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Abstract. Global energy demand is steadily rising, necessitating the exploration of sustainable alternatives. 

Microalgae, such as Navicula sp., offer a promising solution. This study investigated the impact of light intensity 

on the growth, and biochemical composition (carbohydrates, lipids, proteins, and carotenoids) of Navicula sp. 

Cultures were grown in f/2 medium under four light intensity treatments: 2100 lux (control), 3500 lux, 4500 lux, 

and 5500 lux. Cell growth was measured through optical density analysis. Carbohydrate, lipid, protein, and 

carotenoid assays were performed using phenol-sulfuric acid, Bligh and Dyer, Bradford, and spectrophotometric 

methods. Maximum growth was observed on the eighth day of cultivation at 4500 lux light intensity. The best 

specific growth rate was achieved at 5500 lux. The highest biomass, carbohydrate, lipid, and protein productivity 

were attained at 5500 lux (24.65 mg/mL, 0.374 mg/mL/day, 0.399±0.204 mg/mL/day, and 0.025±0.018 

mg/mL/day). Conversely, the highest carotenoid productivity was recorded at 2100 lux, 0.278±0.085 mg/mL/day. 

By those means, the increase in light intensity was positively correlated with microalgal cell growth, biomass, 

carbohydrate content, and carbohydrate, lipid, and protein productivity. However, a negative correlation was found 

with carotenoid pigment productivity. From this research, it is evident that a light intensity of 5500 lux offers a 

feasible option for the industrial-scale cultivation of Navicula sp. microalgae for biomass, carbohydrate, and 

protein production, while 2100 lux is more suitable for carotenoid production. This research compares the findings 

to previous studies, emphasizing the unique way Navicula sp. responds to different light levels.  
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INTRODUCTION  

The dwindling reserves of fossil fuels, 

accompanied by massive exploitation, have led to 

an accumulation of CO2 in the atmosphere, 

adversely impacting climate conditions. It is 

indispensable to develop alternative energy 

sources that are cleaner and more widely utilized 

(Raha et al., 2018). Various biomass forms, 

comprising chemical compounds contained in 

different organisms, have been proven to serve as 

raw materials for producing many biofuels, such 

as biodiesel, bioethanol, biohydrogen, and biogas 

(Ferrero et al., 2021). One of the organisms that 

can be utilized as a raw material for biofuels is 

microalgae. Microalgae are microorganisms 

capable of producing high amounts of lipids, with 

some species yielding more than 70% lipids, 

significantly higher than traditional oily crops 

(Udayan et al., 2023). Another advantage of using 

microalgae is that their cultivation requires 

relatively little land, and their productivity is high 

due to their rapid growth rates (Costa et al., 2019). 

Additionally, during the growth phase, microalgae 

require only water, nutrients, CO2, and sunlight, 

which are generally available at a low cost (Gris et 

al., 2014). 

The benthic diatom Navicula sp. is a 
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prominent phytoplankton member and relatively 

easy to cultivate. However, the biochemical 

content of diatoms can change depending on their 

growth rate and environmental conditions, 

including temperature, nutrition, pH, irradiation, 

and light intensity during this life cycle phase. 

Navicula sp. has significant potential for 

polysaccharide production due to the mucilage 

that contains high levels of extracellular polymeric 

substances (EPS), including lipids, proteins, 

nucleic acids, and carbohydrates (Telussa et al., 

2019). Generally, carbohydrate storage in diatoms 

occurs in the form of chrysolaminarin, which can 

accumulate up to 30-60% of their dry weight. 

Under optimal growth conditions, diatoms can 

also produce lipids constituting 1-6% of their dry 

weight (Marella et al., 2021; Stonik & Stonik, 

2015). Despite their potential, Navicula sp. is 

rarely used for commercial applications due to low 

biomass and metabolite production, making its 

productivity not yet industrially feasible (Dhali et 

al., 2022).  

Modification of the culture media has a direct 

impact on reproduction, growth, and metabolic 

pathways (González-Vega et al., 2021). Light 

intensity is one of the crucial factors affecting the 

growth of microalgae in nature, as it impacts their 

photosynthetic efficiency and biomass production 

(Bialevich et al., 2022; Maltsev et al., 2021).  Prins 

et al. (2020) has examined the effect of light 

intensity on diatom physiology with high light 

intensity treatments, above 10,000 lux. Previous 

research by Fimbres-Olivarría et al. (2015) 

showed that higher light intensity can increase the 

growth of Navicula sp. Although these studies 

used the same range of light intensity, they used 

different wavelengths of light and only 

investigated the content of carbohydrates, lipids, 

and proteins. In addition, a study by Zhao et al. 

(2014) used the same range of light-intensity 

treatments but only measured growth, without 

metabolite content. Thus, this study needs to be 

carried out with some updates, both in light 

intensity treatment (2100 lux, 3500 lux, 4500 lux, 

and 5500 lux) and the parameters measured, 

including growth, biomass, metabolite content of 

carbohydrates, lipids, proteins, and carotenoid 

pigments in diatom species Navicula sp. These 

light intensities may yield better results than those 

reported in earlier studies. The effects of these 

various light intensities on the lipid, carbohydrate, 

protein, and pigment production of Navicula sp. 

have yet to be explored. Assessing the impact of 

different light intensities will provide more 

information on the most effective conditions for 

industrial purposes for enhancing specific 

metabolites from Navicula sp. Not only that, a 

larger volume of culture is used in this study (500 

mL), compared to the previous study by Zhao et 

al. (2014) that use 250 mL culture volume. As it is 

well known that different size of culture volume 

might provide different results. Different 

metabolites may require distinct light intensities to 

achieve optimal productivity. Therefore, this 

research is necessary to determine the effects of 

light intensity on cell growth and biomass, as well 

as the content of lipids, carbohydrates, proteins, 

and carotenoid pigments in Navicula sp. Thus, this 

research aims to discover a more feasible method 

to increase the metabolite production of Navicula 

sp. by manipulating the light intensity received by 

the culture. Navicula sp. can be considered a 

valuable source of metabolites for industrial 

applications. 

METHODS  

Navicula sp. culture was obtained from the 

Biotechnology Laboratory of the Faculty of 

Biology UGM. Seawater was collected from 

Porok Beach, Yogyakarta, and sterilized before 

use. The medical-grade cotton, f/2 medium 

components, 70% alcohol, distilled water, 10% 

SDS, chloroform, methanol, 5% phenol, H2SO4, 

Bradford reagent, LED lamp, and Bovine Serum 

Albumin by Merck were also used in this research. 

Culture Medium Preparation  

The medium used for cultivating Navicula sp. 

is medium f/2, according to (Guillard, 1975). The 

sterilized seawater (4975 mL) with a salinity level 

of 26 or 27 was added into a 15 L water tank, 

including 1 mL of 75 g/L NaNO3, 1 mL of 5 g/L-1 

NaH2PO4•H2O, 1 mL of 30 g/L-1  Na2SiO3.9H2O, 

vitamin B1 (2.96 x 10-7), vitamin B12 (3.69×10-10), 

and 1 mL of trace metals solution. The trace metal 

solution composed of 1.17×10-5 M FeCl2•6H2O, 

1.17×10-5 M Na2EDTA•2H2O, 9.10×10-7 M 

MnCl2•6H2O, 7.65×10-8 M ZnSO4•7H2O, 4.20×10-

8 M CoCl2•6H2O, 3.93×10-8 M CuSO4•5H2O, and 

2.60×10-8 M Na2MoO4•2H2O. The medium was 

then homogenized using a magnetic stirrer before 

being distributed into 500 mL bottles according to 

the experimental design. After distribution, the 

medium and other instruments were autoclaved. 

Navicula sp. Cultivation  

Navicula sp. was cultivated in 500 mL culture 

bottles with a 2:3 ratio of culture and medium. 

Cultivation was carried out at room temperature, 
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whereas homogenization was carried out with 

aeration, light shaking twice daily, and light 

intensity treatment variation. The treatment 

consisted of a control treatment with a light 

intensity of 2100 lux and three variations of light 

intensity treatment, including 3500 lux, 4500 lux, 

and 5500 lux, with an LED lamp in triplicate. 

Measurement of Growth and Biomass  

The cell growth was measured by using a 

spectrophotometer (Thermo Scientific 

Spectrophotometer Genesys 50 UV-Vis) with a 

wavelength of 680 nm and 860 nm (Zhao et al., 

2014). Navicula sp. biomass was measured using 

the dry weight method. The grown culture was 

taken for 2 mL and put into the previously 

weighed microtube. It was then centrifuged at 

1200 rpm for 10 minutes, and the supernatant was 

discarded while the pellets were dried overnight in 

an oven at 37°C. The next day, the microtubes 

were weighed again, and the biomass data was 

obtained from the difference in the final weight 

minus the initial weight.  

Carbohydrate Test  

The carbohydrate content test was carried out 

using the phenol-sulphuric acid method (Nielsen, 

2010), with some modifications according to 

Erfianti et al. (2024) and Nurafifah et al., (2023). 

Five mL of the sample was centrifuged at 4000 

rpm for 10 minutes, and the supernatant was 

discarded. The pellet was added with 0.5 mL 5% 

phenol and 1 mL H2SO4. Samples were allowed to 

stand for 30 minutes and homogenized. A total of 

2 mL of sample was put into a glass cuvette. After 

that, the absorbance was calculated using a 490 nm 

wavelength in a spectrophotometer (Thermo 

Scientific Spectrophotometer Genesys 50 UV-

Vis). The blank solution was used as a comparison 

using 0.5 mL of distilled water plus 0.5 mL of 5% 

phenol and 1 mL of H2SO4. Next, a standard curve 

was made by measuring the absorbance of glucose 

compounds with various concentrations of 500, 

1000, 1500, 2000, 2500, 3500, 4000, 6000, and 

8000 mg/mL. The results of carbohydrate 

absorbance measurements were calculated based 

on the linear standard curve equation of the 

glucose solution.   

Lipid Test  

The lipid content test was carried out using 

the Bligh and Dyer method (Breil et al., 2017). 

Empty petri dishes are weighed on an analytical 

balance. Five mL of microalgae samples were put 

into the conical tube and then centrifugated at 

4000 rpm for 10 minutes. The supernatant was 

discarded, then the pellet was added to 2 mL of 

methanol and 1 mL of chloroform. The mixture 

was homogenized with a vortex. A total of 1 mL 

of chloroform and 1 mL of distilled water were 

added, then homogenized again. After that, it was 

centrifuged at 4000 rpm for 10 minutes. 

Centrifugation results in three layers, then the 

yellow lipid at the bottom is taken, placed in a petri 

dish, and then incubated. The petri dish was 

weighed, and the lipid content was calculated by 

dividing the difference between the final and 

initial weight of the petri dish by the sample 

volume.  

Protein Test  

The protein content test was carried out using 

the Bradford method (Kielkopf et al., 2020). Two 

mL of sample in a microtube was centrifuged at 

12000 rpm for 5 minutes. The supernatant was 

discarded, and the pellet was incubated until dry. 

Pellets were added 1 mL SDS 10% and heated at 

95℃ for 5 minutes. Next, the samples were 

incubated at 4℃ for 5 minutes. After that, 8 µL of 

the sample was taken and put into the micro-well 

plate, and 200 µL of the Bradford reagent was 

added. Readings were made with an ELISA reader 

BioTEk ELX800 with a wavelength of 595 nm. A 

standard curve was made by measuring the 

absorbance of Bovine Serum Albumin (BSA) with 

various concentrations of 0, 50, 100, 200, 400, and 

800 ppm. The reading results of the ELISA reader 

are calculated based on the linear standard curve 

equation of the BSA.  

Carotenoid Test  

The method followed the protocol proposed 

by (Scott, 2001), with some modifications 

according to Erfianti et al. (2024) and Thrane et al. 

(2015). Two mL of sample was put into a 

microtube and centrifuged at 12000 rpm for 5 

minutes, then the supernatant was discarded, and 

the pellet was added to 2 mL of 100% methanol. 

Then, the microtubes were wrapped in aluminum 

foil and incubated at 4℃ for 24 hours. Samples 

were centrifuged at 12000 rpm for 5 minutes. 

Next, the absorbance of the supernatant was 

measured with Thermo Scientific 

Spectrophotometer Genesys 50 UV-Vis at a 

wavelength of 480 nm.  

Data Analysis  

The data on growth parameters, biomass, 

levels of carbohydrates, lipids, proteins, and 

carotenoid pigments were tested for normality 
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using the Shapiro-Wilk test. A non-parametric test 

was performed using the one-sample 

Kolmogorov-Smirnov test. Then, a homogeneity 

test was performed. In addition, all treatments 

were also analyzed using a One-Way Analysis of 

Variance (ANOVA) (p < 0.05) and Tukey's 

posthoc multiple comparison test with IBM SPSS 

Statistics 25. A p-value less than 0.05 is 

considered the treatment statistically significant.   

RESULTS AND DISCUSSION  

Navicula sp. cell growth was indicated by the 

optical density data or the turbidity of the culture. 

Ideally, microalgae growth consists of four main 

phases: lag, log, stationary, and death (Chen et al., 

2013). The control showed maximum growth on 

the 12th day, while the culture with a light 

intensity of 3500 and 5500 lux had maximum 

growth on the 10th day. However, the maximum 

growth of Navicula sp. on 4500 lux occurred on 

the eighth day (Figure 1). Navicula sp. specific 

growth rate based on the results of statistical tests 

showed no significant difference between the 

treatments given light intensity (Figure 2). Based 

on the dry weight data (Figure 3), Navicula sp. 

produces maximum biomass on the 5500 lux 

treatment of 24.65 mg/mL, significantly different 

from all light-intensity treatments. The lowest 

biomass production of Navicula sp., as shown by 

the culture with 2100 lux light intensity control 

treatment of 3.475 mg/mL. The increase of 

biomass reach around eight times compared to 

control in 5500 lux treatment. It is higher increase 

than the treatment of microalgae Botryococcus sp. 

that underwent biomass increase up to three times 

of control in the treatment of 10 Gy Gamma 60Co 

radiation (Ermavitalini et al., 2017). 

 

 
Figure 1. Growth of Navicula sp. under variations of light intensity 

 

 
Figure 2. The specific growth rate of Navicula sp. under variations of light intensity 
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Figure 3. Biomass content of Navicula sp. under variation of light intensity treatments 

  

Light is one of the leading environmental 

factors involved in the growth and development of 

microalgae. The quality and quantity of light 

affect the increase or decrease in growth rate to 

achieve optimal biomass productivity (Maltsev et 

al., 2021). Generally, adequate culture conditions 

for microalgae growth have a light intensity range 

of 1000-10,000 lux (Kumar et al., 2019). Based on 

this study, the most optimal growth occurs in a 

light-intensity treatment of 5500 lux compared to 

the control and other treatments. The cultivation 

result of Navicula sp. in a light-intensity treatment 

of 50 µmol/m2/second or equivalent to ±3500 lux 

and 100 µmol/m2/second or equivalent to ±7000 

lux indicates a relatively low concentration of cells 

(Prins et al., 2020). Therefore, the treatment of 

light intensity is directly proportional to the 

growth of Navicula sp. culture; the higher the light 

intensity, the higher the concentration of 

microalgae cells will be.  

 The quantity of light microalgae cells receive 

is directly related to the carbon fixation capacity. 

When exposed to high light intensity, the cells 

accumulate carbohydrates and triacylglycerols, 

leading to higher biomass productivity and cell 

growth rate. However, if the light intensity is 

extremely high, the cells will be damaged due to 

photoinhibition. Under these conditions, the cell's 

specific growth rate becomes inhibited, leading to 

cell death (Havurinne & Tyystjärvi, 2017). 

Previous research also reported that high-light-

intensity exposure helped increase the microalgae 

biomass content. Research on Thalassiosira 

pseudonana doubled biomass production at 120 

µmol/m2/second (8400 lux) light-intensity 

(Palanisamy et al., 2022). Likewise, current 

research shows that the highest biomass 

productivity was achieved in Navicula sp. with the 

highest light intensity, namely 5500 lux.  

 

 
Figure 4. Carbohydrate contents of Navicula sp. under variations of light-intensity treatments 
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Based on Figure 4, the carbohydrate content 

produced by Navicula sp. with the highest value 

was in the treatment of 5500 lux light intensity 

(C5) at 1.664 mg/mL. This quantity showed 

results that exceeded the carbohydrate content in 

the control treatment. Meanwhile, the 3500 lux 

(C3) and 4500 lux (C4) light intensity treatments 

showed results below the control treatment. 

Microalgae cultured under environmental stress 

use carbon to produce energy storage products, 

including carbohydrates. The carbohydrates are 

then used for consumption in unfavorable cultural 

ecological conditions. The goal is for the 

microalgae to survive under environmental stress, 

such as low light intensity. Low light intensity 

conditions trigger microalgae to allocate energy 

for its growth. Increased light intensity causes 

microalgae to supply energy for synthesizing food 

ingredients like carbohydrates. Previous research 

found that the microalgae Staurosira sp. 

accumulates carbohydrates at the highest light-

intensity conditions (Cointet et al., 2019). In line 

with this research, current research also shows that 

the highest carbohydrate content of Navicula sp. 

was achieved in cultures with the highest light-

intensity treatment of 5500 lux. In this study, the 

most accumulation of carbohydrates occurred on 

the 12th day after Navicula sp. was cultured. 

The productivity of carbohydrates, lipids, 

proteins, and carotenoid pigments is presented in 

Figure 5. The highest productivity of 

carbohydrates was shown by Navicula sp. with a 

light-intensity treatment of 5500 lux of 0.374 

mg/mL daily. This amount was 42% higher than 

the control treatment with 2100 lux, whereas when 

compared to the 3500 and 4500 lux light intensity 

treatments, the 5500 lux light intensity treatment 

was twice as high. The productivity of 

carbohydrates cultivated at various light 

intensities was not statistically significantly 

different at p > 0.05, although each treatment 

showed a difference in yields of carbohydrate 

productivity (Figure 5A).   

   
(A) (B) 

 
  

 

(C) (D) 

Figure 5. Productivity per day of Navicula sp. under variation of light intensity treatments. (A) 

Carbohydrate, (B) Lipid, (C) Protein, and (D) Carotenoid 
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Lipid productivity was the same between the 

3500 and 4500 lux light-intensity treatments, 0.2 

mg/mL daily. Lipids produced by Navicula sp. 

cultured for 12 days showed no significant 

difference (p > 0.05) between each light-intensity 

treatment. Based on the data in Figure 5B, the 

control treatment with a light intensity of 2100 lux 

showed a maximum lipid productivity of 0.6 

mg/mL per day. The light intensity treatment of 

5500 lux showed lipid productivity of 33% of the 

lipid productivity in the control treatment, which 

was 0.4 mg/mL per day. It is higher than previous 

finding in which Navicula sp. able to produce 

around 18% of lipid when cultivated in tapioca 

liquid waste media added with 25% NaCl 

concentration (Insan et al., 2018).  

The lipid productivity of Navicula sp. culture 

was optimally achieved in the treatment of light 

intensity of 2100 lux. Gammanpila et al. (2015) 

stated that giving low light intensity causes a 

decrease in lipid productivity. This is due to the 

limited energy required for a series of microalgae 

photosynthetic reactions. Although this report 

does not support the results of the present study, 

the results indicate that lipid productivity is higher 

at a light intensity of 5500 lux when compared to 

lipid productivity at a light intensity of 3500 and 

4500 lux. These results indicate that the potential 

for lipid productivity is relatively higher at higher 

light intensities. Previous studies on the effect of 

light intensity on the lipid content of Chlorella 

vulgaris microalgae showed appropriate results. A 

higher percentage of C. vulgaris lipid content was 

produced at a light intensity of 5000 lux than at a 

lower light intensity  (Gammanpila et al., 2015).  

The productivity of Navicula sp. culture 

protein has the same value in the light intensity 

treatment of 3500 and 4500 lux, which is 0.02 

mg/mL per day. Based on statistical tests on the 

results of protein productivity in Navicula sp. No 

significant difference (p > 0.05) between the 

control light intensity treatment and the three light 

intensities given (Figure 5C). Nonetheless, a 

protein produced in Navicula sp. with the light 

intensity treatment of 3500, 4500, and 5500 lux 

was higher than the protein produced in the control 

treatment. Navicula sp. showed the highest protein 

productivity value with a light-intensity treatment 

of 5500 lux, equal to 0.025 mg/mL daily. The 

protein productivity reached three times the 

protein produced in a culture treated with control 

light intensity or 2100 lux.  

In addition to carbohydrates and lipids, light 

intensity also affects protein productivity. Sui & 

Harvey (2021) reported that the protein content in 

microalgae decreased as the light intensity 

increased. The protein content of Dunaliella 

salina is relative to ash-free dry weight, which 

decreases with increasing light intensity. The 

provision of white light showed a protein content 

of 74% AFDW at a light intensity of 100 

µmol/m2/second (7000 lux), decreased to 52% 

AFDW at a light intensity of 600 µmol/m2/second 

(42000 lux). This is because the light intensity of 

600 µmol/m2/second is too high, causing 

microalgae to experience photoinhibition. 

However, the decrease was insignificant; the 

protein content was still relatively high because it 

was more than 50%. These results are in line with 

research conducted by Seyfabadi et al. (2011) that 

the highest protein concentration was achieved at 

a light intensity of 100 µmol/m2/second, and the 

minimum protein concentration was achieved at a 

light intensity of 37.5 µmol/m2/second (2625 lux). 

However, the study concluded that an increase in 

light intensity also increased the protein 

productivity of microalgae. In this study, the 

maximum protein productivity of Navicula sp. 

was achieved in cultures with 5500 lux light 

intensity (0.03 mg/mL/day). Protein productivity 

at this light intensity was not much different from 

protein productivity at 3500 lux light intensity. 

Figure 5D shows that the highest productivity 

of carotenoid pigments in Navicula sp. was in the 

control light intensity treatment or 2100 lux, 

which was 0.28 µg/mL per day. These results 

differed significantly (p < 0.05) with the three light 

intensity treatments, 3500, 4500, and 5500 lux. 

The second highest carotenoid productivity was 

shown by the light intensity treatment of 3500 lux, 

which was 0.09 µg/mL per day. This productivity 

value, when compared with the light intensity 

treatment of 4500 and 5500 lux, was 1.3 times and 

4.5 times higher, respectively, even though it was 

not statistically significantly different (p > 0.05) 

(Figure 5D).  

Carotenoids are pigments or groups of 

bioactive compounds that photosynthetic or non-

photosynthetic organisms can synthesize. 

Carotenoids usually play a protective role for 

microalgae under stressful environmental 

conditions. The group of carotenoid compounds 

can react with lipid peroxidation products to stop 

the chain reaction and inactivate the excited 

chlorophyll. The aim is to scavenge the 

accumulation of ROS in chloroplasts. The 

carotenoid concentration of Navicula sp. in 

cultures treated with the light intensity of 4000 lux 

can reach 20 mg/L after 11 days of cultivation 

(Ding et al., 2017). After 12 days of cultivation, 
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the maximum carotenoid productivity of Navicula 

sp. microalgae was achieved at 2100 lux light 

intensity (0.28 µg/mL/day) and decreased with 

increasing light intensity. These results occur 

because specific light intensities in diatoms affect 

photosynthetic capacity, so it can provide 

mechanisms and strategies to optimize 

photosynthetic rates. Irradiation treatment with 

high light intensity causes inhibition of 

photosynthetic pigment synthesis. This can occur 

because when light conditions are photocatalytic 

stress, the chloroplast structure loses the ability to 

absorb excess excitation. Previous research 

reported that the diatom Phaeodactylum 

tricornutum experienced increased carotenoid 

synthesis at lower light intensities. Carotenoid 

productivity of the species reached a maximum in 

the light intensity treatment of 150 

µmol/m2/second compared to the high light 

intensity of 750 µmol/m2/second (Conceição et al., 

2020).  

Our results indicated that the increase in light 

intensity was positively correlated with cell 

growth along with biomass and carbohydrate 

content. The productivity of carbohydrates, lipids, 

and protein increases together with biomass. 

However, the increase in light intensity is 

negatively correlated with carotenoid pigment 

productivity. This study illustrates that proper 

selection of light intensity should be considered 

for growth and biomass enhancement, whether 

carbohydrates, lipids, proteins, or carotenoid 

pigments. The fastest growth of Navicula sp. in 

reaching the maximum number is on the eighth 

day after culture by the light intensity of 4500 lux. 

Light intensity of 5500 lux had the best specific 

growth rate, although the result did not show 

significant differences (p > 0.05). Thus, it 

concluded that light intensity of 5500 lux and 2100 

lux could be a feasible environmental parameter 

for the Navicula sp. microalgae industrial culture. 

This research provides a different light intensity 

from that of the previous research. This confirms 

the previous research by (Fimbres-Olivarría et al., 

2015), which shows that the increase in light 

intensity will increase the biomass and 

carbohydrates. However, the previous research 

did not measure the amount of pigments from the 

culture. This research provides new insight into 

light intensity's effect on the amount of pigments 

produced. The number of carotenoids pigment 

decreases along with the increase in light 

intensity.   

 

CONCLUSION  

The light intensity in the cultivation of 

Navicula sp. plays an essential role in cell growth 

and metabolite production. The light intensity of 

5500 lux gave the best result regarding cell 

growth, biomass, carbohydrate, and lipid. The 

carotenoid production reaches the optimum value 

at a light intensity of 2100 lux. Thus, the light 

intensity used in the cultivation depends on the 

targeted metabolites produced. In future research, 

it is recommended that another range of light 

intensity be conducted to fully grasp the relation 

between light intensity and the increase of growth 

and metabolite production in Navicula sp. culture. 

An in-depth analysis of the constitution of 

metabolites and a transcriptomic analysis need to 

be examined to study the metabolic pathway or 

genetic expression caused by the difference in 

light intensity. Mixing various environmental 

parameters besides light intensity might produce 

different results compared to only light intensity 

treatments.   
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