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Abstract: In this study, growth rates and pigments of Tetraselmis chuii and marine Chlorella sp. species were examined in different color LED lamps
(vellow LED, white LED, blue-red LED). As a result of experiment, highest cell densities were measured with yellow LED light for Tetraselmis chuii as 412x10"
cell/ml and marine Chlorella spas715x10* cell/ml. Also, highest p-carotene amounts were measured with yellow LED light for Tetraselmis chuii and marine

Chlorella sp. as 1.07 ug/ml, 0.25 ug/ml respectively

Keywords: Tetraselmis chuii, marine Chlorella sp., light, pigments, 3-carotene.

U This article is produced from Pinar PIRINC's PhD thesis.

Renkli LED Isiklarin Tetraselmis chuii ve Deniz Chlorella sp.'nin Biiyiime Hizi ve -karoten Miktarlar1 Uzerine Etkisil”

Oz: Bu calismada, Tetraselmis chuii ve denizel Chlorella sp. tiirlerinin, farkli renkli LED lambalarinda (sari LED, beyaz LED, mavi-kirmizi LED)
kiiltiirii yapilarak biiyiime ve pigment oranlart arastirimigtir. Deney sonucunda, en yiiksek hiicre yogunluklari, Tetraselmis chuii igin 412x10° hiicre/ml ve denizel
Chlorella sp. icin 715x10° hiicre/ml olarak sari LED isikta yapilan kiiltiirlerde 6lciilmiistiiv. En yiiksek p-karoten miktarlart da yine sart LED 1sikta yapilan
kiiltiirlerde Tetraselmis chuii ve denizel Chlorella sp. icin swrasiyla 1.07 ug/ml, 0.25 ug/ml olarak bulunmustur.

Anahtar sozciikler: Tetraselmis chuii, Denizel Chlorella sp., Isik, Pigment, B-karoten.

U By makale Pinar PIRINC in Doktora tezinden iiretilmistir.

INTRODUCTION

Chemical composition of microalgae and growth rates are
affected by environmental conditions such as light, spectral range, spectral
quality, light intensity and photoperiod. These parameters are effective on
growth, physiological activities and biochemical composition of microalgae
(Ben-Amotz and Shaish, 1992; Asulabh et al., 2012). Optimum light source
and quality are essential because photosynthetical growth is related with
light usage of every single cell and their photosynthesis rate increase
linearly with light intensity. However, high intensity of light causes
inhibition on photosynthesis. If the increment on the light intensity reaches
the saturation level, photoinhibition begins to adversely affect the culture.
But light intensity bonded with culture depth (Richmond, 2000).
Additionally, low light intensities cause restriction on culture growth.
Nowadays, LED light sources replace with the traditional light sources and
they are highly advantageous on energy consumption when compared with
metal-halide lamps or tubular fluorescent lamps. Also, light-emitting diode
lamps (LED lamps) are beneficial with their compact structure and
durability (Zhao et al., 2011). Due to all these advantages, use of LED light
sources became common on microalgae cultures (Wang et al., 2007).

In this paper, effects of different light sources as a LED lamps
(yellow, white, red-blue) and fluorescent lamps on growth and pigment
composition of marine Tetraselmis chuii and Chlorella sp., which are used
for feeding rotifer to cultivation of gilthead sea bream and sea bass are
studied. Most efficient light source will be determined to use on improve
production.

MATERIAL and METHODS

Tetraselmis chuii and Chlorella sp. were obtained from the Ege
University, Fisheries Faculty, Aquaculture Department, Turkey. These
species were cultured in 500 mL glass flasks used as a working volume and
trials were done with three replicate. The species were cultured in enriched
seawater (3.5 gL 'NaCl) in F/2 medium (Guillard, 1975) and all solutions
were autoclaved at 121 °C for 20 min. The vitamin solution was sterilized
by passing through 0.22 pum pore size filter paper (Whatman GFC,
Germany). Culture temperatures were arranged with air conditioner at 22+2
°C and the cultures were continuously stirred by air without CO, addition.
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Cultures were illuminated with different LED light on24:0 h
photoperiod (L:D) and fluorescent lamp (886.6 lux) was use as a control
group. Irradiance levels of LED light systems were measured as yellow
LED strips 543.3 lux, white LED strips 783.3 lux, red-blue LED strips 66.6
lux.

Cell numbers were measured using Neubauer hemocytometer and
instantaneous growth rates (p) were calculated with this equation:

In(N,) ~ In(N,))
ﬂ =
t—t,
where N, is the cell number at time t and Ny is the cell number at time t,.

The determination of the total concentration of B-carotene was
carried out by measuring the absorbance of the different samples using a
Hitachi U-2010 Spectrophotometer (Japan). The absorbance of B-carotene
was measured at 468 nm and calculated on the basis of a specific absorption
coefficient of 4.5. (Zou and Richmond, 2000).

The dry masses of algal species were determined manually by
taking samples from culture flasks. A filter paper (0.45 pm, Whatman GFC,
Germany) was utilized to determine the dry biomass concentration, which
was previously dried in an oven at 105 °C for an hour and weighed for its
initial weight. The filter papers were dried in the lab oven after filtration at
105 °C for about 4 hours. Final weight was determined by cooling the filter
paper at room temperature. After and before filtration difference in weights
divided by the filtered sample volume provided the dry mass concentration.
The data were analyzed using factorial of variance (ANOVA) considering
pigment concentrations and light sources. When significant differences
were found among the groups, Duncan Test was applied statistically
(Ozdamar, 2004), using the software SPSS 12.0.

RESULTS

It is known that sun is the best illumination source for
photosynthesis. However, light inhibition is unavoidable when the light
intensity is too high. For this reason, illumination density becomes
significant parameter on microalgae cultivation. When the illumination
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source and density change, cell adaptations may take time. For both species,
culture periods were continued until 26" day, while adaptation time of
Chlorella sp. was shorter than Tetraselmis chuii.

Different light source adaptation of Tetraselmis chuii was long
for all trials and the first 8 days was recorded as lag phase. Afterwards,
exponential growth phase was continued and stagnation phase was started
at the day of 18. Tetraselmis chuii culture densities were measured as
34.5x10" cell/ml at the first day also gradual increase was observed until the
day 20. Fluorescent lamp, yellow LED, white LED and blue-red LEDs
culture densities were reached 401x10%, 421x10% 203x10%, 123x10* cell/ml,
respectively. Highest cell density was observed with yellow LED, while
lowest cell density was observed with blue-red color LED strip (Figure 1).
Additionally, highest B-carotene amount was measured with yellow LED
light (1.07 pg/ml) and lowest B-carotene amount was measured with blue-
LED LED light (0.10 pg/ml). Furthermore, highest B-carotene amount per
cell was measured as 0,0026 pg/ml with yellow LED light at the day 22
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(Figure 2). Statistical difference was determined between different light
sources on cell density and B-carotene concentrations according to Duncan
test (P<0.05).

Marine Chlorella sp. culture densities were started as 50x10*
cell/ml and were increased gradually until the day 22. Yellow LED, white
LED and blue-red LEDs culture densities were reached 715x10%, 661x10%,
330x10* cell/ml respectively (Figure 3). Highest cell density was observed
with yellow LED while lowest cell density was observed with blue-red
color LED strip. Highest dry weight amount was obtained with yellow LED
light. Highest B-carotene amount was measured as 0.25 pg/ml with yellow
LED while lowest B-carotene amount was measured as 0.07 pg/ml with
blue-red LEDs at 18" day. Additionally, highest p-carotene amount per cell
was measured as 0.0004 pg/ml with yellow LED light (Figure 4).
Significant statistical difference was determined between different light
sources on cell density and B-carotene levels according to Duncan test
(P<0.05).
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Figure 1. Culture cell density (n x 10* cells/ml) of Tetraselmis chuii at different light source and color.
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Figure 2. Mean B-carotene of culture (ug/ml of dry mass) and B-carotene of per cell (ug/ml of dry mass) amounts of Tetraselmis chuii.

1200
= Conlrol {Fluorescan) I
1000 — Y
— el Y g o LED iy S
E T IN\J
‘White LED 4 L
2 800 rd Ny
o —#— Blue-Red LED
=)
£ 800
&
=
E 400
o
o
200
0
0 4 6 8 11 13 16 18 20 22
Time (Day)

Figure 3. Culture cell density (n x 10* cell/ml) of Chlorella sp. at different light source and color.
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Figure 4. Meanf-carotene of culture (pg/ml of dry mass) and p-carotene of per cell (ng/ml of dry mass) amounts of Chlorella sp.

DISCUSSION and CONCLUSION

The most important parameters which are regulate the algal
growth; nutrient quality and quantity, light, pH, turbidity and temperature
(Utting, 1985). Optimum culture values differ by species (Coutteau, 1996).
Besides, biochemical composition and growth rates of microalgae affected
by light, temperature, nutrients and salinity (Ben-Amotz and Shaish, 1992,
Asulabh et al., 2012). The main objective of microalgae culture is based on
economical values. Especially, low light usage efficiency increases the light
source expenses. Therefore, Tetraselmis chuii and marine Chlorella sp.
species and their growth rates, pigment ratios on different light sources was
investigated and optimum levels was determined in this study.
Environmental conditions, nutrient composition and their concentration
alter the microalgal growth and biochemical composition. Culture growth is
affected by nutrient composition and its concentration (Brown et al., 1989).
F/2 medium, which is appropriate for many species, provides the highest
biochemical rates on microalgae culture (Lourenco et al., 2002; Owens et
al., 1987; Sukenik et al., 1993; Schneider and Roessler, 1994). Therefore,
F/2 medium was chosen for this study. Effectiveness of light type and color
on microalgae culture is already known. Wang et al., 2007 showed that in
their study the lowest growth rates were obtained with blue LED light while
the highest rates was obtained with red LED light. Another study performed
by Hultberg et al., (2014), showed that yellow, red and white lights were
effective on Chlorella vulgaris culture from 6 different wavelengths
(Yellow, red, blue, green, white and purple). Red light is important for
growth of the Chlorella vulgaris. Because, this alga contains very high
level of chlorophylls to absorption red light (Fu et al., 2013). In another
study, Chlorella vulgaris showed highest biomass yield and growth rates
with blue light from different light sources such as blue, bright white, green
and red (Blair et al., 2014). Red wavelength, yielded favorable results with
both Spirulina platensis and Chlorella pyrenoidosa before (Wang et al.,
2007). Another study performed by Abiusi et al., (2014), in the wide
spectral range, red LED light was provided increase on EPA when
compared with blue, green and white LEDs. Saavedra et al., (1996),
obtained higher carotenoid level under the dark red light compared with
fluorescent lamp on Dunaliella salina culture. Katsuda et al., (20006),
investigated blue-red flash lights and their effects on Haematococcus
pluvialis culture and showed that blue LED flash light increased astaxanthin
rate effectively. In this study, experiments were performed with fluorescent
lamp, yellow LED, white LED and red-blue LEDs. Red-blue LEDs were
provided lowest growth rate on marine Chlorella sp.

Another study performed by Das et al, (2011), different
wavelengths (red, white, blue and green) and their effect on
Nannochloropsis oculata culture investigated and from the most effective
to less obtained from blue, white, green and red, respectively. Teo et al.,
(2014), used blue (457 nm), red (660 nm), blue-red, white fluorescent lamp
and showed that highest growth rates resulted with blue wavelength on
Nannochloropsis sp. and Tetraselmis sp. cultures.

In this work, Tetraselmis chuii and marine Chlorella sp. species
were cultured under different lights (fluorescent, yellow, white, blue-red
LEDs) and highest cell density resulted for Tetraselmis chuii and marine
Chlorella sp. with yellow LED light system. Consequently, short lengt
waves like blue requires more energy and causes photoinhibition. Carotenes
as a biological antioxidant, have a vital importance because of their
protective role on cell stems and tissues from destructive effects (Yanar,
2004). Many researches recommend carotenoids as a protective agent and
carotenes such as B-carotene and lutein already used in cancer treatment
(Richmond, 2000; Ziegler et al., 1996). In another study, three different
light intensities and their relation with chlorophyll a and total carotene
values studied and increase in light intensity caused decrease on carotene
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values determined (Sukenik, 1991). This work showed that highest [3-
carotene values were obtained for Tetraselmis chuii with yellow LED light
(1.07 pg/mL). Highest B-carotene values were also obtained for marine
Chlorella sp. with yellow LED (0.25 pg/ml), while lowest B-carotene
values were obtained with blue-red LED systems.

Nowadays, decreasing energy sources and proportionally
increase in energy prices effect the product costs. With this reason,
experiments on reducing the costs still continues. Considering the data in
this study, if we accept basic price without distribution cost for industries
0.12 $/kWh according to Energy Market Regulation Authority of Turkey
(EPDK). LED strips (metre) contain 60 LED lamps (4.8W) and which
consumes 0.016 $/daily. Lastly, fluorescent lamp (18W) consumes 0.05
$/daily and after consideration of all these calculations, fluorescent lamps
consume 5 times more when compared with LED lamps daily.

Consequently, fluorescent lamp and LED light sources differ by
energy consumption and its costs. Highest output and lowest production
costs are desired targets for microalgae production. LED lights should be
chosen because of their low installation costs and long-lasting
specifications. Also, culture trials showed that when considering parameters
such as culture cell density, B-carotene values and culture illumination
costs, LED light systems provide better performance than fluorescent
lamps.
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