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Abstract Phycocyanin, a blue pigment, is a type of
phycobiliproteins. Because of its various potential properties,
phycocyanin is applied to various fields, such as nutraceutical,
pharmaceutical, medicine, cosmetics, and biotechnological re-
search. The cost and application of phycocyanin are highly
dependent on its purity index. In this study, ammonium chlo-
ride is presented as a novel, effective, and inexpensive salt for
phycocyanin extraction. Compared with sodium phosphate,
which is commonly used during phycocyanin extraction pro-
cess, ammonium chloride solution efficiently extracted phyco-
cyanin with high purity from Arthrospira platensis FACHB-
314. In addition, ammonium phosphate solution is also present-
ed as an alternative precipitation agent in phycocyanin purifi-
cation that may replace the widely used ammonium sulfate.
Statistical analysis shows that there is no significant difference
in phycocyanin concentration between crude extracts (overall
mean of 0.208 and 0.215 for extraction using sodium phos-
phate and ammonium chloride, respectively). However, the
difference in phycocyanin purity ratio (A620/A280) between

these two extractions is significant (overall mean of 0.742
and 1.428 for extraction using sodium phosphate and ammoni-
um chloride, respectively). With ammonium chloride, the pu-
rity indexes of phycocyanin are 1.5 and 2.81 after the optimum
extraction step, and precipitation used as the primary purifica-
tion step, respectively. The present study describes a novel
purification method to achieve phycocyanin with analytical
grade without multiple purification steps.
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Introduction

Themicroalgae have attracted attention frommore researchers
due to their macronutrient and micronutrient contents. In gen-
eral, the microalgae produce more of these materials within a
short time compared to other plants (Ullah et al. 2014). This
makes them a potential economical and sustainable raw ma-
terials for many industrial fields (Parmar et al. 2011). In addi-
tion, microalgae are promising organisms to furnish novel and
safer biologically active compounds (Wojtasiewicz and Stoń-
Egiert 2016) and are widely used in the health food, cos-
metics, and pharmaceutical industries as colorants and thera-
peutic agents, respectively (Liu et al. 2000; Borowitzka 2013;
Kannaujiya and Sinha 2016). Arthrospira is a photosynthetic,
filamentous, spiral-shaped, multicellular cyanobacterium with
various therapeutic activities, including immunomodulation,
anticancer, antioxidation, antiviral, antibacterial activities, and
has positive effects on treatment for malnutrition, obesity, di-
abetes, anemia, etc. (Hoseini et al. 2013; Sagara et al. 2015;
Xia et al. 2016; Wang and Zhang 2016).
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The major protein constituents with significant benefi-
cial health effects are the phycobiliproteins (PBPs), includ-
ing phycocyanin, phycoerythrin, and allophycocyanin.
Phycocyanin, the main type of phycobiliprotein, is a blue
pigment with many potential industrial applications in dif-
ferent fields, including health food, biology, biotechnology,
medicine, pharmaceutics, diagnostics, and cosmetics
(Fe rnández -Ro j a s e t a l . 2014 ; E r i k s en 2008 ) .
Phycocyanin’s applications are linked to its main functions,
including natural colorants, fluorescent markers, and ther-
apeutic agents. The light blue color is a characteristic color
of phycocyanin, absorbing orange and red light, with ab-
sorption maxima between 615 and 622 nm, and emits fluo-
rescence at about 650 nm. The phycocyanin quality is mea-
sured by purity index that describes the ratio between ab-
sorbance from phycocyanobilin at 620 nm and all proteins
in the sample at 280 nm using a UV spectrometer (Wang
et al. 2012). Phycocyanins with purity index of 0.7, 3.9, and
greater than 4.0 are considered as food grade, reactive
grade, and analytical grade, respectively (Patil and
Raghavarao 2007; Walter et al. 2011). In addition, the com-
mercial price of phycocyanin varies with increasing purity
index; phycocyanin with food grade costs about
US$0.13 mg−1, the one with reactive grade costs from
US$1 to 5 mg−1, while the one with analytical grade can
cost even more than US$15 mg−1 (Rito-Palomares et al.
2001). The absorption spectrum at 652 nm intends to ascer-
tain the contamination of C-phycocyanin by the amount of
allophycocyanin, whereas the absorbance at 280 nm in-
tends to detect the presence of the overall concentration of
noncolored proteins in the solution (Sobiechowska-Sasim
et al. 2014; Eithar 2014).

The extraction and purification of phycocyanin can be cate-
gorized into three main processes, including the cell disruption,
extraction (also known as salting-in), and purification (also
known as salting-out) (Hemlata and Fareha 2011). Sodium
phosphate is commonly used for phycocyanin extraction from
microalgae and cyanobacteria; using it, as shown in Table 1, the
purity index of the phycocyanin is lower than food grade, i.e.,
purity index of 0.7. Precipitation of phycocyanin with a satu-
rated solution of ammonium sulfate is a primary purification
step (Walter et al. 2011) and is commonly used as the first step
in purifying proteins. The extraction of valuable active com-
pounds (e.g., phycocyanin) with high purity is still expensive
(Colla et al. 2007). Therefore, it is necessary to develop effec-
tive and economical (inexpensive) extraction techniques that
contribute to the high purity and recovery yield of phycocyanin
with various biological characteristics and activities.

The aim of this study was to identify an inexpensive ex-
tractive salt solution and optimize the extraction conditions
that contribute to the achievement of an efficient, economical
extraction method for phycocyanin with high purity from
A. platensis FACHB-314.

Materials and methods

Microorganisms and culture

The strain Arthrospira platensis FACHB-314 was
purchased from the Institute of Hydrobiology (IHB),
Chinese Academy of Sc iences , Wuhan , China .
Culture was initially grown and maintained in modified
Spirulina medium (SP) (Aiba and Ogawa 1977) in
Erlenmeyer flasks in a photo incubator at 25 °C with light
intensity of 40–50 μmol photons m−2 s−1, under 12:12 light/
dark cycles. All production cultures were grown in Zarrouk
medium prepared as described by Xie et al. (2014) . The
culture media components were sterilized separately by
autoclaving at 121 °C for 15 min and mixed afterward to
achieve the final medium. For production culture, the 4-day-
old culture with initial inoculum of 0.25 g L−1 was used to
inoculate 1 L of liquid Zarrouk culture medium into 1-L glass
vessel (Schott Duran) and incubated at 28 ± 2 °C for 12 days
under continuous light of 300 μmol photons m−2 s−1 using
21W white LED lamps. The pH of the culture was controlled
at 9 ± 0∙2 with a continuous injection of 2.5 % CO2 at a rate of
0.2 v/v (Xie et al. 2014).

After cultivation period, the cells were harvested by self-
sedimentation followed by centrifugation at 8960×g for
10 min at 4 °C, and the supernatant was removed. The cells
in the pellet were washed once with distilled water to remove
any residue of the culture medium salts and recentrifuged
under the same conditions as previously described. The col-
lected cells were called wet biomass and were stored in the
refrigerator at −20 °C in dark for further processing.

Extraction phycocyanin from A. platensis FACHB-314

The selection of extracting salt solutions is mainly based on
their salting-in and salting-out strength related to their constit-
uent ions and cations positions on the Hofmeister series (also
known as lyotropic series) (Baldwin 1996; Zhang and Cremer
2006). The additional criterion for selection was the cost as for
industrial application, the extractive salt should be as cheap as
possible. The sodium phosphate ACS reagent ≥99%, for phy-
cocyanin extraction, costs more than ammonium chloride
ACS reagent ≥99.5 % for phycocyanin extraction (about
US$234.12 kg−1 compared to US$110.32 kg−1, respective-
ly—price in US dollars was calculated at exchange rate of 1
US$ = 1.37 Singapore $ (Sigma-Aldrich 2016)). All salt so-
lutions were prepared utilizing deionized water (as described
in supplementary material S1). In order to prevent the
phycobiliproteins from degrading during experiment, 4 mM
NaN3, 2 mM mercaptoethanol, and 2 mM EDTAwere added
in extraction salt solutions (Sun et al. 2009).

The cell disruption step and extraction step were combined
in one single process unit operation, and this contributed in the
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reduction in extraction time. The repeated freezing and thawing
cycles was reported as an effective cell disruption method in
phycocyanin extraction process compared with other methods
for microalgae cell disruption (Hemlata and Fareha 2011).

Wet biomass was suspended in the extraction salt solutions
at different ratios, and suspended cell mass were subjected at
four successive repeated freezing at −20 °C for 2 h and thawing
at 4 °C for 4 h in dark (i.e., each cycle took 6 h) followed by
extraction of phycocyanin. The cell lysate was subsequently
centrifuged at 8960×g for 15 min at 4 °C, and blue supernatant
containing phycocyanin (named crude extracts) was collected.
The cell disruption and extraction processes took about 25 h
while the primary purification took about 8 h (Fig. 1).

Sodium phosphate buffers with different concentrations (with
different pHs) are frequently used for extraction of phycocyanin
from algae (Patel et al. 2005; Walter et al. 2011; Moraes et al.
2011). The suitable concentration of sodium phosphate for phy-
cocyanin extraction from A. platensis FACHB-313 was evalu-
ated by mixing 250 mg of wet biomass with 10 mL of sodium
phosphate (0.05, 0.075, 0.1, and 0.125 M, pH = 7.0) in 15-mL
test tubes. Then, the suspended cell mass was subjected to suc-
cessive series of freezing and thawing cycles under the same
conditions as previously described. Ammonium chloride was
chosen (as an available and inexpensive salt) to be evaluated
for its effectiveness in phycocyanin extraction from
A. platensis FACHB-314. Different ammonium chloride con-
centrations (0.05, 0.075, 0.1, 0.125, and 4.1 M) were evaluated
by the same procedure as used for sodium phosphate. Finally,
the optimum concentration was utilized in further experiments,
where sodium phosphate was considered as a control.

Once extraction salt solution concentration was evaluated,
effective ratio of wet biomass and extraction salt solution was
also examined in the following phases. In the first phase
(screening phase), wet biomass in the range between 250 and
2500mg was mixed with 10 mL of 0.125M sodium phosphate
(pH 7.0); in the second phase, wet biomass (effective range
from the first screening phase) was used to evaluate the opti-
mum ratio and effectiveness of extraction salt solutions, which
are 0.125 M sodium phosphate (pH 7.0), and 0.05 ammonium
chloride (pH 4.39). All suspended cell mass solutions were
exposed to four successive series of freezing and thawing cy-
cles under the same conditions as described in previous para-
graphs. The supernatants rich in phycocyanin were collected by
centrifugation at 8960×g for 30min at 4 °C. The obtained crude
extracts were named sodium phosphate crude extract (SP) and
ammonium chloride crude extract (AC).

Primary purification of phycocyanin

The process of phycocyanin purification is to remove impuri-
ties. The use of ammonium sulfate precipitation as the first
purification step exhibited high efficiency in removing most
of the protein contamination (Eithar 2014). Therefore,T
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precipitation was used for primary purification of phycocyanin
from crude extracts to examine whether the extraction salt so-
lutions used in extraction process hindered further purification
processes. Primary purification of phycocyanin was conducted
by checking the crude extract to ammonium sulfate precipita-
tion salt-solution ratio and evaluating effectiveness of different
precipitation salt-solutions for phycocyanin purification from
crude extracts (as described in supplementary material S2).

Phycocyanin concentration measurement

The concentration and purity of phycocyanin, after each step,
were measured by reading absorbance at 280 nm (A280),
562 nm (A562), 620 nm (A620), and 652 nm (A652) against
blanks using a UV-1780 spectrophotometer (Shimadzu,
Japan). Phycocyanin (PC) concentration was calculated using

Eq. (1) while allophycocyanin (APC) and phycoerythrin (PE)
concentrations were calculated from Eqs. (2) and (3), respec-
tively (Bennett and Bogorad 1973).

PC mgmL−1� � ¼ A620−0:474*A652ð Þ
5:34

ð1Þ

APC mgmL−1� � ¼ A652−0:208*A620

5:09
ð2Þ

PE mg mL−1� � ¼ A562−2:41* PCð Þ−0:849* APCð Þ
9:62

ð3Þ

The phycocyanin purity ratio (purity index) was calculated
by absorbance ratio, Eq. (4) (Walter et al. 2011):

Phycocyanin purity ratio ¼ A620

A280
ð4Þ

Fig. 1 Flowchart of extrapolated
phycocyanin extraction from
A. platensis FACHB-314. The
flowchart consists of three main
steps: biomass harvesting,
phycocyanin extraction, and
precipitation

1264 J Appl Phycol (2017) 29:1261–1270



Characterization of phycocyanin

The characterization of phycocyanin was conducted by
evaluating the A620/A280 ratio, absorption spectrum (spec-
trophotometric analysis), and gel electrophoresis (sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE)). Absorption spectrum at 652 nm is to detect the
presence of allophycocyanin, and the absorbance at
280 nm intends to check the presence of an amount of
noncolored proteins (Eithar 2014). For spectrophotometric
analysis, the absorption spectra were measured by scan-
ning from 700 to 200 nm with a UV-1780 spectrophotom-
eter (Shimadzu, Japan).

SDS-PAGE was accomplished using a 15 % polyacryl-
amide slab gel (5 % stacking gel) with the thickness of 1 mm.
Electrophoresis was run at room temperature at 80 V for initial
30 min and at 120 V till the end of the run (about 1 h 45 min)
and 12.5 mA. The bands were visualized with Coomassie bril-
liant blue R250. The sizes of the phycocyanin subunit bands
were determined using a Thermo Scientific PageRuler
Prestained Protein Ladder with molecular weight with broad
range of 170–10 kDa (Thermo Scientific, Lithuania).

Statistical analysis

Apart of preliminary screenings, each essay was conduct-
ed twice and all values are shown as mean ± standard
deviation. The phycocyanin purity indexes from sodium
phosphate extraction were compared to those from ammo-
nium chloride extraction by one-way analysis of variance
(ANOVA), using Fisher LSD test for comparing means
(OriginPro 9, OriginLab Corporation, USA). The level
of significance was set at p < 0.05.

Results

Extraction of phycocyanin from A. platensis FACHB-314

The results from the screening phase for effective sodium
phosphate concentration (data presented in supplementary
material Fig. S1) showed that 0.125 M sodium phosphate
(pH 7.0) was the best concentration and was chosen as the
control to be used subsequent experiments. The same proce-
dure was applied to determine the suitable concentration of
ammonium chloride. Different ammonium chloride concen-
tration (0.05, 0.075, 0.1, and 0.125 M) achieved the same
phycocyanin concentration (Fig. 2a), while 0.05 M extracted
phycocyanin with a higher purity ratio compared with the
other samples (Fig. 2b). Thus, 0.05 M ammonium chloride
was selected to be used in subsequent experiments.

The effective ratio of wet biomass to extraction salt
solution was evaluated in two successive phases. In the

first phase, wet biomass (in the range between 250 and
2500 mg) was mixed with 10 mL of 0.125 M sodium
phosphate (pH 7.0). The results showed that the effective
range was 250–500 mg per 10 mL of 0.125 M sodium
phosphate (pH 7.0) (data presented in supplementary ma-
terial Fig. S2).

In the second phase, wet biomass (in the range of 100
and 500 mg was mixed with 10 mL of 0.125 M sodium
phosphate (pH 7.0) or 0.05 M ammonium chloride
(pH 4.39). The highest phycocyanin concentration was
observed at wet biomass-extraction salt solution ratio of
350 mg: 10 mL in both extraction processes (i.e., sodium
phosphate extraction and ammonium chloride extrac-
tions), and a high phycocyanin purity ratio was detected
in the ammonium chloride crude extracts (Fig. 2).

There was no significant difference in phycocyanin
concentration between crude extracts obtained from sodi-
um phosphate extraction and ammonium chloride extrac-
tion (ANOVA: F(1,12) = 0.454, p = 0.51, α = 0.05)
(Fig. 3). However, the difference in phycocyanin purity
ratio between crude extracts obtained by both extraction
methods is significant (ANOVA: F(1,12) = 849.08,
p < 0.001, α = 0.05). The results in Fig. 2 demonstrate
that extraction in 0.05 M ammonium chloride (pH 4.39) is
best in achieving a high phycocyanin purity ratio of 1.5,

Fig. 2 Effective ammonium chloride concentration for phycocyanin
extraction from A. platensis FACHB-314. a Phycobiliproteins content
vs. ammonium chloride concentration. b Phycocyanin purity ratio A620/
A280 vs. ammonium chloride concentration. Values are mean of two
independent experiments
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compared to 0.79 achieved in sodium phosphate extrac-
tion. These results were also confirmed by spectroscopic

analysis (Fig. 6a), where the absorbance at 280 nm shows
the significant difference of an additional large amount of

Fig. 3 Wet biomass and
extraction salt solution ratio for
efficient phycocyanin extraction
from A. platensis FACHB-314.
SP sodium phosphate, AC
ammonium chloride; 100, 250,
300, 350, 400, 450, and 500 are
amounts of wet biomass into
10 mL of extraction salt solution.
Values are mean of two
independent experiments

Fig. 4 Results from precipitation as primary purification of phycocyanin
from A. platensis FACHB-314. a The comparison of efficiencies about
different salts in phycocyanin precipitation. b The ratio of crude extract to

precipitation salt solutions for phycocyanin precipitation. Values are
mean of two independent experiments

1266 J Appl Phycol (2017) 29:1261–1270



noncolored proteins between crude extracts in sodium
phosphate and ammonium chloride.

Primary purification of phycocyanin

The preliminary study revealed that the ratio of 1:2 (v/v: crude
extract-precipitation salt solution) is a suitable ratio to precipitate
phycocyaninwith a high purity ratio and concentration. The ratio
of 1:1 showed persistence of the blue color in the supernatant
indicating the presence of some remaining phycocyanins in the
supernatant. The ratio of 1:4 resulted in less quantity of phyco-
cyanin, while the ratios of 1:2 and 1:3 showed a clear superna-
tant, indicating that the precipitation was completed. A high
purity index was obtained when the ratio of 1:2 was used
(Fig. 4b). Therefore, the 1:2 (v/v: crude extract volume per am-
monium sulfate volume) was chosen for the next experiments.

The efficiency of salts was evaluated in terms of reduction of
impurities (including mainly noncolored proteins) and recovery
of high amount of phycocyanin. This evaluation was estimated
by purity ratio A620/A280 (Fig. 4a) and absorption spectrum of
precipitated samples, where there was a notable reduction in
absorption at 280 nm i.e., A280 (Fig. 5). It proved the efficiency
of one single precipitation process to remove a considerable
amount of noncolored contaminated proteins. These observa-
tions were supported by the A620/A280 values that increased
from 0.853 (in crude extracts) to 2.373 and 2.364 after precipi-
tation by ammonium phosphate and ammonium sulfate, respec-
tively (Fig. 4a). The above optimum conditions were applied in
preliminary primary purification of crude extracts presented in
Fig. 3 (SP-400 and AC-400); the phycocyanin purity ratio in-
creased from 0.78 and 1.50 to 1.95 and 2.81 after one single step
ammonium phosphate precipitation, and increased to 1.94 and
2.78 after one single step ammonium sulfate precipitation, re-
spectively. The absorption spectra are presented in Fig. 6b, c.

Characterization of phycocyanin

The characterization of phycocyanin in crude extracts and
precipitated samples was conducted by spectroscopic and
the SDS-PAGE electrophoresis analysis. Absorption spectra
of phycocyanin showed that there was a difference in purity of
phycocyanin obtained from crude extracts in sodium phos-
phate and ammonium chloride extractions (Fig. 6a), with a
significant difference in amount of noncolored protein con-
tamination between those crude extracts as indicated by

Fig. 5 The absorption spectra of crude extract and salted out
phycocyanin samples after simple step precipitation by salts with
different efficiencies in phycocyanin precipitation

Fig. 6 The absorption spectra of crude extract in sodium phosphate, crude
extract in ammonium chloride, and precipitated samples by ammonium
sulfate and ammonium phosphate. SP: crude extract extracted by using
0.125M sodium phosphate (pH 7.0); AC: crude extract extracted by using
0.05 M ammonium chloride (pH 4.39); 400: biomass-extraction salt
solution ratio where 400 mg of wet biomass was mixed with 10 mL of
extraction salt solution; AS: precipitated sample by using ammonium
sulfate; AC: precipitated sample by using ammonium phosphate

J Appl Phycol (2017) 29:1261–1270 1267



absorption at 280 nm, while the absorption peaks in between
550 and 650 nm presented almost the same value.

Figure 6b depicts the comparison between absorption spec-
tra of the crude extract displayed in sodium phosphate and its
derived precipitated samples, and Fig. 6c presents the compar-
ison between absorption spectrum of the crude extract in am-
monium chloride and its derived precipitated samples. It can
be seen clearly from the absorption at 280 nm in Fig. 6b, c that
the preliminary purification by ammonium sulfate and ammo-
nium phosphate precipitation resulted in a considerable reduc-
tion of noncolored proteins.

The SDS-PAGE electrophoresis analysis (Fig. 7) indicated
that phycocyanin migrated as two bands with apparent molec-
ular weight of about 14 and 16 kDa corresponding to the two
phycocyanin subunits α and β, respectively.

Discussion

The downstream process (i.e., extraction, purification process-
es) is one of the most important required processes to obtain
phycocyanin with high purity index from algal biomass
(Manirafasha et al. 2016). The cost of phycocyanin is fre-
quently determined by the quality (measured in terms of purity
index) and concentration of desired end product, which is
strongly dependent on series steps used in the process
(Moraes and Kalil 2009). The phycocyanin recovery from
microalgal biomass combines various steps, which can be
summarized into four main steps: cell disruption, extraction,
purification, and characterization of phycocyanin. In addition,
each step may be carried out using various techniques (Reis
et al. 1998). Moraes and Kalil (2009) demonstrated that the
rearrangement of steps in the downstream process may lead to
different end product yields and purity indexes. The high

purity index of phycocyanin has been achieved by combing
a series of steps of extraction and purification methods that
lead to the loss of the product yield and high downstream
process cost. A minimization of production steps may contrib-
ute to a reduction in of process costs and an increase in product
yield. Thus, optimization of extraction step is one strategy for
boosting phycocyanin purity index in crude extract and con-
tributing to the minimization of the series steps for down-
stream processing.

Sodium phosphate extraction is commonly used in extrac-
tion of phycocyanin from microalgae (Su et al. 2014); unfor-
tunately, the purity ratio of this crude extraction method is still
low and does not reach food grade (A620/A280 = 0.7) in some
cases. Sodium phosphate extraction of phycocyanin from
microalgae has been reported by Martelli et al. (2014) with a
0.45 purity ratio in crude extract; Walter et al. (2011) with 0.7,
0.8, and 1.1 purity ratio in crude extracts; Santiago-Santos
et al. (2004) with 0.4 phycocyanin purity ratio in crude extract.
Moreover, besides sodium phosphate, other salt solutions (in-
cluding distilled water, calcium chloride, sodium chloride) for
phycocyanin extraction have been reported with low phyco-
cyanin purity ratio in the crude extract Soni et al. (2008).

Based on the Hofmeister series salts (HSS), ammonium
chloride could be more effective than sodium phosphate in
phycocyanin extraction from A. platensis. Hofmeister series
salt (HSS) solutions have been applied in extraction and puri-
fication of biomolecules due to their salting-in and salting-out
properties. The salting-in and salting-out properties of HSS
are more pronounced for anionic salt component compared
to cations (Lezin et al. 2011), the reason why the present work
has focused on Cl− and HPO4

2− than their respective cations
to explain their effect on phycocyanin extraction. Cl− is a
stronger chaotrope than HPO4

2− (i.e., HPO4
2− is kosmotrope),

thus attributing ammonium chloride more salting-in ability

Fig. 7 Coomassie Brilliant Blue
R250 stained 15% SDS-PAGE of
crude extracts of phycocyanin
from A. platensis FACHB-314
after primary purification by
precipitation. Lane 1, SP-400;
lane 2, AC-400; lane 3, SP-400-
AS; lane 4, SP-400-AP; lane 5,
AC-400-AS; lane 6, AC-400-AP.
Abbreviations have the same
meanings as in Fig. 6
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than sodium phosphate. Thus, it would be better to use a salt
solution containing HPO4

2− anion for purification (example:
precipitation) instead of extraction.

The ammonium chloride utilized in this work was found to
be an effective and suitable salt solution for raising the phy-
cocyanin purity index in crude extracts. Furthermore, it re-
duces the extraction cost because it is cheaper. The optimum
wet biomass to extraction ratio was in the range between 25
and 50 mg to 10 mL of extraction salt solution. These results
were in the same range with the ratio used by Setyoningrum
and Nur (2015), who used 40 mg of wet biomass.

The extraction in 0.05 M ammonium chloride (pH 4.39)
was the best because of the high purity ratio A620/A280 in
the crude extract. The crude extract in ammonium chloride
(Fig. 3) achieved an optimum phycocyanin purity ratio of
1.5 with overall mean of 1.428 in seven assays and 2.81
after single-step precipitation. These results clearly dem-
onstrate that ammonium chloride reduce the series of phy-
cocyanin purification steps, thus reducing the production
cost while achieving the same or better results than ones
obtained after several purification steps. Martelli et al.
(2014) obtained the purity ratio of 1.4 after triple filtration
steps by standard 5-μm fi l ter paper membrane,
microfiltrated using a 0.2-μm syringe filter and ultrafiltra-
tion (using a membrane cutoff of 10 kDa). Santiago-Santos
et al. (2004) reported 0.4 phycocyanin purity ratio in crude
extract and 2.2 after ion exchange chromatography. Soni
et al. (2008) reported 0.42 in crude extract in Tris-HCl
buffer and 0.86 phycocyanin purity ratio after ammonium
chloride fractionation. Kumar et al. (2014) reported a 0.75
phycocyanin purity ratio in crude extract and 1.5
phycocyanin purity ratio after ammonium sulfate
precipitation. Kamble et al. (2013) reported a 0.161 phy-
cocyanin purity ratio in crude extract and 0.248, 0.628,
1.08, and 2.317 phycocyanin purity ratio after 25 % am-
monium sulfate precipitation, 50 % ammonium sulfate pre-
cipitation, dialysis, and Sephadex G-25, respectively. Patel
et al. (2005) reported a 0.80 phycocyanin purity ratio in
crude extract, 0.82 after fractional precipitation with 25 %
ammonium sulfate, and 2.66 after fractional precipitation
with 50 % ammonium sulfate with Arthrospira, and the
value was less by using other strains.

The results from A620/A280 values, spectroscopic, and
SDS-PAGE analysis have shown that ammonium chloride
does not affect the structural characteristics of phycocyanin
from A. platensis FACHB-314, and the achieved phycocyanin
purity ratio is relatively high compared to that achieved with
sodium phosphate extraction. Additional advantage of the
present method is that two steps have been combined in one
unity operation, thus contributing to the reduction of extrac-
tion steps and time (for example, comparing the present work
to the previous work done by Kannaujiya and Sinha (2016)
sonication step has been eliminated from the process).

In conclusion, ammonium chloride was demonstrated as an
effective and suitable extraction salt solution for phycocyanin
extraction from A. platensis FACHB-314. Ammonium sulfate
and ammonium phosphate precipitation as the preliminary
primary purification step has proven that ammonium chloride
as extraction salt solution does not hinder subsequent down-
stream processing of phycocyanin. Furthermore, if more ex-
traction factors are well evaluated, ammonium chloride would
be an excellent salt solution to provide phycocyanin with high
purity index. The ammonium phosphate results have shown
that it is an effective precipitation agent that can be used as an
alternative method to ammonium sulfate in biomolecules pre-
cipitation. The ammonium chloride extraction can be associ-
ated with the novel purification method to obtain analytical
grade phycocyanin without many purification steps.
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