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ABSTRACT

Polyhydroxyalkonates a family of polyestersis accumulated as granules
in the cells of Pseudomonas putida was significantly depended on the
ratio of carbon and nitrogen in the culture medium. The presence of PHA
in Pseudomonas putida was confirmed by sudan Black and Nile Blue
staining. Kitchen waste and oil waste were used as the renewable raw
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material for the production of PHA. Highest production of 7.27% was
seen in oil waste and 6.3% in vegetable waste. The purified PHA was
further confirmed by IR and NMR which showed the presence of the
functional groups CO and OH which correlated with the control PHA.
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INTRODUCTION

In response to problems associated with plastic
wasteand itseffect on the environment, there hasbeen
considerableinterest in the devel opment and produc-
tion of biodegradabl e plastics (Bioplastics). Biotech-
nological processesare being developed asan dterna
tive to existing route or to get new biodegradable
biopolymers. Bioplasticsare known asbiodegradable
plastics. Biodegradationisaprocessthat describesthe
minerdization of organic ructuresby microorganisms.
Thesemicroorganismsconvert thebioplagticsinto car-
bon-di-oxide, methane, water and biomass.

In order to makethe production of PHAseconomi-
caly moreattractive, theuse of inexpensive substrates
has beeninvestigated thoroughly®®.

Themost common raw materialsused in the pro-

duction of biomass-based plasticsare corn, starchand
potatoes, including thebiomassfraction presentinwaste
(from househol ds, municipa waste, dairy industry, pa
per mills, forestry etc.). About 150 different
hydroxyakanoic acidshave beenidentified ascongtitu-
ents of bacterial polyesters’®l. The first
Polyhydroxyalkanoate, a homopolymer poly-f-
hydroxybutyrate was discovered by Lemoigne in
19252, Polyhydroxy alkanoates are aclassof natura
polyesterswhich can be produced and accumul ated as
intracellular and energy storage compounds by many
Gram-positiveand Gram-negative bacteriafrom at | east
75 different generadepending on thetypes of carbon
sources available and the biochemical pathwaysthat
areoperatinginthe cdll.'*®¥ Thispolymer isprimarily a
product of carbon assmilation (from glucoseor starch)
and isemployed by microorganismsasaform of en-
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ergy storage materia accumulated intracdlularly to be
metabolized when other common energy sourcesare
not avail abl €%, Some bacteriamay accumulate huge
quantities (up to 80% of dry weight) of poly-
hydroxya kanoate™¥. Themicrobia polyesterisacrys-
tallinethermopl astic with propertiescomparabl eto that
of polypropyleng?.

The granules of Polyhydroxy alkanoates stored
withinthecedlsareclearly visbleunder eectron micro-
scope. Under Transmission Electron Microscope
(TEM), it appearsaselectron-dense bodies. Interms
of molecular weight, PHA canweigh between2 X 10°
to 3 X 10°Ddtong®. Thepreciseva uedependsonthe
microorganisms and its growth conditions”. Native
Polyhydroxya kanoates granul es can be stained with
Sudan Black B¥, NileBlueAl and Nile Red. PHASs
aremorespecificaly stained by NileBlueA, whereits
presenceisindicated by strong orangefluorescence.

Theraeof polyhydroxya kanoateaccumulation can
beincreased by increasing theratio of carbon source
to nitrogen source*®. Amongall, polyhydroxybutyrate
(PHB) that cons stsof only 3-hydroxybutyrate mono-
mer isthemost commonly found polyhydroxyakanoates
inthe naturé™. Polyhydroxybutyratehasphysica prop-
ertiesthat resembled synthetic petrochemical-based
plastics. It can be used asabiodegradable thermoplas-
tic material for waste management strategies and
biocompeatibility inthe medical devices.

Polyhydroxy akanoate synthaseisthekey enzyme
of Polyhydroxy dkanoatebiosynthesisand catalyzethe
conversion of 3-hydroxyl-CoA substrates into
Polyhydroxya kanoateswith the concomitant rel ease of
CoAl8,

Approximately 300 different bacteria, encompass-
ing Gram-negativeand Gram-positivespecieshavebeen
reported to accumulate various Polyhydro-
xyalkanoates?.

A number of bacteria including Alcaligens
eutrophus, Alcaligenslatus, Azotobacter vinelandii,
Methylotrophs, Pseudomonas and recombinant Es-
cherichia coli have been employed for the production
of Polyhydroxya kanoates and the productivity greeter
than 2 g PHA /L/h hasbeen achieved®.

Polyhydroxya kanoate have beenwiddy usedinthe
development of cardiovascular products such as peri-
cardial patches” patch material in the pulmonary cir-
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culation?? and asvascular graftd’?. Impressiveresults
have been obtai ned in the devel opment of cell-seeded
tissue engineered heart valves using Polyhydroxy-
alkanoate such as (3-hydroxyoctanoate) and Poly-
hydroxybutyrate.

Polyhydroxyalkanoates are a so apotential mate-
rid for gpplicationsin controlled drugrel eese systemg?.
Thebiocompatibility and biodegradability properties of
Polyhydroxyalkanoate makethem attractive as materi-
asfordrugddivery.

Inthe present study therate of production of poly-
hydroxy akonate by microorganisms using thewaste
product asthe sourcewas eval uated.

MATERIALSAND METHODS

The microorganism capable of producing
Polyhydroxya kanoate wasisolated and identified from
thesoil sample.

The garden soil was collected from the Dumpyard
soil, Pallikaranai. For theisolation, the seria dilution
techniquewasfollowed.

I solation and char acterization of microor ganism

Theorganism growninthenutrient agar waspicked
out and streeked individually. Individudly isolated strain
was screened for the presence of Polyhydroxya kanoate
by Sudan Black staining® and Nile Blue staining™*”.
Thepostivedrainin Nile Blueand Sudan Black stain-
ing was subjected to Biochemica identification studies.

Production of polyhydr oxyalkanoates

Three different types of sources were used for
Polyhydroxyal kanoate production.

(a) Production of polyhydroxyalkanoatein PHA
medium, oil wasteand kitchen waste

Pseudomonas putida was inoculated in
Polyhydroxya kanoate medium, oil wastemedium (50g
of coconut oil cake and 50g of sesameail cake, boiled,
filtered), Kitchenwaste medium (100g of kitchen waste
chopped, boiled, filtered). After the period of 3 daysat
37°C incubation, Polyhydroxyalkanoate was isolated
and usedfor analysis.

Extraction of polyhydroxyalkanoate
After theperiod of incubation bacteria cellswere
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harvested by centrifugation at 10000 rpm for 10min-
utesat 10°C. Pellets were washed twice with distilled
water. Cellsweredried at 105°C for 24 hours in hot air
oven and then cooled. To thedried cells20ml of 30%
sodium hypochlorite and 20 ml of chloroform was
added. The suspension wasincubated at 30°C for 90
minutesin shakingincubator. Themixturewasthen cen-
trifuged for 20 minutes. Thelower phase waswashed
twicewith distilled water and Polyhydroxyal kanoates
were precipitated with ethanol. The precipitate was
dried and weighed. The extracted Polyhydro-
xya kanoate wasdried and itswel ght was recorded.

Deter mination of polyhydroxyalkanoatescontents
incells

The content of polyester inthecdlswasca culated
as the ratio of weight of extracted Poly-
hydroxyalkanoate to the cell dry weight, fromwhich
the Polyhydroxya kanoateswere extracted®!.

Analysisof polyhydroxyalkanoates

(a) Fourier transfor m-Infrared spectroscopy (FT-
IR)

FTIR was recorded to determine the functional
group present inthe polymer. FTIR spectrum wastaken
using PERKIN ELMER spectrum oneintherange of
400-4000 cm-1.

(b) *H and C nuclear magnetic r esonance spec-
troscopy (NMR)

NMR wasrecorded to cd culate the number of car-
bon and hydrogen atoms present in the polymer. H
and *C NMR spectrawere obtained with BRUKER
AVANCE I11 500 MHZ NMR system.

RESULTSAND DISCUSSION

Theuseof Polyhydroxybutyrate asasubstitutefor
non-bi odegradabl e petrol eum based pl asti cs cost sub-
stantially morethanitsfossil fuel based counterparts
and offer anumber of performance advantage other
than biodegradability.

| solation of polyhydroxyalkanoate producing mi-
Croorganisms

About five microorganismswereisol ated from soil
samplesout of which only onestrain was sudanophilic

asconfirmed by Sudan Black staining. (Figure 1) and
showed characteristic orangefluorescence, with Nile
Blue A stain indicating the possible presence of
Polyhydroxyakanoatesinthecells. (Figure 2)
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Figurel: Sudan black stainingfor strainl

Figure2: Nilebluestainingfor strainl
Screening of organism

Based on the biochemical characteristicstheiso-
late was characterized, identified and confirmed by
Bergy’s manual as Gram-negative Pseudomonas
putida.

Production of polyhydroxyalkanoates from ail
cake, kitchen waste, PHA medium

Oil cakes are by products obtained after oil ex-
traction from the seeds. Oil cakesare utilized asapo-
tentia raw materia in bioprocessasthey providean
excellent substratum for the growth of microorganism
supplying the essential nutrientsto them. One of the
limiting factors for the commercialization of Poly-
hydroxyal kanoatesisthe high cost of the carbon sub-
strates used for the production. Thewaste materials
generated from kitchen, when thrown away, creates
major environmental problems. Hencethe production
of the polymer from kitchen waste, the cost effective
substratesrichin different carbon componentsappeared
feasiblefor Polyhydroxyal kanoate production. Ascon-
trol, theproduction of Polyhydroxyalkanoate was stud-
iedin PHA medium. Themedium hasacted asan arti-
ficia source containing carbon sourcein theform of
glucose.
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TABLE 1: Polyhydroxyalkanoate production by Pseudomo-
nasputidaein oil cakeextract, kitchen waste, PHA medium

Source Cpll Dry PHA PHA
Weight (g/L) Concentration(g/L) Content (%)
Oil cake 1.086 0.158 7.27
Kitchenwaste 1.047 0.132 6.30
PHA medium 1.052 0.040 384

Thedatarevealsthat % of PHA (intermsof cell
mass) is higher in oil cake extract medium than the
kitchen waste and PHA medium. The coconut and
sesame oil cakes have high protein content (supple-
ment of nitrogen). In present study good yield hasbeen
seen evenintheincreased presence of nitrogen. The
reason might be predicted asthe nitrogen source sup-
plied throughtheoil cakehasincreased theprotein syn-
thesis of the organism and increased the biomass to
1.086 g/L for Pseudomonas putida. Theorganism has
utilized theresdud fatty acids presentintheoil caketo
produce Polyhydroxyal kanoates (through -oxidation).

Comparing the other source medium (oil cakeand
kitchen extract medium); the yield of the
Polyhydroxyalkanoatein PHA mediumislow, even
though the production is seen. Hence, it can be pre-
dicted that the appropriate nutrients supplied in the
medium hasnot initiated for theincreased production
of Polyhydroxyal kanoate.

After extraction of Polyhydroxyal kanoate by chlo-
roform, the Polyhydroxyal kanoate appeared as sheet.
(Figure 3,4,5) showsthe photographs of thethinfilm
sheetsof Polyhydroxyakanoate.

Figure 3: PHA exracted by Pseudomonas putida from ail
cakeextract

Figure4: PHA exracted by Pseudomonasputidafromkitchen
waste

Figure5: PHA exracted by Pseudomonasputidafrom PHA
medium

IR

ThelR spectrum (TABLE 2, 3, 4, 5) of polymers
extracted in this study was recorded in the range of
400-4000 cm-1 and It showed the marked peaks at
numbersranging (3434-3465), (2922-2926), (1451-
1465) and (1055-1069) representing the presence of
OH bonding, presenceof diphatic CH stretching, C=0
and C-O groupswhich resemblesthefunctiona group
present inthecommercial poly hydroxyl butyrate and
hencetheisolated compound is predicted to be Poly

hydroxyl butyrate.

TABLE 2: IR peak regionsfor PHA extracted from oil cake
mediumat pH 7.0

Microorganism Peak region Comments

3435 Intramolecular H bonding
Pseudomonas 2924 CH, stretching
putida 1745 C=0

1057 C-O dretching

e
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Figure6: IR peak for polyhydroxyalkanoatesproduced by
Pseudomonas putidain oil cake extract medium

TABLE 3: IR peak regionsfor PHA extracted from kitchen
wagemediumat pH 7.0

Microorganism Peak region Comments

3434 Intramolecular H bonding
Pseudomonas 2924 CH, stretching
putida 1745 C=0

1057 C-O stretching
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Figure7: IR peak for polyhydroxyalkanoates produced by
Pseudomonasputidain kitchen waste extract medium

TABLE 4: IR peak regionsfor PHA extracted from PHA
mediumat pH 7.0

Microorganism Peak region Comments

3465 Intramolecular H bonding
Pse_udomonas 2924 CH; stretching
putida

1648 c=0

1069 C-O stretching
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Figure8: IR peak for polyhydroxyalkanoates produced by
Pseudomonasputidain PHA medium
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Figure9: 1R peak for commer cial polyhydroxyalkanoates
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TABLES: IR peak regionscommercial PHA

Control  Peak region  Comments
3435 Intramolecular H bonding
2922 CH, stretching
1634 C=0
1061 C-O stretching
NMR

H NMR spectrumindicatesthat signal character-
istic of PHA was observed in the polymer extracted
from different carbon sources containing mediaasa
doublet at 1.29 ppm whichisattributed to the methyl
group, adoublet of quadrupleat 2.5 ppmwhichisat-
tributed to methylenegroup and amultiplet a 5.28 ppm
characteristic of methylene group.
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Figure10: 'H NMR spectrum for polyhydroxyalkanoates
produced by Pseudomonasputidain oil cakeextract medium
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Figure12: *H NM R spectrum for polyhydroxyalkanoates
produced by Pseudomonasputidain PHA medium
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Figurel3: 'H NMR peak for commercial PHA

3C NM R spectrum of thecompound wasrecorded
in the range of (0-200) ppm. The spectrum of the
biopolymers showed transitions at near enough posi-
tionsto ensurethat chemically al the polymerswere
smilar. Assignment could be donefor the presence of
CH, ("23 ppm), CH, (*45 ppm), CH (*77 ppm) and
CO (7168 ppm) groups.
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Figure14: *C NM R spectrumfor polyhydroxyalkanoates
produced by Pseudomonasputidain oil cakeextract medium
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Figure15: #¥C NM R spectrum for polyhydroxyalkanoates
produced by Pseudomonasputida in kitchen waste extr act
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Figurel17: 3C NM R spectrum for commer cial PHA
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The spectrum analysiswas compared with other
previousreferencesand found to besimilar with PHB™.

CONCLUSION

Research in the production of Polyhydro-
xyakanoatesasapetrochemica dternativesfor thefu-
ture hasbeen explored using bacteriaand waste prod-
ucts. Hence, thewaste material swhichwasconsidered
asone of themain factor of pollutionwasdiverted to
produce Polyhydroxyalkanoate, an alternative source
of petroleum based plastics. Thustheword pollutionto
acertain extent can benullified by thispresent study.
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