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Article Info ABSTRACT

Article type: Background and Obijectives: Considering the importance of using
Full Length Research Paper  commercial species of Spirulina microalgae, the aim of the present study
was to identify native Spirulina species in the Caspian Sea and to optimize
the growth conditions of this microalga in order to reduce production costs

Article history:

Received: 09.03.2024 and increase its economic benefits. In this study, water samples were
Revised: 10.10.2024 collected from a depth of 5 meters along the coast of Farahabad,
Accepted: 10.13.2024 Mazandaran (2023-2024).

Materials and Methods: After observing the Spirulina genus, the
Keywords: . . ie . - L
Biomass, microalgae were isolated and purified using the serial dilution method,
Purification, ultimately resulting in pure single colonies. Initial identification was
Spirulina, performed using a light microscope and validated identification keys. To
Surface response confirm and verify the identification, molecular analysis and 16 SFRNA
methodology sequencing were employed. Phylogenetic analysis showed that the studied

species has the least genetic distance from Spirulina laxissima. The
Response Surface Methodology (RSM) was used in this study. RSM is a
fractional method derived from full factorial designs, first introduced in the
1950s with initial applications primarily in the chemical industry. Recently,
this method has been widely adopted for quality improvement, product
design, and uncertainty analysis. RSM is a rigorous scientific approach that
combines statistical techniques and applied mathematics to construct
experimental models. The primary objective in such designs is to optimize
the response (output variable), which is influenced by several independent
variables.

Result: The design of photosynthetic microorganism cultivation systems
began worldwide in 1950s. Over the past thirty years, commercial
cultivation of microalgae as a green technology, particulary Spirulina for
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healthy food, has been developed in various countries around the world.
Among the advantages of using algae in product manufacturing are their
high reproductive capacity, high production efficiency in a small
cultivation space, ease of cultivation, and independence from seasonal and
weather conditions. In addition, their ability to utilize organic resources or
various carbon sources including agricultural and industrial wastes,
increases the range of their potential applications. These characteristics of
microalgae make cultivation systems significantly more efficient and
productive than other agricultural production processes. Microalgae are
widely used in the food industry and incorporated into many food formulas
as natural color additives. Spirulina microalgae is one of the most
interesting microalgae strains due to its great potential. After identifying
the cyanobacteria species under study, the effects of three physical factors,
temperature (27-29 °C), light (3000-3500 lux), and pH (9-11), on biomass
production rate were investigated using the response surface methodology.
The results from the design of this experiment showed that after 14 days,
the highest biomass (0.839 g) was obtained at a temperature of 29 °C,
a light intensity of 3250 lux, and pH=10.

Conclusion: In general, it can be concluded that Spirulina laxissima can
serve as a suitable alternative to commercial Spirulina species due to its
compatibility with the culture medium and its favorable growth rate. Given
the numerous applications of Spirulina microalgae, it is recommended that
additional responses such as the amounts of protein, lipids, chlorophyll,
and phycocyanin in the native Caspian Sea species be investigated under
different cultivation conditions.
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Bagheri, Tahere. 2025. Optimizing different physical conditions (temperature, light and pH)
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Table 1. Some physical and chemical characteristics of the water in the sampling area.
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(ng/h) (n2) Salinity Temperature
131 18.7 11.1 8.7 31
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Table 2. Forward and reverse primers used for fragment amplification of the 16srRNA genome.

SR Al s
INITIATOR NAME PRIMER SEQUENCE
27F 5-AGAGTTTGATCCTGGCTCAG-3'
1492R 5T ACGGYTACCTTGTTACGACTT-3'

ABSTRNA 535 225 51 51y lopy 5STs Ll 2 5 (plos aslp —F Jgar
Table 3. Temperature program and polymerase chain reaction conditions for 16srRNA genome amplification.
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Table 4. Range of temperature, light and pH changes in experimental units.
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Figure 1. Image of an ethidium bromide-stained gel in the polymerase chain reaction product within 1000 base
pairs for the 16 SrRNA gene.
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spirulina sp strain PCC 6313 165 ribosomal RNA gene
a9 spirulina sp strain CCC 165 ribosomal RNA gene
spirulina sp EEW5 165 ribosomal RNA gene

53 Spirulina subsalsa CCAP 1413 165 ribosomal RNA gene

Spirulina subsalsa 165 ribosomal RNA gene
94 G1

spirulina laxissima SAG 256.80 165 ribosomal RNA gene
69

spirulina major strain PPC 165 ribosomal RNA gene

spirulina sp GLS10 165 ribosomal RNA gene

spirulina sp strain PCC 16S ribosomal RNA gene

0.02
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Figure 2. Drawing a phylogenetic tree using the Neighbor-joining method.
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Table 5. Results from the Response Surface Method (RSM) experimental design.

\ els Y ele ¥ Jele Vel
Factor 1 Factor 2 Factor 3 Response 1
B:Temperature C:Photon Biomass
Run A:pH
°C Lux gr/L
1 10 28 3250 0.773
2 10 29 3250 0.839
3 10 28 3250 0.769
4 9 29 3500 0.797
5 10 28 3250 0.745
6 9 28 3250 0.716
7 11 29 3000 0.715
8 10 28 3250 0.771
9 11 27 3000 0.532
10 9 27 3000 0.617
11 11 28 3250 0.636
12 9 29 3000 0.748
13 11 29 3500 0.788
14 11 27 3500 0.645
15 10 28 3250 0.779
16 10 27 3250 0.674
17 9 27 3500 0.673
18 10 28 3500 0.807
19 10 28 3000 0.754
20 10 28 3250 0.768
0 gt gl 5l ool cowsy ANOVA Jpi -1 >
Table 6. ANOVA table obtained from the results of Table 5.
Source Sum of Squares df Mean Square F-value p-value
Model 0.1084 9 0.0120 64.59 < 0.0001 Significant
A-pH 0.0055 1 0.0055 29.61 0.0003
B-Temperature 0.0557 1 0.0557 298.35 < 0.0001
C-Photon 0.0118 1 0.0118 63.44 < 0.0001
AB 0.0006 1 0.0006 3.38 0.0959
AC 0.0008 1 0.0008 4.40 0.0624
BC 0.0003 1 0.0003 1.48 0.2517
A? 0.0210 1 0.0210 112.40 < 0.0001
B2 0.0001 1 0.0001 0.6854 0.4271
c? 0.0008 1 0.0008 4.35 0.0635
Residual 0.0019 10 0.0002
Lack of Fit 0.0012 5 0.0002 1.73 0.2811 not significant
Pure Error 0.0007 5 0.0001
Cor Total 0.1103 19
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Figure 3. Box-Cox and normal plots on day 14.
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Figure 4. Graphs obtained from the analysis of the 14-day response data showing temperature, pH and visible light.
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