JIPK. Volume 15 No 2. November 2023
Sinta 1 (Decree No: 158/E/KPT/2021)

e-ISSN:2528-0759; p-ISSN:2085-5842
Available online at https://e-journal.unair.ac.id/JIPK

Check for

S o
tH PERIKANAN DAN KELAUTAN)

| Scientific Journal of Fisheries and Marine |

Short Communication

Enhancement of Astaxanthin Content in Mixed Culture of
Dunaliella sp. and Azospirillum sp. under Light Intensity

Treatment

Ria Amelia, Wulan Rahmani Akmal, and Eko Agus Suyono*

Department of Biology, Faculty of Biology, Universitas Gadjah Mada, Yogyakarta, 55281. Indonesia

OPEN a ACCESS

ARTICLE INFO

Received: Sept 09, 2022
Accepted: March 15, 2023
Published: May 13, 2023
Available online: August 15, 2023

*) Corresponding author:
E-mail: eko suyono@ugm.ac.id

Keywords:
Microalgae
Bacteria
IAA

Light Stress
Pigments

OISO

This is an open access article under
the CC BY-NC-SA license (https://
creativecommons.org/licenses/by-
nc-sa/4.0/)

Abstract

Dunaliella sp. is a potential natural source of carotenoid pigments such as as-
taxanthin, B-carotene, and lutein. Dunaliella sp. can also accumulate other valu-
able products such as glycerol and protein. Another species is Azospirillum sp.,
which is known as microalgal growth-promoting bacteria. These bacteria are
often cultured with microalgae because they contain indole-3-acetic acid, which
can significantly increase the growth of microalgae. This study aimed to exam-
ine the pigment content in mixed culture of Dunaliella sp. and Azospirillum sp.
after being treated with different light intensity treatment. In this study, Dunaliel-
la sp. were cultivated by mixing with Azospirillum sp. under light stress. Two
treatments were performed at light stress intensity of 3000 and 6000 Ix. Light
intensity is widely used as an important parameter in cultivation, which can
affect the growth and production of microalgal biomass. In addition, spectropho-
tometric UV-Vis based measurement was conducted to investigate every single
pigment content in all treatments under light stress for eight days. The number
of cells, carotenoid pigments, and astaxanthin had increased significantly. Pig-
ments of chlorophyll a and chlorophyll b also significantly increased at lower
light treatments. Based on the results, the bacterium Azospirillum sp. and high
light intensity significantly increased the growth and cell division of microal-
gae. Therefore, the combination of Azospirillum sp. and light stress intensity in
microalgae cultivation could increase the growth and pigment of Dunaliella sp.
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1. Introduction

Microalgae are marine or freshwater microor-
ganisms consisting of a single eukaryotic cell. They are
also considered as unicellular flora representatives with
great application potential in various branches of science
and technology. At present, microalgae are widely used
in various fields because of their ability to synthesize
various biologically active substances, grow biomass,
and adjust their biochemical composition depending on
cultivation conditions (Olasehinde et a/., 2017). Several
species are industrially produced and commercialized
for functional food, feed, cosmetic industries, and phar-
maceutical markets (Silva e a/., 2022). Microalgae pro-
duce pigments that are focused on three types, namely,
chlorophyll, phycobilin, and carotenoids (Elfiza ef al.,
2019).

As a species of microalgae, Dunaliella salina
is a halotolerant green alga that contains manifold nu-
trients and possesses a remarkable ability to adapt to
the environment (Chen et al., 2020). Dunaliella salina
is also known as the best commercial source of natural
B-carotene. In addition, different species of Dunaliella
can accumulate a significant number of valuable fine
chemicals such as carotenoids, glycerol, lipids, vita-
mins, minerals, and proteins. They also have a great ap-
plication potential for biotechnological processes such
as the expression of foreign proteins and treatment of
freshwater (Tafreshi and Shariati, 2009). Carotenoids
are used as ingredients in vitamin supplements, cos-
metics, health food products, and addictive substances.
Carotenoids that have been studied include carotene, lu-
tein, lycopene, zeaxanthin, and astaxanthin (Coates ef
al.,2013). As a type of carotenoid, astaxanthin is a pow-
erful antioxidant, nutritional supplement, and potential
therapeutic compound, which shows activities against
different ravaging diseases and disorders (Patil ef al.,
2022).

Most microalgae have been cultured as mono-
culture. In most monoculture systems, lipid accumula-
tion occurs under nutrient-depleted conditions, but the
stress conditions that induce increased storage of lipids
also inhibit biomass productivity (Hannon ez a/., 2010;
Contreras-Angulo et al., 2019; Mandal et al., 2020).
Therefore, current efforts are directed toward develop-
ing efficient production strategies that allow rapid cell
growth and lipid accumulation during the cultivation of
microalgae (Chisti, 2013). A potential production strate-
gy is the co-culturing of microalgae with bacteria.

Azospirillum  sp., known as microalgal
growth-promoting bacteria, can establish synergis-
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tic and mutualistic relationships with microalgae. Ra-
mos-Ibarra et al. (2019) stated that the mutualistic in-
teraction of microalgae with Azospirillum brasilense,
a plant growth-promoting bacterium, improves physi-
ological and biotechnological processes based on mi-
croalgae because of their ability to produce several phy-
tohormones as cytokinins, gibberellins, jasmonic acid,
brassinosteroids, and auxins, primarily indole-3-acetic
acid (IAA).

Light is the main energy source for microal-
gae, and the intensity and wavelength of light influence
cell metabolism and biomass composition (Katam ef
al., 2022). Light can increase the ATP produced during
photosynthesis; the increase in ATP will trigger a faster
metabolic rate and affect the metabolism of carotenoids
in algal cells (Peri ez al., 2009). There have been many
studies on microalgae culture with various light inten-
sity treatments, but mixed culture of Dunaliella sp. and
Azospirillum sp. and light stress treatment to get robust
pigment content in microalgae has never been done be-
fore. Thus, this study was conducted to examine the pig-
ment production and study the symbiotic consortia by
morphological imaging in mixed cultures of Dunaliella
sp. and Azospirillum sp. under various light stress inten-
sities.

2. Materials and Methods

2.1 Experimental Design

Dunaliella sp. were obtained from BBPBAP
Jepara, Central Java, Indonesia, and Azospirillum sp.
was obtained from the Faculty of Agricultural, Univer-
sitas Gadjah Mada. Dunaliella sp. starter was cultivated
in Bold’s Basal Medium. Azospirillum sp. starter was
cultivated in BTB-2 medium for 16 hours (Choix er al.,
2012). Then mixed culture of Dunaliella sp. and Azospi-
rillum sp. was cultivated with synthetic growth medium
in 500 mL bottles. The initial culture of Dunaliella sp.
was 10° cell/mL, and the initial culture of Azospirillum
sp. was 10° CFU/mL. All experiments were performed
at 22°C + 2°C with pH maintained at 7-8 with light
stress intensities of 3000 and 6000 Ix for eight days in
triplicate. Every morning, the cells were harvested for
parameter measurement. The microalgal cell abundance
and morphology were determined using a Neubauer
hemocytometer under a light microscope (Olympus
CX2li, Tokyo, Japan) and coupled with Optilab. For all
treatments, alcohol was added as a diluting factor, and at
the mixed culture cell observation, methylene blue was
added to observe bacteria under a microscope.

2.2 Pigment Analysis

JIPK: Scientific Journal of Fisheries and Marine



JIPK. Vol 15 No 2. November 2023 | Enhancement of Astaxanthin Content in Mixed Culture of Dunaliella sp.

The pigment content was analyzed by using a
UV-Vis spectrophotometer (Genetis 10 UV) in accor-
dance with the method of Pruvost er a/. (2011) with
absorption spectra in the range of 400-750 nm. Chlo-
rophyll a, chlorophyll b, and carotenoid were extracted
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by taking 2 mL of sample, centrifuged at 12,000 rpm for
five minutes which was added with 1.25 mL of meth-
anol and then incubated at 4°C overnight in the dark.
Astaxanthin content was measured using the method of
Boussiba et al. (1992) with slight modifications.

——D3K —M-DA3K —4&-D6K —%-DAO6K

Figure 1. Number of cells x 10° (cell/mL) in a single culture of Dunaliella sp.
and mixed culture of Dunaliella sp. and Azospirillum sp. with light intensities of
3000 and 6000 Ix (Amelia, 2018).

Figure 2. (a) Image of the mixed culture of Dunaliella
sp. and Azopirillum sp. at five days cultivation with a
light intensity of 6000 Ix before diluting with alcohol
and methylene blue. (b) Image of the mixed culture of
Dunaliella sp. and Azopirillum sp. at five days cultiva-
tion with a light intensity of 6000 Ix after diluting with
alcohol and methylene blue. (¢). Image of the single cul-
ture of Dunaliella sp. at five days cultivation with a light
intensity of 6000 Ix (Amelia, 2018)
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3. Results and Discussion

3.1 Cell Growth

Understanding the life cycle and phases of microalgae
is important to increase productivity (Suyono ez al., 2016).
During culture, several phases are observed, namely, the lag
phase, exponential phase, and death phase. On day seven, the
number of cells in the mixed culture of Dunaliella sp. and
Azospirillum sp. with a light intensity of 6000 Ix was 419. 25 x
109 cell/mL (Figure 1). In mixed culture with a light intensity
of 3000 Ix, the highest number of cells was 281. 55 x 10°
cells/mL. At the beginning of its growth, the number of cells
in the mixed culture with a light intensity of 3000 Ix exceeded
the single culture of Dunaliella sp. with a light intensity of
3000 and 6000 Ix, but growth decreased and then increased
again (Amelia, 2018). The number of cells in Dunaliella sp.
continuously increased in the consortium culture, which was
due to IAA (auxin) found in Azospirillum sp., thereby leading
to constant cell division. According to Bashan and de-Bashan
(2010), auxins are responsible for the division, extension, and
differentiation of plant cells and tissues.

Based on the graph, the lowest number of cells
was found in the single culture of Dumnaliella sp. with
a light intensity of 3000 Ix. Its growth does not always
exceed other treatments. The peak growth in sin-
gle culture Dunaliella sp. was obtained on the seventh
day, and then it entered the death phase on the following
day (Amelia, 2018). Furthermore, the production of mi-
croalgal biomass is affected by various factors such as
temperature, oxygen, pH, and light.

The number of Dunaliella sp. is very dense, pos-
sibly because [AA is derived from the bacterium Azo-
spirillum sp., and a high light intensity induces rapid
cell division. In mixed culture, with light intensity, 6000
Ix cells are round and small. The number of cells is vast,
affecting the counting chamber on the Hemacytometer,
which is not visible, and the cells are difficult to count
(Figure 2a). Furthermore, after the mixed culture was
given alcohol and methylene blue (Figure 2b), the bac-
teria were stained with blue, and then the cells could
be counted. Other cell morphology was also observed
in single culture Dunaliella sp. with a light intensity of
6000 1x (Figure 2c). Therefore, in Dunaliella sp., the
morphology is round and small, but the cell density does
not exceed the mixed culture. This study provides ex-
perimental evidence that microalgae in a stable culture
interact well with a population of bacteria Azospirillum
sp., and light has also been shown to induce cell divi-
sion.

3.2 Chlorophyll and Carotenoid Content

Microalgae obtain energy for metabolism and
reproduction from chlorophyll, a natural pigment abundant in
microalgae to support the oxygenic process of photosynthesis
(da Silva and Lambordi, 2020). The difference is that
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chlorophyll-a is the most crucial pigment for photosynthesis
in microalgae because it converts photons into chemical
energy (Prawira-Atmaja ef al., 2018). Chlorophyll b and other
accessory pigments are mainly involved in light harvesting
in LHCs and are expected to improve light-harvesting
efficiency (Nick et al., 2013; Chen, 2014; Voitsekhovskaja
and Tyutereva, 2015). The highest chlorophyll content was
obtained from a single culture of Dunaliella sp. with a light
intensity of 3000 Ix on the fourth day (Figure 3a). In the mixed
culture of Dunaliella sp. and Azospirillum sp., chlorophyll
a increased consistently, and the highest concentration was
obtained from mixed culture with light intensity 3000 1x on
the eighth day (Figure 3b).

At the beginning of the growth, the proportion
of chlorophyll a and b was small because microalgal
cells are just starting to adapt to the culture environment
(Figure 3 and Figure 4). The highest chlorophyll b con-
tent in a single culture was obtained at a light intensity
of 3000 Ix (Figure 4a). At the same light intensity (3000
1x), in the mixed culture of Dunaliella sp. and Azospi-
rillum sp., the highest chlorophyll content was 27.99 g/
mL after eight days of cultivation. Mixed culture with a
light intensity of 6000 Ix experienced the highest chlo-
rophyll b content on the fourth day of cultivation, and
the number of cells decreased the next day (Figure 4b)
(Amelia, 2018).

The content of chlorophyll a and b in the mixed
culture was higher than that in the single culture prob-
ably because the bacteria Azospirillum sp. contained in
the mixed culture could significantly increase the quan-
tity of photosynthetic pigments such as chlorophyll a
and b. In addition, Azospirillum sp. contained in the
consortium culture can increase the absorption of NO,’,
NH,", K", Fe’, and some micronutrients. This absorption
of minerals and micronutrients can increase cell growth,
thereby increasing pigment production (Bashan and de-
Bashan, 2010).

Another factor that affects the level of pigment
in culture is light. In general, excessive light can cause
cellular photodamage. In this study, the content of chlo-
rophyll a and b was higher in cultures with light intensi-
ties of 3000 Ix than those with light intensities of 6000
Ix. The microalga grown in low light would use energy
cells to catch the light that is more efficient; therefore,
the chloroplast was accordingly expanded. This adapta-
tion is often described as a light shade adaptation. These
adaptations could improve the chlorophyll content 2—10
times (Darley, 1982; Ferreira et al., 2015).

Carotenoids are one of the most important pig-
ments. They perform several functions in microalgae:
involved in light harvesting, but also contribute to stabi-
lizing the structure and aid in the role of photosynthetic
complexes-beside quenching chlorophyll triplet states,
scavenging reactive oxygen species, and dissipating ex-
cess energy (Demming and Adams, 2002). This study
found that the best carotenoid content was obtained in
a mixed culture of Dunaliella sp. and Azospirillum sp.
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with a light intensity of 6000 Ix on the eighth day of
cultivation (Figure 5b). Although carotenoid pigments
increase daily in a mixed culture of Dunaliella sp.
and Azospirillum sp. with a light intensity of 3000 Ix,
the concentration still does not exceed the mixed culture
with light intensity 6000 1x (Amelia, 2018).
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Figure 3. (a) Chlorophyll a content in a single cul-
ture of Dunaliella sp. with light intensities of 3000
and 6000 Ix. (b) Chlorophyll a content in a mixed
culture of Dunaliella sp. and Azospiriilum sp. with
light intensities of 3000 and 6000 Ix (Amelia, 2018).

Guedes et al. (2010) also reported that an in-
crease in light intensity will be followed by an increase
in the content of cells in the chlorophyll, but long expo-
sure to high light intensity will rapidly decrease chloro-
phyll pigment. Meanwhile, the content of carotenoids,
which serves as protective pigments, will increase.
The decrease in chlorophyll content under high light in-
tensity is related to the amount of light energy required
to increase the number of microalgal cells; thus, a lower
cellular chlorophyll content is required. In this study, the
addition of Azospirillum sp. into the culture of Dunaliel-

Copyright ©2023 Faculty of Fisheries and Marine Universitas Airlangga

la sp. could be an advantage for Dunaliella sp. because
Azospirillum can build defense pigments from envi-
ronmental stress. As reported by Cassan ef al. (2001),
the inoculation of Azospirillum bacteria (plant stress
homeo-regulating bacteria) in mixed culture can sig-
nificantly increase photosynthetic and photoprotective

Chlorophyll b (ng/mL)
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Figure 4. (a) Chlorophyll b content in a single cul-
ture of Dunaliella sp. with light intensities of 3000 and
6000 Ix. (b) Chlorophyll b content in a mixed culture of
Dunaliella sp. and Azospiriilum sp. with light intensities
of 3000 and 6000 Ix (Amelia, 2018).

pigments to help cells continuously photosynthe-
sized under unfavorable light conditions. On the con-
trary, Azospirillum in a mixed culture could regu-
late Dunaliella cell homeostasis under abiotic stress.

3.3 Astaxanthin Content

An increase in astaxanthin content was ob-

served in a single culture of Dunaliella sp. with a light
intensity of 3000 and 6000 Ix (Figure 6a). The highest
astaxanthin content was obtained from a single culture
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of Dunaliella sp. with a light intensity of 6000 Ix on the
sixth day after cultivation. From another image of the
mixed culture of Dunaliella sp. and Azospirillum sp., the
high intensity of light (6000 Ix) causes microalgal cells
to make a defense and maintain their cells to keep grow-
ing by producing astaxanthin (Figure 6b). The highest
astaxanthin content was obtained with a value of 13.54
mg/mL. During the lag and log phases, the proportion
of astaxanthin in a single culture of Dunaliella sp. and
mixed cultures of Dunaliella sp. and Azospirillum sp. is
few. This result may be due to the treatment in the form
of light intensity and the addition of Azospirillum sp.,
which causes cell metabolism to synthesize more other
carotenoid pigments or other biomass such as carbohy-
drates, proteins, and lipids (Amelia, 2018).
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Figure 5. Carotenoid content in a single culture of
Dunaliella sp. with light intensities of 3000 and 6000 Ix.
(b) Carotenoid content in a mixed culture of Dunaliella
sp. and Azospiriilum sp. with light intensities of 3000
and 6000 Ix (Amelia, 2018).

Cazzaniga et al. (2022) reported that microalgal
growth under high light can lead to photo-oxidative dam-
age and decrease the rate of photosynthesis. Photoinhi-
bition can be reduced by the engineered accumulation
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Figure 6. Astaxanthin content in a single culture of
Dunaliella sp. with light intensities of 3000 and 6000 Ix.
(b) Astaxanthin content in a mixed culture of Dunaliella
sp. and Azospiriilum sp. with light intensities of 3000
and 6000 Ix (Amelia, 2018).

of astaxanthin in Chlamydomonas reinhardtii with high
light tolerance. High light causes photo-oxidative stress
in microalgae, which causes pigment bleaching, lipid
oxidation, and a decrease in photosynthetic efficiency.
In addition, according to Bashan and de-Bashan (2010),
Azospirillum inoculated in microalgae culture will sig-
nificantly increase not only the quantity of photosyn-
thetic pigments chlorophyll a and b, but also photo-
protective pigments such as violaxanthin, zeaxanthin,
antheroxanthin, lutein, neoxanthin, and carotene to help
microalgae perform photosynthesis under unfavorable
light conditions.

4. Conclusion

Differences in light intensity and inoculation of
Azospirillum sp. could increase the cell count and pig-
ment content of mixed cultures. High light intensity in
a mixed culture of Dunaliella sp. and Azospirillum sp.
could increase the number of cells and the content of
photosynthetic pigments such as astaxanthin and carot-
enoids compared with the high content of chlorophyll a
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and b at low light intensity. Furthermore, transcriptomic
and metabolomic analyses could be applied to study the
interaction between microalgae and bacteria in mixed
culture microalgae in the future.
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