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Abstract—The objective of this research is to study of microbial CO, as a nutrient represents one of the most costly
lipid production by locally photosynthetic microalgae and oleaginousomponents in the cultivation of microalgae. Therefore a
yeast via integrated cultivation technique using, @@issions from system that couples a waste £furce with the cultivation of
yeast fermentation. A maximum specific growth rat€hforella sp. CO, fixing microalgae can not only reduce cultivation costs

KKU-S2 of 0.284 (1/d) was obtained under an integrated cultivati ISo miti r remov reenh H n
and a maximum lipid yield of 1.339g/L was found after cultivatio(r){gu'[ also mitigate or remove GQyreenhouse gas (GHG) as a

for 5 days, while 0.969g/L of lipid yield was obtained after day 6 Oinwronmental poliution. Waste G@an be .prOVId?d by the
cultivation time by using COfrom air. A high value of volumetric lue gases from power plants or from agro-industrial plants [4,

lipid production rate @, 0.223 g/L/d), specific product yieldgy, ~Ol- In the case of agro-industrial sector, Lfn be provided
0.194), volumetric cell mass production ra@,(1.153 g/L/d) were by using CQ emissions from the ethanol fermentation by
found by using ambient air GQoupled with CQ@ emissions from yeast. The carbon credits obtained for removal of €&am
yeast fermentation. Overall lipid yield of 8.33 g/L was obtainethe ethanol plant emissions are non-taxable benefits [5]. The
(1.339 g/L ofChlorella sp. KKU-S2 and 7.06g/L of. maleea&/30)  pjofixation of CQ by microalgae has been proven to be an
while low lipid yield of 0.969g/L was found using non-integratedatficient and economical method mainly due to the
cultivation technique. To our knowledge this is the unique repof)thotosynthetic ability of these microorganisms to use this gas
about the lipid production from locally microalgdhlorella sp. as a source of nutrients for their development

KKU-S2 and yeasfl. maleeaeY30 in an integrated technique to . . .
improve the biomass and lipid yield by using O@nissions from  1h€ microalgaeChlorella sp., especiallfC. protothecoides
yeast fermentation. andC. vulgarisare two widely available microalgae strains in

the commercial applications for food and nutritional purposes.
Keywords—Microbial lipid, Chlorella sp. KKU-S2, Torulaspora  They showed great potentials as future industrial biofuel

maleeagy' 30, oleaginous yeast, biodiesel, C@nissions producers due to their high growth rate, and their high oll
contents and they can be cultured both under photoautotrophic
|. INTRODUCTION and heterotrophic conditions. However, the locally microalgae

HE increasing demand for biofuels will create nevichlorella sp. KKU-S2 isolated from freshwater taken from
Topportunities for microorganisms and other non-foofond in the area of Khon Kaen province, northeastern region
feedstocks to meet ambitious targets for renewable enef@y Thailand, can accumulates much higher production of
replacing fossil fuelsMicrobial oils, namely single cell oil Pids, and the components of fatty acid from extracted lipid
(SCO), lipid produced from oleaginous microorganism&/€re palmitic acid, stearic acid, oleic acid and linoleic acid
involving yeasts, moulds, and microalgae, which have abiIiWhiCh similar to vegetable oils and suitable for biodiesel
to accumulate lipids over 20 % of their biomass, arroduction [6].
considered as non-food feedstock promising candidates forln the last decade there is a great attention on oleaginous
biodiesel production due to some advantages such as si¥§dsts because some of them are capable of accumulating
production period, higher biomass production and fastkdrge amounts of lipids in their cells. Oleaginous yeast can
growth compared to other energy crops, easiness to Sca|epl5?,duce high amount of lipid contents with characteristics
[1, 2]. Microalgae have the highest oil or lipid yield amon imilar to vegetable oil. It also has a high growth rate and can
various plant oils, and the lipid content of some microalg cultured in a single medium with low cost substrate [7, 8].
has up to 80% and the compositions of microalgal oils afde locally oleaginous yeadtorulaspora maleea&'30 has
mainly triglyceride which is the right kind of oil for producingProved to accumulate lipid efficiently not only on glucose but
biodiesel [3]. Microalgae may assume many types @H#so on sugarcane molasses and three major constituent fatty
metabolisms, such as photoautotrophic, heterotrophﬁ,‘?ids were palmitic acid, stearic acid, and oleic acid that are
mixotrophic and photoheterotrophic  growths [4]. Incomparable to vegetable oils which can be used as biodiesel
photoautotrophic growth, the sole energy source for biomak§gdstock [9].
production is light energy and the sole carbon source isLiPid production from yeast fermentation produces,CO

inorganic compounds especially carbon dioxide CO which can be provided for photosynthetic microalgae by using
an integrated culture design that incorporates both, CO

consumption and microbial oil production appear to be the
best approach to enable industrial application of these new
M. Puangbut is with the Graduate School of Khon Kaen University, Kh“fbchnologies for environmental benefit. Therefore. the
Kaen 40002, Thailand (e-mail: mutiyaporn@live.kku.ac.th). S . . . ) ) C
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Il. MATERIALS AND METHODS

A.Microalgae and Culture conditions

Chlorella sp. KKU-S2 wassolated from freshwater taki
from pond inthe area of Khon Kaen province, Northeas of
Thailand [6]. The seed cultureas pre-cultivated onto the
basal Bristol mediumat room temperaturfor 3 days and
continuous illuminated from overhead lusing 80W cool-
white fluorescent lamps. The basBFistol medium wa:
consisted of (mg/L): NaN©250, K,HPC, 75, KH,PO, 175,
CaCh 25, NaCl 25, MgSQ7H,O 75, and FeCI2 0.3,
MnSQ,.2H,0 0.3, ZnSQ 7H,0 0.2, HBO; 0.2, CuSQ5H,0
0.06, and pH was adjusted td) before sterilizatiol

B.Yeast Strain and Culture Conditions

Torulaspora maleea®&'30 used in this study was isolat
from soil samples taken from forest in the are€béilabhorr
Dam, Chaiyapoom Prawe Northeastern of Thailan®@]. T.
maleeaeY30 was maintained on YM agar slant. The s
cultures were cultivated onto Lipid accumulationAjL
medium supplemented with 20g/L glucose ai'C in an
incubator shaker at a shaking speed%0 rpm for 1 da The
LA medium was consisted of (g/L{NH,),SO, 0.1, KHPO,
0.4, MgSQ.7H,0 1.5, ZnSQ 0.0044, Ca(, 0.0025, MnC}
0.0005, CuS© 0.0003 and yeast extract 0.75 and pH
adjusted to 5.5 before sterilization.

C. Effect of Nitrogen Concentration on Growth i Lipid
Production

Batch cultivations were performed 4#€00mL Erlenmeyer
flasks with a working volume of ®OmL of medium
supplemented witdifferent concentration of ur, flasks were
inoculated with 10% (v/v) seed culture of microagand
cultivated at ambient temperature {89 under continuous
illumination by using 80W cool-whitfuorescent lamp

D. Integrated Cultivation Technique for Lipid Produssi

Microbial lipids production via integrated technéwas
performed by oleaginous yeast and microa Cultivation of
each strainvas performed in 4000mL Erlenmeyer flask wit
working volume of 2000mL. YeasT. maleeaeY30 was
cultivated onto LA mediun{20g/L glucose)and microalgae
Chlorella sp. KKU-S2were cultivated onto Bristol mediu
with 10% (v/v) seed culture of each strand cultivated at
room temperatureunder continuous illumination by usii
80W cool-white fluorescent lampshe mixing of air and C,
from yeast fermentation was aerathaingthe cultivation. A
schematic of a yeast fermentatioftask connected to
microalgae flask is shown in Fig. 1. T@&, produced by the
yeast fermentation is split ancbnnecteddirectly into the
surrounding microalgae flasknd combined wittambient air
for photosynthetic microalgae growtiTo comparison of
growth and lipid production, cultivation of micrgale was
carried out with ambient air aerated lthout the addition o
CO, emissions from yeast fermentation.

E.Analytical Methods

The biomass concentian was determined by measuri
the optical density of samples at 680 nm waveleri@ibsgo)

in a Spectrophotometer and comparing these valués
prepared standard calibration curves of opticakitgversus
dry biomass weighdf microalgae strair

Theculture broth (5 mL) was centrifuged at 5,000 rpm5
min. Harvestedbiomass was washed twice wittmL of
distilled water.Duplicate sample¢ of harvested biomass were
analyzed for lipid yieldThe total lipids were determined
the modified method ofKnow and Rhee (1986) with
modifications [10]. lipid content waexpressed as gram lipid
per gram dry biomass.

Fluorescent lamps

Sampling Sampling
— Air
CO,

| »
< By

=] =]
@ | @

Yeast fermentation Microalgae

flask
Fig. 1 Simplified schematic gfeastfermentation and photosynthetic
microalgaecultivation for microbial lipid productic, cultivated at

ambient temperature under continuous illurred with 80W cool-
white fluorescent lamj

cultivation flask

F.Determination of Growth Kinet

Volumetric lipid producion rate Qp, @/L/d) was
determined from a plot between lipids (g/L) andhfentatior
time, specific productyield (Ypx g lipid/g cell) was
determined using relationshigP/dX, Volumetric cell mass
production rateQy, g/L/d) was determined from a plot of d
cells (g/L) versus time of fermentation (dThe specific
growth rate i) of each strailwas calculated from the slope of
the linear regression of time (da and dry biomass according
to the equationp = (InX; — InXy) / (t, — ), whereX, andX;
are the biomasdry cell weight concentration (g/L) at tim,
and t, respectivelywhile specific rate of pid production gp,

g lipid /g cells/d was a multiple op andYpx [11, 12].
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TABLE |
Ill. RESULTSAND DISCUSSION EFFECT OF UREA CONCENTRATION ON GROWTH KINETIC
A. Effect of Nitrogen Concentration on Growth and Hipi PARAMETERS OFCHLORELLASP. KKU-S2 UNDER
Production PHOTOAUTOTROPHIC CULTIVATION AT AMBIENT TEMPERATURE
. Kinetic parameters Urea concentration (g/L)
There was a correlation between the concentratfocelb 5 10 15

dry weight (g/L) and the optical density at 680M@Dgg) for

photoautotrophic cultured o€hlorella sp. KKU-S2. The B.'O.Z‘a.ssld(x' 9”7) 2361 a0z - 148
following regression equation, y = 1.5343x4R0.977) was L'?i/dg'e (P, glL) 8'133 8'1(7)‘11 8'8%
obtained from the measurements, where y is the damll gp 0'015 0'01; 0607
weight and x is ORo Q% 0.169 0144  0.106
As a preliminary step, photoautotrophic growth o v 0.07¢ 0.08¢ 0.061
microalgae was investigated for studying the eftdabrganic o 0.009 0.009 0.004

nitrogen concentration on growth and lipid prodoctiWhen

using different nitrogen concentrations, NajlN\@as removed

nitrogen source urea. The urea concentrations @0%nd 15 nitial urea concentration of 5g/LChlorella sp. KKU-S2

g/L were used as the initial nitrogen source teestigate the Showed low growth when cultured with an initial are

effects on cell growth and lipid yield. concentration of 15g/L with a biomass of 1.489g/lithw
specific growth rate g of 0.091 (1/d). There are no

2.5 significant different of volumetric lipid productiorate Q)
—e-5g/L (a) and specific rate of lipid productiongd) by cultivation with an
20 = 10g/L initial urea concentration of 5g/L and 10 g/L.
ey —a—15g/L B. Microbial Lipid Production by an Integrated
D15 - A Cultivation of yeast and microalgae
2 Batch cultures were investigated to improve thdable
£1.0 - cultivation technique for growth and lipid prodwecti from
2

yeast T. maleeae Y30 and photoautotrophic microalgae

05 Chlorella sp. KKU-S2 (Fig. 1). Time course of cell growth of
yeastT. maleeaér’30 was presented in Fig. 3.
0.0 T T T T ‘ T
0 2 4 6 8 10 12 14 30 30
Cultivationtime (day) —e—Biomass \
020 o Sl i
s =] —_—
0.16 | -m—10g/L 320 - - 208
5014 1 —a—15g/L 515 15§
20.12 - 2 s
=z = 5
_a_;o.m - L €10 - 108
T 0.08 £ |
= o
= 0.06 o 5 -5
0.04
b 0 —m— ‘ T T T 0
R 0 1 2 3 4 5 6 7
0.00

Cultivation time (day)

2 = % B 8 0 L L Fig. 3 Time course of cell growth @ maleea¢’30 on LA medium

Cultivation time (day) using glucose as carbon source, cultivated at amteenperature for
Fig. 2 Biomass concentration (a), lipid yield ()Ghlorella sp. 7 days

KKU-S2 on Bristol medium supplemented with differeitrogen

concentration under photoautotrophic cultivation After cultivation for 7 days, a biomass of yedstmaleeae

) S o Y30 and lipid yield reached the maximum of 23.68 ghd
Biomass and lipid yield o€hlorella sp. KKU-S2 with time 7 06 g/L were obtained, respectively. Cellulardigiontent of
in batch cultivation are presented in Fig. 2 andl@al. 26.8% was obtained. Waste @@oduced by the fermentation
Growth on different concentration of urea resulted a of yeastT. maleeae’30 during lipid production, is connected
significant effect on cell biomass and lipid yieldmaximum directly into the surrounding microalgae flask arabined
specific growth rate obtained was 0.109 (1/d) winéial urea  with ambient air for photosynthetic microalg@&élorella sp.
concentration was 5g/L. A maximum biomass of 2.86gith KKU-S2 growth. As shown in Fig. 4, there are sigmnt
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different of optical density (Of3y) change observed in the
growth of microalgae duringcell growth using differer
sources of Cg higher value of ORy of 1.27was obtained by
cultivation of microalgae by using G@&rom air mixing with
CO, emissions from yeast fermentatifor 7 day: than that of
the cultivation by using C&rom air. The OLggo 0f 0.913 was
obtained by using C{from air.
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0.00

—o-Air+CQ2
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Fig. 4 Optical density (Ofo) of Chlorella sp. KKU-S2 under

photoautotrophic cultivation by using G@oupled with CQ

emissiondrom yeast fermentation (Air +G,) and CQ from air
(Air)

A maximum biomass of 8.44g/L was obtained
cultivation using C@ from ambient air and C, emissions
from yeast fermentation (Air+C{Qafter 7 days of cultivatior
while a biomass of 6.34g/L was found whChlorella sp.
KKU-S2 was cultivated using GQrom air (Fig. 5 and Table
2). A maximum lipid yield of 1.33§L was found afte
cultivation for 5 days by usingnixing of air and CQ
emissionsfrom yeast fermentation, while (69g/L of lipid
yield was obtained after day of cultivation by using CQ
from air. There are significant different of volumetric lig
production rate@p), specific product yiel«(Ypy), volumetric
cell mass production rateQf) and specific rate of lipic
production ¢p) by using different source of G. A high value
of all parameters was found when using, from mixing air
coupled with CQ@ emissionsfrom yeast fermentation ft
supported the growth and lipid production of midgaa
Chlorella sp. KKU-S2. Nannochloropsis ocula exhibited
increases in biomass and lipid content when the,
concentration supplied was increase[13]. Similarly,
Scenedesmus obliqguuand Chlorella kessleri showed a
particularly high potential for bifixation of CC, [14]. When
oleaginousorganisms are grown with an exc of carbon and
limited quantity of nitrogen, they m accumulate high
concentration of cellular lipid.Cultivatior of oleaginous
microorganismswith low nitrogen in the mediur results to
the decrease of the activity of nicotinan adenine
dinucleotide isocitrate dehydrogenase (NADII then the
tricarboxylic acid cycle isrepressed, metabolism pathw
altered and proteigynthesis stopped and lipid accumulatio
activated [15, 16].

2415-6612
No:4, 2012
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Fig. 5 Biomass (aand lipid yielc (b) of Chlorellasp. KKU-S2 under
photoautotrophic cultivatioby using CQ coupled with C@
emissionsrom yeast fermentation (Air +C,) and CQ from air

(Air)

In case of integrated cultivation process, ovdipitl yield
of 8.33 g/L was obtained (1.339 g/L Chlorella sp. KKU-S2
and 7.06g/L ofl. maleeaer30) while only 0.969g/L of lipid
yield was found fromChlorella sp. KKU-S2 using non-
integrated cultivation techniq. The integration of the
photoautotrophic microalgae cultivation systems into an

existing yeast fermentatiorsystem is made economically

feasible by the generation of two new reverstreams:

TABLE Il
EFFECTOF CO, ON GROWTHKINETIC PARAMETERS OF CHLORELLASP. KKU-
S2UNDER PHOTOAUTOTROPHICCULTIVATION AT AMBIENT TEMPERATURE

Kinetic parameters Culture conditios
Air + CO; emissions  Air?

Biomass (X, g/L) 6.92( 5.44;
Lipid yield (P, g/L) 1.33¢ 0.969
u (1/d) 0.28¢ 0.23¢
Qe 0.22: 0.194
Qx 1.15: 1.089
Yeix 0.19¢ 0.178
% 0.05¢ 0.042

* Cultivation time for 5 days, Cultivation time for 6 day
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microbial lipid from microalgae and oleaginous \tefas used [11] Lee, J.M. (1992) Biochemical Engineering. Prentital international,

: ERpH : New Jersey, pp.138-148
as potential feedstock for biodiesel production drecapture [12] Wood AM., Everroad R.C., Wingard LM. (2005) Medisg growth

of CO, emissions from the yeast fermentation stage [4, 5] rates in microalgal cultures. In: Andersen RA, editAlgal culturing
In conclusion, we present a cultivation techniqoe the techniques. Elsevier Academic Press. p. 269-285.

integrated growth and |ipid production of yeast an@13] Richmon‘d, A. (2004) Handbook of.microalgal cultubgotechnology
. . . and applied phycology. Blackwell Science.
microalgae. To our knowledge this is the uniqueorepbout [14] Chiu, S.Y., Kao, C.Y.. Chen, C.H., Kuan, T.C., O®C., Lin, C.S.

the microbial lipid production from locally photdatrophic (2008) Reduction of COby a highdensity culture @hlorella sp. in a
microalgaeChlorella sp. KKU-S2 and oleaginous yeabt semicontinuous photobioreactor. Bioresour TechB@3389-3396.

maleeae Y30 in an integrated technique to improve thdlS] Ratledge C., Wynn, J.P. (2002) The biochemistryrotécular biology
biomass and lipid yield using GOemissions from yeast of lipid accumulation in oleaginous microorganism&dv. Appl.

. L, Microbiol. 51: 1-51.
fermentation resulted to reduce cultivation costsl @lso [16] Tehlivets, O., Scheuringer, K., Kohlwein, S.D. (ZPOFatty acid

remove and value-added of g@reenhouse gas, this process  synthesis and elongation in yeast. Biochimica epBysica Acta, 1771:

could be so called that environmental friendly gsx This 255-270.
cultivation method will open new perspectives ine th
production of microbial lipid which could be usesl gotential
feedstock for biodiesel production. In further wark
increasing of microalgal biomass and lipid yieldllwbe
investigated in a 20L photobioreactor via integlate
cultivation technique of photoautotrophic microadsy using
CO, emissions from yeast fermentation and photoaysbtoo
cultivation by using pure C{or CO, from flue gases and then
completed with the biodiesel production from midedbipid
via direct and indirect transesterification methods

ACKNOWLEDGMENT

This work was supported by the Higher Educationeesh
Promotion and National Research University Projeft
Thailand, Office of the Higher Education Commission
through the Biofuel Cluster of Khon Kaen Universitpder
the research project entitled “Development of keésdi
productions from locally potential freshwater mialgae
under photoautotrophic cultivation”. Grant for teding
support from Graduate School of Khon Kaen Univgrsst
gratefully acknowledged.

REFERENCES

[1] Chisti, Y. (2007) Biodiesel from microalgae. Bidteol Adv 25: 294-
306.

[2] Amin, S. (2009) Review on biofuel oil and gas pretibn processes
from microalgae. Energy Conversion and Managed@rit834-1840.

[3] Mata, T.M., Martins, A.A., Caetano, N.S., (2010) cktialgae for
biodiesel production and other applications: ageviRenew Sust Energ
Rev 14: 217-232.

[4] Huang, G.H., Chen, F., Wei, D., Zhang, X.W., andeGhG. (2010)
Biodiesel production by microalgal biotechnologypph Energy 87:38—
46.

[5] Powell, E.E., Hill, G.A. (2009) Economic assessmeihtn integrated
bioethanol-biodiesel-microbial fuel cell facilitytilizing yeast and
photosynthetic algae. Chem Eng Res Design 87: 1348-

[6] Leesing, R., Nontaso, N. (2010) Microalgal oil puotion by green
microalgae under heterotrophic cultivation. KKU ReES5 (9): 787-793.

[7] Yong-Hong, L., Bo, L., Zong-Bao, Z., Feng-Wu, B.2006)
Optimization of culture conditions for lipid prodian by
Rhodosporidium toruloide€hinese J Biotechnol 22: 650-656.

[8] Zzhu, LY., Zong, M.H. and Wu, H. (2008) Efficieripid production
with Trichosporon fermentanand its use for biodiesel preparation.
Biores Technol 99:7881-7885.

[9] Leesing, R., Karraphan, P. (2011) Kinetic growth tbe isolated
oleaginous yeast for lipid production. African Jotichnol 10 (63):
13867-13877.

[10] Kwon, D.Y. and Rhee, J.S. (1986) A Simple and ragitbrimetric
method for determination of free fatty acids fgralée assay. J Am Oil
Chem Soc 63:89-92.

113



