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ABSTRACT

Recently climate change has become a complex issues which have relation with many problems in the world, one of them is
food security. Based on these problems, we need alternative food resources which have high productivity characteristic. Besides
that, such resource should be able to be grown in critical and limited land. Microalgae as an alternative food resource give us a
hope to have sustainable food resource in the future. Microalgae can grow up fast and do not need wide and fertile land. In other
hand, Microalgae culture that can be performed in outdoor, especially Spirulina fusiformis, faced issues like expensive cost culture
and the high intensity of sun light in field. Based on these problems, the research was conducted for develop cheap flat
Photobioreactor (plastic) which is equipped by sun light filter system. The objective of this research is to find out the percentage of
sun light filtering that can give high productivity and high protein content. The method used was experimental method, using a
Completely Randomized Design (CRD) with six treatments (percentage of the filtering by sunlight 0%, 50%, 60%, 70%, 80%, and
90%. ) and four replications.. Parameters measured were growth, levels of protein, pH, temperature, and light intensity. Research
results showed filter sun light treatment influential real against productivity S. fusiformis. The highest productivity is obtained at
50% filter sun light tretament (F5), in the amount of 0.063 g/L/day. The highest protein content obtained at 70% sun light filtering

treatment, which is equal to 49.83 %.
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INTRODUCTION

Recently climate change has become a complex issue which has
relation with many problems in the world; one of them is food security.
FAO data show that the number of people under starving threat in the
world is estimated to reach 925 million people by 2010 and in Indonesia
amounted to 29.9 million people in the period 2005-2007 (FAO, 201 ).
Every year, starving in the world is increasing 5.4 million people and
died reached 36 million people (Rosario, 2007).

The problem of hunger is not only caused by economic factors,
but by many factors such as discharge of field, land use change, critical
land and climate change (FAO, 2011). Therefore, the handling is not
enough through economic approach. It is also required the development
of alternative food sources which have characteristic such as high
nutrition, high productivity, high efficiency use of land and high
endurance from climate change. One of the sources of food that has
these characteristics is spirulina.

Spirulina fusiformis is a microalgae that has protein content up to
50-60% of the dry weight, so it is potential to be developed as a source
of protein (Chrismadha, 2006). Microalgae have high productivity and
can be developed on critical lands (Ahsan, 2008). In one hectare, S. /i
usifiorm is able to produce as much biomass as 18-29 tons/halyear
(Chrismadha, 2009). Assuming a 60% protein content, spirulina is able
to produce proteins up to 20 times higher than soybeans and 200 times
higher than beef in the same area (Ahsan et al, 2008 & Belay, 2005).

Development of microalgae is still constrained by low mastery of
culture techniques to produce high productivity with low cost. Various
efforts are done to improve the productivity and lower the cost of culture,
through optimization of growth parameters and development of simple
photobioreactor made from economical material (Chrismadha, 2009).
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Photobioreactor is a closed system of microalgae culture
techniques that can improve the productivity of microalgae 2-5 times
higher than normal conditions (Barsanti Setiawan et al, 2006 & 2008).
Culture were performed in a closed transparent chamber can expand
light absorption area and better controlling of growth parameters, thus
increasing productivity (Barsanti et al 2006). Flat type photobioreactor
use a flat-shaped container culture (Vonshak, 1997). Lee (2001), stated
that the development of photobioreactor one of which is expected to lead
to the development of flat-type photobioreactor.

Plastic photobioreactor has been known to have the advantage of
producing biomass 5. Jfusifiormis (Chrismadha, 2009). In addition,
plastic is easily to obtain in the market and the price is cheap so it can
reduce construction costs in the manufacture of photobioreactor. Plastic
photobioreactor is very practical and does not require complicated
control system so that the handling easier and simpler.

Light is one of the important parameters in cultures of microalgae
and require in adequate intensity. The high exposure of light intensity
such as sun light can cause photoinhibition in culture and resulted in a
decrease in productivity (Vonshak, 1997). Spirulina requires 10-30 Klux
light intensity or about 10-30% of the total intensity of sun light (Vonshak,
1999). Therefore, exposure to direct sun light should be avoided in
cultured Spirulina.

METHODS
The study was conducted by using completely randomized design
(CRD) consisting of 6 treatments and 4 replications. The treatments
were given in the form of sun light filtering of 90% (F1), 80% (F2), 70%
(F3), 60% (F4), 50% (F5), and one treatment without sun light filtering
(0%) as a control. The percentage indicates the amount of filtering the
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light intensity is reduced. For example 70 % filtering treatment, the sun
light that comes will be reduced by 70% so that the sun light received by
culture was 30% of the total light coming. This is done by way of shade
photobioreactor with paranet 70% (£ 5%).

Single culture of S. fusiform obtained from Planktonology
Laboratory, Limnology Research Center, LIPI-Cibinong. Spirulina
fusiformis cultured in batch culture in a Zarrouk's medium that has been
modified (FeS04.7H20; KH2PO4; K2SOs; NaNOs; Naz-EDTA; NaCl;
NaHCOs; MgSOs; H3sBOs; CuS04.5H20; NH4VO3 MnCl2.4H:0; ZnCl;
Te2(S04)3;K2Ca(S04)424H20;Co(NO3)2.6H20;NiSO4.7H20;NaMos.2HO

Photobioreactor made by cutting Plastic Roll (width 50 cm) 2.5
meters long and tied at both ends. One side was tied tightly while
another side with not too strong to be easily opened when entering a
starter or retrieval of data. Preliminary test with that size of plastic can
produce flat-shaped photobioreactor container with dimensions of 50 x
100 x 5 cm and a capacity of 40 liters. In this study required 24 pieces
flat photobioreactor.

The study begins by entering the 36 liters of medium Zarrouk and
4 liters single culture of S. fu.siform into the photobioreactor. Final cell
density at the culture was 0,07g/L. Furthermore photobioreactor placed
in the open and shaded with paranet appropriate research design. The
gases inside the photobioreactor remove every morning, afternoon and
evening. In addition it also stirred culture every morning and evening by
pulling one end of the photobioreactor (Chrismadha, 2009). The process
was done in the Arboretum Padjadjaran culture for 14 days.

During the culture process, measurements of parameters
performed such as growth, light intensity, temperature and pH. Growth
was measured every second day using Gravimetric methods. A total of
20-50 ml culture of S. fusiform filtered with a filter paper and then roasted
at a temperature of 60 degrees during the night. The dry weight of the
filter paper and S. fusiform reduced paper weight is the dry weight of S.
fusiform (Pandey, 2010; Gao, 2008; Chrismadha 2009 & Vonshak,
1997). Temperature and light intensity measurements performed every
day at 09.00; 12:00 and 15:00. pH was measured every two days.

Data growth has been obtained and analyzed to determine the
rate of growth, productivity and the effect of sun light filtering treatment
against S. fusiform productivity levels. Growth rate is calculated with the
following formula above (Andersen, 2005; Chrismadha, 2009; Barsanti
eta1, 2006 & Vonshak, 1997):

Inx;—=Inx
v : The growth rate (u/day)
X1 : Biomass concentration at t1
X2 : Biomass concentration at t
to-t4 : Range of time (days)

Productivity S. fusiform calculated using sun light the following
formula (Chrismadha et al, 2006):

Q : Productivity biomass (g/l/day)

mt : Biomass concentration on day t (g)
Mo : Biomass concentration on day 0 (g)
t : Duration of culture (days)

Effect of difference in the percentage of sun light filtering treatment
against S.fusiform biomass productivity levels were analyzed by
Analysis of Variance (ANOVA). If there is a real effect then test followed
by Duncan's Multiple Test with a level of 5%.

RESULTS
Research result showed that the Spirulina fusiformis only can
grow up in photobioreactor which treated by sun light filtering (F1, F2,

F3, F4, and F5), whereas in untreated photobioreactor, S. fusiformis did
not grow. It was signed by the density of S. fusiformis cell which only
present at sun light filtering treatments. It means that the sun light
filtering influential real against to S. fusiformis growth (Figure 2). Besides
that, sun light filtering is very important to prevent negative impact of
direct sun radiation.

Figure 1. Research Condition

The highest grow rate is obtained at 50 % filtering sun light
treatment (F5), and the lowest grow rate is obtained at 90% sun light
filtering treatment (F1). At the control (0 % sun light filtering), S.
fusiformis growt rate was 0 % (Figure 3).
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Figure 2. Cell density of Spirulina fusiformis.

Table 1. Cell density during research

Treatments Day - (¢/L)
0 2 4 6 8 10 12 14
Control (0
%) 0,07 0 0 0 0 0 0 0
FI1 (90%) | 0,07 | 0,125 | 0,262 | 0,315 | 0,375 | 0,412 | 0,485 0,5
F2(80%) | 0,07 | 0,125 | 0,262 | 0,350 | 0,425 | 0,475 | 0,625 | 0,602
F3(70%) | 0,07 | 0,162 | 0,287 | 0362 | 0475 | 0,587 | 0,725 [ 0.825
Fa(60%) | 0,07 | 0,162 | 0,275 | 0,375 | 0487 | 0,625 | 0,762 | 0.862
F5(50%) | 0,07 | 0,162 | 0,262 | 0,362 | 0,525 | 0,712 | 0,85 | 0,95
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Figure 3. Growth rate of Spirulina fusiformis

As a photosynthetic organism, productivity of S. fusiformis was
extremely influenced by light factor. The result showed that sun light
filtering treatment significantly influence productivity of S. fusiformis. It is
based on the result of ANOVA statistical test which showed the value of
Aarittmetic (414) was bigger than Fuape (2,77). It means, there was a
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significant dissimilarity of productivity in each treatment. The highest
productivity was obtained at F5 treatment (0.057 g/l/day) and the lowest
was obtained at control treatment (0 g/l/day). By the productivity of F5
treatment, the photobioreactor in this research can produce up to 18.35
ton/halyear biomass of S. fusiformis.

Generally, commercial productivity of spirulina production in the
world is 20-50 ton/halyear (Carlson et al. 2007). Based on it, although
the photobioreactor in this research was made from cheap material and
simply contruction but the productivity almost reach that productivity
range. It means that the photobioreactor developed in this research
effective enough to be use, especially for poor people in devious
regions. So it can be used to strengthen food security, especially to
against hunger and malnutrition.

Table 2. Productivity of Spirulina fusiformis.

Treatment Productivity
(g/L/day) (ton/ha/year)
Control 0° 0

F1 (10%) 0,031° 8.97
F2 (20%) 0,042° 12,30
F3 (30%) 0,054 ¢ 15,64
F4 (40%) 00577 16,47
F5 (50%) 0,063 ¢ 18,35

It causes the F5 treatment has more energy to run more
intensively photosynthetic activity. Light is needed by photosynthetic
organism as energy resources to run their metabolism, especially in
photosynthetic activity (Campbell et al. 1999). Intensity of light influence
to photosynthetic rate (Vonshak 1997 & Nontji 2006). Mean of the
highest to lowest intensity of light in a row are 40.88 Klux (F5), 31.64
Klux (F4),13.33 Klux (F3), 4.72 Klux (F2), and 3.21 Klux (F1). Treatment
of F5 has highest productivity because this treatment has highest supply
of light compared to other treatments.

Table 3. Productivity of Spirulina fusiformis.

Light intensity (Klux)
Time Control | FI F2 F3 F4 F5
09.00 7816 | 289 | 454 | 1174 | 27,20 | 3326
12.00 9884 | 337 | 516 | 1579 | 4129 | 4691
15.00 8357 | 321 | 446 | 1247 | 2642 | 4247
y 8686 | 3,16 | 472 | 1333 | 3164 | 40,88

Besides supported by light intensity, high growth of F5 also
supported by better pH and temperature condition compared to other
treatments. The treatment F5 has the most rapid increase in pH, from
8.7 to 9.42. This condition is good for the growth of spirulina because
spirulina is alcalophylic algae, grow well in a pH range of 8-11 and
growth optimal at pH 9 (Ciferri, 1983, Sigee, 2005; Pandey et al, 2010 &
Vonshak, 1999).

Temperature conditions at F5 was treatment more optimum than
other treatments. Spirulina like high temperatures and grows optimally
at temperatures range 35-38 °C (Vonshak, 1997; Ciferri, 1988 & Van
Eykelenburg, 1980). That optimum temperature was optimally achieved
by F5, 29-38 °C. It causes the F5 treatment had a higher rate of
photosynthesis than others. An increase in temperature at a certain limit
can increase the maximum rate of photosynthesis. It means that within
certain limits, the higher temperature conditions photosynthetic rate of
microalgae is faster (Masojidek et al, 2004 & Vhonsak 1997).
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Figure 4. Mean of light intensity.

Despite having the highest productivity, F5 treatment did not
continue to show the highest growth during research (Table 1). In the
early days of culture, cell density of F5 tended to be lower (Figure ).
This is signed by the delay in treatment F5 to achieve the highest cell
density. Highest cell density is achieved by F5 on day 8. Delay was
caused by photoinhibition that occurred in the early days of culture.
Photoinhibition is reduction of the rate of photosynthesis because of light
intensity is too high (Barsanti et al, 2006 & Nontji, 2006). Photoinhibition
in the F5 treatment occurs because the density of cells in the early days
of culture is still low. Low cell density causes the penetration of light into
the culture is relatively high (Richmond, 1999; Torzillo, 2003 and
Masojidek et al, 2003).

Photoinhibition in the F5 treatment does not occur continuously,
but decreased. The decrease occurred due to increase of cell density
that decreases light penetration (Richmond, 1999; Torzillo, 2003; &
Masojidek et al, 2003). On day 8, the high density of cells in the
treatment of F5 was able to reduce light penetration to a level that can
be tolerated. This can be seen from cell density of F5 shown the highest
cell density from day 8 until the end of the culture period. According to
Vonshak (1988), photoinhibition is not permanent because the repair
(recovery) will take place when the light intensity decreases.

Control treatment did not show the presence of productivity
(Figure 3). This was because S. fusiform on the control treatment died.
Death occurs due to lack of sun light filtering in the control treatment. It
creates extreme light intensity and temperature conditions inside the
photobioreactor. Light conditions and extreme temperatures were not
able to be tolerated by S. fusiform. The absence of sun light filtering can
be caused the light intensity in the control treatment was very high, can
reach 103 Klux at midday. Based on several studies, it is known that
high intensity light such as direct sun light radiation can damage cell
structure of spirulina, such as filaments, tricom, as well as DNA and
chloroplast thylakoid membrane (Li et al, 2008; Wu et al, 2005; Gao
2008; Gupta 2008 ; Leegood et al, 2000; Hans et al, 2007; & Sechbach
2007).

The absence of sun light filtering also causes the temperature in
the control treatment is very high, reaching 46°C. At temperatures
above 45°C, the protein in most living organims will be denatured and
can lead to damage and lysis tricom on Spirulina (Champbell, 1999 &
Ciferri, 1983). This is evidenced by the observation of culture under the
microscope showed S. fusiformis filament structures that appeared to
be empty and most have undergone lysis (Figure 5).

(a) (b)
Figure 5. Microscope observation on control treatment show empty filament structure (a)
and lysis cell (b).
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In this research conducted the protein test content of the biomass
produced. The data obtained were compared to the standard quality
protein in Spirulina according Vonshak (1997). This test was conducted
to determine whether the biomass produced has good quality or not.
The test results showed the protein content in each treatment was
different (Table 4).

Table 4. Productivity of Spirulina fusiformis

Protein content (%) Standard (%)
Ft | F2 | F3 | F4 | F5 | Kontrol | (Vonshak1397)
434 | 488 | 498 | 485 | 469
4 |6 | 3| 3|71 0 50-60

Protein content of the highest to the lowest in a row are F3
(49.83%), F2 (48.86%), F4 (48.56%), F5 (46%), F1 (43.44%), and
controls (0%) (Table 4.3). The high protein content in F3 treatment (sun
light filtering 70%) occurred due to the light conditions at that treatment
was in the optimum range. Light intensity on treatment ranged from
11.74 to 15.79 Klux F3 (Figure ). Spirulina grow up optimally at the light
intensity range of 10-30 Klux (Vonshak, 1997). This conditions make the
synthesis of proteins at F5 was better than other treatments.

Treatment of F1 has lowest protein content caused by the
availability of light is too low, ranging from 2.89 to 3.37 Klux (Figure). It
makes the metabolism is not running optimally at F1. At F5 treatment,
low content of protein caused by the supply of light was too high. At the
certain level of light intensity the protein content can be decreased due
to the high light intensity (Tomaselli et a1 1997). This happens due to
the high light intensity conditions form carbohydrates as the first product
of photosynthesis is faster than the use of carbohydrates to synthesize
the protein (Chrismadha et al, 2009).
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