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ABSTRACT

The biodegradability of plastic sheets made of mixed proteins— LDPE blend
was investigated. Mixed proteins— LDPE blend based plastic sheets were
subjected to microbial degradation using Pseudomonas aeruginosa. At
regular interval of 4 days, culture growths and soluble protein concentrations
have been measured throughout the biodegradation study. Results from the
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biodegradati on showed that, plastic sheets prepared from mixture of soybean,
castor and rapeseed proteins— LDPE blend could support the growth of P.
aeruginosa. Biodegradable plastic sheet with composition (70:10:20 mixed
proteins & 10% L DPE) degraded much faster than other eight biodegradable

plastics sheets under the conditions examined.
© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Withtheadvancesintechnology and theincreasein
thegloba population, plastic materid shavefound wide
applicationsinevery aspect of lifeandindustries. How-
ever, most conventiond plasticssuch aspolyethylene,
polypropylene, polystyrene, poly (vinyl chloride) and poly
(ethyleneterphthaate), arenon biodegradable, and their
increasing accumulationintheenvironment hasbeena
threat to the planet. Mg ority of thecommodity plastics
are non-biodegradable and cause a problem of waste
accumulation. To overcomeall these problems, some
steps havebeen undertaken. Thefirst strategy involved
production of plasticswith high degreeof degradability.

So Biodegradabl e plastics are now emerging asone of
theavailable optionsto solveenvironmentd problems
rel ated to plasticsaccumul ation.

Biodegradable plastics are polymers or polymer
blends, whichinadditionto possessing propertiessmilar
to conventional plasticsare susceptibleto “natural” en-
zymehydrolysisor other chemicd attack. Researchand
devel opment of biodegradableplasticsfrom renewable
resourcesincluding proteini*2 starchi®® and microbia
fermentation products™9 havebeen conducted recently.
Amongthisplant proteinsareanimportant sourceof raw
materia for both food and non-food uses. Theseplants
proteinisrelatively low in cogt, renewableand readily
available. Theannua production of proteinisolatesand
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protein concentratesreaches 1 milliontonnesworld-wide.
Thepossibleusesof soy proteinsfor adhesive'®*Y coat-
ing polymerg %12 plasticd > Composites®?% and ed-
iblepackaging films#2 havebeen investigated recently.

Thefollowing methods have been used to assess
the biodegradation of plastics:

Changesof mechanicd propertiesinthesoil®. Bio-
logical oxygen demand (BOD) changesor CO,evolu-
tionin dudged®?. Molecular changesby enzymatic
or microbial treatment(?”?1, Mechanical property
changesor CO, evolutionin soil®®#. Gasevol ution by
anaerobic digestion®d. Mechanical property changes
inseveral compositing soil conditiong®+*,

Inthisstudy, in addition to soyaprotein, rapeseed
protein, castor protein and L DPE wereal so used for
the preparation of biodegradableplastics. Also, soy pro-
tein, rapeseed protein and castor proteinwereisolated
from deoiled cakes of soybean, castor and rapeseed,
which isby-product of oil processingindustry. Soin
this study we have produced important biodegradable
plastic sheetsfrom thewaste materid of oil processng
industry. The mechanical propertieswere determined.
Biodegradation behavior of resultant plastic sheetsby
microbial treatment was also studied for 52 days. Mi-
crobial degradation of plastic sheets prepared from
mixed proteins— LDPE blend was carried out using
Pseudomonas aer uginosa.

Pseudomonas aeruginosa is a gram-negative,
non-fermentative, aerobic rod, belonging to the bacte-
ria family Pseudomonadacead®. Theorganism canusu-
ally beisolated from soil and water aswell asthe sur-
faces of plantsand animals. It isfound throughout the
world, wherever these habitats occur, soitisquitea
“cosmopolitan” bacterium. P. aeruginosa possesses
metabolic versatility. Organic growth factorsare not
required, and it can use more than 30 organic com-
poundsfor growth. The bacteriumis often observed
growingin“distilled water,” which is evidence of'its
minimal nutritional requirements®. Moreover, P.
aeruginosa can produce awide range of proteinases
and is often implicated in the process of food spoil-
agel®,

MATERIALSAND METHODS

Deoiled cake (DOC) of soyabean, castor and rape
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seed were procured from Gujarat Ambujaexport Ltd,
Kadi, Mehsana, Gujarat, India. LDPE was procured
from Reliance Industry, Baroda, Gujarat, India. NaOH,
HCL, Polyethyleneglycol (PEG,,) and used were of
|aboratory grade.

Analysisof deoiled cake

Deailed cake (DOC) of soybean, castor and rape-
seed were analyzed by standard BIS methods (BIS:
548 (Part-1) 1994). Theresult of analysisisshownin
TABLE 1.

TABLE 1:Analysisof DOC

Deviled Oil Protein Moisture Fiber
cakes Content Content content content

(%) (%) (%) (%)

Soybean 1.04 40.01 8.58 7.54
Castor 0.66 28.87 7.12 23.15

Rape seed 1.59 41.68 7.70 8.05

I solation of proteinsfrom deoiled cakes

The proteinsfrom deoiled cakes were extracted
with 0.5% agqueous sodium hydroxide solution (1:20
wi/v cake: alkali). The soybean, castor and rape seed
cakeswere extracted at 50°C for 3 hwith 0.5% aque-
oussodium hydroxide solution. Theakali extract was
filtered and theresiduewasdiscarded. Thefiltratewas
brought totheisod ectric point by additionof diluteHCL
solution. The protein thus preci pitated wasfiltered and
dried.

Physical blendingof mixtureof proteinsand L DPE

Physica blending of mixtureof proteinsand LDPE
were done in various proportions i.e. 80:10:10,
70:20:10 and 70:10:20 ratio of the soy protein, castor
protein and rapeseed protein respectively and 10%,
20% and 30% of LDPE by wt. of soy proteinisolate.
Blending waredoneon two roll mill at 110°C for 45
min. By using different compositions of proteinsand
LDPE, plastic sheetswere prepared by using acom-
pression molding machineat 90°C and15 kg/cn?pres-
sureswas applied for 5 min then for 15 min without
pressure.

Biodegradation study of different plastic sheets

An experiment consisting of nineteen treatments
(TABLE 2) wasused to characteri zethe biodegradation
of themixed proteins- LDPE blendsby P. aeruginosa.
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Themicrobia degradation study was continued for 52
days. Triplicatesweredonefor each treatment.

TABLE 2: Summary of culture conditions

. - Inoculum Salir_1e Protein
Solution Composition (ml) Solution sheet
(ml)

1b 80:10:10 & 10% LDPE 0 200 1 Piece
2b 80:10:10 & 20% LDPE 0 200 1 Piece
3b 80:10:10 & 30% LDPE 0 200 1 Piece
4b 70:20:10 & 10% LDPE 0 200 1Piece
5b 70:20:10 & 20% LDPE 0 200 1 Piece
6b 70:20:10 & 30% LDPE 0 200 1 Piece
7b 70:10:20 & 10% LDPE 0 200 1Piece
8b 70:10:20 & 20% LDPE 0 200 1Piece
9b 70:10:20 & 30% LDPE 0 200 1Piece
1bb 80:10:10 & 10% LDPE 4 196 1 Piece
2bb 80:10:10 & 20% LDPE 4 196 1 Piece
3bb 80:10:10 & 30% LDPE 4 196 1 Piece
4bb 70:20:10 & 10% LDPE 4 196 1 Piece
5bb 70:20:10 & 20% LDPE 4 196 1 Piece
6bb 70:20:10 & 30% LDPE 4 196 1 Piece
7bb 70:10:20 & 10% LDPE 4 196 1 Piece
8bb 70:10:20 & 20% LDPE 4 196 1 Piece
9bb 70:10:20 & 30% LDPE 4 196 1 Piece
Ps 4 196

All the sheet samplesinthesainesolution (0.85%
NaCl) were autoclaved at 121°C for 15 min, inocu-
lated with P. aeruginosa and incubated at 30°C with
shaking at 120 rpm on JEIOTECH. Sl 600 R tem-
perature controlled incubator shaker (Koria) for 52
days. A biological control (only P. aeruginosa without
plastic sheet of mixed proteins - LDPE blends) and
negativecontrol (only plastic sheetsof mixed proteins-
L DPE blendswithout P. aeruginosa) werea so taken.
Appropriate aliquots of sampleswere removed and
anadyzed periodically. Thebacterid growth and soluble
protein content were measured at theinterval of 4 days.

Bacterial growth

Oneml samplesweretaken out at regular timein-
terval and growth of bacteriaintermsof optica density
at 600 nm was determined.

Solubleprotein determination

Biodegradation of organic polymerswas defined
asthedegradation and assimilation of organic polymers

by theaction of living organisms, primarily fungi and
bacterid*d. Upon degradation, protein moleculeswere
broken downinto small peptidesand aminoacids, which
remain solubleinthetrichloroacetic acid (TCA) solu-
tion. Hence, the percentage of soluble protein can be
used asaway to evaluatetherate of biodegradation.

Soluble protein contents of the sampleswerede-
termined based on themethod described by scientistg™.
Two ml of the samplesweretaken out periodically and
dilutedinanequa amount of 6% TCA solution. After
standing 30 min at room temperature, the precipitate
was removed by centrifugation at 8000 rpm
(KUBOTA-6200, JAPAN) for 15 min. The superna-
tant was used for soluble protein determination. An
optical density of soluble protein wasmeasured at 750
nm using SHIMADZU UV-1800 spectrophotometer
(Japan). Thesolubleprotein concentration of thesample
was obtained from the standard curves prepared using
BSA asreference.

Per centage of degradation

Theinitid weight of theeach plastic sheet wastaken
before biodegradation study start. After 52 day of bio-
degradation, againtheweight of each plastic sheet was
taken after drying at 100°C for 48 hin oven. The per-
centagerecovery of total solidsfor each plastic sheet
was cal cul ated using following equation,

W, X100
Wy

Where, W, = Thetota solid weight of each plastic sheet
recovered after biodegradation study; W, =Theinitid
total weight of corresponding plastic sheet beforebio-
degradation study.

Weight loss (%) =

RESULTSAND DISCUSSION

The plastic sheetsusing three different composi-
tionsof mixed proteinsintheratio 80:10:10, 70:20:10
and 70:10:20 and different percentages of LDPE were
prepared using 50% PEG,, (w/w) of SPI quantity as
plagticizer.

Theeffect of culture conditionson thevariation of
P. aeruginosa population over incubationtimeisillus-
tratedinFiguresy, 2, 3.

In order to accurately interpret the variation in
soluble protein dueto the microbia degradation, net
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Figurel: Biodegradation of mixed protein sheet (80:10:10)-L DPE blendsby P.aeruginosa
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Figure2: Biodegradation of mixed protein sheet (70:20:10)-L DPE blendsby P.aeruginosa
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changes of soluble protein concentration were com-
puted by subtracting the val uesfor sol utionscontaining
only thefilmsfrom the corresponding sol utions con-
taining thefilmsand the bacteria(1bb-1b, 2bb-2b, 3bb-
3b, 4bb-4b, 5bb-5b, 6bb-6b, 7bb-7b, 8bb-8b and
9bb-9b). From Figure 1, optical densitiesof bacterial
population in solution 1bb, 2bb and 3bb werefound to
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Figure3: Biodegradation of mixed protein sheet (70:10: 20)-L DPE blendsby P.aeruginosa

be0.742, 0.627 and 0.331 respectively at 52 days of
Incubation. Highest soluble protein concentration was
observed in 1bb-1b followed by 2bb-2b and 3bb-3b
at 52 days of incubation which suggested that maxi-
mum biodegradation occurred in 1bb-1b compared to
2bb-2b and 3bb-3b. Figure 2 shows an increase in
bacterial populationintermsof optica densitiesof so-

——r—, \l3Cromolecules

Au Jndian Journal



34

Biodegradation study of DOC isolated mixed proteins-LDPE blend based plastic sheets

MMAIJ, 10(1) 2014

Full Paper e

[ution 4bb (0.833), 5bb (0.744) and 6bb (0.696) at 52
daysof incubation. Highest soluble protein concentra-
tion was observed in 4bb-4b, whilelowest solublepro-
tein concentration was observed in 6bb-6b. So one
can say that highest biodegradation occurred in 4bb-
4b compared to 5bb-5b and 6bb-6b. In solution 7bb,
the population of bacteriawasincreased gradually and
reached up to 1.056 O.D. at 52 day. In solution 8bb,
the population of bacteriawas continuoudly increased
from 20days and reached up t0 0.937 O.D. at 52 day.
In solution 9bb, the popul ation of bacteriawasincreased
gradually and reached up to 0.739 O.D. at 52 day.
Highest soluble protein concentration wasobservedin
7bb-7b, whilelowest soluble protein concentration was
observedin9bb-9b. It showed that highest biodegra-
dation occurred in 7bb-4b compared to 8bb-8b and
9bb-9b (Figure 3). In solution Ps, which contained
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inoculumsaoneinthe sterile saline sol ution, the popu-
lation of bacteriawasincreased very d owly and maxi-
mum reached up to 0.039 O.D. Growth of P.
aer uginosa under the above condition (traces of nutri-
entsfrom inoculum) isan evidence of itscapability of
survivingunder minima nutritiond requirements(Baron,
1996). No bacteria growth was observed in solutions
1b, 2b, 3b, 4b, 5b, 6b, 7b, 8b and 9b through the
experiment, which confirmsthat thefilmswere sterile
prior toinoculation. FromtheFigure 1, 2and 3, it was
observed that 10% addition of LDPE in mixed pro-
teins-L DPE blendsgave good biodegradation compare
to 20% and 30% addition of LDPE. It means 1bb-1b,
4bb-4b and 7bb-7b gave good biodegradation than
that of others.

In Figure 4, we compared the results of 1bb-1b,
4bb-4b and 7bb-7b. Maximum soluble protein con-
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Figure4: Comparison of biodegradation of protein sheets1bb, 4bb and 7bb

centration was found in 7bb-7b compare to 1bb-1b,
4bb-4b. So biodegradabl e plastic sheet with composi-
tion (70:10:20 mixed proteins& 10% L DPE) showed
good biodegradation. It meansin thisstudy, 70:10:20
mixed proteinswith 10% L DPE composition was best
composition for the preparation of biodegradableplas-
ticshests.

Microorganismsrequire sourcesof carbon, nitro-
genand micronutrientsfor their growth. Therefore, the
composition of themateria will determinethe speed of
the biodegradation process. Furthermore, the extent of
covaent cross-linking a so affectstherate of biodegra-
dation of proteinfilmg*l. Janeet d., have demonstrated
that covalent cross-linking decreases the biodegrad-
ability of compositestarch-protein filmg“y,

Percentage of degradation was determined by

Macromolecules ——

wel ght lossmethod. Percentages of degradation of nine
biodegradable plasticswereshownin TABLE 3.

TABLE 3: Percentage of degradation

Degradation due

N Total _ to
Composdition Degradation . .
(%) Microor ganism
(%)
80:10:10 & 10% LDPE 51.53 30.87
80:10:10 & 20% LDPE 50.14 36.81
80:10:10 & 30% LDPE 52.86 36.20
70:20:10 & 10% LDPE 64.20 49.87
70:20:10 & 20% LDPE 51.93 33.23
70:20:10 & 30% LDPE 53.00 30.34
70:10:20 & 10% LDPE 65.73 51.47
70:10:20 & 20% LDPE 58.80 43.33
70:10:20 & 30% LDPE 69.53 58.23
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It was shown that actual biodegradation of plastic
sheets dueto P.aeruginosa was maximum in plastic
sheet with composition (70:10:20 mixed proteins &
10% L DPE), whileminimum biodegradation was ob-
served inplastic sheat with composition (70:20:10 mixed
proteins& 30% LDPE).

CONCLUSION

Experimentd resultsdemonstrated that mixed pro-
teins — LDPE blends based biodegradable plastics
sheetswere successfully degraded using microorgan-
ism P. aeruginosa. Biodegradable plastic sheet with
composition (70:10:20 mixed proteins & 10% LDPE)
was degraded much faster than other eight biodegrad-
ableplastic sheetsunder the conditionsexamined, sug-
gestingthat therateof biodegradationisassociated with
the composition of film-forming materialsand the ex-
tent of covalent cross-linking in theresulting protein
films
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