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Microalgae is one organism that can be used as raw material for bioethanol
production. Growth and composition of microalgae cells affected by strain and
environmental conditions, including temperature, pH and nutrients. Nutrients are used
for the growth of one of silica, except that the silica used to form frustule on diatoms.
This study aimed to determine the effect of silica on growth, dry weight, and carbohydrate
produced from mixed cultures Phaeodactylum sp. and Chlorella sp. Cultivation is
carried out for 21 days on a laboratory scale using a medium F / 2. Culture growth was
measured by counting cell density. The dry weight is calculated every 7 days to obtain a
biomass productivity. Carbohydrate content was measured by the phenol-sulfuric method.
samples were taken on days 0, 7, 14 and 21. It could be concluded that the highest quota
of carbohydrate per cell was obtained on Si 90 ppm, accounted for 0.03977 mg / cell.
Furthermore, total carbohydrate content and the highest percentage in the mixed culture
Phaeodactylum sp. and Chlorella sp. were found in treatment of 30 ppm and 6 ppm,
amount of 289.93 mg /L and 40.45%, respectively. Thus the mixed culture was prospective
as bioethanol feedstock.
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Indonesia is currently experiencing a
crisis of national energy security aspects,
especially fuel oil (BBM) is evidenced by oil
production in 2009 only reached 981 thousand
barrels per day. Microalgae can be used as a
source of biomass for biofuels?, due to the
characteristics of rapid growth, the capacity of
fixation of CO2 are higher thanland plantsand the
absence of lignin so that the process of
saccharification can be carried easily®. One of
biofuels are being developed such as bioethanol
and biodiesel. Bioethanol from microalgae
produced through the fermentation process.
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Ethanol from microalgae polysaccharides
hydrolyzed into sugars fermentation*. Microalgae
biomass is a source of carbo hydrates. Through
the process of fermentation, carbohydrates can be
processed into ethanol®.

Mixed cultures or consortium derived
from several types of microalgae and bacteria is
potentially able to optimize the growth of culture®.
Thisis achieved by the symbiotic relationship of
the various nichesthat exist in the consortium. By
using the mixed culture of the selected local strains,
the previous research has showed that cells
microal gae could grow faster and had high biomass
yield because the cells were capable for utilizing
organic carbon sources optimally’. Microalgae
have klorofill aand b are helped to obtain energy
through photosynthesis process that can produce
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carbohydrates. The use of mixed cultures or
consortium derived from several types of
microalgae potentially ableto optimize the growth
of culture®.

Growth and composition of microalgae
cells affected by strain and environmental
conditions, including light, temperature, pH and
nutrients® %11 Nutrients are used for the growth
of oneof silica, other than that used to form frustule
on diatoms 21314, Sjlicais important for growth
and the formation of pectin include carbohydrate
compounds®. This study aimed to determine the
effect of silica on growth, dry weight, and
carbohydrate content generated from mixed
cultures Phaeodactylumsp. and Chlorella sp. But
until now, there are still many obstacles faced to
gain and carbohydrate biomass from microal gae
adequate as bioethanol. To increase the production
of microalgae biomass, it is often done by
developing potential strainsin theform of asingle
culture (monoculture), which has a rapid growth
and carbohydrate content and high lipidst.

MATERIALSANDMETHODS

Materials used in this study is a mixed
cell culture comprising the cell diatom
Phaeodactylum sp. and Chlorella sp., sea water,
distilled water, filter paper, 90% acetone, chlorine
for sterilization, used thiosulfate to neutralize
chlorine, phenol 5%, concentrated H,SO4, acetic
acid 1% and 0.06%, 6% NaOH, al cohol 70%, buffer
pH 4.0,7.0,and9:21, 1M HCl and KOH 1 M; medium
constituent chemical composition, macronutrient:
NaNO, (799g/L),NaH,PO,.2H,0(5.659/L); Trace
metal solution: FeCl.6H,0 (3.15 g / L),
Na,EDTA.2H,0(4.369/L), CuSO,.5H,0(0,01g/
L),NaMoO,.2H,0(0.0069/L),ZnSO, .7H,0(0.022
g/L),CoCl,.4H,0(0.01g/L),MnCl,.4H,0(0.189
/L),and SO, (30g/L); Vitamins: Cyanocobalamin
/VitaminB12 (0.001g/L), HCl Thiamine/ Vitamin
B1(0.001g/L),andBictin(0.01g/L). Citricacidis
used to adjust the pH of the medium. Nile Red
(SIGMA) and DM SO isused for lipid staining.
Manufactureof medium and stock culture

Medium Formulation f/2 + Si*6. Stock
macronutrient, EDTA akaline solution, iron stock,
and stock micronutrients sterilized using an
autoclave at a temperature of 121p C for 15
minutes’’. Stock vitamin sterilized using aMillipore
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Filter. Overall reconstituted stock solution by using
distilled water. Counting the number of cellsin
mixed cultureswere used to determine the density
of the culture. After the cell count reaches 10%cells
20x assumed cultured cells Phaeodactylum sp. and
Chlorella sp., have the same number, then the
culture and then in the sub-culture. A medium that
has been prepared isthen divided into 350 mL bottle
was then added 100 mL. Further bottles were
aerated with a hose connected to the aerator and
closed cotton. Cultivation using medium F/ 2 +
silica in liquid form taken 1 ml of liquid silica
solution with aconcentration of 30 mg/ L.
Countingof cells

Cdll countingisdone every day by taking
a0.9 mL sampleof the culture using amicropipette.
The sampleisadded with 70% al cohol asmuch as
0.1 mL asafixativeand mixed homogeneously. The
number of cells cal culated using Haemacytometer
Nebauer 1 mm in light microscope which has been
installed OPTILAB. The number of cells counted
inthefifth chamber.
Dry weight biomassand productivity

Dry weight of samplestaken ondaysO, 7,
14 and 21 as much as 2 mL for laboratory scale.
Samplesare concentrated in 2 ml conical tubethat
has been dried and weighed. Samples were then
centrifuged at a speed of 3300 rpm for 10 minutes
and the supernatant was discarded. Then washing
with distilled water sampleiscentrifuged at aspeed
of 3300 rpm for 10 minutesand theremaining water
is dumped. The sample was then dried in an
incubator at atemperature of 40p C until thesample
weight is stable.
Counting car bohydrate content

The method used in measuring the
carbohydrate content is phenol-sulfuric method
that samplesweretaken ondaysO0, 7, 14 and 21, as
many as 10 ml then putin 15 mL conical tube, then
centrifuged at aspeed of 3300 rpmfor 15 min, the
supernatant was discarded then washed with
distilled water. Samplesin centrifugation back with
aspeed of 3300 rpm for 10 minutes. Pellets added
0.5 mL of 5% phenol and 1 mL of H,SO, and
incubated 30 minutes. Samples were taken 2 mL
weretransferred into a spectrophotometer cuvette
is then inserted and calculated absorbance and
concentration at a wavelength of 490 nm?,
Manufacture of blank solution of 0.5 mL of distilled
water + 0.5 mL of phenol 5% + 1 mL H,SO,.
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Manufacture of standard glucose solution
prepared at aconcentration of 0.025g/L,0.05g/
L,0.1g/L,0.25g/Land0.5¢g/L.
Dataanalysis

Data cell count, lipid content, and the
biomass created histograms and compared from
the first day until the 21st day. Furthermore, the
Analysis of Variance (ANOVA) and Duncan’s
Multiple Range Test (DMRT) with IBM SPSS
Statistics 20 to determine differencesin dry weight,
lipid content, and mixed culture Phaeodactylum
sp. and Chlorella sp.

RESULTSAND DISCUSSION

Cell growth is one of the parameters for
measuring biomassin cultures of microalgae. Cell
growth can be seen fromtheincreasein cell number.
Knowing the life cycle and these phases in
microalgae, will maximize productivity.

In this study, using the mediaF/ 2 + Si.
Thetreatment with the addition of nutrients, among
others 6 ppm silica(silicalimit), 10 ppm, 30 ppm
(control), 50 ppm, 70 ppmand 90 ppm (silicaexcess).
Silicaisamicronutrient that hel psgrowth frustule
bersilikon phytoplankton, especialy diatoms!21314,
Various studieson silicate waters and experimental
bioassay enrichment of nutrients concluded that
the elements Si be alimiting factor and regulating
the growth of phytoplanktonin coastal watersand
the sea, including in the estuaries 122122 glthough
that role is determined by the mass balance of the
elements nutrients other major namely Nitrogen
(N) and phosphate (P)%.
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Fig. 1. Quota Cell of cultivation mixed culture
Phaeodactylum sp. and Chlorella sp. until 21 days of
cultivation. Chart followed by the same letter on the

same day showed no significant difference by

ANOVA at asignificancelevel

5%. Description : B 6 ppm E 10 pom B 30 pom

@ 50 ppm L_:_I 70 ppm 90 ppm
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To determine the change in metabolism
that occur in mixed cultures Phaeodactylum sp.
and Chlorella sp. during cultivation, an analysis
of thequotacells(Figure 1). The highest cell quota
isonday 21 by treatment with 90 ppm Si (Si excess)
of 0.341667x10° (ng / cell) and the lowest in the
treatment of 0.174269x10°Si 6 ppm (ng/ cell) (Figure
1). Onthe 7th day quotacell biomassislower than
the H-0 This suggests a different strategy in
optimization of photosynthesis. In the light
penetration optimal conditions, microal gae choose
to increase the number of cells so that each cell is
able to obtain the maximum light to
photosynthesize. In this study on day-7 cell
biomass lower quota in because the cells were
activeincell division. Meanwhile, on the 21st day
cell quota hasincreased but the number of cellsis
reduced. M utualistic rel ationships between species
causing these species mutual support its growth,
by producing compounds that can be used other
species to support cell growth?,

The dry weight of the mixed culture
microalgae Phaeodactylum sp. and Chlorella sp.
influenced by the number of cells counted. Cells
form large and dense cell contents on the species
Phaeodactylum sp., Make the dry weight of the
cells to be great, especially on day 7 while
Chlorella sp. Small cell shape but much during
and after thelog phase. Phaeodactylumsp. Bohlin
has long been regarded as a representative of a
diatom model, but the uncertainty about its life
cycle®. Thisis due to pleiomorphism with three
basic morphotypes: triradiate, fusiform and oval.
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Fig. 2. Total carbohydrate (mg/L) mixed culture
Phaeodactylum sp. and Chlorella sp. until 21 days of
cultivation. Chart followed by the same letter on the
same day showed no significant difference by ANOVA
at asignificancelevel of 5%. Description [ ppm

10 ppm 30 ppm @ 50 ppm |L_L| 70 ppm 90 ppm
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In liquid medium, the cells triradiate gradually
convert into fusiform morphotype, passing
through an intermediate form. Triradiate
morphotype even claimed asteratol ogical, without
aclear ecological, and ignored in many research
trials. So it is assumed the shape pleiomorphism
microalgae Phaeodactylum sp. then chances are
the contents of the cell and cell shape affects the
dry weight. In this study found Phaeodactylum
sp. intheform of oval and fusiform.

Figure 2 showed that the total
carbohydrate content is highest at 30 ppm Si
treatment in normal conditionsand the lowest total
carbohydrates present in Si 6 ppm treatment days
7,14 and 21. Thetotal carbohydrate content of the
highest achieved at day 14 on treatment The 30
ppm. On the 14th day low cell density but a high
content of carbohydratesand lipids, the possibility
of the silica used to help supply nutrients to
prepare the storage product (savings product).
While the 7th day of high cell density, content of
carbohydratesand lipidsistill small, the possibility
of silicahel psthe growth and reproduction of cells
and the possible contents of the cell is still small.

Carbohydrates are the main products of
photosynthesis reaction. Microalgae produce
carbohydrates from the dark reaction of
photosynthesis is carbondioxide into
carbohydratesreduced by the Calvin cycleby using
energy derived by NADPH and ATP> 2 which will
be used asfeedstock for ethanol. Ethanol hasbeen
reported to produce at least 20% higher energy

Carbohydrate Percentage (%)
8

Fig. 3. Carbohydrate percentage (%) mixed culture
Phaeodactylum sp. and Chlorella sp. until 21 days of
cultivation. Chart followed by the same letter on the
same day showed no significant difference by ANOVA
at asignificance level of 5%. Description : s

ppm

10 ppm E 30 pom B 50 ppm 2] 70 ppm 2] 90 ppm
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than the energy used in the production process.
In addition, the process of production and
combustion of ethanol can reduce 12% of
greenhouse gases compared to fossil fuels”.

Figure 3 shows the total carbohydrate
content was highest at 30 ppm Si treatment of 216.9
mg / L and the lowest at 6 ppm Si treatment of
124.49mg/ L. Onday 14inthetreatment of 30 ppm
Si has the highest total carbohydrate content of
289.93 mg/ L. Figure 4 shows the percentage of
carbohydrate or carbohydrate content per dry
weight, percentage carbohydrate 7th day highest
at 10 ppm Si, amounted to 24.53% and the lowest
at 30 ppm Si amounted to 17.77% of thetotal dry
weight. Then on day 14 the highest percentage of
carbohydrates in Si 6 ppm by 40.45% and the
lowest at 30 ppm Si amounted to 28.15% of the
total dry weight.

Figure 4 showed that the highest quota
of carbohydrate per cell found in Si 90 ppm and
treatment of carbohydrate per cell quota lowest
for thetreatment of Si 30 daysto 7, 14 and 21 ppm.
Quota carbohydrate per cell highest at 90 ppm Si
treatment inarow onday 7,14 and 21is0.005119
mg/ cell, 0.028864 mg/ cell, 0.126514 mg/ cell or
after conversion 5.118672 mg/ cell, 28.86405 pg/
cell, 126.5139 mg / cell. While the quota of
carbohydrate per cell lowsin the treatment Si 30
ppm respectively at day 7, 14 and 21is0.002517 mg
/ cell, 0.014774 mg/ cell, 0.03977 mg/ cell or after
conversion 2.516753 mg/ cell, 14.77369 pg/ cell ,
39.77017 pg/ cell. The 90 ppm in treatment have
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Fig. 4. Carbohydrate Quota Cell (mg/cell) mixed culture
Phaeodactylum sp. and Chlorella sp. until 21 days of
cultivation. Chart followed by the same letter on the
same day showed no significant difference by ANOVA
at asignificance level of 5%. Description : 6 ppm

10 ppm 1 30 ppm B =0 ppm [] 70 ppm 90 ppm
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low cell density but high in carbohydrates in the
cells the possibility of silica used to help supply
nutrients to prepare the storage product (savings
product). While on treatment of 30 ppm Si high cell
density, the quota of carbohydrates is still small,
the possibility of a silica helped growth, cell
reproduction and the possibility of doing the cell
contentsare still few.

Carbohydrates result of photosynthesis
is stored in the form of starch, cellulose and
hemicellulose. Deposits are then hydrolyzed to
glucose and gal actose get subsequently fermented
to produce ethanol. In addition, some microalgae
including Chorella sp. capable of converting
carbon-containing substrate into ethanol in the
dark. Another method is through the genetic
engineering of microalgae to produce ethanol
directly into his body?® %,

There are several environmental factors
that affect the production of carbohydrates in
microalgae. Light affects the production of
carbohydrates and lipids in the cell microalgae.
The efficiency of light becomes a major limiting
factor in large-scale cultivation and outdoor. High
light intensity in the raceway pond causing ahigh
rate of photosynthesis and the availability of N
high in the medium causes the protein synthesis
to be higher, so that the carbohydrate content in
dry weight being low®.

Ethanol produced by fermentation in batch
and fed batch using Saccharomyces microbes and
can produce high ethanol, about 12-14%. However,
theability of the organismisusually limited because
it can only be used a substrate C6 sugars (hexoses).
Over the past two decades, efforts to engineer
ethanol-producing microbesmesophilicintensively
carried out in order to be able to use sugar pentose
and hexose. By way of entering and expressing the
genes that play a role in the assimilation and
metabolism of pentose sugars™.

Excess ethanol compared to gasoline are:
(a) bioethanol safely used as fuel, the flash point
of ethanol three times higher than gasoline; and
(b) hidokarbon fewer emissions. Disadvantages
of bioethanol compared to gasoline: (a) a cold
engineis more difficult to make a starter; and (b)
ethanol reactswith metal s such as magnesium and
aluminum. As an alternative; used a mixture of
bioethanol with petrol. This mixture is known as
gasohol®,
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CONCLUSON

It could be concluded that the highest
guota of carbohydrate per cell was obtained on Si
90 ppm, accounted for 0.03977 mg / cell.
Furthermore, total carbohydrate content and the
highest percentage in the mixed culture
Phaeodactylum sp. and Chlorella sp. were found
intreatment of 30 ppm and 6 ppm, amount of 289.93
mg/ L and 40.45%, respectively.
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