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Abstract

Plastics are synthetic polymers that changed our daily life due to their applications. But it’s increasing environmental problems had made
the researchers find the alternative way such as usage of biodegradable plastics like Polyhydroxyalkanoates (PHA) which has similar
properties to the conventional plastic. In this research production and characterization of PHAs using sugar industry wastes as a sole
carbon source was carried in order to reduce the cost of production of PHA. Isolation of heterotrophic native micro flora from soil sample
contaminated with sugar effluent for amylolytic and cellulolytic activity with PHA production potentials was carried out. Suitable condi-
tions for PHA accumulation were optimized with 1X and 2X MSM with sugar effluent as a sole carbon source and bacteriostatic antibi-
otics as an inducer using bi-phasic system. A total of 14 different heterotrophic native bacterial strains were isolated, among them, 4
isolates showed starch hydrolytic property, 7 isolates showed cellulolytic activity and 7 were PHA producers. The strain with the highest
PHA accumulation (99.99ug/mL of culture) in 2X MSM with sugar effluent within 6 hours was considered as a potential strain (53% of

PHB CWD). The isolate was confirmed as Chryseobacterium Sp. using 16S rRNA sequencing.

Keywords: Polyhydroxyalkanoates (PHA), Biopolymer, Sugar industry waste, Chryseobacterium, andPoly (3-hydroxybutyrate-co-3hydroxyvalerate).

1. Introduction

Plastics are inevitable in everyday life in the form of disposable
utensils, packaging furniture, machinery housings and accessories
for enhancing the life quality and comfort. Besides that, plastics
are also known as a synthetic polymer which is one of the greatest
conceptions of mankind that has significantly changed our daily
life due to their usages in the industrial, domestic and environmen-
tal application. This widespread applications of plastics are due to
their favourable stability, durability, shape and suitable mechani-
cal and its thermal properties(Khanna and Srivastava, 2009).
Currently, the worldwide demand for the plastics has caused a
serious environmental problem. The slow degradation of these
non-biodegradable plastics which may persist in the environment
for hundreds of years (Law et al., 2003). Therefore, an alternative
way to decrease the environmental impacts of non-biodegradable
plastics is to replace with biodegradable plastics. In addition to
being biodegradable, they have further advantages of being pro-
duced by using renewable sources (Nath et al., 2008; Flieger et al.,
2003).

Bio-based materials such as polyamides, polysaccharides,
polyoxesters, polythioesters, polyanhydrides, polyisoprenoids and
polyphenols are the potential candidates for the substitution of
synthetic plastics (Steinbuchel, 2001). Biodegradable plastics
which is known as plastics that decomposed by the action of living
organism usually bacteria. Among the biodegradable plastics
polyhydroxyalkanoates (PHAs) or otherwise known as biological
polyesters have been draw in the attention due to their similar
properties to conventional plastics and their biodegradable proper-

ties. Microbial polyesters which contain hydroxyacyl monomers
are termed as polyhydroxyalkanoates (PHASs), which are known as
intracellular carbon reserves (Otari and Ghosh, 2009).
Polyhydroxyalkanoates (PHAs) form a large group of linear, ali-
phatic polyesters that can be obtained from renewable sources.
The material’s properties exhibited by polyhydroxyalkanoates
(PHAs) which ranging from stiff, brittle to semi-rubber like
makes it a close substitute for the synthetic plastics and gives wide
range of  final  products.Poly  (3-hydroxybutyrate-co-
3hydroxyvalerate) P (3HB-co-HV) has lower crystallinity and
decreased stiffness, being more flexible and tougher than Poly (3-
hydroxybutyrate(P (3HB)) (Lee, 1996). Polyhydroxyalkanoates
(PHAs) has more wide range of potential applications because of
its desired features such as biocompatibility, biodegradability,
thermos processable and negligible cytotoxicity to the cells. Bio-
materials such as P (3HB) and P (3HB-co-3HHXx) were extensive-
ly studied PHA that used in the applications of tissue engineering
and controlled drug released (Xiong et al., 2010). In addition to
that PHAs are well studied for its biomedical applications with
lots of patents as reported by Paulraj et al., 2018. The present
study was aimed to produce polyhydroxyalkanoates (PHAs) from
native micro flora using sugar industry effluent as a carbon sub-
strate.
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2. Materials and methods

2.1 Isolation of native micro flora.

2.11 Collection of soil sample and sugar industry effluent.
Soil samples which are highly contaminated with sugar industry
effluent were collected from Central Sugar Refinery (CSR) SDN.
BHD., Shah Alam, Selangor, Malaysia. The samples were col-
lected using sterile zipper bags and transported to the laboratory
for the isolation and screening of cellulolytic and amylolytic PHA
producing bacterial strains. The samples and effluent were stored
at 4°C prior to use.

212 Isolation of heterotrophic native microorganism.

One gram of soil sample was suspended into 100mL of sterile
saline water and shaken vigorously for 15 to 20 minutes. Then, the
suspension was serially diluted in sterile saline water until 10%.
Aliquots of 1mL of each diluted sample were pour plated in nutri-
ent agar plates. Three replicates were done for each dilution and
the plates were incubated at 37°C for 24 hours. After incubation,
the developed colonies in the plates were counted and the mean
number of colonies per triplicatesof plates were determined. The
total number of heterotrophic bacteria in soil (CFU/g) was deter-
mined. Besides that, colonies which developed on the agar plates
were differentiated by shape, size, margin, elevation gram’s reac-
tion and colour appearance. The colonies of different morphologi-
cal characteristics were picked up and purified by streaking on
sterile nutrient agar plates.

2.1.3. Maintenance of bacterial strains.

The selected pure bacterial cultures which obtained were main-
tained in nutrient agar slants at 4°C and sub-cultured it for every 7
to 10 days throughout the experiment for routine analysis. One set
of pure cultures were maintained in glycerol stock at -20°C and
another set were maintained at -80°C for long-term storage as the
stock culture.

2.2 Qualitative screening of bacterial strains for

amylolytic and cellulolytic Activity.
2.2.1. Screening of bacterial strains for starch hydrolysis

The selected bacterial strains which were obtained was streaked
on five sets of starch agar plates and incubated at 37°C for up to
five days (24h, 48h, 72h, 96h and 120h). Hydrolytic activities
were confirmed by using Gram’s lodine reagent. The plates after
incubation were flooded with Gram’s Iodine reagent and allowed
for 2 to 5 minutes where the positive strains were identified by
clear halo zone surrounding the bacterial colonies with the dark
blue background (Mishra and Behera, 2008).

2.2.2. Screening of bacterial strains for cellulolytic activity.

The bacterial strains were streaked on five sets of
Carboxymethylcellulose (CMC) agar plates and incubated at 37°C
for five consecutive days. Cellulolytic activities were detected by
using Congo red, where the plates were flooded with freshly pre-
pared 1% of Congo red stain for 20 minutes. Then, rinsed the
plates with 1 M sodium chloride. The positive strains showing
clear zones around thecolony indicates positive cellulolytic activi-
ty (Johenson and Krause, 2014).

2.3. Qualitative screening for PHA production.

2.3.1. Screening of bacterial strains for PHA accumulation.
The bacterial strains were qualitatively screened for PHA accumu-
lation by using Nile blue staining method (Kitamura and Doi,
1994). The bacterial strains were grown as single colony on Min-
eral salt media (MSM) plates with varying carbon and nitrogen
concentration and incubated at 37°C for four consecutive days
(24h, 48h, 72h and 96h). Freshly prepared Nile blue solution was
spread all over the colonies after incubation, shaken gently and the
plates were kept undisturbed for 20 minutes at room temperature.
The plates were washed with 90% ethanol to remove excess stain.
The stained bacterial colonies exposed under Ultraviolet trans-
illuminator to detect PHA accumulation. Positive PHA producers
have shown a bright orange fluorescence color.

2.4. Quantitative screening of PHA producing bacterial
strains for the isolation of potential strains.

2.4.1. Screening of high PHA accumulating bacterial strains
by using N°- MSM and N%- MSM.

The cellulolytic and amylolytic bacterial strains which pro-duced
PHA in Nile blue staining method were screened for higher quan-
tity PHA accumulation. 1mL of selected bacterial cultures were
initially grown in 100mL sterile MSM and incubated at
37°C/100rpm with aeration for 48 hours for inoculum develop-
ment. After incubation, spin at 5000 rpm for 5 minutes at 4°C. The
supernatant was discarded and cell pellets were re-suspended with
nitrogen-free MSM (N°- MSM). Then, transferred to 250mL Er-
lenmeyer flask containing 100mL N°-MSM. Another set were re-
suspended with N®- MSM and transferred to 250mL Erlenmeyer
flask containing 100mL N- MSM. Both sets were incubated
under an aerated condition at 37°C/100rpm for 3 days. The PHA
accumulation pattern was studied every 6 hours to 72 hours.

2.4.2. Extraction of PHA.

The sampling was performed every 6 hours. 10mL of culture was
taken and centrifuged at 5000 rpm for 5 minutes. The supernatant
was discarded and the cell pellet was treated with a dispersion
containing 20mL of 4% sodium hypochlorite and 10mL of chloro-
form and incubated at 60°C in a water bath for overnight with
intermittent vortexing. The sodium hypochlorite digestion process
enables the complete digestion of cell components, degradation of
lipids and the PHA granules release outside the cells are easy for
the extraction of PHA (Shah, 2014). The mixture was centrifuged
at 5000 rpm for 5 minutes which resulted in three phases of sepa-
ration. The upper phase was the aqueous sodium hypochlorite, the
middle phasecontained the cell debris and the bottom contained
organic chloroform phase with extracted PHA. The upper and
middle phaseswerediscarded using a Pasteur pipette.

2.43. PHA quantification by Ultraviolet-visible (UV-Vis)
Spectrophotometric method.

PHA was estimated by using UV- visible spectrophotometric
method (Law and Slepecky, 1961). 100pL of an aliquot of PHA
containing chloroform was transferred into boiling tubes and dried
at room temperature. Once dried, 10mLof concentrated sulfuric
acid (H,SO,) was added into boiling tubes which having the pol-
ymer coating. The solution was heated in a boiling water bath for
20 minutes, cooled the solution and transferred to a quartz cuvette.
Addition of sulfuric acid converts the PHB into crotonic acid
which is brown colored. The absorbance was measured at 235nm
from the spectrum of 190nm to 1000nm against a sulfuric acid
blank. The presence of PHA was confirmed by the peak at 235nm
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(Amax)- Positive bacterial strains which show maximum PHA ac-
cumulation were selected for next stage analysis. Positive bacterial
strainswhich show maximum PHA accumulation were selected for
the next stage analysis.

2.5. Optimization of suitable condition for PHA ac-
cumulation

251 Further analysis of promising organism for PHA
accumulation supplemented with sugar effluent.

One millilitre of the culture was initially grown in MSM and incu-
bated at 37°C/100rpm with aeration for 48 hours. The biomass
was aseptically subjected to centrifugation at 5000 rpm for 5 min-
utes at 4°C to separate the biomass after incubation. The super-
natant was discarded and cell pellets were centrifugally washed
and re-suspended with a single strength of nitrogen-free and car-
bon-free MSM media (1X N%C°-MSM) and transferred to 250mL
Erlenmeyer flask containing 50mL of 1X N%C°-MSM and 50mL
of sugar effluent without bacteriostatic antibiotic. Another flask
was containing with 100pg/mL of bacteriostatic antibiotic,
chloramphenicol. Another set of bacterial biomass was re-
suspended and centrifugally washed with double strength (2X) of
nitrogen and carbon-free MSM media (2X N%C°-MSM). Then,
transferred to 250mL Erlenmeyer flask containing 50mL 2X
N%C®-MSM and 50mL of sugar effluent without chloramphenicol
and another flask with chloramphenicol. The pattern of PHA ac-
cumulation was studied every 6 hours to 24 hours by using sugar
effluent as carbon sources.

2.5.2.  Acetone drying and extraction of PHA from the se-
lected strain.

One millilitre of cultures of selected bacterial strainswas grown in
full media of MSM (N100- MSM) and incubated at 37°C/100rpm
in aeration condition for 48 hours. After incubation, the bacterial
biomass were subjected to centrifugation for 5000 rpm for 5 min-
utes at 4°C. Then, the supernatant was discarded and cell pellets

were re-suspended and centrifugally washed with MSM media
with 25% of nitrogen (N*-MSM) and transferred to 250mL Er-
lenmeyer flask that contained 100mL of N®-MSM and incubated
at 37°C/ 100rpm in aeration condition for 12 hours. Bacterial bio-
mass subjected into centrifugation for 5000rpm for 5 minutes at
4°C to separate the bio-mass after incubation. Bacterial biomass
was centrifugally washed with acetone and kept under -20°C for
overnight. This step was repeated for 2 to 3 times using acetone
and the mass was dried at room temperature after final washing.

2.5.3. HPLC analysis of extracted PHA for Co-polymer Varia-
tions

Co-polymer variation in the positive strains was analysed by the
method described by Rothermich et al., 2000.

3. Results and discussion.

Plastics are inevitable in everyday life in the form of disposable
utensils, packaging, furniture, machinery housings and accessories,
enhancing our life quality and comfort. Materials that made from
synthetic polymers are not biodegradable and often discarded
improperly. The best possible solutions are the environmentally
biodegradable polymers known as biopolymers to replace the
petroleum-based polymers (Wong et al., 2000). Among all various
types of biodegradable plastics, polyhydroxyalkanoates (PHAS)
are the most well-known. It has been being recognized as com-
pletely biosynthetic and biodegradable with zero toxic waste and
completely recyclable into organic waste. Furthermore, PHAS are
also microbial polyesters produced by the wide range of microor-
ganisms mostly as intracellular storage compounds for energy and
carbon (James et al., 1999). The major obstacle in facing commer-
cial production of PHA is high production cost andhas been the
major drawback to their replacement of petrochemicals plastics
(Choi and Lee, 1997). In order to overcome this major hurdle,
cheap carbon substrates have been used instead of high-cost glu-
cose and other expensive carbon sources.

Table 1: Morphological, Biochemical and PHA accumulation characteristics features of isolated hetero-trophic bacterial strains

Strain Shape Color Form Margin Elevation Gram’s  Morphology ~ Amylolytic  Cellulolytic PHA accu-  Scoring
No. Stain activity activity mulation
results

SE-01 Rhizoid White Shiny Rhizoid Flat + Cocci - - - -
SE-02 Circular Cream  Shiny Entire Convex + Rod - - - -
SE-03 Circular Cream  Shiny Entire Convex + Cocci - - - -
SE-04 Irregular  Cream  Dull Undulate  Flat - Cocci - - - -
SE-05 Circular Cream  Shiny Entire Convex + Cocci - - - -
SE-06 Circular Cream  Shiny Entire Convex + Rod + + + +++
SE-07 Circular Cream  Shiny Entire Convex + Cocci - - - -
SE-08 Circular Cream  Shiny Entire Flat - Cocci - - - -
SE-09 Circular ~ Cream  Shiny  Entire Convex + Cocci - + + ++
SE-10 Circular ~ Cream  Shiny  Curled Convex + Rod + + + +++
SE-11 Circular Cream  Dull Curled Convex - Cocci + + + +++
SE-12 Rhizoid White Dull Curled Flat - Cocci + + + +++
SE-13 Circular ~ Yellow Shiny  Entire Pulvinate - Cocci - + + ++
SE-14 Circular Pink Dull Entire Flat - Cocci - + + ++

3.1 Isolation and enumeration of heterotrophic native

The most important factor in polyhydroxyalkanoates (PHASs) are
the production process that known as the strategy of isolation and
identification of suitable microorganism from the environment.
Heterotrophic bacteria are known to be major soil bacteria where
they derive all the carbons and energy from complex organic mat-
ter, decaying roots and plant residues. Moreover, this bacteria also
use nitrogen and ammonia compounds that present in soil and
other nutrients which derived from the soil as well or decompos-
ing matter. Meanwhile, the heterotrophic native microflora was
targeted from sugar effluent contaminated soil for this research
work due to their ability to degrade organic substances like cellu-
lose and starch with PHA accumulation capability.

microflora from sugar mill effluent contaminated soil.

In the present study, bacterial isolates were obtained from sugar
mill effluent contaminated soil that was collected from Central
Sugar Refinery (CSR) SDN.BHD industry. The developed colo-
nies on nutrient agar plates were counted and the mean number of
colonies in triplicates of plates were determined. Table 2 shows
the total heterotrophic bacterial load (CFU/g) of soil from the
effluent contaminated site. The mean value of total bacterial
counts was considerably high for the effluent contaminated soil
samples. A total of 14 different heterotrophic native microflora
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were isolated on the basis of differential morphology and gram’s
reaction which shown in Table 1.

3.2. Screening of bacterial strains for amylolytic and cel-
lulolytic activity.

Heterotrophic bacterial isolates were primarily screened for the
production for amylolytic and cellulolytic enzyme activity by
Gram’s iodine and Congo red assay respectively. As shown in
Figure 1, out of 14 strains, 4 strains showed clear zones around the
corresponding colonies after adding Gram’s iodine solution. As
for cellulolytic activity, atotal of 7 strains were found positive
upon Congo red staining that producing clear zone as shown in
Figure 2. This procedure has been repeated for the plates that in-
cubated for 48 hours, 72 hours, 96 hours and 120 hours. This is
because a slow-growing organism was found positive after 72
hours.

Fig. 1: Selective screening of starch hydrolyzing heterotrophic bacteria on
the plates incubated for 96 hours. Bacterial colonies of SE-09 to SE-
12showing clear zones after staining with Gram’s iodine are marked as
amylase positive

The soil samples collected from sugar effluent contaminated area
were enriched with the functional microbial population as it indi-
cated the high population of amylolytic and cellulolytic bacteria
which shown in Table 3. The purpose of screening cellulolytic
andamylolytic bacteria in sugar effluent is that it contains many
organic compound such as the volatile fatty acid (VFA) and total
suspended solids (TSS). Besides that, the microorganism mediated
the processes through enzymatic activities of cellulose and amy-
lase can efficiently convert these organic compounds intoa simpler
compound. Thus, it provides the substrate for the production of
polyhydroxyalkanoates (PHAs) (Subin et al., 2013).

Fig. 2: Zone of clearance on cellulose Congo red assay for isolates after 72
hours of incubation. The formation of a clearing zone around the colonies
confirmed the secretion of extracellular cellulase

3.3. Isolation and screening of bacterial strains for
PHA accumulation

The preliminary screening for PHA accumulation for all the 14
amylolytic and cellulolytic positive bacterial strains was carried
out on Mineral salt media (MSM) plate with varying nitrogen
concentration since the bacteria are known to accumulate the PHA
granules in cells on the nitrogen deficient condition. The ability of
bacterial strains to produce intracellular PHA granules was con-
firmed by using the Nile blue-A staining method. The bacterial
strains containing granules were observed as bright orange fluo-
rescence on irradiation with UV light and their fluorescence inten-
sity increased with increase in PHA content of bacterial cells
which has shown in Figure 3.

3.4. Quantification of PHA by Ultraviolet-visible (UV-
Vis) Spectrophotometry

Fig. 3: Preliminary screening by Nile blue-A on MSM agar at C: N ratio
of 100: 75. Bright orange fluorescence was observed under UV light by
PHA accumulated isolates of SE-06 and SE-09 to SE-14

The three strains that have been selected (SE-10. SE-11 and SE-12)
were screened in the nitrogen-free MSM media (N% and MSM
media with the nitrogen content of 25% (MSM-N%). The accumu-
lation of PHA was tested by spectrophotometric method for both
strains that shown in Figure 4. Comparison of UV-Vis spectrum
obtained for the selected PHA producers with the standard PHB
was made. The spectrophotometric assay was performed with the
polymer extracted from the strain SE-10, SE-11 and SE-12 and the
standard were analysed after the digestion with sulfuric acid
(H,SO,4). The digestion with sulfuric acid, hydroxybutyric acid
converted into crotonic acid that has the maximum absorption at
235nm (Law and Slecpecky, 1961). Thus, the complete matching
of thespectra of an acid-digested sample and the standard shows
the presence of PHA in the strain SE-10, SE-11 and SE-12
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3.5 Analysis of PHA accumulation pattern for selected
strains in N>-MSM and N*-MSM.

The selected two strains (SE-10. and SE-12) were cultured in N°-
MSM and N®-MSM and the time course of PHA accumulation
pattern was monitored for every 6 hours to 72 hours of the incuba-
tion period. The amount of PHA being converted into crotonic
acid varied among both strains that have shown in Figure 5 and
Figure 6. The SE-10 strain showed low PHB content as low as
3.26pg/mL of culture at 72 hours and showed a higher rate of
PHA content into crotonic acid as high as 93.95ug/mL of culture.
Whereas, the SE-12 strain showed low PHB content as low as
4.65pg/mL of culture at 72 hours and showed a higher rate of
PHB content at 137.20ug/mL of culture. The PHB content indi-
cates the total amount of PHA which has been accumulated by the
bacterial strains at a specific hour.

Graph of PHA content against time in hour for strain SE-10.
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Fig. 5: Quantitative analysis of crotonic acid derived from extracted PHA
of SE-10.

Graph of PHA content against time in hours for strain SE-12
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Fig. 6: Qualitative analysis of crotonic acid derived from extracted PHA of
SE-12.

Both bacterial strains were able to accumulate the amounts of
PHA with glucose as primary carbon sources in the nitrogen-free
medium as well as in 25% of nitrogen content medium (N%-
MSM). The accumulation of PHA was observed from 0 hours in
which the graph shows slight increases in the PHA content for the
6 hour to 12 hours and reach a maximal peak around 30 hours to
48 hours. There was a decline in the PHA content on further incu-
bation, showing that the carbon source was being utilized by the
bacteria for the growth and PHA production. Based on Figure 5
and Figure 6, shows that the maximum amount of PHA accumula-
tion varies among the bacterial strains and both strains showed the
highest peak at 30" to 48" hours.

In Figure 6, it was found that the PHA accumulation for SE-12
strain cultured in N- MSM started after 6 hours and continued
increasing until 12 hours where the graph showed an increase in
PHA content from 24.65ug/mL of culture at the 6" hour to
89.76pg/mLof culture by the 12" hour. This is because PHA was
produced and accumulated in granules where the maximum pro-
duction of PHA was obtained 89.76pg/mL of culture within 12
hour of fermentation. Besides that, the PHA content was started to

decrease after 12 hour due to bacteria could synthesize PHA until
certain stage

Among the 2 strains analysed in N°-MSM and N®-MSM, both
bacterial strains showed the maximum amount of PHA accumula-
tion in a specific hour that shown in Table 2 and considered as
potential PHA producers. This preliminary experiment with glu-
cose as primary carbon sources that allowed the selection of best
PHA producing bacteria based on the duration and PHA content
and they were further tested with sugar effluent as a carbon source
in a different condition of MSM supplement with the bacterio-
static antibiotic. The selected isolates were SE-10 and SE-12
shows maximal PHA accumulationat the 12" hour of incubation in
N?-MSM. This infers the suitability of the strain for further work
and can primarily be assumed as promising strain due to its faster
productivity

Limitation of nutrients such as nitrogen, phosphorus and certain
other elements greatly increased the polymer accumulation rate in
most bacterial PHA synthesis (Wen et al., 2010). The lack of es-
sential nutrients, including nitrogen can cause the growth restric-
tion and physiological changes, through which the cells try to
optimize the scavenging of nutrients and growth (Chinwetkit-
vanich, 2004).

3.6 Analysis of PHA accumulation pattern for selected
strain by using sugar effluent.

Usage of sugar effluent for the production of PHA remains as an
attractive strategy due to their high carbon content particularly
volatile fatty acids (VFA) content that shown in Table 1. Thereby
have the chance of increasing the yield of the products. In addition,
heterotrophic bacteria are found to possess the ability to metabo-
lize organic and toxic compounds. Therefore, the present study
analyses effect of sugar effluent on the production of PHA in the
selected strain

The production of PHA was evaluated with two different sources
such as sugar effluent and bacteriostatic antibiotic, chlorampheni-
col under different culture condition of the single and double
strength of nitrogen free mineral salt media (1X and 2X nitrogen
free MSM). The bacteriostatic antibiotic, chloramphenicol is given
in order to inhibit the growth of the organism and it acts as a stress
condition towards the organism to produce a high yield of PHA.
Moreover, the limited condition of nitrogen and excessive carbon
sources could lead to higher production of PHA (Rehm, 2010).
The total PHA accumulation pattern was shown in Figure 8 shows
that the organism is able to utilize the carbon sources from the
sugar effluent for the PHA accumulation. However, the usage of
the sugar effluent as carbon sources showed gradual increases of
PHA content in 1X N°-MSM without chloramphenicol by com-
paring 1X N°-MSM with chloramphenicol that shown in Figure 7.
There is higher PHA content of 99.99ug/mL of culture at 6 hours
in 2X N°-MSM without chloramphenicol condition compared to
2X N°-MSM with chloramphenicol. This is because heterotrophic
native microflora surrounds the environment has the capability to
utilize the effluents and their derivative products for metabolism
and convert them to the compound such as storage materials
within the bacterial cell.

Graph against PHA content against time in hours for 1X MSM with
and without chloramphenicol
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Fig.7: Spectral analysis of crotonic acid derived from extracted PHA SE-
12 in single strength nitrogen free MSM (1X N°-MSM) supplement with
sugar effluent and chloramphenicol.
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The selected strain SE-12 was able to accumulate PHA content
about 99.99ug/mL culture in double strength MSM that has sup-
plement with sugar effluent at the 6™ hour. However, for 1L of
culture, approximately 0.9g of PHA was able to accumulate within
6 hour

The production of PHA with nitrogen limited condition from this
study was comparatively summarized in Table 2. The organism
showed the highest PHA accumulation, absorbance value of 0.215
units at A max 235nm in double strength nitrogen free condition.
This strain was able to accumulate the longer amount of PHA
within a shorter duration of time (6™ hour) compared to other con-
ditions. Hence, it can be considered as effective PHA producer
and promising strain for further analyses. Yet, it is essential to
analyze the co-polymer which present in this strain in order to use
it for biomedical application.

3.7 HPLC Analysis of PHA samples for Copolymer variations

The Potential strains which showed positive for PHA accumula-
tion were further subjected to HPLC analysis to check their ability
to accumulate PHB and PHV copolymer. The HPLC chroma-
togram (Fig. 8) showed the peak for standard PHB-Co-PHV and
the chromatogram (Fig. 9) shows the peak for PHB-co-PHV (7:3)
of selected strain SE-12. Among the seven strains, four strains
(SE-06, SE-09,SE-13 and SE-14) accumulated only PHB whereas
threestrains (SE-10, SE-11 and SE-12) accumulated PHB-co-PHV
were confirmed.

Figure 8: HPLC chromatogram showing the peaks for PHB and PHV
standard sample
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Figure 9: HPLC chromatogram showing the peaks for PHB and PHV of
selected strain SE-12

Table 2: The suitable condition of selected PHA producer for highest
PHA accumulation

Strain Condition Time of incuba- Absorbance PHA con-
No. tion (h) for at 235nm tent (ug/mL
maximal PHA of culture)
achieved
SE-12 1X N°- 24 0.66 30.70
MSM
1X N* 24 0.078 36.28
MSM +
AB
2X N°- 6 0.215 99.99
MSM
2X N°- 12 0.063 29.30
MSM +

AB

3.7 Strain identification by 16s rRNA sequencing.

The selected strain, SE-12, was identified by 16s rRNA technique
and it was confirmed asChryseobacterium Sp. The sequence of
this strain is  approximately 99%  similarity  with
Chryseobacteriumgallinarum. Chryseobacterium genus comprises
of many species from different sources (Vandammeet al., 1994).
However, there is no any studies conducted using this bacteria for
the production of PHA. For example, genetically engineered bac-
teria such as recombinant strains of Escherichia coli was able to
produce PHA containing 3HB, 3HHx and 3HO monomers from
soybean oil.

4. Conclusion

The main objective of the study was the production of
polyhydroxyalkanoates (PHAs) with the help of the industry
wastes as a carbon source in order to reduce the cost of commer-
cial PHA production. The sugar wastes contaminated ecosystem
produced 2 optimum PHA producing bacteria, one of the isolates,
Chryseobacteriumgallinarum, and produced maximal amount of
PHA with PHB: PHV in the ratio of 7:3 in nitrogen deficient con-
dition and double strength MSM with sugar effluent in a shorter
duration of time. It could be utilized to achieve cost-effective pro-
duction of biodegradable polymers with further optimization of
fermentation condition.
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