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Phycobiliproteins (PBPs) are water-soluble pigments involved in the
photosynthesis of cyanobacteria. They are valuable natural colorants for
biotechnological applications due to their significant biological properties.
This research was the first to study the impact of NaNOs;, Na>COs3, and
K>HPO4 nutrient variations on the production of biomass and PBPs in the
cyanobacterium Nostoc sp. SW02. The experiments utilized the response
surface methodology with the Box-Behnken design for nutrient optimization.
The quadratic equations showed that the models sufficiently aligned with the
experimental data and could explain the combined influence of factors with
statistical significance. The addition of NaNOs, Na;COs;, and KoHPO4 at
concentrations of 2.0, 0.02, and 0.035 g L', respectively, provided the
maximum biomass and PBPs production at 0.967 g L' and 13.89% yield,
representing increases of 30.67% and 8.86%, compared to normal culture
medium. The validity of the predicted model was confirmed, indicating its
potential application in both small and large-scale cultivations. This study
developed a model that could be applied for the commercial production of
natural cyanobacterial colorants for their potential use in food and cosmetics
industries.
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1. Introduction

Cyanobacteria can produce natural bioactive
substances including several metabolites that
exhibit health-enhancing biological action.
Phycobiliproteins (PBPs) are bioactive pigments,
a category of colored proteins that participate in
the light-harvesting processes of cyanobacteria.
PBPs play a crucial role in photosynthesis; they
capture light energy and transfer it to chlorophyll,
the primary pigments that convert light into
chemical energy located on cyanobacterial
thylakoid membranes [1]. Cyanobacterial-
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derived PBPs are water-soluble pigment
molecules  consisting of  proteins and
chromophores called phycobilins, which can
exhibit intense fluorescence [2]. They are
categorized into three major types as
phycoerythrin (PE), phycocyanin (PC), and
allophycocyanin (APC) according to their
phycobilin composition and light absorption
properties. Each of these categories has a specific
spectrum referred to as deep red (490 - 570 nm),
deep blue (610 - 625 nm), and greenish blue (650
- 660 nm), respectively [3 - 5]. PBPs are valuable
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natural products that have attracted interest for
potential applications across various industries
including dietary supplements, cosmetics, and
pharmaceuticals because of their brilliant bright
colors, fluorescence, and biological antioxidant,
anti-inflammatory, and anticancer properties [3,
6 -10].

Natural colorants and bioactive ingredients
are becoming increasingly popular, with a
substantial expansion in the global PBPs market.
However, the PBPs production differs among
cyanobacterial strains and the varieties of PBPs
compositions present in cyanobacteria depend on
their habitat and the available light conditions.
Consequently, efficient large-scale production of
biomass and PBPs from cyanobacteria is strongly
regulated by species, light quality, and culture
conditions [3, 8]. One of the main factors is the
optimization of media composition. The primary
nutrients required to produce cyanobacterial
biomass are carbon and nitrogen [11]. Nitrogen
is a critical factor for cyanobacterial cell viability
as it regulates the synthesis of PBPs, which
serves as the primary nitrogen storage within the
cell [12]. Other nutrients such as phosphorus,
calcium chloride, and trace elements are often
present in low concentrations. These are
necessary for maintaining cyanobacterial growth
and impact the accumulation of PBPs [13]. Thus,
adjusting nutrient concentrations is a key
consideration to induce a significant buildup of
PBPs.

PBPs are found in most cyanobacteria but
their accumulation varies depending on the
selected strain. This study enhanced biomass and
PBPs production in the cyanobacterium Nostoc
sp. SWO02 through media optimization. Nostoc
sp. SWO02 is a filamentous cyanobacterium that
was first isolated from karst caves in Thailand.
This strain showed potential in scaling up
production of PBPs since it can grow under low
light conditions and produce PBP pigments at
high yields of up to 12.76% w/w, which is higher
than the reported commercial PBP-producing
cyanobacterium  Arthrospira platensis  [5].
Moreover, The PBPs produced from Nostoc sp.
SWO02 mainly contain PE and show outstanding
antioxidants, antibacterial, and anticancer
properties as a bioactive colorant agent [14].
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Nevertheless, the low biomass content presents
considerable challenges to this strain's
commercial-scale manufacturing of PBPs.

Response surface methodology (RSM) is
a powerful statistical technique for optimizing
processes or products by investigating the
combined effects of two or more experimental
factors. RSM combines experimental design,
statistical analysis, and optimization techniques
and requires fewer experiments than
conventional methods [15]. This study applied
RSM with a Box-Behnken design (BBD) to
optimize the concentrations of three crucial
nutrient factors, sodium nitrate (NaNO3), sodium
carbonate (Na2COs3), and dipotassium phosphate
(KoHPOg) for the efficient large-scale cultivation
of the cyanobacterium Nostoc sp. SWO02.
Furthermore, the impact of these nutrients on
biomass and PBPs production was also
investigated using a response surface and
quadratic model. The results demonstrated that
adjusting the concentration of critical nutrients
can increase the production of biomass and PBPs
in cyanobacterium Nostoc sp. SWO02.

2. Materials and Methods
Cyanobacterial strain and growth conditions

The Nostoc sp. SWO02 strain used in this
research was initially isolated from a karst cave
in Eastern Thailand and described as an effective
producer of bioactive PBPs [5]. The starter
culture =~ was  prepared by  inoculating
cyanobacterial cells in a 2 L Schott Duran glass
bottle containing 1.8 L of BG11 medium. The
growth condition was adjusted according to the
method of Suphan et al. [14]. The culture was
maintained at 27 + 2 °C under continuous
aeration with filter-sterilized air and 10 pmol m™
s constant illumination from cool white-
fluorescent lamps until the cells reached the log
phase (OD730 ~ 0.4). Cells were then harvested
for the experiment.
Experimental design and response surface
methodology

Response surface methodology (RSM)
with a 3 factorial (3°) Box-Behnken design
(BBD) was used to optimize the concentration of
the three nutrients factors (Xi; sodium nitrate
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(NaNO3), X»; sodium carbonate (Na,CO3), and
X3; dipotassium phosphate (K:HPO4)) for
biomass and PBPs production by Nostoc sp.
SWO02. The three independent variables were
established at three levels (-1, 0, 1), as indicated
in Table 1. The BBD generated 17 experimental
runs to optimize the nutrient variables, as shown
in Table 2. Each experiment was performed in a
2 L Schott Duran glass bottle containing 1.8 L of
culture medium (small-scale cultivation), with
the initial cell concentration adjusted to an OD73o
of 0.02. The cells were collected after cultivation
under growth condition for 10 days to avoid cell
degradation and the release of toxins upon cell
lysis under nutrient changes. The biomass
production and total PBPs yield (%) were
measured as the response values, Y1 and Yo,
respectively. The experimental data (Table 2)
were used to develop an appropriate model with
statistical significance using Design Expert 13.0
trial version software (STAT-EASE Inc.,
Minneapolis, USA). The response values were
fitted to a quadratic model as shown in the
following equation:

n-1 yn
i=1 &4j>1

Y = BO+ Z?zl Bixi+ Binin +Z?:1 Biixiz (1)
where Y represents the predicted response, x; and
x; are independent factors, and Sy, B, Bii, and Bj
signify the regression coefficients for the
intercept, linear, quadratic, and interaction terms,
respectively [16 - 17]. Three-dimensional
response (3D) surface plots illustrated the
response optimization on the z-axis, with the x-
and y-axes representing the two independent
variables while keeping the other factors constant
at their center point. Analysis of variance
(ANOVA) was applied to determine the
statistical significance of the model equation and
its term. The model's accuracy for the quadratic
regression equation was evaluated using the
coefficient of determination (R?). The optimal
level of each factor was achieved at the highest
possible value in both responses. The control
condition was regular BG1l medium with
NaNOj3, Na,COs, and KoHPO4 concentrations of
1.5, 0.02, and 0.04 g L', respectively. The three
specific nutrients were chosen for investigation
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due to their critical role in supporting
cyanobacterial growth, which relies on carbon
and nitrogen supplies, including the regulation of
the N:P ratio [11 - 12].

Cyanobacterial biomass determination

After 10 days of cultivation, a 1.2 um glass
microfiber filter was used to filter a 50 mL
aliquot of cell culture from the experimental runs.
The cell culture was then dried in an oven at 60
°C for 4 h until it reached a consistent weight, and
the dry biomass weight was determined.

Phycobiliproteins extraction and determination

An aliquot of cell culture (50 mL) was
centrifuged at 2,790xg for 10 min, and the
supernatant was discarded. The cell pellet was
resuspended in 50 mL of 0.01 M phosphate
buffer (pH 7.0) before PBPs extraction using the
freeze-thawing method [18]. The freeze-thaw
cycle was performed five times by freezing the
sample solution at —20 °C for 12 h and thawing
at room temperature (27 + 2 °C), maintained at 4
°C for 12 h, and then centrifuged for 10 min
(2,790%g, 4 °C) to obtain the PBPs crude extract.
The yield (%) of total PBPs was determined after
the concentration of PBPs was examined
spectrophotometrically and calculated using the
following equations as described by Suphan et al.
[14].

(A(,15 - (0474 X A552))

[PC] (mgmL) = Lo 04 @)
[APC] (mg mL") = Se2C2 200 3)
[PE] (mg mL") = (Asez - (2.41 x [P(;]; é (0.849 x [APC])) @)
[PBPs] (mg mL™") = [PC] + [APC] + [PE]  (5)
%Yield = 22X Y+ 100 (6)

where Acgi15, Aes2, and Aser are the maximum
absorbance wavelengths of PC, APC, and PE,
respectively, V is the volume of phosphate buffer
in mL, and DW is cell dry weight in mg.
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Validation of the model under optimum
conditions

The predicted model was validated at the
optimum concentrations of the three nutrient
factors under small and large-scale cultivations.
The optimum medium (10 L) was placed in a flat
plate photobioreactor for large-scale cultivation.
According to Krasaesueb et al. [19], a 0.22 um
cellulose acetate membrane was used to filter the
ambient air supplied from the bottom of the
reactor and continually purged into the
photobioreactor. The experiment was conducted
for 10 days by maintaining similar proportions of

starting cyanobacterial cells in small-scale
cultivation. All experiments were performed as
three independent samples (n = 3) and expressed
as mean values with standard deviation.

3. Results and Discussion
RSM analysis and model fitting

A Box-Behnken design (BBD) with RSM was
applied for the experiment because it is well-
suited for investigating interactions between
parameters, especially in a three-factor, three-
level setting.

Table 1 Range of nutrient factors at three levels used in experimental design.

. Symbol Coded levels and concentrations
Factors Unit
codes -1 0 +1
Sodium nitrate (NaNO3) gLt X 1.0 1.5 2.0
Sodium carbonate (Na2CO3) gLt Xa 0.01 0.02 0.03
Dipotassium phosphate (K2HPO4) gL! X3 0.03 0.04 0.05

Table 2 Box-Behnken design (BBD) with experimental values of biomass and PBPs production in

Nostoc sp. SWO02.

Factors The experimental values
Runs X1 X2 X3 Response: Y Response: Y>
NaNO3 Na;CO; K:;HPOq4 Biomass production Total PBPs
eLhH (L) (gL gL (Yoyield)
1 0 0 0 0.745+0.012 12.91 + 0.087
2 0 -1 -1 0.377 + 0.030 11.60 £ 0.150
3 +1 -1 0 0.426 +0.025 10.55+0.120
4 0 0 0 0.815+0.077 12.34+0.215
5 +1 0 +1 0.893+0.013 9.18+£0.073
6 0 +1 +1 0.985+0.013 8.04 +0.082
7 -1 0 -1 0.877 + 0.043 7.96 £0.197
8 0 +1 -1 1.058 + 0.021 12.67 £ 0.145
9 0 -1 +1 0.457 + 0.050 7.38£0.071
10 0 0 0 0.723 £ 0.010 12.34+0.211
11 +1 +1 0 1.069 £+ 0.045 12.89 £ 0.334
12 -1 +1 0 1.101 £ 0.063 7.06 £0.081
13 +1 0 -1 0.931+0.014 14.47 £ 0.521
14 -1 0 +1 0.868 + 0.057 10.97 £ 0.324
15 0 0 0 0.725 + 0.009 12.78 £ 0.101
16 0 0 0 0.710 £ 0.011 13.46 +£0.509
17 -1 -1 0 0.391 + 0.006 8.36 £ 0.098
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Table 3 The fitted model equations showing coefficients in terms of coded factors.

Responses Fitted model equations

Biomass production
(gL

(%yield)

Y =1.02-091X; +86.12X; - 39.21X5 - 3.33X1 Xz - 1.47X:X;5 -
378.55X2X3 + 0.350X:2 - 848.91X5? + 605.96X3°

Total PBPs Y2 =-40.73 +30.12X; + 557.33X> + 1269.27X5 + 182X X> -
415X1X3 - 1025X5X5 - 4.66X1% - 18867.50X2? - 9567.50X5?

Table 4 Summary of analysis of variance (ANOVA) and statistics of fitted models.

Factors Responses fitted to the quadratic model
Biomass production (g L) Total PBPs (%yield)
F-value p-value F-value p-value
Model 66.21 <0.0001% 8.55 0.0049si
X1 9.98 0.0160s 15.11 0.0060°
X2 48.06 0.0002si 2.78 0.1393
X3 5.46 0.0521 7.90 0.0261%
Xi1X2 0.7326 0.4204 3.02 0.1259
Xi1X3 0.1423 0.7172 15.69 0.0055%
X2X3 3.78 0.0930 0.0383 0.8504
X2 21.50 0.0024si 5.20 0.0566
Xy? 20.00 0.0029si 13.66 0.0077%
X5? 10.19 0.0152si 3.51 0.1031
Lack of Fit 0.7010 0.5989"¢ 10.50 0.0229si
R? 0.9884 0.9166
Adjusted R? 0.9735 0.8093
Predicted R? 0.9241 -0.1989
Adequate precision  23.97 10.14
SD 0.0389 0.1047
C.V.% 5.03 9.62

si2 means the p-value is less than 0.05, indicating the model term is significant at 95%.
SD means standard deviation, C.V. means coefficient of variation.
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Seventeen runs of three factors and three
levels of BBD were designed by varying the
nutrient concentrations of NaNO3 (1.0 - 2.0 g/ L~
1, Na;COs3 (0.01 - 0.03 g L), and KoHPO4 (0.03
- 0.05 g L'!). Multiple regression analysis was
used to build the statistical model, utilizing the
experimental values of the two response
variables as biomass production (Y1) and total
PBP yield (%) (Y2), as shown in Table 2. Results
suggested that the second-order fitted model
derived by a quadratic equation adequately
correlated with the experimental values. The
fitted quadratic equations for the correlations
between the responses Yi and Y> and the
independent variables NaNO;3; (Xi), NaxCOs
(X2), and KoHPO4 (X3) concentrations are shown
in Table 3. Analysis of variance (ANOVA) was
used to evaluate the statistical significance of the
model. The p-value for the model terms was <
0.05, indicating that the quadratic model for the
two response variables (biomass and total PBPs)
was significant at 95% (Table 4).

The empirical models demonstrated a high
correlation coefficient (R?), precisely R?
0.9884 for biomass and R? = 0.9166 for total
PBPs, indicating that the models accurately
depicted the relationship between the
experimental values and the predicted theoretical
values [20]. In addition, the adjusted R? value in
the model of biomass was less than 0.2 from the
predicted R? value, indicating that the model was
in reasonable agreement with high accuracy [21].
A negative predicted R? in the model of total
PBPs suggested that it served as a better predictor
of response than the existing model. All the
models exhibited adequate precision values
exceeding 4.0, signifying the model has a strong
signal compared to data noise and were suitable
for optimization [22]. A lower coefficient of
variation (C.V.%) indicated less variability in the
correlation between the predicted and actual
values, as shown in Fig. 1A-B. The statistical
analyses revealed that the proposed quadratic
equations were highly effective in representing
the expected responses of the parameter
variables.
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Influence of nutrient variation on biomass
production

The analysis of variance presented in Table 4
indicated that each nutrient factor had a
statistically significant influence. The quadratic
model revealed that NaNOs (Xi) and Na,COs3
(X») significantly influenced biomass production
of the cyanobacterium Nostoc sp. SW02 (p-value
< 0.05). The analysis of the correlation between
the two factors, illustrated in the 3D response
surface graph (Fig. 2A-B), revealed that the
factors mutually affected each other. Like other
photosynthetic organisms, cyanobacteria require
a carbon source to support their growth.

(A) Biomass production (g L)
1.20
1.00
® 0.80-
° o
2
2 0.60]
o
0.40-
0.20
020 040 060 080 100  1.20
Actual
(B) Total PBPs (%yield)
°
3
2
5
2
o
T T T T T T
6 8 10 12 14 16
Actual
Fig. 1 Parity graphs demonstrate the distribution

of actual and predicted values of biomass
(A) and total PBPs (B) production in
Nostoc sp. SWO02.
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Sodium carbonate provides a source of inorganic
carbon, particularly in the form of bicarbonate
ions (HCOs3"), which cyanobacterial cells prefer
to utilize the increased bicarbonate ions in the
photosynthetic process as an energy source for
cellular division and proliferation [23]. Nitrogen
is the second most important nutrient for biomass
and metabolite production [3]. Previous research
demonstrated that cyanobacteria could assimilate
many nitrogen sources including ammonium
(NH4"), nitrate (NO3"), nitrite (NO2"), urea, and
amino acids, with several species also possessing
the ability to fix atmospheric N» [24]. The
combined influence of the two factors (Fig. 2A)
showed that at Na,CO;3 concentrations exceeding
0.025 g L', NaNO; concentration did not
influence biomass production by Nostoc sp.
SWO02.

=

Biomass production (g L)

—_—
*Y)
~—

ST
LA
o e
2R TR
P87

o2 .4
o7
"':""“""‘.

Biomass production (g L)

Fig 2. 3D response surface diagram showing the
impact of factor variation on biomass
production in Nostoc sp. SW02 when (A)
K>HPOs4 and (B) NaNOs were fixed.
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This phenomenon was attributed to the
production of heterocyst cells that by the
cyanobacterium that facilitated nitrogen fixation
under nitrogen-deficient conditions. In Fig. 2B,
the 3D response surface plot shows the combined
effects of NaxCO3 and KoHPOs4 on biomass
production of Nostoc sp. SW02 when the NaNOs
concentration was fixed. Results also suggested
increased cell biomass when Na>xCO3 exceeded
0.025 g L'!, with no influence shown by KoHPOs.
Phosphorus involved in the metabolism of
nucleic acid synthesis, high-energy substances
such as ATP, and the process of producing
phospholipids in cells [25]. However, previous
studies found no effects on microalgal growth
when subjected to phosphorus starvation [26 -
27]. Singh & Kumar [28] discovered that reduced
phosphorus levels increased  biomass
productivity in the cyanobacterium Leptolyngbya
foveolarum. Phosphorus is strain-specific and
higher phosphorus concentrations result in
irregular N:P  ratios under phosphorus
assimilation, significantly impacting biomass
yields [29]. Therefore, the relationship between
the three nutrient factors indicated that carbon
sources had the greatest influence on promoting
the biomass of cyanobacterial strain Nostoc sp.
SWO02. Changing the amounts of nitrogen and
phosphorus in the normal culture medium did not
affect the increase in biomass when a high carbon
source was provided. Nostoc sp. SWO02 produced
high biomass in the range ranging from 0.985 to
1.101 g L' when the cells were cultured by
adding 0.03 g L'! Na,COs3, as shown in Table 2.
Influence  of  nutrient  variation  on
Pphycobiliproteins production

The quadratic model indicated that NaNOs
(X1) and KoHPO4 (X3) mutually influence the
total PBPs yield of Nostoc sp. SW02 (p-value <
0.05), as shown in Table 4. The 3D response
surface plots showed the interactive effects of
nutrient variation on the total PBPs yield of
Nostoc sp. SWO02 is illustrated in Fig 3A-B. The
response surface exhibited a curved slope,
indicating the presence of an optimal region
surrounded by lower PBPs yield. These findings
implied that increasing the NaNOj; concentration
led to greater PBPs production because nitrogen
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promotes protein synthesis in living cells [12,
30]. Nitrogen is crucial for cyanobacterial cell
viability as it regulates the synthesis of PBPs,
which are the primary nitrogen storage
compounds within the cells [31]. The marine
cyanobacterium Oscillatoria willei produced
lower PBPs during nitrogen limitation because of
the loss of one major Rubisco isoenzyme [32].
Under nitrogen restriction, Synechococcus strain
PCC 7942 showed reduced PBPs production and
the breakdown of phycobilisomes (PBS) [33].
The cyanobacterial cells selectively degrade their
stored PBPs when nitrogen levels are reduced,
while the optimal nitrogen source to produce
PBPs varies depending on the cyanobacterial
species. Many studies on optimizing PBPs
production utilizing different nitrogen sources in
various cyanobacteria, including nitrogen-fixing
strains, found that high concentrations of NaNO;
in a normal BGI1 medium promoted PBP
production [3]. By contrast, enhanced
concentrations of KoHPO4 and Na>COs3 did not
impact PBPs production by Nostoc sp. SWO02.
The sodium carbonate (Na,COs3) does not
directly induce the accumulation of PBPs in
microalgae and cyanobacterial cells because it
can enhance growth and photosynthetic activity
by providing an inorganic carbon source, leading
to increased production of chlorophyll a [34].
Phosphorus produces high-energy metabolites in
the form of ATP, essential for the metabolic
pathways of cyanobacteria [35]. Several
cyanobacteria had high amounts of PBPs at the
concentration of K HPOs used in the BGI11
medium (0.04 g L") [36]. The experimental
results indicated that enhancement of biomass
and PBPs yield of the cyanobacterium Nostoc sp.
SWO02 required the regulation of carbon and
phosphorus sources supplied to the cells. The
optimal conditions could help Nostoc sp. SW02
achieved a maximum yield of PBPs at 14.47%
with NaNO; at a concentration of 2.0 g L,
Na,COs at 0.02 g L1, and KoHPO4 at 0.03 g L,
respectively (Table 2).

Validation of the model under nutrient
optimization

The accuracy of the statistical model and the
quadratic  equations were validated by

experiments, giving high levels of biomass and
PBPs yield by the cyanobacterium Nostoc sp.
SWO02. Nutrient optimization was predicted
through the fitted quadratic equations in Table 3
with varying concentrations of NaNO3, Na;CO3,
and KoHPO4 as 2.0, 0.02, and 0.035 g L,
respectively.
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Fig 3. 3D response surface diagram showing the
impact of factor variation on total PBPs
yield (%) in Nostoc sp. SW02 when (A)
Na>COs3 and (B) KoHPO4 were fixed.

The point prediction exhibited a simultaneous
increase in biomass and PBPs yield values.
Moreover, Nostoc sp. SW02 was cultured under
nutrient optimization by two experiments such as
small-scale  cultivation and  large-scale
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photobioreactor cultivation. The predicted and
observed experimental values of the two
responses are shown in Table 5. Results
confirmed there were no significant differences
between the observed values for the small and
large-scale production (Table 5). The observed
values were close to the predicted values,
suggesting that the statistical model of RSM
applied to nutrient optimization enhanced growth
and production of PBPs in the cyanobacterium
Nostoc  sp. SWO02. Therefore, nutrient
optimization provided the maximum biomass

and PBP production at 0.967 g L and 13.89%
yield, representing increases of 30.67% and
8.86%, respectively compared to normal BG11
culture conditions. Many studies have
concentrated on enhancing the overproduction of
a specific metabolite and PBP pigments by one
variable at a time, which is a time-consuming
process [13]. These findings indicate that the
RSM is a robust methodology for identifying
critical nutrients for biomass overproduction in
Nostoc sp. SW02 and can be applied to PBP
industrial-scale production.

Table 5 Model validation under nutrient optimization for biomass and PBPs production in

Nostoc sp. SWO02.

Responses Predicted Observed values

under nutrient value Small-scale Large-scale
optimization cultivation Photobioreactor
Biomass production (g L)  0.851 0.967 +0.077 0.831 £0.068"
Total PBPs (%yield) 13.98 13.89 +1.858 13.17 +£0.548™

Mean + S.D. (n = 3). “ns” indicates not significant (p > 0.05) in the observed values present between

small and large-scale production.

Table 6 Comparison of biomass and PBPs production in different cyanobacteria under nutrient

optimization.
Cyanobacterial NaNO3 Na;CO3 K>HPO4  Biomass PBPs Reference
strain egLhH (gLY (gLh production production

gL

Nostoc sp. SW02 2.0 0.02 0.035 0.967 13.89% (w/w) This study
Scytolyngbya sp. 1.5 0.02 0.04 0.71 13.42% (w/w) [5]
LKKO05
Nostoc sp. 1.5 0.008 0.04 0.625 13% (w/w) [37]
Euhalothece sp. 1.67 0.02 0.04 - 4.5% (W/w) [38]
Synechocystis sp. 1.5 0.02 0.04 - 6.5% (W/w) [39]
PCC 7120
Phormidium 4.5 0.02 0.04 0.97 0.73 g L! [13]
ceylanicum
Arthrospira 2.25 16.8 gL! 0.05 1.0 12.47% (w/w) [23]
platensis of NaHCO3

4. Conclusion

Cyanobacterial ~ phycobiliproteins  (PBPs)
serve as an essential natural colorant in the food
and pharmaceutical industries.  Statistical
modeling of using response surface methodology
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for nutrient optimization was first reported to
promote the production of biomass and PBPs in
Nostoc sp. SWO02. The validity of the predicted
model was confirmed, indicating its potential
application in both small- and large-scale
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cultivations. Under nutrient optimization, the
results could increase the productions up to
30.67% and 8.86% for biomass and PBPs
compared to normal BG11 medium. Table 6
showed comparison of biomass and PBPs yield
of other reported cyanobacteria under nutrient
optimization, nitrogen concentrations influence
the production of PBPs depending on the
cyanobacterial ~ species. Interestingly, the
cyanobacterial Nostoc sp. SW02 produced higher
biomass and PBPs content than the several
reference strains. Therefore, these results
indicate that the RSM is an effective method for
estimating important nutrients needed for high
biomass production in Nostoc sp. SW02 and can
be applied in large-scale PBP production for use
in the food and pharmaceutical industries. Future
studies should focus on providing further insights
into the possible interactions between nutrient
availability and abiotic factors such as light and
temperature.
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