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Abstract

Spirulina platensis is a filamentous cyanobacterium recognized for its high nutritional value and extensive applications in the
food, pharmaceutical, cosmetic, and aquaculture industries. Due to its rich composition of proteins, vitamins, essential amino
acids, pigments, and antioxidants, large-scale cultivation of Spirulina has gained considerable commercial importance. The
present study was conducted to evaluate the influence of different culture media on the growth performance of Spirulina
platensis under controlled laboratory conditions. The organism was cultivated in various nutrient media, and growth was
monitored by measuring optical density at regular intervals. Significant variations in growth rate were observed among the
tested media, indicating that nutrient composition strongly affects the metabolic activity and nutrient assimilation efficiency of
the cyanobacterium. Among the media tested, certain formulations supported superior growth due to the availability of
balanced macro- and micronutrients essential for photosynthesis and cellular development. The findings of this study
demonstrate that optimization of culture media is a key factor for enhancing growth of Spirulina platensis. Furthermore, the
study highlights the potential for developing cost-effective cultivation strategies for sustainable commercial production and

biotechnological applications.
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Introduction

Algae are increasingly recognized as sustainable
bioresources due to their rapid growth, high photosynthetic
efficiency, and ability to synthesize valuable biomolecules
such as proteins, lipids, carbohydrates, and pigments under
diverse environmental conditions (Sanchez-Bayo et al,
2020; Ekpan et al, 2025) U3 39 Among these,
cyanobacteria, particularly Spirulina (Arthrospira platensis)
are of significant importance due to their high protein
content, rich phycobiliprotein pigments, and exceptional
nutritional value (Vonshak, 1997; Falquet& Hurni, 1997;
Becker, 2013) [% 20431,

The growth, metabolism, and biochemical composition of
Spirulina are strongly influenced by environmental and
nutritional factors, among which culture medium
composition plays a central role (Richmond, 2004;
Vonshak& Richmond, 1988) 13> 431, Culture media supply
essential macro- and micronutrients, inorganic carbon
sources, and buffering systems required for photosynthesis
and biomass production. Variations in  nutrient
availability—particularly nitrogen, phosphorus, bicarbonate,
and trace elements—significantly affect growth rate,
pigment synthesis, and overall productivity (Chu, 1942;
Colla et al., 2007; Nyabuto et al., 2015; El-Sheekh et al.,
2021) [13, 15,19, 31].

Microalgae  and  cyanobacteria  exhibit  dynamic
physiological responses to nutrient fluctuations. Nutrient-
rich media promote protein synthesis and pigment
accumulation, whereas nutrient limitation often induces
stress responses leading to increased lipid and carbohydrate
accumulation (Cordeiro et al., 2017; Sanchez-Bayo et al.,
2020) 6 31, These responses highlight the importance of
media optimization in regulating metabolic pathways and
enhancing desired biochemical outputs.
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Across both classical and modern studies, culture medium
composition has been identified as the primary driver of
biomass productivity and biochemical characteristics in
Spirulina platensis. Foundational formulations such as
Zarrouk’s medium demonstrate that variations in nitrogen,
phosphorus, salinity, and trace metals significantly influence
physiological performance (Zarrouk, 1966; Vonshak&
Richmond, 1988; Ajayan, 2023) [ 4 47 Comparative
studies further show that while Zarrouk’s medium generally
supports maximum biomass and pigment production,
alternative media provide moderate growth, and low-cost or
wastewater-based media offer economically viable but
variable productivity (Ilavarasi et al., 2011; Salunke et al.,
2016; Raoof et al., 2006; Madkour et al., 2012) (2427, 34,381,

Role of Key Nutrients in Media Composition

Nitrogen is the most critical macronutrient influencing
Spirulina growth and metabolism. High nitrogen availability
enhances biomass accumulation, protein synthesis, and
phycocyanin production, whereas nitrogen limitation
reduces growth and induces lipid accumulation as a stress
response (El-Sheekh et al., 2021; Cordeiro et al., 2017) [1®
Y1 Continuous culture studies confirm that nitrogen levels
directly regulate macromolecular composition and nutrient
use efficiency (Khannapho et al., 2021) 1 as shown in
Figure 1.

Phosphorus and Mineral Balance: Phosphorus plays a
vital role in ATP synthesis, energy metabolism, and cell
division. Along with essential ions such as sodium,
potassium, calcium, and magnesium, it contributes to
structural stability and metabolic activity. Deficiency in
phosphorus leads to reduced growth and decreased
chlorophyll and phycobiliprotein content (Cogne et al.,
2003; Abobaker ef al., 2016) 2141,



Trace Elements and Biochemical Modulation: Trace
elements such as iron (Fe), zinc (Zn), and copper (Cu) are
crucial for enzymatic activity and pigment biosynthesis.

improves metabolic balance but becomes toxic at higher
concentrations. Optimized trace element supplementation
has been shown to increase phycobiliproteins, antioxidant

Iron enhances chlorophyll and phycocyanin synthesis, zinc activity, and biomass yield (Frontasyeva, 2009;
supports metabolic enzymes, and copper, at optimal levels, Akbarnezhad et al., 2020) 5221,
i‘] ] IV'.. "..:“ !_.rw.
Fig 1: Role of Nutrients in Media Composition
industrial-scale  production = without = compromising

Influence of Media on Biochemical Composition

Culture media directly regulate the biochemical profile of

Spirulina:

=  Proteins: Increased under high nitrogen conditions,
reaching up to 60-70% of dry weight; reduced under
nutrient stress.

= Lipids: Accumulate under nitrogen or phosphorus
limitation, important for biofuel applications (Cordeiro
et al., 2017; Ekpan et al., 2025) [16:18]

= Carbohydrates: Serve as storage compounds and
increase under stress conditions

=  Phycobiliproteins: Highest under balanced nutrients
and moderate light; reduced under nutrient deficiency
(Khatoon et al., 2018) 2]

Interaction with Environmental Factors

Although media composition is central, its effects are
strongly influenced by environmental conditions. Light
intensity interacts synergistically with nutrient availability—
high light enhances photosynthesis but requires sufficient
nutrients, while light limitation restricts growth even in
nutrient-rich media (Vonshak et al., 2014; Benyamin, 1993)
(10, 441 Similarly Optimal growth occurs at alkaline pH (~9—
10) typical of Spirulina habitats and inoculum size also
affects lag phase and adaptation with higher inoculum
influences faster exponential phase while low inoculum
extended lag phase (Ale et al., 2014) 16

Environmental stress factors such as UV radiation, electric
fields, and oxidative stress further modify biochemical
responses. Controlled stress can enhance valuable
metabolites like pigments, whereas excessive stress reduces
overall productivity (Vonshak&Torzillo, 2003) 41,

Industrial and Biotechnological Significance

Optimization of culture media is essential for large-scale
Spirulina cultivation. Proper nutrient formulation enhances
biomass yield, protein content, and pigment production,
supporting applications in functional foods,
pharmaceuticals, animal feed, and biofuel production
(Borowitzka& Vonshak, 2017; Abdel-Wareth et al., 2024 [
121, AlFadhly et al, 2022). Additionally, development of
cost-effective media formulations enables sustainable

112

productivity.

In this context, the present study aims to evaluate the effect
of different culture media (Zarrouk’s, BG-11, BBM, and
CHU-10) on the growth performance of Spirulina platensis
using optical density measurementsand biochemical
analysis. Understanding these differences is essential for
optimizing culture conditions for both laboratory and
industrial applications.

Culture medium composition is the primary controlling
factor in Spirulina biotechnology. Balanced macro- and
micronutrients promote high biomass and protein-rich
cultures, whereas nutrient limitation induces metabolic
shifts toward lipid and carbohydrate accumulation. The
interaction between media composition, light, and
environmental stress ultimately determines growth
performance and biochemical output. Therefore, precise
optimization of culture media is crucial for maximizing
productivity and tailoring metabolite profiles for specific
industrial applications.

Materials and Methods

Isolation and Maintenance of Spirulina platenisis

Water samples containing mixed algal populations were
collected from Jal Mahal Lake,,Jaipur (Rajasthan), India and
transported immediately to the laboratory. The samples
were centrifuged at 2000-3000 rpm for 5-10 minutes to
concentrate algal biomass. Isolation of Spirulina platenisis
was carried out using enrichment culture, serial dilution,
agar plating, and micropipette isolation methods following
standard protocols (Andersen, 2005; Singh & Dhar, 2020) [
401, The isolated organism was identified morphologically by
observing unbranched helical trichomes under a light
microscope (Vonshak, 1997) ™I Pure cultures were
maintained in sterile Zarrouk’s medium under controlled
laboratory conditions at 27 + 3°C with a 16:8 h light—dark
cycle and light intensity of 2000-3000 lux. Subculturing
was carried out every 10—15 days under aseptic conditions.

Experimental Setup

To evaluate the effect of different nutrient compositions on
growth and pigment production, Spirulina platenisis was
cultured in four different media: Zarrouk’s Medium, BG-11
Medium, Bold’s Basal Medium (BBM),Chu-10
Medium.The media were prepared according to standard



compositions and sterilized at 121°C for 15 minutes. Equal
volumes of actively growing inoculum were transferred into
sterile 250 mL conical flasks containing the respective
media and incubated medium under controlled laboratory
conditions at 27 + 3°C with a 16:8 h light—dark cycle and
light intensity of 2000-3000 lux. The experiment was
conducted in triplicate under identical culture conditions.
Observations were recorded weekly to assess changes in
growth.

Growth Analysis
Growth was estimated by measuring optical density at 680
nm (ODeso) using a UV-Visible spectrophotometer.

Increased OD values indicated enhanced biomass
accumulation.
Results

The growth of Spirulina platensis was evaluated over a
period of five weeks using optical density (OD)
measurements in four different culture media: Zarrouk’s
medium, BG-11, BBM, and CHU-10.

A gradual increase in OD(optical density)was observed in
all media, indicating active growth; however, the extent of
growth varied significantly depending on the nutrient
composition of the medium.

During Week I, Zarrouk’s medium exhibited the highest
mean OD (0.212 £ 0.0116), followed by BG-11, BBM, and
CHU-10. Statistically significant reductions in growth were
observed in BBM and CHU-10 (p < 0.01), while BG-11
showed a moderate decrease (p < 0.05).

From Week II to Week 111, a sharp increase in OD indicated
the exponential growth phase (0.803 = 0.0206 and 1.583 =
0.0290, respectively). In contrast, CHU-10 exhibited the
lowest growth, with a reduction reaching 40.48% by Week
I1I.

In Week IV and Week V, growth continued to increase,
reaching maximum OD values in Zarrouk’s medium (2.129
+ 0.0369 and 2.582 + 0.0401, respectively). The reduction
in growth compared to Zarrouk’s medium was highest in
CHU-10 (-54.98%), followed by BBM (-40.87%) and BG-
11 (-27.83%), all statistically highly significant (p < 0.001)
as shown in figure 2.

Overall, the order of growth performance was:

Zarrouk’s > BG-11 > BBM > CHU-10

Discussion

The present study clearly demonstrates that culture medium
composition is a critical factor influencing the growth and
biomass productivity of Spirulina platensis, as reflected by
the progressive increase in optical density (OD) across all
treatments with significant variations among media.
Zarrouk’s medium consistently supported the highest
growth throughout the experimental period. This superior
performance is primarily attributed to its high bicarbonate
concentration, alkaline pH, adequate nitrogen supply, and
rich mineral composition, which together provide optimal
conditions for photosynthesis and biomass accumulation.
Spirulina thrives in bicarbonate-rich environments where
inorganic carbon enhances carbon fixation (Zarrouk, 1966;
Richmond et al., 1982; Vonshak, 1997) B6 43 471 Similar
observations were reported by Richmond (2004) and
Vonshak (1997) B% 41 emphasizing the importance of
carbon availability, while Aiba and Ogawa (1977) B3] further
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demonstrated that Spirulina achieves higher growth yield
under nutrient-rich, non-limiting conditions.

BG-11 medium supported moderate growth but remained
significantly lower than Zarrouk’s medium. This can be
explained by its lower bicarbonate content, limited carbon
availability, and lack of high alkalinity, as it is primarily
designed for freshwater cyanobacteria rather than Spirulina
(Rippka et al., 1979) B7). The observed reduction (~27% by
Week V) supports this limitation.

BBM showed further reduced growth, likely due to its
formulation for green algae rather than cyanobacteria,
resulting in lower alkalinity and suboptimal nutrient
balance. Bischoff and Bold (1963) ['l originally developed
BBM for chlorophytes, and studies by Markou and
Nerantzis(2013) %1 confirm that non-optimized media
significantly reduce Spirulina biomass due to stress
conditions.

CHU-10 exhibited the lowest growth, with a drastic
reduction (~55% by Week V). This poor performance can
be attributed to insufficient bicarbonate, lower nutrient
concentration, and unsuitable pH conditions. Chu (1942) [13]
designed this medium for freshwater algae, and it does not
meet Spirulina’s physiological requirements. Similar
findings by Richmond (2004) and Markou et al. (2012) 3%
31 indicate that Spirulina cannot grow efficiently without
adequate carbon and alkalinity.

The growth pattern observed—Ilag phase (Week 1),
exponential phase (Weeks II-III), and late exponential
phase (Weeks IV-V)—follows the typical microbial growth
curve and is consistent with previous reports (Pelizer et al.,
2003; Vonshak& Richmond, 1988; Danesi et al., 2002) I
32, 45]

Nutrient availability plays a crucial role in determining
growth performance. Nitrogen influences protein synthesis
and biomass accumulation (Colla et al., 2007) '3l while
bicarbonate enhances carbon fixation and maintains alkaline
pH (Richmond et al., 1982; Magwell et al., 2023) [2% 361,
Additionally, environmental factors such as light intensity
and temperature further influence growth dynamics (Danesi
et al., 2002; Torzillo et al, 1991) ['7 %1 Medium
optimization has been shown to significantly enhance
productivity (Raoof et al., 2006; Madkour et al., 2012) 7
31 and recent studies confirm that modifying medium
composition can improve both biomass and pigment
production (Freire Balseca et al., 2024) 21,

The present findings are in strong agreement with earlier
studies reporting maximum growth in Zarrouk’s medium
and reduced growth in alternative media (Soni et al., 2019;
Rajasekaran et al., 2016; Gami et al., 2011; Salunke et al.,
201 6) [23, 33, 38, 41]'

From an industrial perspective, although Zarrouk’s medium
ensures maximum productivity, its high cost remains a
limitation. Therefore, there is increasing emphasis on
developing cost-effective alternative media without
compromising nutrient balance and growth efficiency
(Raoof et al., 2006; Madkour et al., 2012) 27341,

In conclusion, the study highlights that culture medium
composition is a key determinant of Spirulina growth, with
Zarrouk’s medium providing the most favorable conditions,
while CHU-10 is the least suitable. These findings
emphasize the importance of medium optimization for
efficient laboratory and large-scale cultivation



Summary

All media supported Spirulina growth, but efficiency varied
significantly. Zarrouk’s medium produced the highest
biomass yield. Growth decreased in the order: Zarrouk’s >
BG-11 > BBM > CHU-10.Statistical analysis confirmed
significant differences across media. Carbon availability and
nutrient composition were the key controlling factors.

Conclusion

This study confirms that Zarrouk’s medium is the most
effective medium for the cultivation of Spirulina platensis
due to its optimal nutrient balance, high bicarbonate
concentration, and suitable alkaline conditions. BG-11 can
be used as an alternative for moderate growth, while BBM
and CHU-10 are comparatively unsuitable for Spirulina
cultivation.

The results highlight that medium optimization is essential
for maximizing biomass production, which is crucial for

commercial  applications such as  nutraceuticals,
pharmaceuticals, and bioactive compound production.
Future studies should focus on developing low-cost
modified media that can match the efficiency of Zarrouk’s
medium while reducing production costs.

Effect of Different Media on Optical Density of Spirulina platensis

Absorbance (680 nm)

IV Week

Il Week 1l Week V Week

Different Media

M Zarrouk’s WBG-11 BBM M CHU10

Fig 2: Different Media effect on Optical Density of Spirulina
platensis

Table 1: Effect of different media on optical density (OD) of Spirulina platensis

Week | Zarrouk’s (Control) BG-11

BBM CHU10

I 0.212+0.0116 0.200 £0.0131 (-5.67%) *

0.184 + 0.0162 (-13.23%) **

0.173 £ 0.0171 (-18.27%) **

11 0.803 £ 0.0206 0.725 £ 0.0287 (-9.63%) ** 0.645 £ 0.0267 (-19.68%) *** 0.570 £ 0.0247 (-29.03%) ***

11 1.583 +0.0290 1.345 £ 0.0385 (-15.05%) *** 1.113 £0.0349 (-29.68%) *** 0.942 +0.0310 (-40.48%) ***

v 2.129 +0.0369 1.676 +0.0453 (-21.29%) *** 1.379 £0.0516 (-35.25%) *** 1.107 £ 0.0424 (-48.01%) ***

\% 2.582 £0.0401 1.863 +£0.0539 (-27.83%) *** 1.527 +0.0580 (-40.87%) *** 1.163 £0.0445 (-54.98%) ***
Values expressed as Mean + SD (n = 3) % change calculated relative to Zarrouk’s medium, ns = non-significant; *p < 0.05; **p <0.01; ***p
<0.001.
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