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ABSTRACT

Spirulina sp. is a microalga with high economic value and strong potential as a source of protein
and bioactive pigments for functional food, cosmetic and pharmaceutical applications. This
study aimed to evaluate the growth performance, protein and pigment contents, and to
determine the optimal harvest time of Spirulina sp. cultured using liquid organic fertilizer
(LOF) produced from fermented ganyong shoot waste (Canna edulis). The culture was
conducted for 16 days using LOF media at concentrations of 14 and 18 ml/L. The observed
parameters included dry biomass weight, specific growth rate, biomass productivity, protein
content, chlorophyll-a and phycobiliprotein pigments throughout the cultivation period. The
results showed that Spirulina sp. biomass increased by approximately fivefold compared to the
initial biomass in both treatments. Specific growth rate, biomass productivity, and protein
content did not differ significantly between the two LOF concentrations (p > 0.05), with protein
content ranging from 42% to 55% of dry biomass weight. Chlorophyll-a and phycobiliprotein
contents varied according to the growth phase of the culture. The highest phycobiliprotein
content was obtained in cultures grown with 14 mL/L LOF and harvested on day 8 of
cultivation. These findings indicate that liquid organic fertilizer derived from ganyong shoot
waste has strong potential as a sustainable alternative nutrient source for biomass and pigment
production of Spirulina sp., with the exponential growth phase representing the optimal harvest
time.
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ABSTRAK
Spirulina sp. merupakan mikroalga bernilai ekonomi tinggi yang berpotensi sebagai sumber
protein dan pigmen bioaktif untuk aplikasi pangan fungsional, kosmetik dan farmasi. Penelitian
ini bertujuan untuk mengevaluasi pertumbuhan, kandungan protein dan pigmen, serta
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menentukan waktu panen optimal Spirulina sp. yang dikultur menggunakan pupuk organik cair
(POC) hasil fermentasi limbah tajuk tanaman ganyong (Canna edulis). Kultur dilakukan
selama 16 hari menggunakan media POC dengan konsentrasi 14 dan 18 ml/L. Parameter yang
diamati meliputi berat kering biomassa, laju pertumbuhan spesifik, produktivitas biomassa,
kandungan protein, klorofil-a, serta pigmen fikobiliprotein selama masa pengkulturan. Hasil
penelitian menunjukkan bahwa Spirulina sp. mengalami peningkatan biomassa hingga sekitar
lima kali lipat dibandingkan berat awal pada kedua perlakuan. Laju pertumbuhan spesifik,
produktivitas biomassa dan kandungan protein pada kedua konsentrasi POC tidak
menunjukkan perbedaan yang signifikan secara statistik (p > 0,05), dengan kandungan protein
berkisar antara 42—55% dari berat kering biomassa. Kandungan klorofil-a dan fikobiliprotein
mengalami perubahan seiring dengan fase pertumbuhan kultur. Kandungan fikobiliprotein
tertinggi diperoleh pada media POC 14 ml/L yang dipanen pada hari ke-8 masa pengkulturan.
Hasil penelitian ini menunjukkan bahwa POC limbah tajuk ganyong berpotensi sebagai sumber
nutrien alternatif yang berkelanjutan untuk produksi biomassa dan pigmen Spirulina sp.,
dengan waktu panen optimal pada fase pertumbuhan eksponensial.

Kata Kunci: Limbah Ganyong, Media Tumbuh, Pigmen, Pupuk Organik Cair, Spirulina sp.

INTRODUCTION

Spirulina sp. is a microalga belonging to the Cyanophyta group (blue-green algae) that
has long been recognized as a high-value biomass source with significant potential in the food,
health, and pharmaceutical sectors (Maddiboyina et al., 2023). This microalga contains various
important bioactive compounds such as proteins, essential amino acids, natural pigments,
vitamins, minerals, and other functional compounds that provide excellent health benefits for
humans (Amir Ali & Bahareh, 2021; Bortolini et al., 2022). In recent years, Spirulina sp. has
received increasing attention as a raw material for functional foods and nutritional supplements
due to the increasing trend in the consumption of plant-based products (Marjanovi¢ et al., 2024;
Podgorska-Kryszczuk, 2024). One of the main advantages of Spirulina sp. Its very high protein
content, ranging from 55-70% of dry weight, with a relatively complete amino acid
composition and excellent digestibility of 83-90% (Maddiboyina et al., 2023; Palash et al.,
2025). This makes Spirulina sp. a potential alternative sustainable protein source to replace
animal protein (Grahl et al., 2018). In addition to protein, Spirulina sp. also contains
chlorophyll-a pigments, phycobiliproteins, and carotenoids, which are used in the food industry
as natural dyes and as a raw material in cosmetics as an anti-aging agent, as well as in
pharmaceuticals as a bioactive compound with antioxidant, anti-inflammatory, and
immunomodulatory activity (AlFadhly et al., 2022; Chini Zittelli et al., 2023).

The growth and biochemical composition of Spirulina sp. is strongly influenced by
environmental and nutritional factors, including pH, temperature, light intensity, salinity, and
the availability of macro- and micronutrients in the culture medium (Ndjouondo et al., 2017).
Differences in culture conditions, particularly nutrient types and sources, have been shown to
influence the accumulation of pigments, proteins, and other bioactive metabolites (AlFadhly et
al., 2022). In general, Spirulina sp. can be cultured at various scales, from laboratory scale,
semi-mass scale, to mass scale, either open or closed, using photobioreactors (Selvendran,
2015; Zhu et al., 2020). The culture process generally begins with the provision of a pure
culture on a laboratory scale, which is then gradually increased in volume until it reaches
production scale (Borowitzka, 2016). In efforts to develop sustainable production, the use of
economical and environmentally friendly alternative nutrient sources based on organic waste
is a focus of current research.

The use of liquid organic fertilizer (POC) from fermented agricultural waste as a
microalgae culture medium is a circular economy approach that allows for a reduction in waste
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treatment costs while providing a carbon-rich substrate for microalgae biomass production
(Scarponi et al., 2024). The use of fertilizer media as a nutrient source has also been shown to
optimally support the growth phase of Spirulina sp., with the highest biomass accumulation
generally occurring in the exponential phase to the beginning of the stationary phase (Prasadi,
2018). Previous research reported that Spirulina sp. can grow well on POC-based media from
ganyong (Canna edulis) plant crown waste, which has not been optimally utilized (Wijihastuti
et al.,, 2020). This study examined the cultivation of Spirulina sp. using POC from canna
crowns at various concentrations and showed that POC concentrations of 14 and 18 mL/L
produced the best growth of Spirulina sp. compared to other concentrations. Based on these
findings, this study is a continuation of the research by Wijihastuti et al. (2020), focusing on
the use of POC at these two optimal concentrations. This study aims to assess the growth of
Spirulina sp. and determine the optimal harvest time when cultured at the best concentration
of organic fertilizer (POC), particularly in relation to biomass utilization and accumulation of
high-value pigments. In addition to nutritional factors, harvest time, which reflects the growth
phase or age of microalgae biomass, including Spirulina sp., is also an important determinant
of biomass biochemical composition (Hotos & Antoniadis, 2022; Muys et al., 2024). Therefore,
research on the effect of harvest time on the pigment content of Spirulina sp. cultured using
POC from fermented canna plant crowns is necessary as an effort to optimize the production
of high-value pigments.

METHODS
Research Location and Time
This research was conducted over three months in the Biology Study Program
Laboratory, Faculty of Science and Technology, Al Azhar University of Indonesia. Research
activities included the production of liquid organic fertilizer (POC), culturing Spirulina sp.,
growth observation, and analysis of protein and pigment content.

Equipment and Materials

This research used a closed fermentation vessel equipped with an aerator, analytical
balance, centrifuge, vortex mixer, water bath, UV—Vis spectrophotometer, fluorescent lamp,
and standard laboratory glassware. The materials used included a pure culture of Spirulina sp.,
ganyong (Canna edulis) shoots, brown sugar, EM4 as a fermentation starter, clean water, and
absolute methanol.

Research Design

This study used a Completely Randomized Design (CRD) with three replications. The
treatments consisted of two types of culture media: liquid organic fertilizer (POC) with the best
concentration based on previous research. The liquid organic fertilizer was prepared following
the method of Pardosi et al. (2014). A total of 1.56 kg of canna shoots were finely chopped and
placed in a closed fermentation vessel. Then, 3.94 g of brown sugar, 15.63 mL of EM4, and
2.38 L of clean water were added. The mixture was fermented for 14 days in the dark at 30—
50°C, with aeration to accelerate the fermentation process.

The concentration of POC used in this study was based on previous research by
Wijihastuti et al. (2020), which reported that POC concentrations of 14 and 18 mL/L provided
the best growth rates for Spirulina sp. Therefore, this study used only these two concentrations
to observe the growth patterns, growth phases, and optimal harvest time for Spirulina sp.
biomass.

The Spirulina sp. culture was first propagated to a density of approximately 1000
units/mL, then used as inoculum in the treatment cultures. The final culture volume was 1 L,
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grown under TS5 LED cool white lighting with an intensity of around 2500 lux with a
photoperiod of 12:12 hours (light:dark), aerated and grown for 16 days.

Growth observations were conducted every two days until the end of the culture period.
Spirulina sp. growth was analyzed based on dry biomass weight. The specific growth rate (p)
of Spirulina sp. was calculated based on the increase in biomass dry weight during the
exponential phase using the equation p = (In(X2/X1))/(t2 — t1), where X1 and X are the biomass
dry weight (g/L) at time t: and t2 (days), respectively. Biomass productivity was calculated as
the difference in biomass dry weight at the end and beginning of culture per unit culture time.

Spirulina sp. protein content was analyzed using the method of Lowry et al. (1951) at the
end of the exponential phase with bovine serum albumin (BSA) as a standard. Samples were
reacted sequentially with 1 N NaOH, Lowry reagent (Na.COs, CuSO4, and NaKC4HsOs), and
Folin—Ciocalteu reagent, then incubated according to the procedure. Absorbance was measured
at a wavelength of 750 nm, and protein content was determined based on a BSA standard curve
(0-100 pg/mL) using linear regression.

Biomass was harvested for pigment content analysis every four days. Based on previous
research, this time interval was chosen because it represents the conditions of Spirulina sp.
cultures at different growth phases. Chlorophyll-a analysis was performed using the method
referred to by Ritchie (2006). A 10 mL culture was centrifuged at 8,000 rpm for 15 minutes,
then the pellet was extracted with 10 mL of absolute methanol and incubated in a water bath at
70°C for 10 minutes in the dark. After vortexing and re-centrifuging, the absorbance of the
supernatant was measured at 665 nm using a spectrophotometer. Chlorophyll-a content was
calculated using the equation: Chlorophyll-a (mg/mL) = 12.9447 x A665.

Phycobiliprotein analysis was performed using the method based on Bennett & Bogorad
(1973) with modifications by Agustini (2012). A 10 mL culture was centrifuged at 8,000 rpm
for 15 minutes, then the sample was frozen for 24 hours at —20°C and thawed again at room
temperature. The sample was re-centrifuged, and the absorbance of the supernatant was
measured at 562 nm, 615 nm, and 652 nm. Pigment content was calculated using the following
equation: Phycocyanin (mg/mL) = (OD615 nm - 0.474 OD650 nm) / 5.34; Allophycocyanin
(mg/mL) = (OD652nm - 0.2080D615nm)/ 5.09; Phycoerythrin (mg/mL) = (OD562nm -
2.41[Phycocyanin] — 0.849[Allophycocyanin])/ 9.62.

RESULTS
Characteristics of Liquid Organic Fertilizer (POC)

The liquid organic fertilizer (POC) produced after 14 days of fermentation of canna shoot
waste showed a mature state. This was indicated by the brownish color of the solution and the
characteristic fermentation aroma without any foul odor. With these characteristics, this POC
is suitable for use as a culture medium for Spirulina sp.

Spirulina sp. Growth

The growth of Spirulina sp. in the canna shoot waste POC medium at concentrations of
14 and 18 ml/L was demonstrated by an increase in biomass dry weight during the culture
period, as seen in Figure 1. The results of Spirulina sp. dry weight measurements showed that
the culture with the 18 mL/L POC medium experienced a lag phase of six days, longer than the
culture with the 14 mL/L POC medium, which lasted four days. The culture in the 14 mL/L
POC medium entered the stationary phase earlier, on day 14, while the culture with the 18
mL/L POC medium entered the stationary phase earlier, on day 16. Both treatments exhibited
an exponential growth phase lasting eight days. Cultures in 14 ml/L POC medium reached
maximum growth earlier, on day 12, with an average maximum dry biomass weight of
0.5033+0.0006 g/L. Cultures in 18 ml/L POC medium reached maximum growth on day 14
and showed a higher average maximum dry biomass weight of 0.5750+0.0013 g/L. By the end
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of the culture period, the dry biomass weight had increased approximately fivefold compared
to the initial weight.
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Figure 1. Growth Curve Graph of Spirulina sp. at Two Concentrations of POC from Ganyong
Waste Based on Biomass Dry Weight. Values are Presented as Averages (n=3) with
Error Bars.

The specific growth rate and biomass productivity of Spirulina sp. in 14 and 18 ml/L
POC media are shown in Table 1. The specific growth rate and biomass productivity in both
treatments were relatively similar. The results of the statistical analysis using ANOVA showed
that the differences in specific growth rate and biomass productivity between the two
concentrations of canna crown POC were not statistically significant (p > 0.05).

Table 1. Specific Growth Rate, Biomass Productivity, and Protein Content of Spirulina sp.

POC Concentration Specific Growth Biomass Productivity Protein Content
(ml/L) Rate (/day) (g/L/day) (mg/L)

14 0.1197+0.0156* 0.026940.0021° 0.2401£0.0546°¢

18 0.129740.0126° 0.0326+0.0045° 0.19574+0.0074¢

Note: Values are presented as mean =+ standard error (n = 3). Values followed by the same letter in the same
column indicate no significant difference based on ANOVA (p > 0.05).

The protein content of Spirulina sp. was measured on day 11 of the culture period, when
the Spirulina sp. culture was nearing the end of the exponential phase. The protein content in
the culture with 14 ml/L POC medium tended to be higher than that in the culture with 18 ml/L
POC medium, as shown in Table 1. However, statistical test results indicate that the difference
in protein content between the two treatments was not significant. Based on a comparison of
protein content with the average dry weight of biomass on days 10 and 12, the protein content
of Spirulina sp. in the 14 ml/L POC medium reached approximately 55%, while in the 18 ml/L
POC medium it was 42% of its dry weight.

Pigment Content of Spirulina sp.

Changes in Chlorophyll-a Content of Spirulina sp. during the culture period can be seen
in Figure 2. At both concentrations of canna shoot POC, the chlorophyll-a content was higher
on day 8 than on day 4. On day 12, the chlorophyll-a content in the 14 ml/L POC medium
decreased, while the 18 ml/L POC medium still showed an increase. The statistical analysis
results showed that the difference in chlorophyll-a content between the two treatments was not
statistically significant (p > 0.05).
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Figure 2. Graph of Chlorophyll-a content in Spirulina sp. at Two Concentrations of Ganyong
Waste POC Harvested on Different Days. Values are Presented as Means (n=3) with
Error Bars. The Same Letter Above the Graph Indicates No Significant Difference
Based on ANOVA (p > 0.05).

Changes in the phycobiliprotein pigment content of Spirulina sp. during the culture
period can be seen in Figure 3. The phycocyanin content at both concentrations of canna crown
POC increased from the lag phase (day 4) to the exponential phase (day 8), then decreased at
the end of the exponential phase (day 12). The patterns of allophycocyanin and phycoerythrin
changes differed between treatments. In the 14 ml/L POC medium, allophycocyanin and
phycoerythrin content increased until day 8 and decreased on day 12. Conversely, in the 18
ml/L POC medium, both pigments decreased on day 8 and increased again on day 12.

The total phycobiliprotein content showed a pattern of change consistent with changes in
its constituent pigments, particularly allophycocyanin and phycoerythrin. Statistical test results
showed that changes in phycobiliprotein pigment content were generally not statistically
significant, except for the phycoerythrin content in the 14 ml/L POC medium, which increased
significantly from day 4 to day 8. The highest phycocyanin, allophycocyanin and phycoerythrin
content in 14 ml/L POC media was obtained on the 8th day of the culturing period. In 18 ml/L
POC media, the highest phycocyanin content was obtained on the 12th day, while the highest
allophycocyanin and phycoerythrin content was obtained on the 4th day.
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3. Graph of Phycocyanin (a), Allophycocyanin (b), Phycoerythrin (c), and Total
Phycobiliprotein (d) Content in Spirulina sp. at Two Concentrations of Organic
Fertilizer (POC) from Ganyong Waste Harvested on Different Days. Values are
Presented as Means (n=3) with Error Bars. The Same Letter Above the Graph

8

Hari ke-

03

Fro1

0.0

Allofikosianin (mg/L)

Fikebiliprotein (mg/L)

The ratio of phycocyanin to allophycocyanin in Spirulina sp., which indicates adaptation
to light and environmental stress during the culture period, is shown in Figure 4. On day 4,
culture with 14 ml/L POC medium showed a higher ratio than that with 18 ml/L POC medium.
On days 8 and 12, the ratio values in both treatments were relatively stable. The statistical
analysis results showed that the difference in the phycocyanin to allophycocyanin ratio between
the two concentrations of organic fertilizer from canna shoot was not statistically significant.
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Figure 4. Graph of the Ratio of Phycocyanin (PC) and Allophycocyanin (APC) in Spirulina sp.
at Two Concentrations of POC from Ganyong Waste Harvested on Different Days.
Values are Presented as Mean + Standard Error (SE) (n=3). The Same Letter Above
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DISCUSSION

The Effectiveness of Fermented Liquid Organic Fertilizer (POC) from Ganyong Waste

as a Growth Medium for Spirulina sp.

The results of this study indicate that liquid organic fertilizer (POC) fermented from
ganyong waste for 14 days effectively supports the growth of Spirulina sp., as indicated by an
increase in biomass of approximately fivefold the initial weight. This effectiveness is related
to the maturity level of the POC, where the fermentation process allows the degradation of
complex organic compounds into simpler forms that are easily assimilated by microalgae.
These characteristics of mature POC align with research by Priyambodo et al. (2019) and are
supported by research by Meriatna et al. (2019), which found that 11-14 days of POC
fermentation produced the highest nitrogen, phosphorus, and potassium content compared to
both preceding and subsequent fermentation periods. The quality of this liquid organic fertilizer
(POC) from canna canna shoots was also confirmed by research by Wijihastuti et al. (2020)
showed that the fertilizer met the quality specifications for liquid organic fertilizers as
stipulated in the Minister of Agriculture Regulation Number 37/Permentan/SR.130/5/2010,
thus optimally providing essential nutrients for the growth of Spirulina sp.

The absence of significant differences in specific growth rate and biomass productivity
between 14 and 18 ml/L POC concentrations indicates that both treatments were within the
optimal concentration range. This indicates that the nutrient requirements of Spirulina sp. were
met at a concentration of 14 ml/L, so increasing the concentration of POC in the canna crown
did not significantly affect growth responses. This nutrient saturation phenomenon aligns with
several previous studies reporting that increasing the concentration of Spirulina sp. culture
media does not always correlate with increased biomass (Hafidh Al et al., 2022; Lesmana et
al., 2019; Nur et al., 2019; Vigram et al., 2018).

Nevertheless, the difference in the time to reach maximum growth between the two
treatments indicates that nutrient concentration still influences the growth dynamics of
Spirulina sp. At higher concentrations of canna shoot POC, the initial growth phase is slower
due to the need for metabolic adaptation before cells enter the exponential growth phase. At
this stage, Spirulina sp. adjusts to nitrogen assimilation, osmotic balance, and photosynthetic
apparatus regulation, delaying cell division despite the availability of excess nutrients (Nur et
al., 2019; Venkataraman, 1997). A similar pattern has been reported in Arthrospira platensis
cultures grown in nutrient-rich or alternative media, where the lag phase or adaptation phase
tends to be prolonged before optimal growth occurs (Michael et al., 2019; Russo et al., 2024).

In addition to supporting growth, canna shoot POC is also capable of producing Spirulina
sp. biomass with a relatively high protein content, with a tendency to be greater in 14 ml/L
POC media. Protein content was measured on the 11th day of culture, when the Spirulina sp.
culture was approaching the end of the exponential phase. This condition is in line with the
literature stating that the protein content of Spirulina sp. generally reaches its highest value in
the late exponential phase (Lim et al., 2025; Maali et al., 2024). The protein percentage of
around 55% is still within the commonly reported range for Spirulina sp., which is 55-70% of
dry weight (Maddiboyina et al., 2023; Palash et al., 2025). This indicates that the canna shoot
POC is able to provide essential nutrients, especially nitrogen, which supports protein synthesis
(Zarrinmehr et al., 2020). The absence of significant differences between the two treatments
indicates that variations in canna shoot POC concentration within the tested range did not
significantly affect protein accumulation, as did the specific growth rate and biomass
productivity. Overall, these results confirm the potential of canna shoot POC as an alternative
nutrient source for the production of high-protein Spirulina sp. biomass.
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Changes in Chlorophyll-a and Phycobiliprotein Pigments

The increase in chlorophyll-a content on day 8 indicates increased photosynthetic activity
of Spirulina sp. during the exponential phase. The decrease in chlorophyll-a content at the end
of the culture period in 14 ml/L organic fertilizer (POC) media is consistent with the culture
entering the stationary phase. This also indicates the occurrence of physiological changes in
the cells, which are generally associated with decreased nutrient availability (Portillo et al.,
2026; Saccardo et al., 2022). Conversely, the continued increase in chlorophyll-a in 18 ml/L
organic fertilizer indicates that nutrient availability at this concentration still supports pigment
synthesis until the end of the culture period. However, the lack of statistically significant
differences between treatments (p > 0.05) indicates that varying the concentration of organic
fertilizer in canna shoots did not produce a significantly different physiological response, likely
due to the gradual nature of organic fertilizers that provide nutrients (Shaji et al., 2021).

The pattern of phycobiliprotein pigment changes indicates the physiological response of
Spirulina sp. to the culture environment. The increase in phycocyanin content during the
exponential growth period is consistent with the role of this pigment as a major component of
photosynthetic antennae that function to capture light energy (Lim et al., 2025; Maali et al.,
2024). The differences in the patterns of allophycocyanin and phycoerythrin changes between
the two concentrations of POC indicate that the nutrient composition of the media can
selectively influence the regulation of pigment synthesis. This is in line with the results of a
study by Nurjannah et al. (2025) that variations in C:N:P in the culture media significantly
affect pigment biosynthesis in Spirulina sp., thus confirming the important role of nutrient
balance in regulating microalgal pigment production (Nurjannah et al., 2025). The highest
phycobiliprotein pigment content in the 14 ml/L POC media obtained on the 8th day indicates
that the exponential growth phase is the optimal time for biomass harvesting if the culture
objective is directed at the production of high-value pigments. These results are in line with the
study by Lim et al. (2025) stated that Spirulina sp. phycobiliprotein production is generally
maximum during the exponential growth phase.

The relatively stable phycocyanin to allophycocyanin ratio in both treatments indicates
that changes in POC concentration do not significantly affect the proportion of pigments
making up phycobilisomes. This stability indicates that the structure and function of the
Spirulina sp. photosynthetic system are maintained throughout the culture period, despite
variations in the dynamics of individual pigment synthesis. This finding supports the results of
the statistical analysis, which showed no significant differences between treatments.

CONCLUSION

Liquid organic fertilizer produced from fermented canna plant crown waste is effective
as an alternative culture medium for the growth of Spirulina sp. Both tested concentrations of
POC, 14 and 18 mL/L, were able to support biomass growth, specific growth rate, biomass
productivity, and protein accumulation of Spirulina sp. without statistically significant
differences. The protein content of Spirulina sp. produced was relatively high and within the
general range reported for these microalgae. The dynamics of chlorophyll-a and
phycobiliprotein content were influenced by the growth phase, with the highest
phycobiliprotein content obtained in the 14 mL/L POC medium on the 8th day of culture. Thus,
the exponential growth phase, especially on the 8th day, is the optimal harvest time if the
production goal is directed at the utilization of high-value pigments. This study confirms the
potential of utilizing circular economy-based agricultural waste as a sustainable and value-
added culture medium for Spirulina sp.
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