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PREFACE

Good Morning Ladies and Gentlement

On behalf of the Organizing Committee, i would like to warmly welcome you to the 3rd
Internasional Seminar on New paradigm and Innovation on Natural Sciences and Its Application
(ISNPINSA). This seminar has been successfully conducted since 2011 and therefore becoming
an annual event since then. The theme of ISNPINSA this year is Developing Innovation and Its
Application of Applied Sciences for Sustainable Development.

The aims of this seminar are to facilitate brain storming and state of the art information in field
of sciences and mathematic; to increase innovation of technology that can be applied in
industries; to. contribute in formulating strategy to increase the role of science for the
community; and to stimulate collaboration between industries, researchers and government to
increase community welfare.

We divided the parallel session in this seminar into specific topic that can accommodate the
field range from chemistry, physics, biology, mathematics and the science related to them. By
inviting the speakers from academics and industries, we hope that this event can be a bridge
between researchers, scientists and industries in order to foster developing innovation and its
application to support sustainable development.

In closing, I wish to express my gratitude to all speakers, presenters and participants in this
seminar. | hope that we can have a fruitful and productive discussion, brain storming and
presentation that can increase and develop our understanding in sciences. 1 take this
opportunity to thank the organizing committee for this seminar and the Faculty of Science and
‘Mathematics for the necessary funding. The various sponsors are also thanked for their kind
hospitality.

Thank you

The 3 International Seminar on New Paradigm and Innovation on Natural Sciences and its
Application 2013 Page ix




ADVISORY BOARD

Prof.Dr.Choong-Min Ryu (Korea Research Institute of Bioscience and
Biotechnology)

Prof.Dr.Fukuda (Kyoto University, Japan)

Prof.Dr.Robert Saragih (Department of Mathematics, Bandung Institute of
Technology)

Dr. Muhammad Nur, DEA (Faculty of Science and Mathematics, Diponegoro
University)

The 34 International Seminar on New Paradigm and Innovation on Natural Sciences and its
Application 2013 Page x




Published by the Faculty of Science and
Mathematics

Diponegoro University

J1. Prof. Soedarto, Semarang , Indonesia

© Faculty of Science and Mathematics,
Diponegoro University, 2013

Proceeding of the third ISNPINSA
ISBN : 978-602-18940-2-6

Editing all posts in this proceedings
conducted by the editoral team of the
third ISNPINSA

Organizing Committee

Chairman : Dr. rer. nat. Anto Budiharjo, S.Si.,
M. Biotech

Vice Chairman : Dr. Eng. Agus Setyawan, M.Si
Secretary : Dr. Eng. Hendri Widiyandari, M.Si
Members:

Dr. Agus Subagio, M.Si
Dr. Widowati, M.Si
Ngadiwiyana, S.Si., M,Si
Drs. Sapto P. Putro, M.Si.,, Ph.D
Dr. Bambang Cahyono, MS
Dr. Tri Retnaningsih, M.App.Sc
Dr. Agustina LNA Aminin, M.Si
Dr. Sri Widodo Agung S., M.Si
Dr. Kusworo Adi, MT
. 10. Dr. Heri Sutanto, M.Si

11. Purbowatiningrum, S.Si., M.Si

12. Abdul Nasir, SH., M.Si

13. Sidig M, Asnan, ST

14. Titik Eriyanti, SE

15. Drs. Agus Setyo Utomo, S.Sos, MM

16. Supadmi, S.IP

17. Arifin

18. Indra Gunawan, ST

19. Fajar Budi H.

20. Sofianingsih

21. Anggi Krisnani

22. Amri Wildan, ST

23. Alik Maulidiyah, M.Sc

24. Lutfiana Aviez

25. Syarif Prasetyo, S.Si

26. Yani Kurniawan

27. Choiriyah, A.Md.

ke ol e B

Editorial team :

1. Dr. rer. nat. Anto Budiharjo, S.Si., M, Biotech
2. Dr. Eng. Hendri Widiyandari, M.Si
3. Igbal Firdaus, S.Si

The 3 International Seminar on New Paradigm and Innovation on Natural Sciences and its

Application 2013

Page xi




Evaluation of Growth Rate of Microlagae Chlorelia Sp
Cultivated in Palm Oil Mill Effluent (Pome) Medium

Hadiyanto?®

®Center of Biomass and Renewable Energy (CBIORE), Chemical Engineering Diponegoro University,
JI. Prof. Sudhartc, SH-Tembalang Semarang, Telp: 024-7460058/Fax : 024-76480675
Email : hady.hadiyanto@gmail.com

ABSTRACT

Palm Oil Mill Effluent (POME) is waste water produced from CPO processing. Since 2008, Indonesia
is the largest CPO producers which contribute 45% of the CPO needs in the world. This large amount
of CPQ can produce high amount of POME. It is estimated that 1 ton of Fresh Fruit Bunch (FFB) can
result 0.5-0.6 ton POME while the CPO is merely 0.2 ton. Besides its high contents of COD and BOD,
POME has high nutrients contents such as Nitrogen and Phosphor which may potential for
microalgae growth. The objective of this research was to evaluate the use of POME as nutrient
sources of microalgae (Chlorella sp) growth under variation of POME content in the medium (20-
60%). The results showed that the algae was able to grow under 20% POME and the lipid productivity
of 37.4 mg/L/day was achieved.

Keywords: Chlorella sp, POME, nutrient, lipid, microalgae

1. INTRODUCTION

Indonesia is the largest producer of crude oil palm in the world. in 2008, Indonesia produced 44%
coconut palm oil, as shared demand from around the world [1], and from 2005 to 2008 the
production rose up to 8.88%. Moreover, the production is predicted to increase from 2010 to 2014
with growth rate of 5.22% per annum. This high production of POME may lead to threat of
environment, About 1 ton fresh fruit bunch (FFB) can be converted to 0.2 ton CPO while 0.5-0.66 ton
is considered as palm oil mill effluent (POME) [2]. Currently, almost all POME in Indonesia are
treated by using traditional anaerobic-aerobic pond to reduce COD and BOD contents, although the
effluent is still above the threshold limit. Meanwhile other contents in wastewater such nitrogen and
phosphorus are not utilized yet efficiently. Another threat is potential of euthrophication when POME
is flew to the river or lake. Therefore, the utilization of its content of nitrogen and phosphor for
microalgae growth are still an interest [4,5,6]. The use of POME as medium growth could reduce the
operating cost [7].

Microalgae has been studied for its potential as feed/food sources, pharmaceuticals and oil sources.
The productivity of microalgae showed higher than other terrestrial plant and the potential use of
microalgae as renewable energy has been shown by work of Chisti [8]. Chlorella sp has been
considered as the species with high content of lipid (20-30%) [8]. Microalgae is mostiy cultivated in
the fresh, or saline water medium, while utilizing POME for algae growth medium is not much
studied. This paper is aimed to describe the potency of microalgae cultivated in palm oil mill effluent
{(POME) and to evaluate the lipid productivity from alga Chlorella sp under variation of C:N;P ratio of
nutrients.

2. MATERIAL AND METHOD
2.1. Cultivation Condition

POME was collected from PTPN VIl Lampung Indonesia. Prior its use as medium, POME was treated
to reduce its COD and BOD contents by using facultative anaerobic method. The treated POME
contains of 1800ppm COD, 800ppm BOD, 280 ppm total nitrogen, and 75 ppm phosphorus. POME
was filtered to eliminate suspended solid and other impurities.
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2.2, Chiorella sp culture

Chlorella sp was provided by BBPAP Jepara and cultivated in medium [12] which was composed by
875ppm NaHCO3 as carbon source, 45 Ppm urea as nitrogen source, 5 ppm TSP (triple super
phosphate) as phosphate source, 1 ppm FeCI3 and 25 pg/l B12 as micronutrient source. The control
medium was used at the ratio of carbon: nitrogen: phosphorus = 56:9:1 [13].

2.3. Algae Cultivation

Chlorella sp was cuitivated in different POME concentration (20,40,60% v/v) and different synthetic
nutrient (SN) concentration (0,20,40,60,80,100% wiw). The term of synthetic nutrient (SN) was
refered to medium which was composed by 45 ppm urea and 5 ppm TSP. NaHCO3 was not added to
POME medium. As source of carbon, COD in POME was solely used as carbon source [5]. This SN
addition will give different C:N:P ratio in cultivation medium. Chlorella sp 10% viv (0,7 0D880) was
used as inoculum. Medium was diluted using tap water in 1L glass flask. However, 1 ppm of FeCI3
and 25 pg/l vitamin B12 were added for every run to enhance the micronutrien demand. Light intensity
was maintained at 4000-6000 [ux using flourescent lamp, pH was adjused using NaOH and HClI in the
range of 6.8-7.2, temperature was maintained in 26-28°C, and salinity was to be set in 1 ppt by adding
NaCl. Medium was aerated using aquarium air pump to mix the medium.

2.4. Measurement

The concentration of biomass was measured using spectrophotometer Optima sp-300, at 680nm
wavelength during its cultivation. Growth rate (v) of algae was calculated (Eqg 1).

_AIn OB —In(i0P )
i tl —to

Where [OD]1 is optical density at last day of cultivation, [OD]0 is optical density at the first day of
cultivation, t is end time of cultivation (day), and t0 is begininng time of cultivation (day) (5).

2.5. Harvesting of Biomass and lipid extraction

Medium was harvested by using flocculation method. NaOH 0.5 M was utilized to increase the pH
until reach 10.5, then the microalgal suspension was intensively mixed (1000 rpm) for 10 min followed
by gentler mixing (250 rpm) for an additional 20 min. Subsequently, the suspension was settled for
30 min [14]. Biomass was dried at 700 °C in tray dryer for 3 hours and the biomass product was
weighed. Dry biomass of Chlorella sp was extracted using n-hexane (1:8 w/v). Mix of dry biomass and
n-hexane was placed in ultrasound Branson 2510-DTH 40 KHz for 1 hour and heated at temperature
500C. The suspension was filtered to separate residual dry biomass from supernatant using
whatman filter paper No.41. Solvent was removed from supernatant by distillation method until no
more solvent collected[15].

3. RESULT AND DISCUSSION
3.1. Algae growth in POME medium

Algae Chlorella sp cultivated in different medium was described in Fig 1. A Higher optimum phase
was shown by from control medium, while the growth in POME medium with concentration of 20%,
40% and 60% tend to decrease, and reaching stationary phase at 4-6 h. This trend was also showed
by Hadiyanto & Nur [6], and Habib et al. [4]. They showed that at higher POME medium could inhibit
the algae growth rate due to the dark color of POME will shading the light penetration. Furthermore,
Wang et al. [18] found also that dark color of manure could influence growth rate of microalgae. The
impurities responsible for its turbidity may include clay, silt, finely divided inorganic-organic matter, or
soluble colored organic compounds [19]. One method to reduce darkness, the waste must be diluted
such that the light penetration will be enhanced.
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Figure 1. Growth phase of Chlorella Sp in different POME addition

The growth of microalgae is mainly affected by ratio of C:N:P in the medium. This ratio could influence
growth rate of Chlorella sp [4,6,13]. An optimum C:N:P ratio for microalgae based on photosynthetic
reaction is 106:16:1 molar ratio [20], or could be converted to 56:9:1 C:N:P ratio by weight atomic
[13]. Table 1 shows the variation of POME and synthetic nutrient in the medium. The addition of
synthetic nutrient up to 40% could increase the growth rate up to 0.749 /hr at the 20% concentration,
while low growth rate was found at the 60% POME (0.22-2.23 /h).

Table 1 also shows that addition of synthetic nutrient will effect to C:N:P ratio. At the higher SN
addition, it leads to increasing C/N ratio, which also decrease the growth rate of Chlorella sp. This
phenomena is due to substrate inhibition. It is noted that most of unicellular algae and benthic plants
such seaweed use light energy to fix carbon (C), nitrogen (N), and phosphorus (P) at relatively
constant at stoichiometric ratios [13,21,22,23].

Several researcher investigated dependence of C:N:P ratio under different light intensities. Baird and
Midleton [21] proposed that there are large number of factor that will exert an evolutionary pressure
on carbon to nitrogen ratio of aquatic phototrophs. While Goldman [24] reported that C:N:P ratio
demand for microalgae will be different due to light intensity addition.

Table 1. Summary of data growth rate, content of carbon nitrogen and phosphorus ratio in different medium

POME.
Fi RN O R T e
(i) (Yowlw) atom/l) weight ratio

0 100 0.757 125 56 9 1 9,47
0 0.653 78,26 826 |1 7.04

20 0.698 62,04 882 |1 6,36

40 0.749 56,60 840 11 524

i 60 0.675 10 46,96 897 |1 464
80 0.843 41,87 902 |1 4,17

100 0,566 37,78 9,06 |1 9,47
0.449 75,56 9,33 9 8,10
20 0.454 68,83 834 7,37
¢ 40 FERES 8320 |83 |1 5.76
60 0.531 58,42 2,36 1 6,24
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80 0.459 54,31 9,36 1 5,80
100 0.445 50,75 9,37 il 5,42
0 0,220 73,02 937 1 7,80
20 0,238 68,25 9,37 1 7.28
40 0,242 64,07 9,37 1 6,83
= 60 0.244 HRU 80,37 938 |1 6.44
80 0.269 57,07 9,38 1 6,08
100 0,239 54,12 9,38 1 ST

*G is carbon content converted from COD of POME x -;; [4]. SN=syntheric nutrient

3.2. Biomass Production

Figure 2. describes biomass production from Chicrella sp under different medium composition. A
higher dry biomass was obtained at 0%POME+100%SN, followed by 20% POME+40%SN,
40%POME+60%SN, and 60%POME+80%SN. However this result is still lower than control medium
in biomass production and growth rate. This result also proves that C:N:P ratio, light intensity,
micronutrient, pH, and other factors could limits biomass production [4,6,1 3,20,24,25].

Moreover, Chiorella sp grow slowly if cultivated in higher POME medium, and occur in longer
adaptation phase. The algae cultured in high POME concentration require longer adaptation time to
reach the stationary phase and consequently lower biomass. It seems that light shading also
influences biomass production due to color of POME from tannic acid [18,25,26,27]. This phenomena
was also reported by from Habib et al. [4] and Anton et al. [28] who cultivated green microalgae under
different POME concentration. Ji et al. [29] cultivated Chiorella vulgaris under different diluted piggery
wastewaler and synthetic medium addition, it was stated that diiuted wastewater generates higher
bicmass.

E120% POME @ 40% POME M 60% POME  m 0% POME

0 20 40 60 80 100
Nutrient Addition (%}

Figure 2. Biomass production of Chlorella sp in different medium

it also seems that higher POME concentration contains higher total nitrogen and it could also inhibit
Chorefla sp in generating biomass. Previous studied showed that microalgae growth may inhibited by
high concentrated ammonium ion and nitrite of which either could be assimilated even at low
concentrations [30; 31; 32].

3.3. Lipid Content
A higher lipid content was recorded from C%SN addition for 20,40,and 60% POME (Fig 3). This

phenomena was aiso reported by Habib et al. [4], Wang et al. [18], Ji et al.,[28], Jiang et al. [33], and
Mandal & Mallick [34] by using POME, piggery, manure and municipal wastewater, respectively.
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Wang et al. [18] found that lower dilluted manure wastewater contains higher C/N ratio, and
accumulates higher lipid content. The higher lipid content was found in 40% SN in 20% POME
medium.

20% POME [EB40% POME EG60% POME B Without POME

80
70 |
.60
B T,
£50 %
: %
230 %
20 - 2
%
10 g
o - %

0 20 ag 60 80 100
Nutrient addition (%)

Figure 4. Lipid content of Chlorella in various medium

When SN was added to medium, lipid content slightly decreased in medium with 60, 40, and 20%
POME, respectively. Several researcher studied relation of nitrogen depletion of microalgae medium
and reported that higher C/N ratio, nitrogen starvation, could influence lipid accumulation but lowering
growth rate and biomass [35,36,37,38]. This condition occurs when microalgae grow in stress
condition in low nitrogen content.

3.4.Lipid Productivity

Several researcher reported that mixotrophic condition could give higher lipid accumulation rather
than autotrophic or heterotrophic condition even in different C/N ratio [37,39,40]. It is reported that
higher lipid productivity was found in MSG wastewater, followed by artificial wastewater, and
municipal wastewater (Table 2). Our study has comparable result as compared to other waste water
medium for microalgae. We found that the productivity could achieve up to 37 mg/L/id in 20% POME
and addition of 40% synthetic nutrients, although the biomass content is much lower.

Table 2. Summary report of microalgae cultivation in various wastewater[18, 41,42,43]

Medium time Growth Biomass Lipid Lipid Source
(day) rate (/day) | content (g/L) | content productivity
(%) (mg/L/d)

Digested Dairy Manure 21 0.474 1.7 14 11:3 Wang et al.[18]

MSG Wastewater 5 1.803 1.6 14 44 Xue et al.[42]

Artificial Wastewater 14 0.663 1.7 33 40 Yujie et al.[42]
Ei Municipal 9 0.458 0.67 31 22.9 Cho et al.[43]

20%POME +40% SN T 0.749 0.73 6.9 374 This study

40%POME+60% SN 7 0.531 0.69 7:3 259 This study

60%POME+80%SN i 0.269 059 7.6 11.8 This study

4. CONCLUSSION

The study of potency of utilization of POME as medium growth of algae has been studied. It was
found that CNF ratio, concentration of POME, and addition of synthetic nutrient influenced growth
rate, biomass production, 2nd lipid accumulation. Medium of Chlorella sp by using 20%POME and
40% of synthetic nutrient reveals at 37.4 mg/L/day. POME is a potential wastewater for Chlorella sp
growth as repiacemant for synthetic nutrient. The maximum growth rate could be achieved in POME
medium was 0.74/hr.
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