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Abstract— Microalgae are microorganisms that have potential as biofuel feedstock since it has relatively high content of lipid. To be
economically feasible, microalgae has to be cultivated in lower operational cost. Liquor of anaerobic sludge is one of the choices since
it contents high concentration in nutrient. To boost its productivity, growth promoting bacteria (GPB) was added in the medium. The
objective of this research is to observe the influence of GPB on the growth rate and oil content of the algae. The experiment used three
treatment in respect to the dose of GPB added to the medium, and was done in triplicate. The three treatments are A3 (spiked with 3
ml of GPB inoculum), A6 (spiked with 6 ml of GPB inoculum) and A9 (spiked with 9 ml of GPB inoculum), and one more treatment

as a control (A0). Result showed that the higher the dose of GPB added, the higher the lipid content of microalgae. For the growth
rate of microalga, the highest growth rate was observed on A6 treatment, while the lowest one was observed on the control.
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suitable types of lipid to be converted in esterification
I. INTRODUCTION process into biodiesel [2].

In order to grow well, it is important to set the growth
medium into its optimal growth condition. Besides pH,
femperature and light intensity, another essential factor to
ensure the microalgae growth is nutrient. So far, the nutrient
gf microalgae is taken from synthesized fertilizer that makes
its production cost is relatively high. To suppress the
production cost of microalgae production, an alternative
nutrient provider is observed. Wastewaters from food or
agricultural industries are among the candidate medium
|since it contain rich of nutrients [3,4].

The world energy demand is continuing to increase. Fossil
fuel remains the biggest fuel provider for the world. Since it
is non-renewable source of energy, it is necessary to observ
another source of energy that is renewable. Biofuel is known
as a biomass-derived fuel. Biodiesel can be considered as th
dominant fuel among all biofuel. Until recently, palm oil is
still the largest feed stock for biodiesel. With some
environment issue related to palm oil plantation, observation
to seek another type of biodiesel feed stock is essential.

Microalgae can be considered as an ideal and potentia . ) !
Dairy manure is one of the environmental problems when

organism to be used as feed stock for biofuel production.. . I handled f th ve th bl
The lipid content in the dry mass of microalgae could reach itis not well handled. One of the ways to solve the problem

above 50%. Microalgae can grow rapidly, which is only is by converti_ng it microbially into biogas. A biogas digeste_r
about ten days to be harvested. Using mathematicalhas effluen_t in the form of _sludge._ Nor”?a”y’ the sIudge IS
estimation, when it is processed into biodiesel oil, its oil processed into compost while the liquor is left to flow in the

productivity could reach for about 120,000 kg of biodiesel / drainage system. In several investigations, this sludge liquor
ha of land per year. It is about 20 times as much as theSti” contains high concentration of nutrients. Rather than let
productivity of palm plantation (5,800 kg of biodiesel / ha of the nu_tnentl leaks mtg dr_aunage system, utilize t.he_ nutrlint
land per year) and even compared to castor oil (1.500 kg oifor _microa gaeh_lprp u<r:]t|on IS a smart way; 'é safe

biodiesel / ha of land per year) [1]. With its potency, as well €nVironment while in the same time we can produce an

as its estimated lower production cost, microalgae has bee@lt?rnart:vec(janer?y. h beai . .
attracting worldwide attention to alter, or at least to |0 the development, researchers begin to Investigate

complement fossil fuel. Moreover, microalgae contain anolther way to boost to product|0n (_Jf mlcroalgaelwhen
environmental factors have been optimized. By boosting the
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growth, microalgae is expected to reach a higher x 106 cell/ml. The concentration of GPB inoculum was 1 x

productivity in less time. In the research by bahsan, in order108 cfu/ml. For the treatment, the samples were added with

to enhance the growth ratzospirillum spwas added in the  GPB in various amounts as follows: AO (control / no GPB

medium. Azospirilum sp is known as a terrestrial added, A3 (spiked with 3 ml of GPB inoculum), A6 (spiked

microorganism to produce indole acetic acid, which is a with 6 ml of GPB inoculum) and A9 (spiked with 9 ml of

growth hormone in plant. Because of its character, GPB inoculum). All treatments were done in triplicate.

Azospirrillum spis then mentioned as a growth promoting . )

bacterium (GPB). Several past researches papers show th&f: Statistical Analysis

the growth rate of microalgae could be increased when The data was analysed using SPSS 15.0 software. The

microalgae cultivation was added with GPB [5,6]. significance of the growth rate and lipid content was
The objective of this research is to observe the influenceanalysed using one-way ANOVA with a significance level

of GPB on the growth rate and oil content of the algae while of 0.05 and followed by Tukey post-hoc analysis.

it is cultivating with the nutrient from sludge liquor of

anaerobic digester of dairy manure. I1l. RESULT AND DISCUSSION

A. Condition of Culture Medium

Fig. 1 shows the average medium temperature of each

A. Material medium for 10 days. It shows that the medium temperature
Chlorella sp from Indonesian Brackish Water Aquaculture was on the allowed temperature for microalgae growth. As
Bureau (Situbondo) andhzospirillum spas the growth  well as the pH, it was also on the allowed pH which ranged
promoting bacterium (GPB) from Laboratory of Soil from 7.00 to 8.0. The light intensity was also in the optimum
Microbiology, Brawijaya University, Indonesia. The sludge condition, which was 5000 to 7600 lux. The microalgae
liquor was taken from an anaerobic digester of dairy manure received this light intensity for about 16 hours a day with the
which is in one of the village in Malang district. support of fluorescence lamp. The data for pH and light

intensity is not shown in this article.

Il. MATERIAL AND METHOD

B. Measurement of Light Intensity, Medium Temperature

and pH of the Medium. p—

The light intensity, temperature and pH of the medium _ :
were not definitely controlled. It was necessary to make sure 2 s m
that all those three parameters were under optimum g » J_ﬁ./" \\T
condition, which is 1000lux to 8000 lux for light intensity, g / Y
25°C to 35C for medium temperature, and 6.5 to 8.0 for the T L
medium pH. Lux meter was used to measure the intensity. g > A
The temperature was measured using standard thermometer. = 245
The pH was measured using pH meter. pY RN

1 2 3 4 5 5] 7 g 9 10
Day

C. Determination of Initial Nutrient Concentration
Ammonium concentration was determined  using Fig. 1 Average daily temperature of the medium

Nesslerization spectrophotometric method. The nitrate was

measured using colorimetric method using phenol sulfonic g Population of Chlorella sp

acid. The ortho-phosphate concentration was measured using Fi 2 sh lati ¢ Chiorell duri h
stannous chloride method. All those nutrient concentration  -'9Uré 2 shows population o orefla sp during the
cultivation. On the first three day, the growth rate was

was measured every two days. X .
y 4 relatively small. This was because Chlorella sp. was
D. Measurement of Chlorella sp and Azospirillum sp requiring adaptation to the new environment. The population
The number of Chlorella sp was counted every day atOf Chlorella sp increased significantly on day-3, and it

04.00 pm using haemocytometer under microscope, whilecontinued until 6. I_n general, the peak population of_ all
the Azospirillum spnumber was counted using the method in treatment occurred in day-8, except for the treatment with 9

ml of GPB inoculum addition. This treatment was also
every four day.

reached the highest population of microalgae followed by
E. Determination of Lipid Content the 6 mL of GPB inoculum addition, which were

The ||p|d content was measured using Soxh|et method924xl(§ce”/m| a.nd 915X1ﬁ‘,e||/m| I’eSp.eC'Fi\./e|y. However
The biomass that was analyzed for lipid content was taken ghese two treatments were not significantly different

day after it reached the peak population. statistically. In other world, treatment with 6 ml and 9 ml of
_ GPB addition had the same peak population number of
F. Experimental Set Up microalgae. The lowest population in the peak point was the

Cultivation of microalgae was carried out in about 500 ml control.
of medium using 1 litre of glass. The medium was 500 ml of
distiled water and spiked with 5 ml of sterilized sludge
liquor as the nutrient provider. All medium were added
Chlorella sp culture with targeted initial concentration was 1
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1000 = contrast, the treatment with the highest addition of GPB
= ﬁ g shows the lowest growth rate, even though it achieved the
= highest peak population. This lowest growth rate was
% 600 V- 0 significantly different from other treatments. The control,
2 jgg i/ -3 which had the lowest peak population, even had a higher
e R/4 Y growth rate than this treatment. This phenomenon could be
g 200 )‘(5/ =9 explained in the following paragraph.

“27 7z As has been discussed before, there was no significant

- R e e . L different on the microalgae population among all treatment
Day when it reached their peak point. Even though the control

was not spiked with GPB inoculum, the sludge liquor was

Fig. 2 Population of Chlorella sp not sterilized before it was being used. It makes some

bacteria; including GP could exist in the medium. Figure 4

This finding agree with the research of Bashan [5] where indicates that GPB existed in the medium, and it has
the GPB has significantly increase the production of supported the microalgae productivity. It is the reason why
microalgae when they were coupled in the wastewater as ahere the peak population of all treatment did not differ
culture medium. In this coupled culturdzospirillum sp significantly. The lowest rate of treatment with 9ml GPB
became an agent to support the growth (bio-control agent)addition probably because microalgae had to compete with
and buffer that interacted with microalgae to increase thethe GPB in uptaking the nutrient. The GPB could enhance
population of microalgae. According to Bashan, this GPB the cell productivity by giving growth hormone for the
worked in several mechanisms. Firstly, it is able to microalgae, while in the same time it compete with the
decompose organic matter, which might still left in the microalgae in grabbing the feed. An ideal treatment
medium. The decomposition by-products, such as CO2,according to cell productivity could be fall to 6 ml GPB
ammonium, nitrate, and phosphate, are could becomeaddition when it achieved the same population as that of 9
additional nutrients for the microalgae. Since the sludge ml GPB, but had highest growth rate.
liquor was not be sterilized, bacterium other than

Azospirillum spcould also did this decomposition. This _ 9E+09

additional nutrient might has extended the growth of E 809

microalgae, especially in the last treatment. The second | £ 2:83

mechanism is by secreting growth hormone, namely IAA '?a B

(Indole Acetic Acid) that has well known as the hormone to 3 4E+09

promote growth in terrestrial plant. Since microalgae are an f‘: ig

au_totrophic organism, this hormone is also applied for 8 Lt — \

microalgae. o | === :
After the peak point, the population of Chlorella sp. ° 2 4 Day 8 8 10

decreased significantly. This is due to the unavailability of

nutrients in the culture media that support the generation of
new cells of Chlorella sp. This reason is supported by the
finding that after day-8 the nitrogen concentration decreasedcl Lipid Productivity

Fig. 4 Population oAzospirillum sp

(Fig. 7).
50
0.830 5
0.860 0852 0

35

0.843 r
0.840 0.828
g 0.820 - 5 30
= 0.800 - 25 L
L1
£ 0780 - 0762 20 —
-g 0.760 - - — 15 il i
9 0.740 - F— 10 L j 1 i -
€ om0 z s 4_‘ I 4
8 o D | H —
0.700 - _—
A0 A3 A6 A9
0.680 + ; ; ; -
AD A3 A6 a9

Treatment

Lipid content (% dry biomass weight)

Treatment

Fig. 5 Lipid content of the microalgae
Fig. 3 Average growth rate of microalgae

The average growth rate of each treatment was calculated Fig. 5 shows th_at the GPB hgs S|gn|f|ca_ntly affect the lipid
content of the microalgae during cultivation. It shows that

uzlnl%atggnlrz:;I?LS?%lgﬁtlgnu(lja?ttiinaSFithEr:%y;j%;gﬂsirr]:tepfﬁéhe higher the addition of GPB to the medium, the higher the
hop pop - 19 lipid productivity of the microalgae. The highest lipid value

average growth rate of each treatment. The highest growth

s d by the treatment of 9 ml GPB addition with
rate was reached by 6 ml GPB addition (0.8532fdllowed was genera‘ge_ y i . -
by 3 ml GPB additign (0.828% and contr(ol (0-%34'5- In 32.92% of lipid per dry biomass weight, while the lowest
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was generated by the control (6.76%). The 3 ml and 6 ml
GPB addition was 27.13 % and 11.03% of its dry weight,
respectively. According to Chisti [7] lipid content
microalgae species Chlorella sp. is approximately 28-32% of
the dry weight. Some researchers stated that the lipid
productivity of microalgae during the treatment is affected
by the nitrogen availability in the medium [8, 9]. They
research found that nitrogen starvation could increase the
lipid productivity per dry weight of the biomass. Even 0
though chlorella can consume nitrate, ammonium is the g 2 = B B <
dominant nitrogen form that is consumed by the microalgae.
By exploring Figure 7, the ammonium content of treatment
with 9 ml GPB addition was relatively low during sixth early Fig. 7. Nitrate Concentration in the medium

day of culture. If ammonium amount is divided by the . .
number of existed microalgae, it seems that the ammonium_ Othophosphate is one of the phosphate forms in the water.

availability of this treatment was the lowest among all Orthopho_sphate elements are _needed to improve the
treatments. It is probably the answer why the lipid productivity of phytoplankton. Figure 9 shows that the

o o ; orthophosphate content in the medium was between 0.57 to
{)rgoagumcélr\]/tlgy of 9 ml GPB addition was the highest among all 1.92 ppm. The concentration of phosphate decreased on the

first two day of culture. After experiencing a decline, the
content of orthophosphate increased again the next day.
Smallest decline occurred in the control. When the content
of phosphate in the waters exceed the normal requirements
of microorganisms, it could stimulate excessive growth of
other organism that leads to anaerobic condition. It usually
follows by the dead of aerobic microorganism.

P
<=}

[ury
w

[y
[e]

U

Nitrate Concentration (ppm)

D. Nutrient Concentration of the Medium

The ten day of ammonium concentration in the medium is
shown in figure 7. The concentration of ammonium
decreased in the early culture and increase lately.
Ammonium used as nutrients for the growth of microalgae
which primarily assist in protein synthesis. In the day-2 to
day-4, the ammonium increased insignificantly, and then
decreased again in the following day. However, it increased
significantly after day-8. The increase of the ammonium
after day-8 is probably because the microalgae as well as the
GPB underwent a death phase. When those two
microorganisms dead, decomposition could occur in the
medium by the decomposer bacteria that might has been
existed in the medium, due to unsterile liquor. This reason
could also be applied to the nitrate concentration that also
decrease in the first 8 days then increased later (Fig. 8). Even
though ammonium and nitrate is needed by microalgae, too i 5 5 ¥ 2 i
high microalgae concentration is toxic to microalgae. Each Day
type of microalgae has different ability to survive in the
different level of ammonium and nitrate. Fig. 8. Ortho-phosphate concentration in the medium
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2 IV. CONCLUSIONS ANDSUGGESTION

Ll f_ According to the research, the addition of GPB has
— affected the peak population of microalgae, but was not
statistically significant. The highest growth rate achieved by
6 ml GPB addition, while too many GPB even decreased the
growth rate due to the competition to uptake nutrient. Lipid
——hg productivity was affected significantly by the number of
: . S GPB added to the medium. However, it seems that GPB was
o 2 4 § 8 10 affect indirectly, i.e. by exhausting the nitrogen that leads to
the higher lipid productivity. There was no explanation
_ _ o _ whether secreted hormone from GPB has influenced this
Fig.6. Ammonium concentration in the medium lipid productivity.
To ensure that nutrient from the sludge is the only nutrient
that is consumed by microalgae, sterilization of sludge prior
to applying to the culture is necessary to be done.
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