International Journal of Biological, Life and Agricultural Sciences
ISSN: 2415-6612
Vol:6, No:4, 2012

Microbial Oil Production by Mixed Culture of
MicroalgaeChlorella sp. KKU-S2 and Yeast
Torulaspora maleea¥30

Ratanaporn Leesing, Rattanaporn Baojungharn, Thidarat Papone

Abstract—Compared to oil production from microorganisms, Mixotrophic cultivation is when microalgae undergo
little work has been performed for mixed culture of microalgae arphotosynthesis and use both organic compounds and inorganic
yeast. In this article it is aimed to show high oil accumulatiogarbon (CQ) as a carbon source for growth. Microalgae
pOtential of mixed culture of micr0a|gd:§"||0re||a Sp. KKU-S2 and ass|m||ate Organlc Compounds and m a Carbon source,
oleaginous yeadtorulaspora maleea¥30 using sugarcane molassesand the CQ released by microalgae via respiration will be
as substrate. The monoculture Tof maleeaeY30 grew faster than trapped and reused under phototrophic cultivation [3]. The

that of microalga€hlorella sp. KKU-S2. In monoculture of yeast, a ' . | haslorella. N hl .
biomass of 6.4g/L with specific growth ratg) (of 0.265 (1/d) and MOost common microalgae suc orella, Nannochloropsis

lipid yield of 0.466g/L were obtained, while 2.53g/L of biomass wittFP: P0SSess oil levels between 20% and 50%, along with
4 of 0.133 (1/d) and lipid yield of 0.132g/L were obtained fointeresting productl\_/ltle_s(;?hlorella appears in particular to be
monoculture ofChlorella sp. KKU-S2. The biomass concentration in@ good option for biodiesel production. Our study has proved
the mixed culture off. maleeaeY30 with Chlorella sp. KKU-S2 that Chlorella sp. KKU-S2 can grow under hetertrophic and
increased faster and was higher compared with that in timeixotrophic cultivations and accumulates much higher
monoculture and mixed culture of microalgae. In mixed culture gfroduction of lipids, and the components of fatty acid from
microalgaeChlorella sp. KKU-S2 andC. vulgaris TISTR8580, a  extracted lipid were palmitic acid, stearic acid, oleic acid and
biomass of 3.47g/L and lipid yield of 0.123 g/L were obtained. Ifjyolejc acid which similar to vegetable oils and suitable for
mixed culture ofT. maleeaeY30 with Chlorella sp. KKU-S2, a biodiesel production [4, 5].

maximum biomass of 7.33 g/L and lipid yield of 0.808g/L were . . .
obtained. Maximum cell yield coefficienlys, 0.229g/L), specific In the last decade there is a great attention on oleaglnoys
yield of lipid (Ypx 0.11g lipidig cells) andvolumetric lipid Yeasts because some of them are capable of accumulating
production rate@p, 0.115 g/L/d) were obtained in mixed culture oflarge amounts of lipids in their cells and the majority of these
yeast and microalgae. Clearly, maleeaeYSQ and (_Shlorella_ sp. lipids are comparable to vegetable oils [@]he locally
KKU-S2 use sugarcane molas_ses as organic nutrients efﬂmen_tly@mated yeastTorulaspora maleeaeY30 is a kind of
mixed _cglturg under mixotrophic growth. The_ biomass p_rOd“Ct'V,'t}Sleaginous yeast and our recent study has proved Tthat
and lipid vyield are notably enhanced in comparison with . ..
monoculture. maleeaeY30 can grow well and accumulate lipid efficiently
not only on glucose but also on sugarcane molasses and three

Keywords—Microbial oil, Chlorella sp. KKU-S2, Chlorella major constituent fatty acids df maleeaér30 were palmitic

vulgaris, Torulaspora maleea¢30, mixed culture, biodiesel. acid, stearic acid, and oleic acid that are comparable to
vegetable oils and could be used as potential feedstock for
|. INTRODUCTION biodiesel production [7].

OWADAYS, there has been an increasing interest in Currently, the cost of biodiesel produced from microbial oil
Nlooking for new oil feedstock for biodiesel productionis much higher than that of diesel derived from petroleum due

especially non-food feedstock to avoid the food-fuel conflicf® the lower culture process efficiency and higher cost of

Microbial oils production through fermentation usin Pfed.S’tOCk produc’Fion. Four stages are inyol\(ed in microa}lgal
oleaginous microorganisms involving yeasts, moulds, aré??d'es.el production system |_nclude cultivation, dewaterm_g,
) . " traction and transesterification. Each of the stages requires
microalgae, can t_Je an altemnative way to the traditional High energy thus contributes in high production cost [8]. Many
crop-pe_xsed pre_lctlce and are segn as non_-food fee(_jst hods and techniques, such as the use of bioreactors, the
promising candidates for the industrial production of biodiesgleotrophic and mixotrophic cultures of microalgae, the use
because of their advantages of higher biomass production gjqne inexpensive carbon substrates such as industrial wastes
faster growth compared to other energy crops [1]. Microalgg@d the mixed culture of microorganisms, have been
have the highest oil or lipid yield among various crop oils, angeveloped to reduce the costs of microbial oil production. Of
the compositions of oils are mainly triglyceride which is theénese techniques, the mixed culture of microorganisms is a
right kind of oil for producing biodiesel [2]. Microalgae mayconvenient solution for achieving the goals.
assume many types of metabolisms, such as photoautotrophidviixed cultures of microorganisms are common in natural
heterotrophic, mixotrophic and photoheterotrophic growthacological systems. They are often used for the treatment of
[3]. agro-industrial wastes, as well as for the production of
biomass and bioactive compounds. When using a mixed
culture, two or more preselected species of microorganism are
R Leesing is with the Micrabioloav Department. Faculty of Sci ‘h synchronously cultivated within the same medium, where
s S e s e o oS microorganisms can mutually exploit Gomplementary
fax: 0066-43-202-377; e-mail: ratlee@ kku.ac.th). metabolic activities to survive, grow, and reproduce [9]. In the
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carried out production of microbial lipids [3]. L&
information for microbial oil preparation is avdila on mixed
cultures of microalgae and yeast being used asidsied
feedstock. Therefore, the objective of this study tb
investigate the growth performance and microbials oi
production of mixed culture of oleaginous microarigms,

was mixed with sulfuric acid for final concentratiof 2%
(v/v). The mixture was treated in water baht at°@@or 20
min. After cooling, the liquid fraction was sepamt by
centrifugation in order to remove insoluble padcland
stored at 4C prior to use.

yeast and microalgae using sugarcane molassesrhsnca C.Microbial Oil Production

substrate, the by-product of sugary refinery andgare them
with those under monoculture conditions. To ourisalge
this is the first report about the lipid accumuigtiproperties
of locally microalgae Chlorella sp. KKU-S2 and the
oleaginous yeask. maleeaer30 cells in mixed culture using
sugarcane molasses as carbon substrate.

Abbreviations

P : Lipid concentration (g/L)

Qe : Volumetric lipid production rate (g/L/d)

Qs : Volumetric substrate consumption rate (g sulbestirad)
Qx : Volumetric cell mass production rate (g cells/L/d)
ge : Specific rate of lipid production (g lipid /g ¢=H)

gs : Specific rate of substrate consumption (g sulsyatells/ d)
S : Substrate concentration (g/L)

X : Cell mass concentration (g/L)

Yess : Process product yield (g lipid/g substrate)

Yeix : Specific yield of lipid (g lipid/g cells)

Yxs : Cell yield coefficient (g cells/g substrate)

W : Specific growth rate coefficient (1/d)

II. MATERIALS AND METHODS

A.Microorganisms and Culture Conditions
The microalgae Chlorella sp. KKU-S2 isolated from

freshwater taken from pond in the area of Khon Kaen

province, northeastern Thailand [4, 5], af@ vulgaris
TISTR8580 obtained from the Thailand Institute cfestific
and Technological Research (TISTR) were used farahial
oil production. The seed culture was pre-cultivdteBristol’s
medium supplemented with 20 g/L glucose afC3(n an
incubator shaker at a shaking speed of 150 rpr8 fiays and
continuous illuminated from overhead by 80W cooliteh
fluorescent lamps. The Bristol's medium was coesisof
(mg/L): NaNQ; 250, KHPO, 75, KHPO, 175, CaGl 25,
NaCl 25, MgSQ.7H,O 75, Fed 0.3, MnSQ.2H,O 0.3,
ZnSQ, 7H,O 0.2, HBO3 0.2, CuSQ5H,0 0.06, and pH was
adjusted to 6.0 before sterilization.

The oleaginous yea3t maleeaér30 used in this study was
isolated from soil samples taken from forest in #rea of
Chulabhorn Dam, Chaiyapoom Province Northeastern
Thailand [7]. T. maleeaeY30 was maintained on YM agar

Batch cultivations were performed in 500mL Erlenerey
flasks, each containing 200mL of medium supplentemigh
treated sugarcane molasses, flasks were inocuktadl 0%
(v/v) seed culture of yeast or microalgae and wcaltéd at
30°C in rotary shaker set to 150 rpm under continuous
illumination by using 80W cool-white fluorescentrips. The
experiments were performed in form of monocultufeach
T. maleeaeY30 andChlorella sp. KKU-S2, mixed culture of
T. maleea€eY30 with Chlorellasp. KKU-S2 and mixed culture
of Chlorellasp. KKU-S2 withC. vulgarisTISTR8580. All the
experiments were carried out in duplicate.

D.Analytical Methods

Duplicate samples were analyzed for cell dry weigtnid
residual glucose. The culture broth (5 mL) was rifergfed at
5,000 rpm for 5 min. The supernatant was analyzed
glucose concentration according to DNS method. ekted
biomass was washed twice with 5 mL of distilled avaand
then dried at 90°C to constant weight. The biomass
determined gravimetrically. The total lipids weretermined
by the modified method of Know and Rhee [10].

E. Determination of Growth Kinetic

In fermentation, variables which are of great raleme to
the economic evaluation of biotechnological preessare the
cell yield on a substrateYyy, specific growth rate ),
volumetric substrate consumption ra€g); specific substrate
consumption rateqf), product yield based on substra¥g,d),
specific product yieldYpx) and volumetric product formation
rate Qp). All these kinetic parameters have major
technological importance in up scaling the fermgota
process [11]. Volumetric lipid production rat€d) was
determined from a plot between lipids (g/L) anchfentation
time, process product yiel?{,s) was determined fromRidS,
and specific product vyield Ygx) was determined using
relationship &/dX, while volumetric rate of substrate
consumption Qs) was determined from a plot between
substrate (g/L) present in the fermentation mediand
fgrmentation time. Volumetric cell mass productiate Qx)
was determined from a plot of dry cells (g/L) veygime of

slant. The seed cultures were cultivated onto Lipifermentation (d). The specific growth ratg) (is the slope
accumulation (LA) medium supplemented with 20g/uagise determined by plotting the natural log of biomasssus time

at 30C in an incubator shaker at a shaking speed ofrA0
for 1 day. The LA medium was consisted of (g/L)H)SO,
0.1, KH,PQ, 0.4, MgSQ.7H,0 1.5, ZnSQ 0.0044, CaGl

0.0025, MnCJ 0.0005, CuS@0.0003 and yeast extract 0.75

and pH was adjusted to 5.0 before sterilization.

B.Raw Materials
The raw material used in this study was sugarcanlasses

collected from a local market in Khon Kaen province

Northeastern Thailand. The pre-treated sugarcanksses

while specific rate of lipid productiorgg) was a multiple ofd
andYpx.

Ill.  RESULTSAND DISCUSSION

The comparison of microbial oil production by monkare
and mixed cultures of oleaginous yeakt maleeaeY30,
microalgaeChlorellasp. KKU-S2 andC. vulgarisTISTR8580
using sugarcane molasses as carbon substrate loh bat
cultivations were investigated. Biomass, lipid glietesidue
sugar and pH of medium of pure and mixed cultures a
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presented Fig.1 and Table kt.is apparent that sugarca
molasses referceto reducing residue sugar was used me
for cell growth at the beginning of cell growth gk. The
monoculture of T. maleeaeY30 grew faster tharthat of
microalgaeChlorella sp. KKU-S2.In monoculture of yeast,
biomass of 6.4g/L with specific growthte of 0.265 (1/d) an
lipid yield of 0.466g/L were obtained, while 2.5Bgbf
biomass with specific growth rate of 0.133 (1/dd dipid
yield of 0.132g/L were obtained for monoculture
microalgaeChlorella sp. KKU-S2.

The biomass concentration in the mixed cultureT.
maleea€eY30 with Chlorella sp. KKU-S2 increased faster a
was higher compared with that in thmnccultures and mixed
culture of microalga€hlorella sp. KKU-S2 with C. vulgaris
TISTR8580. In mixed culire of microalgaeChlorella sp.
KKU-S2 andC. vulgaris TISTR8580Q a biomass of 3.47g/
and lipid yield of 0.123 g/L with specific growthate of 0.17¢
(1/d) were obtained. In mixed culture BfmaleeaeY30 with
Chlorella sp. KKU-S2, a maximum biomass alipid yield of
7.33 g/L and 0.808g/L with specific growth re(y, 1/d) of
0.285 were obtainedCultivation of monoculture oChlorella
sp. KKU-S2 showed low growth with a biomass of 2.53
with specific growth rateyf 1/d) of 0.133

Maximum cell yield coefficient Yy, g/L) was found of
0.229 in mixed culture of yeast with microal. The
maximum specific yield of lipid Ypx g lipid/gcells),
volumetric lipid production rateQs, g/L/d) of 0.11 and 0.11
were obtained, respectivell.is possible tht the microalgae
may function as an Oproducer in the mixed culture a
enhance the growth of yeast and the yeast proi CO, that
could be used by the microalgae under pautotrophic
cultivation. In the mixed culture, the metaboliaectons ol
both  CQ release and uptake were combined
complementary [12]. Photosynthesis generates oxyg
Dissolved oxygen (DO)evels much greater than the
saturation alues inhibit photosynthesis [|. Furthermore, a
high concentration of DOn combination with intense ligt
produces photooxidative damagenhicroalgal cells [14].To
prevent inhibition and damage, the maximum tolexablO
level should not generally exceed about 40% ofaiuratior
value [13].1t is therefore desirable to move CQ from the
yeast fermentation broth and,drom the photosyntheti

microalgae broth via mixed cultuod these two speci.
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Fig. 1Residue sugar (a), biomass centration (b), lipid yield (c)
and pH of medium (d) duringultivation ofpure and mixed cultures
of T. maleeaer30 (Y30),Chlorella sp. KKU-S2 (KKU-S2) andC.

vulgaris TISTR8580 (CV)using sugarcane molasses as ca
substrateat 3(°C, for 7 days

Dong and Zhao reported that the promotion effecl
growth in mixed cultures can be attributed to sigfitin situ
0O, and CQ transitions, since the microalgae acted as
oxygen generator for theoleaginous yeast, while the
oleaginous yeast produc€®, for the microalgae. As a result,
the stresses caused 630, on the yeast and ,Oon the
microalgae were alleviated. Thus, the growth coolét were
optimized for both species. Additionally, this sciéntin situ
transition may maintain an,/CO, balance that enhances the
photosynthesis of the microalgal5]. The cultivation of
microalgae, pH of mediurmcreased fron5.9 up to 8.1 for
mixed culture and from 5.9 up to 7.4 for monoc@. When
CO, dissolves in water at neutral pH, bicarbonate (%) is
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TABLE |
COMPARATIVE FERMENTATION KINETIC PARAMETERS OF BATCH
CULTIVATION OF YEAST AND MICROALGAE USING SUGARCANE MOLASSES

AS CARBON SUBSTRATE

Kinetic Microbial cultures
parameters  Y30! KKU-S22 Y30+ KKU-S2

KKU-S2°  +CV*
X 6.40 2.53 7.33 3.47
P 0.466 0.132 0.808 0.123
" 0.26¢ 0.13: 0.28¢ 0.17¢
Qs 4.916 2.870 4.581 3.487
Qx 0.914 0.361 1.048 0.495
(e3 0.067 0.01¢ 0.115 0.018
Yxis 0.186 0.126 0.229 0.142
Yeix 0.073 0.052 0.110 0.036
Yeis 0.014 0.007 0.025 0.005
Us 0.768 1.134 0.625 1.006
gp 0.019 0.007 0.031 0.006

1 Monoculture of T. maleeaé3o,

2 Monoculture of Chlorellasp. KKU-S2,

3 Mixed culture of T. maleea30 with Chlorella sp. KKU-S2,

4 Mixed culture of Chlorell@p. KKU-S2 withC. vulgarisTISTR8580

formed. During photosynthesis activity by microalg&iCG"
is converted to C®and hydroxide ion (OHl Therefore, when
CO, is consumed by microalgae, the Oid formed, and the
pH becomes more alkaline [16].

The maximum process product yiel®pf, 0.025) was
obtained from mixed culture of yea$t maleeaeY30 with
microalgaeChlorella sp. KKU-S2, followed byT. maleeae
Y30 (Yps 0.014),Chlorella sp. KKU-S2 {ps 0.007), and
mixed culture of microalga€hlorella sp. KKU-S2 withC.

vulgaris TISTR8580 ¥es 0.005). The obtained result

presented that mixed culture of yeast with micraalgs a
desirable cultivation process for microbial oil guoztion
under mixotrophic cultivation. However, the procgseduct

yield (Yp/s) obtained in batch fermentation by mixed cultufe o

yeast with microalgae quite low, suggesting toiclift for up

scaling of lipid production by microalgae due tghhisubstrate
consumption rate. To solve these phenomena, furfiber
batch fermentation should investigated with initieirogen-
rich medium to obtain high biomass or high cellsignat the
early stage of cell growth, then high concentratdrcarbon
source will feed onto culture medium for stimuldte cellular
lipid accumulation. Fed-batch fermentation modegehlaeen
widely applied for microbial lipid productio17]. The

experimental obtained results suggested that mieradil

production from mixed culture can be performed watver

cost production process using sugarcane molassearhsn
substrate. In conclusion, this mixed culture of tieaginous
yeastT. maleeaeY30 and microalga€hlorella sp. KKU-S2
strategy led to significant improvements in growbipmass
concentration and lipid yield, which means that enbiomass
will be achieved in a given time when compared wiitle

biomass achieved in monocultures. In further workp;

scaling of microbial oil production will be invegtited via
mixed culture of microalgae with yeast and complevgth

the production of biodiesel from microbial oil virect and
indirect transesterification methods.
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