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Abstract

Background: Algae manufacture a diversity of base materials that can be used for bioplastics assembly. The most
essential compounds are carbohydrates and hydrocarbons. Polyhydroxybutyrate (PHB) is a polymer belonging to
the polyester class that is of interest as bio-derived and biodegradable plastics.

Results: In this study, three microalgal strains in addition to two microalgal biomass collected from high-rate algal
ponds (HRAP) were used to detect their ability to produce polyhydroxybutrate for bioplastic production. The results
showed that among the selected strains, Microcystis aeruginosa has the highest polyhydroxybutrate concentration
(0.49 ± 0.5 mgmL−1). However, the biomass collected from the high-rate algal pond dominated with Microcystis sp.
showed a higher concentration (0.7 ± 0.6 mgmL−1).

Conclusion: The biomass collected from the high-rate algal pond dominated with Microcystis sp. was used for
producing bioplastic since it has the highest concentration of PHB. Referring to plasticizing capacity, elongation at
break (%) for algal biomass was 530% which was higher than that detected in blank which was 307%. So, it was
obvious that the algal bioplastic has good plasticizing capacity.
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Introduction
An increased usage of plastics continues, and production
will need to keep up with the demand. Traditional
petroleum-derived plastics made of synthetic polymers are
engaged in many traditions; they cause a high price of the
huge amount of consumed energy during manufacture and
their resistance to decay. Conventional plastics harm the
environment since (1) they are made of crude oil which is
a diminishing natural source, (2) they do not undergo bac-
terial decomposition so that landfills only preserve them
for centuries; and (3) their incineration releases noxious
chemicals (Zeller et al. 2013). Bioplastics from natural
feedstocks is a good alternative for usual plastic since bio-
plastic has biodegradable properties. Carbohydrate frac-
tions of biomass like starch and cellulose from corn,
wheat, and potato are the basic raw material for conversion
into bioplastics (Orliac and Silvestre 2003; Zhang et al.
2003; Jerez et al. 2007). The biggest challenge in the pro-
duction of bioplastic is the source of biomass used where
there will be a competition between food and feed

applications since these crops consume large amounts of
petroleum products in their life cycle (National Renewable
Energy Laboratory 2007). Microalgal biomass can be used
for producing bioplastics, using the biomass directly or its
secondary metabolites (Rahman and Miller 2017; Becker
2007).
Using high-rate algal ponds (HRAP) for algal biomass

production are more appropriate than predictable food
crops, because these systems remediate water for further
use and can be grown in urban environments or on non-
arable land, which would not be suitable for conventional
food crop production. Therefore, microalgae represent an
interesting source to improve the sustainability of bioplas-
tic production and in improving water supplies during
production (Okada 2002; Stevens 2002).
The PHB content of algal biomass enhances the recyc-

lable property of plastic, where it decreases the quantity of
petroleum used in plastic production. Biodegradability and
biocompatibility which match to petroleum polymers are
the principal strengths of PHB making them applicable in
industrial, medicinal, agricultural, and diverse fields. The
piezoelectric property of PHB is used in manufacturing a
variety of sensors to determine pressure, sound, light, etc.,
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and in developing audio equipment (Mohammed and
Aburas 2016; Aguilar and San Rom 2014). PHB has also
been used in developing nano-complex films and nano-
tubes with improved material properties (Yun et al. 2008).
PHB films are used to pack urea fertilizers and insecti-

cides, which when used in the agricultural land can free
the fertilizers or insecticides in a controlled mode as the
soil microbial community gradually degrade the PHB film
(Aguilar and San Rom 2014). The next major application
for PHB is in the medical field, where PHB is used as scaf-
folds, bone plates, media for slow release of drugs, and
surgical sutures (Steinbüchel and Füchtenbusch 1998).
PHB has been used in bone renewal treatments and nerve
injury, also due to its piezoelectric nature (Misra et al.
2006). Blending of PHB with inorganic phases results in
bioactive composites of higher properties that can be used
in tissue engineering applications (Chen 2009). Many dif-
ferent types of bacteria and algae produce polyhydroxybu-
tyrate (PHB) as food storage material (Falcone 2004).
From this point of view, the aim of this study is to fig-

ure out the possibility of using microalgal biomass as a
source polyhydroxybutrate and bioplastic production.

Method for PHB quantification
0.01 g of commercial PHB is weighed in a glass tube and
dissolved in 10ml chloroform by heating in a water bath
(65 –70 °C) till the solution is clear. This gives a 1 mg/ml
PHB stock solution. The tube is capped with a glass
stopper during heating. One milliliter of the 1 mg/ml
stock is pipetted into a fresh tube with 9 ml chloroform
to make a 100 μg ml−1PHB stock, and the tubes are
heated (65−70 °C) then vortexes. A 10ml concentration
of H2SO4 is added to the tubes which were capped with
glass stoppers. The tubes are heated in boiling water
bath (94–96 °C) for 20 min for complete conversion of
PHB to crotonic acid. One milliliter of this sample is
then transferred to a silica cuvette for spectrophotom-
etry. The scan program of the spectrophotometer soft-
ware is used, and the samples are scanned between 190
and 800 nm of the spectrum for a peak at 235 nm which

corresponds to crotonic acid. Concentrated H2SO4 is
used as the zero (blank). The respective absorbance at
235 nm vs the respective PHB weight was plotted to get
the standard curve (Bonarteseva and Myshkina 1985).

Method for PHB extraction from algal biomass
One gram of algal biomass (whatever isolated test organ-
ism or collected from HRAP) was suspended in sterile
water and homogenized then allowed for mixing with a
vortex. From 2ml of suspension, 2 ml of 2 N HCL was
added then heated for 2 h in a water bath. Then, the
tube was centrifuged at 6000 rpm for 20min and 5ml of
chloroform is added and left overnight at 28 °C on a
shaker at 150 rpm. Then, it was centrifuged at 2000 rpm
for 20min, extracted with 1ml of chloroform, and dried
at 40 °C. Five milliliters of concentrated sulfuric acid was
added to the tube and the mixture was heated at 100 °C
in a water bath for 20 min. After the PHB crystals were
converted to crotonic acid. The PHB content was mea-
sured at 235 nm in UV spectrophotometer against sul-
furic acid blank. From the cell dry weight and PHB
content, the percentage of PHB produced by the organ-
isms was calculated (Bonarteseva and Myshkina 1985).

Bioplastic ingredients
The algal biomass bioplastic ingredients include 2.25 g
sorbitol, 2.25 g gelatin, 2.25 g Microcystisflos aqua, and 75
ml of 2% glycerol solution. All the ingredients were mixed
well, and the mixture was heated to 95 °C. The mixture
was stirred, while being heated, and once it is at the right
temperature, the heat was removed while continuously
stirring. The mixture was poured into a dried pan and
spread out to let it dry. The time required for separation
of plastic is depending on the temperature of the room; it
may take several days. After complete drying, the bioplas-
tic was separated from the pan (Stevens 2002).
The commercial petrol-based plastic was prepared to

compare with the algal biomass bioplastic. The ingredi-
ents include 4.5 g sorbitol, 2.25 g gelatin, and 75 ml of
2% glycerol solution. The bioplastic and commercial

Fig. 1 Polyhydroxybutrate concentration in different microalgal biomass
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petrol based plastic was compared with one another.
The plasticizing capacity, the moldable property of bio-
plastic and commercial plastic was analyzed.

SEM analysis
Scanning electron microscopy (JEOL JXA 840A), micro-
analyzer electron probe, was used to estimate the par-
ticle shapes and also to show the distribution of
bioplastic sample.

Mechanical properties
The plasticizing capacity, the moldable property of bio-
plastic and commercial plastic, was analyzed using
ASTM: D412 for the determination of mechanical prop-
erties using Zwick/Roell Tensile Testing Machine
(model-Z010).

Results
Selected microalgal strains were grown for 15 days, dried
at 60 °C, and subjected to PHB extraction. Results showed
that Microcystis aeruginosa has the highest concentration
which is 0.49 ± 0.5mg ml-1 followed by Haematococcus
pluvialis at 0.39 ± 0.42mgml−1 (Fig. 1). Since producing
bioplastic on a large scale needs high biomass content, the
use of algal biomass collected from HRAP for domestic
wastewater treatment was recommended since the bio-
mass produced from HRAP reached 2 g L−1 and need no
addition of nutrients. Two different algal biomasses were
used. As indicated in Fig. 1, biomass dominated with
Microcystis sp. showed the highest concentration among
the selected strains and the other algal biomass, where the
concentration reached 0.7mgml−1 ± 0..6.

Algal biomass and bioplastic SEM
As seen in SEM micrographs, microalgal biomass has
quite small cell sizes which were found to be less than
50mm (Fig. 2a). This small cell size contributes to better
distribution in the medium when mixed with other in-
gredients, making this algal biomass more suitable for
bioplastic and film applications in which particle size is
an important criterion. The morphology of fracture sur-
faces for plasticized microalgal bioplastic showed very
little change in the overall topography of the microalgal
plastics (Fig. 2b).

Mechanical properties of bioplastic
The bioplastic and plastic were compared for tensile prop-
erties such as stress and elongation at maximum load. The
results showed that the tensile stress detected in algal bio-
mass was 1.35 and 1.62 Mpa for blank and algal biomass,
respectively. In addition, elongation at break (%) for algal
biomass was 530% which was higher than that detected in
blank which was 307% (Table 1). It is obvious that the algal
bio plastic has good plasticizing capacity.

Discussion
Bioplastic which in chemistry is called polyhydroxyalk-
anoate (PHA) can replace plastic in many applications
(Eggersdorfer et al. 1992). Many fat polymer materials
are belonging to the PHA polymers and poly-β-hydroxyl
butyrate (PHB) which is one of the most known PHA.
In this study, the addition of sodium acetate to the

cultivation media of the selected strains affected the pro-
duction of polyhydroxybutrate. These results correlated
with other results where the measurement of PHB by
chemical analysis in Chlorogloea fritschii was done in
the presence of sodium acetate (Carr 1966). The concen-
tration detected in algal biomass collected from HRAP
reached 0.7 mgml−1 ± 0.6. These results were in har-
mony with that found by (Vincenzini et al. 1990) who
found that the concentration of PHB detected in Spiru-
lina culture was 0.7 mg g−1. As mentioned before that
the presence of sodium acetate enhances PHB produc-
tion, the collected algal biomass does not contain so-
dium acetate, but the organic load is very high since it is
growing in municipal wastewater.

A B

Fig. 2 SEM micrographs of a microalgal biomass and b bioplastic

Table 1 Mechanical properties of bioplastic produced from
HRAP microalgal biomass

Sample Tensile
strength
MPa

Elongation at
tensile strength
%

Elongation
at break
%

Blank 1.35 290 307

HRAP Microcystis sp. 1.62 530 541
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The results showed that the dry cell weight of algal
biomass dominated with Microcystis sp. was 0.2 g L−1

and the PHB amount was 0.0067 g L−1. The percentage
of PHB is calculated and was found to be 4.38%. It was
found that the PHB detected in Spirulina platensis was
0.006 g L−1 with a percentage of 5.18% (Maheswari and
Ahilandeswari 2011).
The SEM micrograph showed small sizes, and this

small cell size contributes to an improved distribution of
the algal biomass in the medium when blended with
other ingredients, making this algal biomass more suit-
able for plastic and film applications in which particle
size is an important criterion. It is obvious that the algal
bioplastic has a good plasticizing capacity.

Conclusion

� Algal bioplastics may have a vital role as an
environmentally friendly, biodegradable alternative
compared to ordinary plastics.

� The efficiency of PHB production using microalgal
biomass collected from high-rate algal pond may re-
duce the operational costs, making it an interesting
prospect for many industrial, therapeutic, and diag-
nostic applications.

� Using algal biomass collected from high-rate algal
pond could be a low-cost, sustainable solution bio-
plastic production.

� The production of algal bioplastics is still under
research and is far from commercialization.

� The significance of algae in bioplastics industry will
make algae bio plastics a reality in the near future.
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