6.2 Natural rubber

There are many plants that produce rubber-liketanbss as a milky
colloidal suspension called latex, that consisézlpminantly of polyisoprene (8g)n.
However, only natural rubber frorhlevea braziliensisand guayule rubber from
Parthenium argentatunare used commercially. Natural rubber (NR) frétevea
braziliensis contains 93-95%is-1,4-polyisoprene (Figure 5). NR, as a renewable
natural resource, has many excellent propertied) as outstanding resilience, high
strength and good processing-ability (Griféhal, 1994). However, as an unsaturated
polymer, NR will gradually degrade at a high tengpere or when exposed to
oxygen, ozone or ultraviolet light, which has angfigant negative effect on its
special applications (Zhcet al., 2001).

It was in 1860, that natural rubber was found (bydistillation) to be
made up of GHg, isoprene units. In 1905, ozonolysis studies shibthat the isoprene

unit contained a double bond, but it was not utitd 1920s —regarded as the early
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period of polymer science, that natural rubber w@scluded to be a giant molecule
composed of isoprene units. The geometric isome$nthe isoprene units was
determined by X-ray diffraction studies in 1942.,.the double bonds in natural
rubber and guayule rubber are in tieconfiguration, whereas those Gutta percha
and balata rubber are in th@ns-configuration (Figure 6). EarljH-NMR (nuclear
magnetic resonance) studies on the geomertric issmef natural rubber concluded
that natural rubber is composed exclusivelygisfisoprene units linked to each other
by 1,4-addition. The content of other isomeric i®m@ units is less than the limits of
detection. Studies usirftl-NMR and**C-NMR also showed that guayule rubber has
almost the same geometric isomerism as that of &lavgber (Griffinet al, 1994).
Many naturally occurring polymers contain this samrenterrupted
sequence of carbon atoms. The most studied andubestrstood of these is still
naturalcis-poly(isoprene) (NR), synthesized by the rubbeg kHevea braziliensisAn
identical molecule can nowadays be synthesizedndtustrial chemical plants by

addition polymerization from isoprene.

CH, |, ,
B -
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|
—i'CHE-(i‘.—IrCHE-(i‘, = CH-CH-
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Figure 5. Basic structure of polyisoprene unit
(http://rubber.sc.mahidol.ac.th/rubbertech/termaggl 3.htm)
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Figure 6. Chemical structure of polgis-1,4-isoprene) and polyans-1,4-isoprene)
(http://rubber.sc.mahidol.ac.th/rubbertech/termggl htm)

Natural rubber was one of the first important irtdak polymers. A
particularly unique and desirable attribute of reiblwvas its rebound resilience even
though this could be rapidly lost in a tropical eamment. Furthermore, rubber latex
products were attacked by microorganisms, which tiech more general loss of
mechanical properties and to eventual bio-assiiorain the soil environment. To
overcome these limitations of NR and to expandyislication, modifications to NR
was crucial. Various methods have been employadddify NR. One of the ways
involves a chemical modification, in which othepgps or atom are introduced onto
the NR molecular chains, and such derivatives telapoxidized NR (Saitet al,
2007; Ratnanet al, 2001), chloridized NR, grafted NR (let al, 2002; Liet al,
2003), hydrogenated NR, cyclized NR and so fortmgand Fu, 2006). Another
simple and economical way is to blend in intenssfier fillers such as black carbon,
white carbon, clay and calcium carbonate with NRa(et al, 1995; Gacet al,
2007). With the gradual loss of petroleum reseraed the higher demands for
environmental protection, starch, as a naturalagh@bundant and biodegradable
resource, has also been identified as a usefulaul@do link with NR (Yueet al,
2005; Nakasoet al, 2005).

2.6.3 Polymer blends

Polymer blends or polymer mixtures are material§wivo or more
polymers blended together to create a new materihldifferent physical properties .

The rate of degradation of polymer blends is iftitiaontrolled by the degradation of
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the more readily biodegradable component. Theainitegradation process interferes
with the structural integrity of the polymer andieases the surface area considerably
for enzyme attack on more resistant areas. Thesexpmf the remaining polymer to
microbes and secreted degradative enzymes is tifaneed. Work has been carried
out to understand the degradation mechanisms faréift polymer blends and their
degradation products by microorganisms, for instarstarch/polyethylene blends,
starch/polyester blends, starch/PVA blends, potidaacid (PLA) (renewable
resource) polyester and starch/rubber blends. Téet studied and modified blend is
starch/rubber. The mechanical properties of NR énatbwith starch are dominated
by many factors, such as the dispersing abilitg, ititerfacial combination and the
type of starch. As the particle size of starchasywbig (1000-5000 nm), and starch
contains many hydroxyl groups with strong polariitg, compatibility with NR is
poor. Hence, the mechanical properties of a conp@separed by direct loading of
starch will deteriorate. A large amount of work Heesen conducted to improve the
mechanical properties of starch/NR composites.9dnl%, Buchanaet al prepared
crosslinked starch with xanthide-styrene butadiarsber (SBR) master batches. It
was demonstrated that the crosslinked starch »a@mitould improve the fatigue life
and abrasion resistance, when used to partialllaecepcarbon black in a premium
tread for tyres (Buchanaat al., 1971; Buchanaret al., 1974). The Good year
company employed modified corn starch which wadedathe biological filler
polymer to partly replace traditional fillers likelack carbon or white carbon to
improve the properties of the tyres. Those tyrésfoeced with corn starch possess
many advantages, such as light quality, low rollnegistance, low noise and low
emission of carbon dioxide (The Good Year Tire d&wbber company, 2007).
Carvalhoet al. (2003) prepared a starch/NR composite with rulbdierx and starch
paste by a co-coagulation method. It was found ttatco-coagulation method can
decrease the particle size of starch in NR to flkae 1000 nm, and the mechanical
properties of the composite is much better thancthaposites made by blending.
Rouilly et al (2004) prepared a composite by blending dimethiiaethyl
methacrylate grafted latex and starch. Nakaspal (2005) synthesized a grafted
copolymer by grafting NR with methyl methacrylatend then blending the
copolymer with NR and cassava starch. The reshltsved that the induction period
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of cure for the composite decreased with the irsred cassava starch loading. The
micrographs of starch and the composite are showAgure 7.

In summary the chemical and physical propertiestafch and natural
rubber before and after any chemical modificatiaresconductive to the formation of
mixed polymers with many different properties.

2.7 Biodegradation of polymers: Mechanisms of struaral modifications and
polymer degradation

The deterioration of polymer surfaces is an intgdlaprocess. It is
controlled by the conditions prevailing directly taeir surfaces. If microorganisms
are involved in this process, they attach themseteg and colonize, the surfaces in
the form of biofilms. Thus, polymer biodeterioratican be considered as a biofilm
problem.

Figure 7. SEM micrographs of starch and composite: (a) unfiead starch; (b)
unmodified starch (15 phr)/NR composites ; (c) nfiedistarch (5 phr)/NR composite
and (d) modified starch (15 phr)/NR composite. (\@anal, 2009)
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2.7.1 Biofilms

Microorganisms in biofilms display some particuleatures that are
not shared with the same microorganisms in susgkfoim. In biofilms, the cells are
embedded in a polymer matrix of their own origin,ainly consisting of
polysaccharides and proteins (Costertein al., 1987). Biofilms contain mixed
populations of bacteria, fungi, protozoa, and,ahditions allow, host even higher
organisms in the food chain such as nematodes ande. They represent a very
complex form of microbial life that is mainly chatarized by a high degree of
interaction between different types of organismd by a more or less immobilized
form of life. This allows the formation of stablggegates in which synergistic
effects can develop. In biofilms, the microbial Isetan tolerate much higher
concentrations of biocides than in suspension (les@lier et al, 1988). Another
characteristic of biofilms is their heterogeneitfzor example, as aerobic
microorganisms in aerobic systems consume oxygeerabic zones within biofilms
can develop. These provide habitats for anaerdtascould not proliferate under the

aerobic conditions prevailing in the water phase.

The requirements for the formation of biofilms aimple: a suitable
surface, humidity, nutrients and microorganisms. #&roorganisms are also
ubiquitous, most of them live in an immobilized rfoiin various types of biofilms,
such as in soils, sediments and most industriadmststems (Costertaet al., 1987).
The adhesion to surfaces is a general microbialegjy for survival, especially in low
nutrient environments (Marshall, 1985). Biofilmgresent the oldest form of life on
this planet (Schopfet al, 1983) and can be found in an extreme range of
environments (Flemmingt al, 1991). From an ecological point of view, life &n
biofilm may offer important advantages to the celsmong these are: (1) the
possibility of forming stable microconsortia; (2)et facilitated exchange of genetic
material; (3) the accumulation of nutrients frone thulk water phase; (4) protection
against toxic substances and (5) protection agaiesiccation. A biofilm is mainly
composed of water (80-95%), extracellular polymédrssances (EPS) that contribute

85-98% of the organic matter, the microorganisms$ra@ped organic and inorganic
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particles (e.g. humic substances, debris, clagasiypsum, etc.), substances sorbed
to EPS, cells or particles and substances dissatvede interstitial water. Thus, a
chemical biofilm analysis can be quite misleadihgaibiofilm contains a lot of
inorganic particles than the indicative charactethe water content can be neglected.
The distance between cell clusters can be subalaitis predominantly filled with
highly hydrated EPS. These, again, can surroundl jjgaces such as pores, holes and
channels (De Beaat al, 1994).

2.7.2 Forms of damage to polymers

There are different ways in which microorganisnas enodify the
structure and function of polymers. The undesirffiéces range from the mere
presence of accumulated biomass as representetfiynb, to the degradation of
leached components, to direct attack and penetraBome of the major damaging

mechanisms by which microorganisms deterioratehgyfitt polymers are summarized

in Figure 8.
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Figure 8. Some effects of biodeterioration on polymers ititegng, 1998)



23

2.7.3 Fouling

Fouling is referred to as the unwanted depositiod growth of
microorganisms on surfaces. In these cases, thgmpolsurface may be inert to
microbial attack and merely provide a support ftiached bacterial growth. Thus,
original surface properties can be masked suchydophobicity. This can interfere
with the function of the polymer, e.g. sulphur remlofrom power plant fumes. The
resulting sulphate is precipitated with barium, @nel precipitate is supposed not to
attach to the walls but to accumulate at the bottbthe large reaction chamber, from
where it can be removed automatically. Therefdre walls of the reaction containers
are coated with Teflon. It happened, however, thafiims of sulphate reducing
bacteria developed on the walls, giving their stefahydrophilic properties. This
allowed the attachment of barium sulfate crystadd adhered over time so firmly that
the reservoir had to be emptied, and the depoattis‘to be removed mechanically
from the walls in a costly and tedious procedufesubmersed in water, biofilms on
plastic surfaces can contaminate the medium. Armela is the production of
ultrapure water in manufacture of electronical desi This has been demonstrated
for a large ultrapure water system of IBM equippath PVDF piping colonized by
biofilms that were identified as the major sourdemacroorganisms in the process
water (Pattersomt al., 1991). In reverse osmosis systems, biofiims degvelo the
surfaces of membranes. There, they form a gel lnartakes part in the separation
process. They lead to an increase of the hydrodynaesistance (transmembrane
pressure drop) that in turn causes a decreasernmepée production and an increase in
salt passage by concentration polarization, anfluid friction resistance in cross-
flow. These effects are termed as ‘biofouling’ dmave been amply reviewed by
Flemming and co-worker (Flemmingt al, 1994) Figure 9 shows a biofilm on a
reverse osmosis (RO) membrane that was used fquitifecation of river water. This

biofilm has survived many cleaning and biocidetireent cycles.

2.7.4 Degradation of leached components

In order to cause a deterioration in the mechanicaperties of a
polymer, the microorganisms do not have to pereettad polymer surface. Additives
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and monomers may leach out, providing a food sofoxcéhe attached biofilm. This
is a very common type of interaction that takes@|dor example, on plasticized Poly
vinyl chloride (PVC) fittings such as those used lathrooms, buildings or other
purposes. The biological degradation of plastisideas been known for a long time
(Stahland Pessen, 1953). Cometabolic degradationplakticisers has been
demonstrated with fungal, bacterial and yeast isslgKlausmeier, 1966 ). The
plasticizer dibutyl adipate can be microbially cetgd into adipic acid and n-butanol,
by an extracellular esterase (Pantke, 1984). Thacgss is accompanied by a
lowering of the pH. The decomposition products rbayfinally metabolized to CO
or CH, and HO. Similarly, the microbial degradation of diocplithalate bySerratia
marcescensand Bacillus megateriumhas been demonstrated (Williams and Dale,
1983).

10KY

Figure 9. Scanning electron micrograph of a biofilm on aevarsibly blocked

reverse osmosis membrane (Flemming, 1998)

As a result of plasticizer degradation, the renmgnpolymer material
will suffer increased embrittlement, a loss of meeubal stability and lose its function

as a barrier against water. As microbial degradatb the additive will create a
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diffusion gradient in the bulk of the polymer mirty the plasticizer concentration in
the depth of the material will decrease. The dantagsed by microbial mechanisms
will indirectly affect water ingress, for examptage pores of concrete and the interior
of buildings. In that case, water-related furthamage may occur as well as other
biodeterioration processes that could only be prcke by a limitation of water
activity. In buildings, this can result in fungatogvth in wallpaper, resulting in
discolouration and increased release of fungal epowhich, in turn, can cause
chronic allergical reactions. Specially educatedsdpmold dogs’) are used in order
to localize such places.

Polymers used as additives in concrete can alsomtmeobially
attacked. In the case of high concentrations, #reydegraded with the consequence
of microbial contamination and mass developmerti@iass as observed in drinking
water reservoirs (Morgenstern, 1982). Concretetadiin lower concentrations still
can be used by microorganisms as soon as otheysemmrmechanisms have made
them bioavailable (Herb and Flemming, 1996). Instbhase, the microorganisms
multiplied on the interior walls of drinking wategservoirs, formed pigments and led
to an unhygienic appearance on the reservoir, fibatiired expensive sanitation

measures (Herb and Flemming, 1996).

2.7.5 Corrosion

Corrosion is an interfacial process and dependsngly on the
parameters governing the microenvironment of theriace, such as pH conditions,
redox potential and concentration of oxygen andssaAs pointed out earlier,
microorganisms tend to form biofilms, i.e. ‘slimayérs’, consisting of cells
embedded in their highly hydrated, extracelluladypmwr matrix. The biofilm
architecture gives rise to gradients that devetopH value, redox potential, in the
concentration of oxygen and salts. All these effetdke place directly at the
interfaces. Thus, biofiims can strongly influencerrosion relevant parameters
locally, which are not reflected by data obtaineshf samples of a surrounding water
phase. However, biofilms can only impact the kiegtinot the thermodynamics of a

process, and thus, they do not represent a ‘nembsion mechanism. Biofilms can



26

be very thin (3-5 pm) but can reach an averageniess of 50-150 pm. In some
technical water systems, biofilm thickness may rbéhe range of centimeters, as is
the case in paper manufacture or in waste-watatnrent.

Polyurethanes are the best known type of polymesceptible to
microbial degradation. When used as insulation rati®r electrical equipment, this
effect could lead to substantial damage. For examptween 1967 and 1969, the
electrical system of Zurich airport was renovatéithe insulation material, a
polyurethane, was colonized by fungi that formeghae, penetrating the insulation.
The entire system had to be renovated again aféod time (Pommer and Lorenz,
1985). Cancelled flights and loss of reputationeatitb these costs as an indirect
damage. In an overview, Kat al. (1993) report that a number of polycaprolactones
have been shown to be degraded by a variety ofebaktand fungal isolates.
Polyurethanes, derived from long chain polyestezsevobserved to be degraded to a
greater extent than those manufactured from shon@n polyesters. IR-
spectroscopy has provided direct evidence to shaw the polyester segment of a
polyester polyurethane is susceptible to microlatthck. In addition, polyester
polyurethanes have been shown to be susceptilderntonercially available lipases
and also to purified esterase enzymes extractesh ftongi. The involvement of
extracellular hydrolytic enzymes in the microbialegdadation of polyester
polyurethanes has been suggested and, in view eofcliemical structure of this
polymer, the enzymes, esterases, ureases, ancgestbave been implicated. The
production of these enzymes has been reportednioynder of fungal isolates capable
of degrading the polyester polyurethane. The asth@woduced a considerable
amount of evidence to indicate that the polyestgneent of a polyester polyurethane
was the main site for attack by fungi, utilizingductible extracellular esterase
enzymes.

Bio-corrosion of synthetic polymers is reportednfironedicine too. An
example is the biological damage of medical-gratieose rubber. This material is
widely used for applications such as tubing, caftsetmammary and testicular
implants, plastic reconstruction, encapsulatiorthef electronic components. In the
case of voice prostheses, Netal. (1993) reported severe corrosion by yeasts. Not
only did these organisms colonize the prosthetidasas and cause continuous
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infections, but they were also associated with rirechanical deterioration of the
material. The particular mechanism of destruct®still somewhat unclear. As there
is no way known in which microorganisms directlydhglyze silicone, participation
of radical reactions have been discussed, whereatheals are provided by biological
reactions (Williams, 1991). Free radicals are gateer by reactions within activated
eucaryotic cells, and they may play a role in fradical autoxidation of polymers
(Williams and Zhong, 1991). Several types of oxgicals are readily generated
within tissues. In particular, superoxide radic&s, various peroxy radicals ROO
and especially the hydroxy radicals Odfte very reactive species, and these may react
with high rate constants, with many different sudists. The oxidation of several
polymers may be initiated by such free radicalsegated during the process of cell
activation at a polymer surface in vivo. Hydrogesrqxide released from activated
phagocytic cells is likely to be a particularly iorpant intermediate, as its
decomposition yields the extremely reactive hydroaglical (Williams and Zhong,
1991). Such mechanisms may occur in biofilms ad;weis might be one of the
reasons that other synthetic rubbers and plastitispugh generally considered as
biologically inert, are in fact slowly degraded ncroorganisms (Seal and Morton,
1986).

2.7.6 Hydration and penetration

Biofilms consist mainly of water (up to 95%) antius$, provide an
electrolyte that increases surface conductivityisThas led to unexpected failures of
electrical equipment. For example, fungal growth mnmted circuits affects the
surface conductivity and causes short circuits; dngrowth on computer
motherboards has been reported, resulting in aréibf computer, radio and radar
equipment in the tropics. Microbial colonizationaatrol limit elements (Pantke and
Patuska, 1984) has caused considerable damagmstance, by overfilling fuel oil
tanks. As a result of mold growth on refrigeratealsng (Frank, 1984) or plastic tubes
in medical instruments (e.g. cooling water for dém@tppliances), health hazards may
develop. Frank (1984) reports a case in which thstip isolators of all emergency
radio units in the life boats of a German freigbssel became conductive to fungal
























CHAPTER 3

Materials and methods

3.1 Samples

NR latex concentrate was obtained from the Science and Technology
Materials Department, Prince of Songkla university (PSU), Thailand and polymer
blend (cassava starch foam blended with NR latex ) from the Bioplastic Research

Unit, PSU. NR latex gloves were from Siam Sempermed (Hadyai, Thailand).

3.2 Medium and growth conditions

A mineral salt medium (MSM) (liquid or solid with 1.5% agar) was
used following Jendrossek et al. (1997), consisting of (g/L) Na,HPO4*12H,0¢+(9.0),
KH,PO4.(1.5), NH4Cl (1.0), MgSO47H,0 (0.2), CaCl,.2H,O (0.02), Fe(IIT)[NH4]
citrate (0.0012), and a trace element solution (10000x, 0.1mL) pH 7. Natural rubber
latex (NR) was added as a carbon source (0.6% v/v) in the form of latex prior to
autoclaving to both liquid and solid MSM, (MSM-NR) (Jendrossek et al., 1997). This
medium was supplemented with 0.05% yeast extract for the general cultivation stages
(MSM-NR-YE). Sugars and organic acids were sterilized by filtration or autoclaving,
respectively. Natural rubber latex was overlain on MSM (MSM-O-NR) for the
selection of bacteria that formed clear zones on this selective medium (Ibrahim et al.,
2006). The development of spores and the color of the aerial mycelium by isolated
cultures was followed on glucose-yeast extract-malt extract medium (each 0.5%). The
pH of all media was adjusted to 7.0 before autoclaving. All cultures were grown at
30°C and liquid cultures were in a shaking incubator at 120 rpm in the dark.

Liquid cultures in MSM-NR were carried out in 250-ml Erlenmeyer
flasks. For carbon sources NR latex concentrate was added at 0.6% (v/v) to 100 ml
MSM, or NR latex gloves and polymer blend were cut into small pieces of about 1x1
cm in diameter (Linos et al, 1999) to deliver 0.6 g of rubber gloves and 2.31 g of

polymer blend (as 0.6% rubber). Sterilization by heat prior to inoculation was by
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autoclave (121°C, 2 atm for 15 min.). Three kinds of latex agar plates were used: (1)
MSM agar plates with NR latex (MSM-NR-P) (2) latex overlay plates (MSM-O-NR-
P) and (3) MSM-NR-YE-P, culture for normal stock.

3.3 Enrichment and isolation

Soil samples (1.0 g soil, wet weight) were taken from different habitats
associated with rubber factories in Hadyai, Thailand. The first enrichment was by
precultivation in 100 mL MSM-NR-L in 250 mL flasks. For subsequent enrichment,
transfer cultures were established in the following manner. One mL of the liquid
enrichment culture after sufficient time of incubation were streaked on MSM-NR-P
for isolation of individual bacteria. After 72 h of incubation at 30 °C in the dark,
single colonies with different colony morphologies, but showing clearing zones, were
picked and streaked on newly made MSM-NR-P, for purification under identical
incubation conditions. The obtained pure cultures of bacterial isolates were all tested
again for their ability to produce translucent halos around the colonies on MSM-NR-P

(Pan et al., 2009).

3.4 Bacterial identification

Individual isolates obtained for their abilities to degrade NR were
identified as follows. Identification methods included standard biochemical tests: such
as staining methods, that included Gram stain, malachite green for spores, motility
tests; haemolysis tests on blood agar, catalase test, oxidase test and test for amylase by
growth on cassava starch agar and observing and measuring the clearing zone around
the colonies after 24 h incubation.

Determination of 16s rRNA gene sequences was also performed to
identify and classify isolates. Each strain was cultured for 2 days in Nutrient Broth.
Genomic DNA was extracted by standard methods (Warneke et al., 2007). Primers
used were 27F and 1389R to amplify the full length of 16S rRNA gene using PCR.
This was carried out by the BIOTEC Culture Central Research Unit. The PCR

amplification reaction and conditions used were optimum. Nucleotide sequences of
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purified PCR products were determined with the Genetic Analyzer, and DNA
nucleotide sequences of isolates were analyzed for identification using the data
available from the GenBank database at The National Center for Biotechnology

Information (Pan et al., 2009).

3.5 Weight loss of polymers after incubation with bacteria

In this experiment, each 250 mL Erlenmeyer flask containing 100 mL
of MSM medium and precisely weighed 0.6 g rubber gloves strips or 2.31 g polymer
blend (0.6% NR) (Waneke et al., 2007) previously sterilized and dried at 60°C until a
constant weight was achieved then placed into a desiccator for 24 h. Each flask was
inoculated with a growing bacterial culture fluid of 10° cells/mL to provide a final
number of 10® cells/mL of medium and incubated for 4 weeks. NR strips were then
removed, washed with deionized water and dried at 60°C until the weight was
constant. The dried samples were kept in the desiccator before being weighed (Hamad
et al., 2005). Weight loss was taken as the difference between the initial and final

weight over the 4 weeks culture period (Pan et al., 2009).

3.6 Investigation of the degradation processes

Individual isolates were further examined for their abilities to degrade
the blended polymer and rubber gloves by following their growth in liquid culture
with the rubber polymer substrates or the polymer blend as their sole source of carbon
and energy. Overnight cultures of each bacterial isolate on MSM-NR-P were
inoculated into 250 mL Erlenmeyer flasks containing 100 mL of MSM and 2.31 g of
sterilized polymer strips or 0.6 g rubber gloves strips culture were incubated for up to

4 weeks (Pan et al., 2009).

3.6.1 Surface erosion of the starch/NR blended sheets and rubber
gloves was observed by light microscopy and changes in the characteristic color of

the polymers after incubation. Scanning Electron Microscopy (SEM) or light
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microscopy or other suitable techniques was also employed depending on the initial
observations.

3.6.2 Staining of cassava starch foam blended with natural rubber latex
and rubber gloves with Schiff’s reagent. The procedure used was as follows. The
actively growing colonies of the chosen isolate on the rubber gloves and polymer
blend surface were clearly visualized by staining with Schiff’s reagent (Berekaa et al.,
2005). The purple color produced by the reagent provided evidence that isoprene
oligomers (In rubber gloves and polymer blend) containing aldehyde groups were
produced and accumulated during the microbial degradation of rubber (Tsuchii et al.,
1985). The purple color that developed over 10 min at room temperature was noted.
The composition of the Schiff’s reagent was as follows: 2 g of fuchsin dissolved in 50
mL of glacial acetic acid plus 10 g of Na;S,0s plus 100 ml of 0.1 N HCI plus 50 mL
of H,O (Linos et al., 2000).

3.6.3 Enzyme assay during degradation of the polymer blend. The
presence of glucosidase enzymes by the bacteria was assayed by measuring free
glucose levels and tests for an o-glucosidase enzyme activity in the culture
supernatant over 20 days. Every 2 days, a sample was taken from the culture media
with bacteria and polymer blend and centrifuged at 6000 rpm for 30 min (Procedure
described by Wimmer et al, 1997). The Somogyi-Nelson method was used to
measure reducing sugars. The Somogyi-Nelson method is based on the absorbance at
500 nm of a colored complex formed between a copper-oxidized sugar and
arsenomolybdate. The amount of glucose present was determined by comparison with
a calibration curve using a spectrophotometer. Glucose standards were prepared using
a 200 pg/mL solution in distilled water. 1.0 mL of culture supernatant (test) or
distilled water (blank) was added into a test tube, with 1 mL of low-alkalinity copper
reagent. Tubes were heated in a boiling water for 10 min. and instantly cooled (ice
bath), then 1.0 mL of the arsenomolybdate reagent diluted to 5 mL with distilled
water, was added and, stood for at least 15 min at room temperature. The solutions
were transferred from the test tubes to cuvettes and the Asg of the sugar standards and
solutions containing unknown amounts of sugar (If the Asyp measured was greater

than 1.0 OD unit, the samples were diluted further and the Asyp measurement
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repeated). The concentration of sugar present in the sample, was determined from the
calibration graph of Asy versus weight (mg) of sugar (Chaplin and Kennedy, 1994).
One unit of enzyme activity was defined as the amount of enzyme required to liberate
1 nmol of substrate per minute at 30°C and was expressed as U/mL.

Aliquots from the culture medium were also assayed for a-glucosidase
activity by measuring the release of p-nitrophenol from p-nitrophenyl-a-D
glucopyranoside (Sigma co., Ltd) as substrate. One mL of supernatant from the cell
free culture fluid was added to 100 uL of 5 mM substrate solution tube (substrate was
dissolved in 100 mM phosphate buffer pH 7.0) and incubated at 30°C for 30 min
(Applied from Otieno et al., 2006; Scalabrini et al., 1998). The reaction was stopped
with 200 uL of 1 M sodium carbonate solution and centrifuge at 6000 rpm for 10 min.
The OD was then measured at 420 nm. The enzyme activity was calculated, one IU is

defined as hydrolysis of 1 nmol of substrate per min at 30°C (Flachner et al., 1999).

3.6.4 Scanning electron microscopy (SEM) observation. Physical
changes, of cubic pieces of the polymers with side lengths of about 1 cm, incubated
with selected strains were observed by SEM. The polymer of cassava starch foam
blended with natural rubber latex was present an MSM cultures (100 mL) containing
2.31 g of polymer blend had been that inoculated with 10 mL of fresh cell (final
volume 10 cells/mL) of the respective strains grown in MSM medium with NR latex
for 48 h. Polymer strip specimens after incubation with bacteria were taken and
prepared for scanning electron microscopy (SEM) by an initial fixation in 2%
glutaraldehyde followed by 1%0sQO,4. Samples were dehydrated in a graded series of
etha