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Short Communication

Abstract: This study aimed to use the organic polymer, chitosan, as a floc-

culant for harvesting microalgae Chlorella. sp. Various polymer concentra-
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tions were tested. Within three min, 50 mg/L of chitosan showed the highest

efficiency (98.9+0.5%), at pH 6.3, while the lowest efficiency (86.7+0.5%)

Biopolymer,

Chitin,

Sustainable harvesting,
Microalgae harvesting

was observed at pH 7.5. Harvesting efficiency in this study was chitosan con-
centration dependent. The present study showed that chitosan can be a prom-
ising and sustainable solution as an organic source and environmentally
friendly flocculant. Additionally, it has excellent harvest productivity and re-

quires minimum effort for quick outcomes.

1 Introduction

Throughout Earth's history and ecological evo-
lution, microalgae have played a significant role in
various aspects. They have the power to affect our
future through a variety of potential applications
that solve global problems (Rizwan et al 2018). Al-
gae have unique biological and biochemical prop-
erties (Yan et al 2022), which made them able to
compete and overcome previous obstacles in bio-
technological applications and water treatment.
(Rizwan et al 2018, Koyande et al 2019), as well as
their adaptable biochemical features. Currently,
harvesting of microalgae is the most technical and
financial challenge in the production of microalgae
biomass (Grima et al 2003, Wu et al 2012, Singh
and Patida 2018). Low cell concentrations in cul-
tures (0.5-5 g/L), a small cell volume (30 ml), the
stability of the inoculum, and variations in cultiva-
tion conditions are the main causes (Vandamme et
al 2010, Lam and Lee 2012, Singh and Patida
2018). Various techniques, such as sedimentation,

sonication, filtering, air float, coagulation and gelation,
may be employed to collect microalgae. The most no-
table choice among these is flocculation because it is
clear and concise and cost-effective (Wu et al 2011,
Pragya et al 2013). Microalgae and other microbial
cells can form flocs with chemicals flocculants like alu-
minum and ferric salts; however, these chemicals have
environmental adverse effects (Vandamme et al 2010).
Chitosan, on the other hand, has advantageous features
as a natural coagulant for harvesting microalgae since
it is inexpensive, highly flocculating and only needs a
small concentration to harvest (Lubian 1989, Sirin et al
2012). Additionally, it is a biodegradable compound
and non-toxic to fish and animal feed. The efficiency of
harvesting microalgae is affected by a variety of param-
eters, including flocculant type, concentration, settling
time, and culture pH (Xu et al 2011). This research in-
vestigated the feasibility of collecting microalgae em-
ploying chitin as a bio-flocculant. In addition, the ef-
fects of acidity and coagulant amount on the efficiency
of harvesting.
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2 Materials and Methods
2.1 Species and growing factors

Chlorella sp. was obtained from the National
Research Center, Algae Research Department. For
culture preparations, in a flask of 5 L, Chlorella sp.
was inoculated with 1L of sub-culture algal
(0.6600p6s0_cells/mL) in a 3L blue green eleven
medium with a starting pH of 7.1. The flask was
then incubated at 30-35°C for 20 days under 6500
lux/m? of continuous cool-white fluorescent light
illumination with manual shaking for 5 minutes
daily. It is possible to depend on the carbon dioxide
and oxygen gases present in the surrounding air
since the bottles were closed with a cotton plug
(Al-Rikabey and Al-Mayah 2018).

2.2 Forming a solution of chitin

The chitin used in this experiment is from the
source of the crab shells, The chitosan was pur-
chased from the Roth Company. Ten mL of 0.1%
HCI solution and 100 mg of chitosan dry weight
were combined and continuously stirred for 30
min. Deionized water was used to dilute the solu-
tion to 100 mL, resulting in a final chitosan con-
centration of 1000 mg/L effective, they can pro-
duce toxic residues that affect algae cells In the
case of re-use of cells for feeding, those residues
also affect water quality (Vandamme et al 2012). A
promising substitute for these synthetic materials is
ecological polymers like chitosan (Yunos et al
2017, Heng et al 2009).

2.3 Harvesting

In triplicates, harvesting microalgae was con-
ducted in bottles using 100 mL glass flasks contain-
ing 50 mL of microalgae cells. Chitosan concentra-
tions were determined by the experimental design
(5, 10, 15, 20, 25, 30, 35, 40, 45, and 50 mg/L). At
just three minutes, the sample solution and chitin
mixture were mixed at 50 rpm. The microalgae
cells were stirred and then given time to settle. To
test the initial concentration, a one-milliliter sam-
ple was collected from the testing flask's cen-
ter (Salim et al 2012).

At a wavelength of 680 nm, the sample's light
density was determined (Vandamme et al 2010)
with a Spectrophotometer PG instrument, model
T60 to determine the absorption coefficient, de-
mineralized water was utilized as a standard (Ra-
shid et al 2013, Yunos et al 2017). The following

formula was used to get the chitin-to-algal biomass
ratio:

Harvisti . o 0Dt0 — ODt 100
=—X
arvisting ef ficieny % 0Dt0

where the absorption spectrum at time zero is indicated
by ODt0, and the amount of light absorbed by the sam-
ple at time t is denoted by ODt.

The following formula was used to get the chitin-to-
algal biomass ratio:

chitosan dose mg/1

chitosan Dose % = —; -
microalgae biomass mg/l1

In this study, the mean of the replicates was ob-
tained by Excel.

3 Results and Discussion

3.1 Effect of chitosan concentration on harvesting
efficiency

Investigations were done to examine the effect of
chitosan concentration on the efficacy of Chlorella sp.
harvesting. Chitosan was evaluated at various concen-
trations (5, 10, 15, 20, 25, 30, 35, 40, 45, and 50 mg/L).
Relevant chitosan concentrations to microalgae bio-
mass ratios were (0.5%, 1%, 1.5%, 2%, 2.5%, 3%,
3.5%, 4%, 4.5%, and 5%). Results revealed how the ab-
sorption spectrum has declined in terms of the effi-
ciency of harvesting; after only 3 minutes of settling
time, a significant reduction in optical density was ob-
served. As the chitosan concentration was increased,
the optical density decreased. Chitin doses of 50 mg/L
and 5 mg/L led to the greatest and lowest levels of UV
absorption reduction, respectively. A yielding quality
of 98.9 £0.5% was attained at 50mg/L. Efficiency re-
duced as the flocculant concentration was decreased;
the lowest efficiency (86.7 £ 0.5%) was discovered at
5mg/L. Within 3 minutes, the harvesting was practi-
cally finished.

3.2 Effect of pH on harvesting efficiency

The ability of microalgae to be harvested is similarly
impacted by the media pH. This study indicated that at
a concentration of 50 mg chitosan, the highest microal-
gae harvesting efficiency of (98.9 +0.5%) was ob-
tained. Results also showed that pH 6.3 was the opti-
mum value and the least efficient harvest was
(86.7+0.5%) at pH 7.5.
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Fig 1. The effect of chitosan concentration on harvesting efficiency showed that the relationship between harvesting
efficiency and chitosan concentration was a direct relationship.
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Fig 2. The effect of chitosan concentration on pH showed that the relationship between pH and chitosan concentration
was inverse.
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Fig 3. The interaction between the effect of pH and concentration on harvesting efficiency showed an increase in harvest-
ing efficiency with decreasing acidity with increasing chitosan dose.

Harvesting efficiency in this study was affected
by the interaction between chitosan concentration
and pH change. Increasing the concentration of chi-
tosan, the pH becomes more acidic whereas the
highest harvesting efficiency was observed at pH
6.3, resulting from the use of 50 mg/L of chitosan.
While pH 7.5 resulted from the use of 5 mg/L of
chitosan, the harvesting efficiency decreased to the
lowest rate.

The effect of pH results from the interaction be-
tween the charge of the algae's surface cells and the
charge of the chitosan group, which leads to the
precipitation of algae by chitosan (Kurita 1998,
Pillai et al 2009, Salim et al 2012). High acidity
increases the percentage of positive charges, while
low acidity increases the percentage of negative
charges, which affects the flocculation of algae
cells by chitosan, which has a direct effect on the
algae harvested (Morales et al 1985, Renault et al
2009, Xu et al 2011). These results are consistent
with the observed less flocculation of algae cells by
chitosan at a pH higher than 7, because of the in-
crease in negative charges leading to increasing re-
pulsion between algae cells and chitosan and thus
decrease in the effectiveness of flocculation and

harvesting of algae (Sionkowska et al 2004, Kim et al
2011).

4 Conclusions

Chitosan is one of the most promising sustainable,
environmental, and economical solutions for harvesting
microalgae, and has magnificent potential for microal-
gae culture biomass recovery. Chitosan has various ad-
vantages over commonly used flocculants, including a
low concentration required and a quick settling time.
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