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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 usingz@@ﬂssions from System that Coup|es a waste mUrce with the cultivation of
yeast fermentation. A maximum specific growth rat€tforella sp. CO, fixing microalgae can not only reduce cultivation costs

KKU-S2 of 0.284 (1/d) was obtained under an integrated cultivati .
and a maximum lipid yield of 1.339g/L was found after cultivatio(rz:ls.ut also mitigate or remove G(yreenhouse gas (GHG) as an

for 5 days, while 0.969g/L of lipid yield was obtained after day 6 of”"”o”mema' pollution. Waste G@an be provided 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 @p, 0.223 g/L/d), specific product yield(, °l- IN the case of agro-industrial sector, Qan 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 C@ 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. maleeaer30)  pjofixation of CQ by microalgae has been proven to be an
while low lipid yield of 0.969g/L was found using non-integratedafficient and economical method mainly due to the
cultivation technique. To our knowledge this is the unique repo, iosynthetic ability of these microorganisms to use this gas
about the lipid production from locally microalgaehlorella sp. . .

as a source of nutrients for their development.

KKU-S2 and yeasil. maleeaeY30 in an integrated technique to . . .
improve the biomass and lipid yield by using L£énissions from The mlcroglgaélhlorel!a Sp- eSPeC'a”P prOtOtheco'qu_
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 1hey showed great potentials as future industrial biofuel

maleeaey 30, oleaginous yeast, biodiesel, C&nissions producers due to their high growth rate, and their high oil
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-foogond in_ the area of Khon Kaen province,_ northeastern_region
feedstocks to meet ambitious targets for renewable enef@fy 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 abiliWhiCh §imilar to vegetable oils and suitable for biodiesel
to accumulate lipids over 20 % of their biomass, ar@roduction [6].
considered as non-food feedstock promising candidates for" the last decade there is a great attention on oleaginous
biodiesel production due to some advantages such as sh§@sts because some of them are capable of accumulating
production period, higher biomass production and fasti#rge amounts of lipids in their cells. Oleaginous yeast can
growth compared to other energy crops, easiness to Sca|ep@9duce 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 @S0 On sugarcane molasses and three major constituent fatty
metabolisms, such as photoautotrophic, heterotrophR¢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 biomal§dstock [9].
production is light energy and the sole carbon source isLiPid production from yeast fermentation produces,CO

inorganic compounds especially carbon dioxide 4CO 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
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Il. MATERIALS AND METHODS

A.Microalgae and Culture conditions

Chlorella sp. KKU-S2 wasgsolated from freshwater tak:
from pond inthe area of Khon Kaen province, Northeas of
Thailand [6]. The seed cultureas precultivated 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, KHPC, 75, KH,PQ, 175,
CaCh 25, NaCl 25, MgS@7H,O 75, and FeCl2 0.3,
MnS0,.2H,0 0.3, ZnSQ 7H,0O 0.2, BBO; 0.2, CuSQ.5H,0
0.06, and pH was adjusted t® 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 afC in an
incubator shaker at a shaking speed®d rpm for 1 da' The
LA medium was consisted of (g/LjNH,),SO, 0.1, KH,PO,
0.4, MgsSQ.7H,O 1.5, ZnSQ 0.0044, Ca(, 0.0025, MnCJ
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 ¢ Lipid
Production

Batch cultivations were performed #000mL 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 {@) under continuous
illumination by using 80W cool-whitBuorescent lamp

D. Integrated Cultivation Technique for Lipid Produa

Microbial lipids production via integrated techniwas
performed by oleaginous yeast and microa Cultivation of
each strainwas performed in 4000mL Erlenmeyer flask wit
working volume of 2000mL. Yeasl. 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 usil
80W cool-white fluorescent lamp§he mixing of air and C,
from yeast fermentation was aerathdingthe cultivation. A
schematic of a yeast fermentatioflask connected to
microalgae flask is shown in Fig. 1. TB&, produced by the
yeast fermentation is split ancbnnecteddirectly into the
surrounding microalgae flasknd combined wittambient air
for photosynthetic microalgae growti.o comparison of
growth and lipid production, cultivation of micrgale was
carried out with ambient air aerated mithout 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@iggo)
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in a Spectrophotometer and comparing these valuigs
prepared standard calibration curves of opticakitgrversus
dry biomass weighdf microalgae strair

Theculture broth (5 mL) was centrifuged at 5,000 rpm35
min. Harvestedbiomass was washed twice witrmL 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 wasexpressed as gram lipid
per gram dry biomass.

Fluorescent lamps
{ )

Sampling Sampling
s — Air
co,
— 1=
r— _______,_/
] ]
@ | e

Yeast fermentation
flask

Microalgae
cultivation 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 lamy

F. Determination of Growth Kinet

Volumetric lipid producion rate Qp, g/L/d) was
determined from a plot between lipids (g/L) andhientatior
time, specific productyield (Ypyx, 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 1) of each strailwas calculated from the slope of
the linear regression of time (da and dry biomass according
to the equationp = (InX; — InXy) / (t, — t), whereX, andX;
are the biomasdry cell weight concentration (g/L) at tim,
and t, respectivelywhile specific rate of pid production g,

g lipid /g cells/d was a multiple op andYpx [11, 12].
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TABLE |
lll. RESULTSAND DISCUSSION EFFECT OF UREA CONCENTRATION ON GROWTH KINETIC

A. Effect of Nitrogen Concentration on Growth and tipi PARAMETERS OFCHLORELLASP. KKU-S2 UNDER

Production PHOTOAUTOTROPHIC CULTIVATION AT AMBIENT TEMPERATURE
. Kinetic parameters Urea concentration (g/L)

There was a correlation between the concentratfocelh 5 10 15
dry weight (g/L) and the optical density at 680nM@Dggy) for . -
photoautotrophic cultured o€hlorella sp. KKU-S2. The Eiloircrila?:’lc(l)zﬁg/b)L) g'igi 26012;1 lg"gél
following regression equation, y = 1.5343x2£R0.977) was u?l/d))/ 9 0'109 0'104 0'073
obtained from the measurements, where y is the dmsll Qv 0'01,_ 0 61: 0 607
weight and x is ORyo , Qx 0.169 0144  0.106

As a preliminary step, photoautotrophic growth o Yo 0.07¢ 0.08¢ 0.06]
microalgae was investigated for studying the eftdabrganic ¢, 0.009 0.009 0.004

nitrogen concentration on growth and lipid prodaoetiWhen
using different nitrogen concentrations, Naj\\as removed
from the basal Bristol medium and replaced by oiganlipid yield of 0.184g/L was obtained by cultivatiomith an
nitrogen source urea. The urea concentrations @0%nd 15 initial 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 15¢g/L with a biomass of 1.489¢/lithw

specific growth rate () of 0.091 (1/d). There are no

25 significant different of volumetric lipid productiorate Qp)
—e-5g/L (a) and specific rate of lipid productiond by cultivation with an
] initial urea concentration of 5g/L and 10 g/L.
2.0 -m-10g/L

= —a—15g/L B. Microbial Lipid Production by an Integrated

515 - A Cultivation of yeast and microalgae

§ Batch cultures were investigated to improve thdable
£1.0 - cultivation technique for growth and lipid prodwcti from
[ yeast T. maleeaeY30 and photoautotrophic microalgae

Chlorella sp. KKU-S2 (Fig. 1). Time course of cell growth of
yeastT. maleeaér’30 was presented in Fig. 3.
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0 e . . ‘ ‘ 0
0.02 -
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0.00 T T T J T J Cultivation time (day)
0 2 3 . 6 i 8 10 12 14 Fig. 3 Time course of cell growth &f maleeaer30 on LA medium
Cultivationtime (day) using glucose as carbon source, cultivated at arhteenperature for
Fig. 2 Biomass concentration (a), lipid yield (h)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

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. maleeaer30 during lipid production, is connected

significant effect on cell biomass and lipid yiellmaximum directly into the surrounding microalgae flask arabined

specific growth rate obtained was 0.109 (1/d) wiméral urea  with ambient air for photosynthetic microalg@élorella sp.

concentration was 5g/L. A maximum biomass of 2.B86gith KKU-S2 growth. As shown in Fig. 4, there are sigrht
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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 OBy 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 COfrom air. The OLggo 0f 0.913 was
obtained by using CCfrom air.

1.60
1.40 -
1.20 -
1.00 -

o

2

8 0.80 -
0.60 -
0.40 -
0.20 °
0.00

—-Air+C0O2
—B-Air

0 1 2 3 4 5 6 7
Cultivation time (day)

Fig. 4 Optical density (O 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 CQ from ambient air and C, emissions
from yeast fermentation (Air+C{after 7 days of cultivatior
while a biomass of 6.34g/L was found whChlorella sp.
KKU-S2 was cultivated using GQrom ait (Fig. 5 and Table
2). A maximum lipid yield of 1.339L 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 da§ of cultivation by using CQ
from air. There are significant different of volumetric lig
production rate @p), specific product yiel((Yp/x), volumetric
cell mass production rateQf) and specific rate of lipic
production @) by using different source of C,. A high value
of all parameters was found when using, from mixing air
coupled with CQ@ emissionsfrom yeast fermentation f
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 obliquuand 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].
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Fig. 5 Biomass (aand lipid yielc (b) of Chlorella sp. KKU-S2 under
photoautotrophic cultivatioby using CQ coupled with CQ
emissiongrom 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 off. maleeaer30) while only 0.969g/L of lipid
yield was found fromChlorella sp. KKU-S2 using non-
integrated cultivation technig. 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 II

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
K (1/d) 0.28¢ 0.23¢
Qp 0.22: 0.194
Qx 1.15:2 1.089
Yeix 0.19¢ 0.178
Op 0.05¢ 0.042
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! Cultivation time for 5 day<, Cultivation time for 6 day
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microbial lipid from microalgae and oleaginous \tefas used

as potential feedstock for biodiesel production #recapture

of CO, emissions from the yeast fermentation stage [4, 5]
In conclusion, we present a cultivation techniqoe the

[11] Lee, J.M. (1992) Biochemical Engineering. Prentital international,

New Jersey, pp.138-148

[12] Wood A.M., Everroad R.C., Wingard L.M. (2005) Meesg growth

rates in microalgal cultures. In: Andersen RA, editAlgal culturing
techniques. Elsevier Academic Press. p. 269-285.

integrated growth and lipid production of yeast andt3] Richmond, A. (2004) Handbook of microalgal cultukgotechnology

microalgae. To our knowledge this is the uniqueorepbout
the microbial lipid production from locally photaatrophic
microalgae Chlorella sp. KKU-S2 and oleaginous yeabt

and applied phycology. Blackwell Science.

[14] Chiu, S.Y., Kao, C.Y., Chen, C.H., Kuan, T.C., O®C., Lin, C.S.

(2008) Reduction of COby a highdensity culture d@hlorella sp. in a
semicontinuous photobioreactor. Bioresour TechB@3389-3396.

maleeae Y30 in an integrated technique to improve thd15] Ratledge C., Wynn, J.P. (2002) The biochemistrymotecular biology

biomass and lipid yield using GOemissions from yeast
fermentation resulted to reduce cultivation cosisl also
remove and value-added of E@reenhouse gas, this process
could be so called that environmental friendly gss This
cultivation method will open new perspectives ine th
production of microbial lipid which could be usesl gotential
feedstock for biodiesel production. In further wsark
increasing of microalgal biomass and lipid yieldllwbe
investigated in a 20L photobioreactor via integiate
cultivation technique of photoautotrophic microaday using
CO, emissions from yeast fermentation and photoaytbtm
cultivation by using pure C{or CO, from flue gases and then
completed with the biodiesel production from migebhipid

via direct and indirect transesterification methods
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