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Sodium alginate is the most commonly used polymer matrix in microalgae immobilization for water treatment. However, the
susceptibility of alginate matrixes to cation chelating agents and antigelling cation limits the use of alginates in estuarine and
marine systems. Hence, the present study aims to investigate the stability of alginate bead in marine water and the feasibility
of microalgae to grow when immobilized in alginate bead for marine water treatment. Different concentrations of alginate and
hardening cation calcium were used to formulate beads.The beads were incubated in Guillard’s f/2 medium and shaken vigorously
by using orbital shaker for 15 days. The results indicated that bead stability was enhanced by increasing alginate and CaCl2
concentrations. Subsequently, the marine microalga, Nannochloropsis sp., was immobilized in calcium alginate bead. The growth
and ammoniacal-nitrogen (NH4

+-N) uptake by immobilized cell were compared with free cell culture in f/2 medium. Specific
growth rate of immobilized cell (0.063 hr−1) was significantly higher than free cell (0.027 hr−1). There was no significant difference
on specific uptake rate of free cell and immobilized cell; but immobilized cell removed significantly more NH4

+-N (82.2%) than
free cell (47.3%) culture at the end of the experiment. The present study demonstrated the potential use of alginate immobilization
technique in marine microalgae culture and water treatment simultaneously.

1. Introduction

Sodium alginate is the most commonly used polymer matrix
for microalgae immobilization [1].The immobilizedmicroal-
gae have been exploited for removing nutrient in wastewater
[2, 3] and have great potential to be used in marine aqua-
culture wastewater treatment. Effluents from aquaculture
are rich in solids and dissolved nutrients, mainly in the
form of inorganic nitrogen and phosphorus [4, 5]. Effluents
from aquaculture industry should be treated before discharge
into its adjacent aquatic ecosystem to avoid eutrophication
and water contamination. Hence, cultivation of immobilized
microalgae in aquaculture water offers the advantages of
nutrients removal fromwater as microalgae grow; the immo-
bilization also solves the restriction of harvesting microalgae
from the treatment system at the same time [6].

However, the major limitation for the use of alginate
gel entrapment for microalgae in marine system is the
instability of calcium alginate gel upon contact with cation
chelating agents and antigelling cations [1, 7]. Knowledge on
bead stability is needed since stability is directly related to
its performance and limitations in many applications. The
properties of calcium alginate gel have been widely studied
and numerous efforts have been made to increase the bead
stability [8]. However, as far as we are aware, studies on bead
stability in seawater are relatively scarce.

In order to apply immobilized microalgae for nutrient
removal in marine aquaculture, the stability of alginate
bead in marine system should be of great concern. As
stability problems in marine system have been resolved,
this immobilization technique will be a promising tool in
marine microalgae immobilization. One of the simplest and
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effective ways to enhance bead stability is by amending
the alginate and cation concentrations. The gelation and
mechanical properties of alginate gel depend strongly on
the composition and concentration of alginate and on the
cation and polycation used as gel-inducing agent [7, 9].
The hypothesis is that the stability of alginate bead can
be improved by increasing the alginate and cation concen-
trations. For this, different concentrations of alginate and
hardening cations calcium were used to formulate beads.The
ultimate goal of this study was to produce alginate beads
stable in seawater.

Nannochloropsis sp. is a unicellular marine alga com-
monly cultivated in fish hatcheries as feed for rotifers and
to create a “green-water” in fish larvae tanks. The nutritional
value of Nannochloropsis makes it well appreciated in aqua-
culture [10, 11]. Immobilized cell provided greater resistance
to toxicity, better operational stability, and enhanced nutrient
removal rate [1, 12]. The algae biomass can be further
exploited as a life feed and a valuable biochemical source for
feed preparation in aquaculture industry [13].The hypothesis
is that the marine alga Nannochloropsis sp. can be immobi-
lized in alginate bead and is able to grow after immobilization.
Hence, the second part of this study aims to focus on the
feasibility to immobilizeNannochloropsis sp. in alginate bead.
The growth rate and ammoniacal-nitrogen (NH4

+-N) uptake
rate of immobilized Nannochloropsis sp. were compared with
free cell culture. The removal of ammoniacal-nitrogen was
focused in the present study as ammoniacal-nitrogen is
the major waste product excreted by fish and toxic to fish
in high concentration. The stability of alginate bead with
immobilized cell was also assessed in the present study.

2. Materials and Methods

2.1. Preparation of Calcium Alginate Bead. Calcium alginate
bead was prepared as described by [14] with minor modifica-
tion. Firstly, alginate solution was prepared by slow stirring
of sodium alginate (Fisher Scientific) in warmed distilled
water and then autoclaved at 121∘C and 15 psi pressure for
20 minutes. The sterile alginate solution was added dropwise
into CaCl2 solution from a height of 2.5 cm above by using
a peristaltic pump (MASTERFLEX) at a rate of one drop
per second. The 4mm beads formed were kept stirred in the
CaCl2 solution for 30min to allow complete hardening of the
alginate. The beads were washed several times to eliminate
the remaining CaCl2. A known volume of alginate beads
was counted to determine the number of beads formulated.
Approximately 3000 beads were produced from 100ml of
alginate solution.

2.2. Nannochloropsis sp. Nannochloropsis sp. was obtained
from the marine microalgae stock culture in the Universiti
Malaysia Terengganu (UMT), Malaysia. The culture was
maintained under standard culture condition as described in
[15] where the culture was supplied with a continuous illu-
mination under a constant light intensity of 100 𝜇molm−2 s−1
andmaintained at 28∘C, salinity 30 ppt, pH 8, in theGuillard’s
f/2 medium [16].

2.3. Experimental Design

2.3.1. Experiment 1. To study the effect of alginate concen-
tration on beads stability, four concentrations of alginate
solution which are 10 g L−1, 30 g L−1, 40 g L−1, and 60 g L−1
were used to prepare beads as described above by using
a 10 g L−1 CaCl2 solution as hardening cation. For alginate
hardening, five concentrations of CaCl2 solution which are
3 g L−1, 10 g L−1, 20 g L−1, 30 g L−1, and 40 g L−1 were used to
study the effect of CaCl2 concentration on beads stability. In
this study, 30 g L−1 alginate solutionwas used to prepare bead.
The stability of the beads was tested by incubating the beads
in the Guillard’s f/2 medium [16] in a 50ml conical flask. The
flaskwas positioned randomly on an orbital shaker (250 rpm)
under abovementioned standard culture condition for 15
days. Three replicates, with 10ml of alginate beads in 30ml
of f/2 medium (1 : 3 ratios), were used per treatment. At each
sampling time, ten beads of each treatment were taken to test
the stability of beads.Thediameter of the beadswasmeasured
by using a digital caliper (GERE), to monitor bead swelling
or shrinkage, which were considered as signs of alginate
instability. A bead type was considered fully unstable when
more than 10% of the total mean number of beads lost their
spherical shape due to alginate disruption or dissolution [17].

2.3.2. Experiment 2. Free cell and immobilized cell cultures
of Nannochloropsis sp. were prepared. Firstly, an aliquot of
exponentially growing Nannochloropsis sp. was harvested
by centrifugation at 1542×g for 15 minutes. The cells were
washed twice and concentrated in pasteurized seawater. The
cell densitywas determined by a spectrophotometer (UV-160,
SHIMADZU) at 600 nm and calculated from the standard
curve of optical density-Nannochloropsis sp. (Figure 1). For
free cell culture, a selected volume of the concentrated
Nannochloropsis sp. cell suspension was mixed with the f/2
medium. An initial cell density of 1.3× 106 cellsml−1 was used
in the present study. For immobilized cell culture, a selected
volume of the concentrated Nannochloropsis sp. cell sus-
pension (≤1ml/100ml of alginate solution) was thoroughly
mixed with 50 g L−1 alginate solution to obtain an alginate-
cell suspension with a cell density of 2 × 107 cellsml−1 of
alginate solution.The number of cells in the alginate solution
was counted by a Neubauer improved hemocytometer. The
calcium alginate bead was prepared as described above by
using a 20 g L−1 CaCl2 solution as hardening cation. Approx-
imately 3000 beads were produced from 100ml of alginate
solutions with an initial cell density of 3.5 × 105 cells bead−1.
Batch cultures of free cell and alginate immobilized cell were
grown in the Guillard’s f/2 medium under abovementioned
standard culture condition in triplicate. 1 : 3 ratios of bead
and f/2 medium were used. Both cultures were positioned
randomly on an orbital shaker (250 rpm). The pH value was
recorded with a pH meter (WTW SERIES) and maintained
at pH 8–pH 10 with 0.01M sterilized HCl throughout the
experiment.

At each sampling time, 40ml of water samples was taken
from free cell culture while 5ml of beads and 15ml of water
samples were taken from immobilized cell culture. For free
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Figure 1: The standard curve of optical density-Nannochloropsis sp.

cell culture, cell density was determined spectrophotomet-
rically at 600 nm. Quality control of the optical density
method was conducted. In brief, random samples of the
experiment were chosen and the number of cells was counted
by a Neubauer improved hemocytometer and then compared
with cell density determined spectrophotometrically. More
than 90% recovery of cell density was obtained throughout
the experiment. Water sample was centrifuged and the clear
supernatant was used to determine NH4

+-N concentration.
For immobilized cell culture, the number of cells in the beads
was counted by a Neubauer improved hemocytometer after
dissolving 10 alginate beads (with known volume) in a 0.5M
trisodium citrate solution (with known volume).Themethod
of [18] was used to determine NH4

+-N concentration. The
experiment lasted at 240 hours and 216 hours for free and
immobilized cell cultures, respectively. At the end of the
experiment, the diameter of the beads was measured by
using a digital caliper (GERE). The water sample from the
immobilized cell culturewas centrifuged to determine the cell
leakage of the bead.

2.4. Data and Statistical Analysis. The initial diameter, final
diameter, and percentage changes of beads produced by
different concentrations of alginate and CaCl2 solution were
compared using a one-way ANOVA, followed by a Tukey’ test
to verify the differences. An independent 𝑡-test was used to
compare the initial and final diameters of beads after 15 days
of incubation for each treatment. The specific growth rate
(SGR) and specific uptake rate (SUR) of free and immobilized
cell were obtained by a linear regression of the logistic model
following Jimenez-Perez et al. [19] as below:

ln( 𝐾(𝑁𝑡) − 1) = 𝑎 − 𝑏𝑡, (1)

where 𝐾 is the maximum cell attained (cellml−1 and
cell bead−1 in free and immobilized cell cultures, resp.) or
maximumNH4

+-N uptake (𝜇M) in the culture,𝑁𝑡 is the cell
density (cellml−1 and cell bead−1 in free and immobilized cell
cultures, resp.) or NH4

+-N concentration (𝜇M) at time 𝑡, 𝑎
is the intercept, and 𝑏 is the specific growth rate (hr−1) or
specific uptake rate (hr−1).

The maximum cell attained, SGR, maximum NH4
+-N

uptake, and SUR of free and immobilized cell were compared
using an independent 𝑡-test. All the statistical analyses were
carried out by using the Statistical Software for Social Sci-
ences (SPSS Version 22, SPSS Inc., 1995).

3. Results and Discussion

3.1. Bead Stability in Marine Water. In the present study,
different concentrations of alginate and CaCl2 solutions were
used to produce alginate bead. Sphere-shaped bead cannot
be formed by using a 10 g L−1 alginate concentration or
hardening by a 3 g L−1 CaCl2 solution. Figure 2 illustrates
that the bead size increased significantly (𝑝 value ≤ 0.05)
when alginate concentration increased whereas the bead size
decreased significantly (𝑝 value ≤ 0.05) when CaCl2 solution
increased. All beads demonstrated shrinkage in size when
incubated inmarine water (Figure 3). However, bead stability
increased by increasing alginate and CaCl2 concentrations.
The stability of bead formed by using 30 g L−1 alginate and
hardening by using 10 g L−1 CaCl2 was the lowest among
the beads. The diameter of bead decreased 7.52% from its
initial size after 15 days of incubation. The most stable bead
was formed by using 60 g L−1 alginate and hardening by
20 g L−1 CaCl2 solution which decreased by 3.14% and 5.14%,
respectively.

Concentrations of alginate and CaCl2 solutions represent
the fundamental parameters in immobilization technique. It
varied depending on the substance to be immobilized and
the purpose of the immobilization. Moreira et al. [17] showed
that beads prepared by using a 4.9% alginate extracted from
Laminaria hyperborea and hardened with a 4% (w/v) cation
solution were found to be the most stable in seawater and the
most suitable for Phaeodactylum tricornutum growth. Those
authors showed that beads hardened using 4% rather than
2% of calcium or strontium solutions were found to be more
stable. Won et al. [20] pointed out that alginate concentration
was important for lipase entrapment in Ca-alginate beads
while CaCl2 concentration had less effect on it. Idris and
Suzana [21] showed that themaximumconcentration of lactic
acid was produced by immobilized Lactobacillus delbrueckii
when 2% of sodium alginate concentration was used.

On top of calcium, the use of other divalent cations
presenting high affinity for alginate, and polycations, namely,
chitosan, has been proposed to enhance bead stability [17, 22,
23]. However, the use of suitable divalent cations is largely
restricted by its toxicity to cells. Bajpai and Sharma [22]
demonstrated that the barium ion cross-linked beads pos-
sessed greater stability than calcium alginate beads. However,
the toxicity of barium ions makes calcium ions a preferential
divalent cation. Although alginate bead with chitosan hard-
ening treatment showed higher stability [24], immobilized
Phaeodactylum tricornutum with chitosan hardening treat-
ment showed a weak growth performance [17].Those authors
attributed the weak growth performance to the occurrence
of growth limiting conditions for the microalgae within the
alginate matrix. As the end goal of our study was to produce
more stable alginate beads immobilized with microalgae for
application in marine water treatment, the mild procedure
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Figure 2: The diameter (mm) of alginate bead during initial and final incubation periods. The different letter at each initial and final period
indicated significant difference (𝑝 value ≤ 0.05) between alginate beads prepared by using different (a) alginate concentrations and (b)
hardening by different concentrations of CaCl2 solution. The different number at each treatment indicated that initial size of alginate bead is
significantly different (𝑝 value ≤ 0.05) from final size of bead.
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Figure 3: Changes (%) of alginate bead prepared by using different (a) alginate concentrations and (b) hardening by different concentrations
of CaCl2 solution in f/2medium for 15 days.Thedifferent letter indicated significant difference (𝑝 value≤ 0.05) between alginate bead prepared
by using different (a) alginate concentrations and (b) hardening by different concentrations of CaCl2 solution at the end of the experiment.

of immobilization technique by using alginate and CaCl2
solutions was the most suitable method.

3.2. Performance of Free and Immobilized Nannochloropsis
sp. Cultures. Figure 4 illustrates the growth curves for free
and immobilized cells of Nannochloropsis sp. showing the
high viability of the cell after immobilized in calcium alginate
bead. The SGR and SUR of free and immobilized cells were
0.027 ± 0.002 hr−1, 0.032 ± 0.021 hr−1, 0.063 ± 0.022 hr−1,
and 0.025 ± 0.002 hr−1, respectively (Table 1). The SGR of
immobilized cell was significantly higher (𝑝 value = 0.046)
than free cell although the maximum cell attained by free
cell culture (6.1 × 106 ± 3.8 × 104 cellsml−1) was significantly
higher (𝑝 value = 0.000) than immobilized cell (8.2 × 105 ±
3.8×104 cells bead−1).The immobilized cell consumed 798.7±

28.6 𝜇M of NH4
+-N with an uptake efficiency of 82.2% at the

end of the experiment.ThemaximumNH4
+-N consumed by

immobilized cell was significantly higher (𝑝 value = 0.002)
than free cell culture which consumed 374.7 ± 90.7 𝜇M
of NH4

+-N with an uptake efficiency of 47.3%. Figure 4
illustrates that the NH4

+-N uptake by free cell culture had
ceased at stagnant phase but immobilized cell continued
to consume NH4

+-N at the stagnant phase. Nevertheless,
there was no significant difference (𝑝 value > 0.05) on the
SUR of NH4

+-N between free and immobilized cell cultures.
The alginate bead immobilized with Nannochloropsis sp.
remained stable after being incubated in seawater for 216
hours (Table 2). The problem of cell leakage was negligible
with a cell leakage of 0.22%. It was found that an increase
in the concentration of alginate and CaCl2 gives rise to a
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Figure 4: (a) Growth and (b) NH4
+-N uptake of free and immobilized cell incubated in f/2 medium enriched with 900𝜇MNH4

+-N.Markers
are mean and vertical bars showed standard deviation with 𝑛 = 3.
Table 1: Summary of the results and 𝑡-test of free and immobilized cell incubated in f/2 medium enriched with 900𝜇MNH4

+-N. 𝑛 = 3.
Parameter Free cell Immobilized cell 𝑡-test

Mean SD Mean SD 𝑝 value
Maximum cell attained 6.1 × 106 3.8 × 104 8.2 × 105 4.3 × 104 0.000
SGR 0.027 0.002 0.063 0.022 0.046
Maximum NH4

+-N consumed 374.7 90.7 798.7 28.6 0.002
SUR 0.032 0.021 0.025 0.002 0.612
Significant value of 𝑝 value ≤ 0.05 is indicated in bold.

Table 2: The stability of microalgae immobilized bead and percentage of cell leakage.

Initial bead size (mm) Initial bead size (mm) Bead changes
(%)

Total immobilized cell
(100ml)

Total cell leached
(300ml) Cell leakage

(%)
Mean SD Mean SD Mean SD Mean SD
4.04 0.06 4.05 0.04 0.26 2.4 × 109 1.3 × 108 5.2 × 106 1.1 × 106 0.22

reduction in the leakage of enzyme, glucose oxidase [25].The
insignificant cell leakage in the present study indicates that
the use of 50 g L−1 of alginate solution and 20 g L−1 of CaCl2
solution as hardening cation is sufficient for Nannochloropsis
sp. immobilization in alginate bead.

The result demonstrated that immobilization did not
affect the growth of cells. Similarly, Jimenez-Perez et al. [19]
demonstrated similar growth of free and immobilized cells
in Scenedesmus intermedius and Nannochloris sp. Pane et al.
[26] also demonstrated higher viability of the Tetraselmis
suecica after immobilization in calcium alginate gel. The
immobilized T. suecica demonstrated similar growth pattern
with the present immobilized Nannochloropsis sp. although
it was inoculated with a lower initial cell density of 6.0 ×
104 cells bead−1 when compared to the present study (3.5 ×
105 cells bead−1). However, the free cell culture of T. suecica
showed longer initial lag phase (>6 days) than the present
study (<2 days) after inoculation. The shorter lag phase of
Nannochloropsis sp. than T. suecica is most probably due to
the higher initial cell density of Nannochloropsis sp. (1.3 ×

106 cellsml−1) than T. suecica (1.3 × 105 cellsml−1). In the
present study, Nannochloropsis sp. is able to remove NH4

+-N
in f/2 medium. The high removal efficiency of immobilized
cultures is presumably because of the increased cell density
where a 1 : 3 ratios of alginate bead and f/2mediumwere used,
despite the low initial cell density (5 × 105 cells bead−1) in
alginate bead.The low initial cell density in alginate bead is to
avoid cell leaching problem during treatment. Nevertheless,
by manipulating the quantity of alginate bead used in the
water treatment system, the efficiency of nutrient removal
will be greatly improved as higher algal bead concentration
suggested more algal cells for removing nutrients.

4. Conclusions

The present study demonstrated that the increase of alginate
and CaCl2 concentrations retarded the shrinkage of beads
in marine water. Alginate beads prepared by using 60 g L−1
alginate solution hardening by 20 g L−1 CaCl2 were found
to be the most stable beads incubated in an f/2 medium,
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demonstrating its potential use in marine system. Immo-
bilization of the marine microalgae, Nannochloropsis sp. in
alginate beads, did not affect the growth of Nannochloropsis
sp.The specific growth rate andmaximumNH4

+-N uptake of
the immobilized cell were markedly higher than free cell.The
present study showed that the immobilized Nannochloropsis
sp. can be a potential biological treatment for aquaculture
water where the algae biomass can be further exploited as life
feed and valuable biochemical source for feed preparation.
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[25] A. Blandino, M. Maćas, and D. Cantero, “Glucose oxidase
release from calcium alginate gel capsules,” Enzyme and Micro-
bial Technology, vol. 27, no. 3-5, pp. 319–324, 2000.

[26] L. Pane, M. Feletti, C. Bertino, and A. Carli, “Viability of
the marine microalga Tetraselmis suecica grown free and
immobilized in alginate beads,” Aquaculture International, vol.
6, no. 6, pp. 411–420, 1998.



Submit your manuscripts at
https://www.hindawi.com

Scientifica
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Corrosion
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Polymer Science
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Ceramics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Composites
Journal of

Nanoparticles
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

International Journal of

Biomaterials

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Nanoscience
Journal of

Textiles
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Journal of

Nanotechnology
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Crystallography
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Coatings
Journal of

Advances in

Materials Science and Engineering
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Smart Materials 
Research

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Metallurgy
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Materials
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014


