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ABSTRACT
In the present study, biowaste such as thippi, sago effluent and molasses were incorporated
to provide nutrients in growth medium for Alcaligens eutrophus to produce a biopolymer,
poly-hydroxy-butyrate (PHB) under varying pH. The results showed that higher percentage of
occurrence of PHB in the medium containing molasses, in all the concentrations tested i.e.,
50%, 60% and 70% at pH 8.0. The overall occurrence PHB in molasses was higher than in
thippi, sago effluent and control (Glucose medium) in all the three pH ranges tested. PHB
produced in 60% molasses containing medium at pH 8.0 was 1.00 g/100 ml medium which
was higher than the other treatments.

Key Words: Bio-wastes, sago effluent, bioplastic, Alcaligens eutrophus, polyhydroxy-butyrate
(PHB).

Introduction

Our whole world seems to be warped in plastic.
Almost every product we buy most of the food we eat
and many of the liquid we drink come encased in
plastic. Plastic packaging provides excellent
protection for the product, it is cheap to manufacture
and seems to last forever. However it is proved to be
a major environmental problem. Another problem is
that traditional plastics are manufactured from
non-renewable resources. The traditional plastics are
non biodegradable because their long polymer
molecules are too large and tightly bonded together
and assimilated by decomposer organisms. However,
plastics based on natural plant polymers derived from
wheat or cornstarch has molecules that are readily
attacked and broken down by microbes. Starch is a
natural polymer. It is a white, granular carbohydrate
produced by plants during photosynthesis and it
serves as the plant’s energy store. Cereal plants and
tubers normally contain starch in large proportions.
Starch can be processed directly into a bioplastic but
it is soluble in water, hence articles made from starch
will swell and deform when exposed to moisture,
limiting its use (Pal and Paul 2001).

The Biopolymer, poly-beta-hydroxybutyrate
(PHB) which is a biodegradable, biocompatible,
thermoplastic produced by various microorganisms.
The material can be made into film, fibers and

sheets, and molded into shapes bags and bottles
(Byromk, 1987). PHB is an intracellular storage
compound that acts as a reserve of carbon and energy
(Anderson and Dawes, 1989). the polymer
accumulates as distinct granules in the cell, and has
been reported to accumulate up to 70-80% of cell dry
weight for strains Alcaligenes eutrophus  under
conditions of nitrogen or phosphate limitation and
excess of carbon source (Senior et al., 1973).
Polyhydroxybutyrate shows similarities in molecular
structure and physical properties to polypropylene, a
widely used polymer. Both polymers are isotactic i.e.,
in each polymer the methyl group attached to the
backbone is present in a single configuration
throughout the chain. The British Chemical giant
Imperial chemical industries is producing PHB and
marketing it as a packaging polymer and is extracted
from the cell and milled to a power or pellet form
and used in the production of plastic (Brandl et al
1988).

Alio et al., (1985) reported that PHB always
caused an increase in density. Earlier reports had
claimed that cells with PHB found to be denser than
cells without PHB in sucrose gradient. The nutrient
content decrease as the culture grows under nutrient
starvation up to this point in the fermentation, very
little PHB has accumulated in the cells. But in stage
two of the process in which glucose to amino acid
conversion is detained because low nutrition
availability (William et al., 1958). PHB production
results in the increase of cell width. PHB is generally
synthesized from acetyl–CoA by sequence of three
enzymic reactions catalysed by 3-keto-thiolase, acetyl
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CoA reductase and PHB synthase (Haywood et al.,
1988). 

The present study may provide an insight to
produce environmental friendly, biodegradable
bioplastic i.e., PHB using biological waste products.
In general the bioindustrial waste products are
having high starch compounds. Thippi (Cassava
starch factory waste) is the fibrous residue discharged
from the cassava starch factories. It contains on
50-55% unextracted starch, which makes it an ideal
substrate for microbiological growth. Thippi
discharged into the factory process caused lot of
pollution problems and foul smell (Padmaja et al.,
2004). The waste water discharged from sago
industry is high BOD and COD in the order of 3990
and 6850 mg/l the pH was 4.62.They are simply
released to environment without any treatment hence
they create lot of pollutant effect to the surrounding
environment (Sekaran, 2004). To over come such
challenges Molasses, Sago effluent and Sago Thippi
can be used as substrate for the production of
bioplastic. In the present study, biowaste such as
thippi, sago effluent and molasses were incorporated
to provide nutrients in growth medium for Alcaligens
eutrophus to produce a biopolymer (PHB) under
varying pH.

Material and methods

Production medium: Alcaligens eutrophus
(MTCC-1285) procured from IMTECH, Chandigarh,
India was grown in the nutrient broth medium at
37°C for 24 hrs. Then the broth culture was
centrifuged at 5000rpm and finally the pellet was
collected in the eppendorf tubes. From the collected
pellets, 40 mg was transferred to nitrogen deficient
medium (Stockdole et al., 1968, Suzuki et al., 1986)
in 250ml Erlenmeyer flask in three replicates for
each experimental setup as shown below.

S.
No

Concentration of
bioindustrial waste

(Thippi, Sago effluent
and Molasses)

pH

1 50% 6.9, 8.0 and 9.0
2 60% 6.9, 8.0 and 9.0
3 70% 6.9, 8.0 and 9.0
4 Glucose 6.9, 8.0 and 9.0

For observing colony morphology of Alcaligens
eutrophus agar was added to N2 deficiency medium,
plated and incubated at 37°C. All the experimental
sets along with control were maintained at 37°C for
48hrs. Then a loopful of each culture was taken in
a glass slide, heat fixed and observed under Phase

Contrast microscope to check the production of
storage granules. For Fluorescence microscopic
observation, 0.1 ml of the culture was taken from the
production medium and transferred to eppendorf tube
containing 0.5 ml of accridine orange. The mixture
was incubated for 30 minutes at 30°C. After
incubation the culture was centrifuged at 4000rpm
for 5 min. The pellet was collected and resuspended
in distilled water. Smear was prepared and observed
under the Fluorescence Microscope. 

Extraction of PHB: After 48 hours incubation
at 37°C 10 ml of culture was taken and centrifuged
at 8000 rpm for 15 minutes. The supernatant was
discarded, then the pellet was treated with the 10 ml
sodium hypochlorite, incubated at 30°C for 2 hours.
After the incubation period, the culture was
centrifuged at 5000 rpm for 15minutes. Washed with
distilled water, acetone, and methanol respectively.
The pellet was dissolved in 5 ml of boiling chloroform,
poured on sterile glass tray and kept at 40°C to
evaporate the chloroform. Finally, the dried power
was collected in a sterile container, weighed and
analyzed for PHB.

Results and discussion

Small circular colonies were observed after 48
hours incubation period at 37°C. Since Sudan Black
B stains only PHB granules rather than other
inclusions in the bacterial cell, when flooded PHB
producers were shown blue color colonies. Due to the
production of PHB, the cell becomes enlarged in size
and granules were observed with fluorescence. The
results of microscopic observation on the occurrence
of PHB granules are shown in Table 1. The
maximum occurrence was found in the production
medium containing molasses of three different
concentrations, i.e., 50%, 60% and 70% in the pH of
8.0. The same treatment in pH 6.9 and 9.0 showed
moderate occurrence of PHB except the medium with
60% molasses at pH 9.0. The substrate used for PHB
production molasses and sago effluent based medium
showed high purity of PHB, while thippi based
medium showed impurities of PHB. The IR analysis
also showed peak region representing the presence of
CH2-CHC=O methyl ester group in the extract. These
methyl ester groups confirmed that the extract was
PHB. The amount of the PHB production was varied
according to the substrates being used. It was
estimated that molasses based medium produced a
higher amount of PHB, 1.0 g/100 ml medium where
as thippi and sago effluent based medium yielded
0.55 g/100 ml, 0.65 g/100 ml respectively in pH 8.0
(Table 2). 
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Table 1: Microscopic observation on the
occurrence of PHB granules in the cells of
Alcaligenes eutrophus cultured in various

production media under different pH.

S. No
Producti

on
medium

Occurrence of PHB under
Microscope*

pH 6.9 pH 8.0 pH 9.0

Thippi

1 50% + ++ +
2 60% + + +
3 70% + + +

Sago Effluent

4 50% + ++ +
5 60% + ++ +
6 70% + ++ +

Molasses

7 50% ++ +++ ++
8 60% ++ +++ +++
9 70% ++ +++ ++

Glucose

10 2% ++ +++ ++
(+ - Low, ++ - Moderate, +++ High)

Table 2: Production of PHB by Alcaligenes
eutrophus cultured in various production

media under different pH.

S.No
Producti

on
medium

Amount of PHB produced
(g/100ml media)

pH 6.9 pH 8.0 pH 9.0
Thippi

1 50% 0.40 0.55 0.45
2 60% 0.35 0.47 0.38
3 70% 0.28 0.40 0.30

Sago Effluent
4 50% 0.45 0.56 0.52
5 60% 0.50 0.65 0.60
6 70% 0.47 0.60 0.55

Molasses
7 50% 0.65 0.85 0.80
8 60% 0.73 1.00 0.95
9 70% 0.65 0.90 0.80

Glucose
10 2% 0.80 1.10. 0.90

The molasses recorded the high amount of the
PHB dry mass when compared with the sago effluent
and thippi which was closer to the control. In the
production medium, the pH 8.0 gave the production
of high amount of PHB in three various pH ranges.

Our environment become polluted due to
various pollutants such as smoke emission by
vehicles, industries and pesticides, chemicals
fertilizers etc. In addition to these plastics which are
most commonly used non-biodegradable things by
human beings. Discarding of plastics pose hazards,
since they are not degradable by microorganism and
even they cannot be burnt because if it is burnt
releasing heavy smoke odour and dioxin. The dioxin
is a poisonous gas which is harmful to human beings
and animals. So this present study was aimed at
production of bioplastics by which we could conserve
our environment. In the present study the colonies of
Alcalignes eutrophus produced PHB which was
determined by blue color colonies observed after
flooded with Sudan Black B. Phase contrast
microscopic examination also revealed the presence of
the PHB as blue color inclusion after stained with
Sudan Black B. From this result PHB occurrence per
microscopic filed was conformed. PHB granules
exhibited a strong orange fluorescence when stained
with Nile Blue A. Glycogen and polyphosphate did
not stain. Nile Blue A appears to be a more specific
stain for PHB than the Sudan Black B (Ostle and
Holt, 1982).

In case of production of PHB occurred in the
cells, cells showed enlargement of size. Alcaligens
eutrophus produces PHB homopolymer when fed
exclusively glucose under appropriated condition.
Carbon source other than glucose can also be used
in the production medium. Much work is under way
to assess the use of various agricultural by products
e.g. molasses and sugar beets (Luzier et al., 1992).
The presence of carbon in this growth medium would
stimulate the synthesizing of PHB granules in the
cells of bacteria, A.eutrophus. Thus, in the present
study agricultural by product like molasses, Sago
effluent and thippi which were rich in carbon source
and low cost, can be used as substrate for PHB
production medium.

There are number of sago industries have been
functioning in Tamil Nadu especially in Salem
District. The effluent discharged from the sago
factories would spoil agricultural land and aquatic
organisms. Even they would affect ecosystem existing
around the Sago industries. The sago effluent
utilization will boon for agricultural and industrialist
to get rid of the problems being arisen this study
revealed that sago effluent can be used as substrate
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to produce PHB. For the PHB production glucose was
used as the sole source of carbon (Rawate et al.,
2002). In the present study, glucose medium was
used as control, and comparative experimental media
with thippi, effluent and molasses were used. 

Due to environmental pollution and
non-degradable nature of plastic usage is limited.
Instead, cellulose made paper can be used for packing
and carrying purpose. However, it is not long durable
and easily damaged. So the bioplastics based usage
would protect and it is an ecofriendly one. This study
is the stepping stone and more has to be done
regarding PHB production. 
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