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Mixed Cultures of Microalgae and Oleaginous
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Abstract—Monoculture and mixed cultures of microalgae and
the oleaginous yeast for microbia oil productions were investigated
using sugarcane juice as carbon substrate. The monoculture of yeast
Torulaspora maleeae Y 30, Torulaspora globosa YU5/2 grew faster
than that of microalgae Chlorella sp. KKU-S2. In monoculture of T.
maleeae Y30, a biomass of 8.267g/L with lipid yield of 0.920g/L
were obtained, while 8.333g/L of biomass with lipid yield of
1.141g/L were obtained for monoculture of T. globosa YU5/2. A
biomass of 1.933g/L with lipid yield of 0.052g/L was found for
monoculture of Chlorella sp. KKU-S2. The biomass concentration in
the mixed culture of the oleaginous yeast with microa gae increased
faster and was higher compared with that in the monocultures. A
biomass of 8.733g/L with lipid yield of 1.564g/L was obtained for a
mixed culture of T. maleeae Y30 with Chlorella sp. KKU-S2, while
8.010g/L of biomass with lipid yield of 2.424g/L was found for
mixed culture of T. globosa YUS5/2 with Chlorella sp. KKU-S2.
Maximum cell yield coefficient (Yy/s, g/L) was found of 0.323 in
monoculture of Chlorella sp. KKU-S2 but low level of both specific
yield of lipid (Ypx, g lipid/ig célls) of 0.027 and volumetric lipid
production rate (Qp, g/L/d) of 0.003 were observed. While, maximum
Yeix (0.303), Qp (0.105) and maximum process product yield (Ypys,
0.061) were obtained in mixed culture of T. globosa YU5/2 with
Chlorella sp. KKU-S2. The results obtained from the study shows
that mixed culture of yeast with microalgae is a desirable cultivation
process for microbial oil production.

Keywords—Microbial oil, Chlorella sp. KKU-S2, Torulaspora
maleeae Y 30, Torulaspora globosa Y U5/2, mixed culture, biodiesel.

|. INTRODUCTION

URRENT biodiesel production methods require the

increasing amounts of arable land which compete with
terrestrial  fuel crops, heightening concern over food
affordability. Microorganisms offer a unique aternative as it
does not compete with agricultural food production. Microbial
oils, lipid produced from many oleaginous microorganisms
involving yeasts, moulds, and microagae, which have ability
to accumulate lipids over 20 % of their biomass, are seen as
non-food feedstock promising candidates for the production of
biodiesdl because of their similar fatty acid composition to that
of vegetable oils, the culture of these microbe species is
affected neither by seasons nor by climates and can
accumulate lipids within a short period of time as well as grow
well on a variety of substrates [1, 2]. Microalgae have the
potential to generate significant quantities of biomass and oil
suitable for conversion to biodiesdl.
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Microalgae may assume many types of metabolisms, such
as photoautotrophic, heterotrophic, mixotrophic and
photoheterotrophic growths [3]. Mixotrophic cultivation is
when microalgae undergo photosynthesis and use both organic
compounds and inorganic carbon (CO,) as a carbon source for
growth. Microalgae assimilate organic compounds and CO, as
a carbon source, and the CO, released by microalgae via
respiration will be trapped and reused under phototrophic
cultivation [3, 4].

Many microalgal species can be induced to accumulate
substantial contents of lipids. The cellular lipid content in
microalgae reaches 75% in Botryococcus braunii, but is
associated with a low productivity of biomass [5]. The
microalgae Chlorella sp., especialy C. protothecoides and C.
vulgaris are two widely available microagae strains in the
commercial applications. They showed great potentids as
future industrial biodiesel producers due to their high growth
rate, and their high oil contents and they can be cultured both
under photoautotrophic and heterotrophic growths. However,
the locally microalgae Chlorella sp. KKU-S2 can grow under
photoautotrophic, heterotrophic and mixotrophic conditions
and accumulates much higher production of lipids, and the
components of fatty acid from extracted lipid were palmitic
acid, stearic acid, oleic acid and linoleic acid which similar to
vegetable oils and suitable to biodiesel production [6, 7, 8].

In the last decade there is a great attention on oleaginous
yeasts because some of them are capable of accumulating
large amounts of cellular lipids with characteristics similar to
vegetable oil and it also has a high growth rate and can be
cultured in a single medium with low cost substrate [9]. Some
oleaginous yeast dtrains, such as Rhodosporidium sp.,
Rhodotorula sp., can accumulate intracellular lipids to level
exceeding 70% of their biomass under nutrient limitation
condition [10]. Our recent study has proved that locally
oleaginous yeast Torulaspora maleeae Y 30 and Torulaspora
globosa Y U5/2 can grow well and accumulate lipid efficiently
not only on glucose but also on sugarcane molasses and three
major congtituent fatty acids of lipids were palmitic acid,
stearic acid, and oleic acid that are comparable to vegetable
oils[11, 12].

However, to expand this novel feedstock, research and
development is needed in several domains, from the selection
of suitable strains to the optimization of production process as
well as the low cost of cultivation process to obtain a large
amount of biomass and lipid productivity. Many methods and
techniques, such as the use of bioreactors, the heterotrophic
and mixotrophic cultures of microalgae, the use of the
inexpensive carbon substrates such as industrial wastes and
the mixed culture of microorganisms, have been developed to
reduce the costs of microbia oil production. Of these
techniques, the mixed culture of microorganisms is a
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convenient solution for achieving the goals. Mixedtures of supplemented with 20g/L glucose at’@0in an incubator
microorganisms are common in natural ecologicatesys. shaker at a shaking speed of 150 rpm for 1 day. OAe
They are often used for the treatment of agro-itvtils medium was consisted of (g/L): (N2SQ, 0.1, KHPQ, 0.4,
wastes, as well as for the production of biomasklaoactive MgSO,.7H,0 1.5, ZnSQ 0.0044, CaGl 0.0025, MnCl
compounds. When using a mixed culture, two or morg.0005, CuS@® 0.0003 and yeast extract 0.75 and pH was

preselected species of microorganism are syncheouagjusted to 5.0 before sterilization.
cultivated within the same medium, where these

microorganisms can mutually exploit complementary B.Raw Materials
metabolic activities to survive, grow, and reproglyt¢3]. In The raw material used in this study was sugarcaie j
the mixed culture of yeast and microalgae, undewtrophic  collected from a local market in Khon Kaen province
culture, microalgae could act as an oxygen genefatothe Northeastern Thailand. The pre-treated sugarcaite jwas
yeast while the yeast provided €@ microalgae and both mixed with sulfuric acid for final concentration 886 (v/v).
carried out production of microbial oils [4]. The mixture was treated in water baht at °ID@or 20 min.
Although the fact that growth is prompted when wiédgae After cooling, the liquid fraction or sugarcane dei
and oleaginous yeast are mixed culture in the sae@ium hydrolysate (SJH) was separated by centrifugatioorder to

was confirmed in other fields [13, 14], little imfoation for remove insoluble partic'es and Stored‘m@rior to use.
microbial oil preparation is available on mixed taués of

microalgae and yeast being used as biodiesel fesdstlere, C.Microbial Oil Production by Pure and Mixed Cultures

we have developed an approach for the production ofBatch cultivations were performed in 1000mL Erleyere
microbial oils by mixed culture of microalgdehlorella sp. flasks, each containing 500mL of medium supplentemtith
KKU-S2 and the oleaginous yeas®s maleeaeY30, T. treated sugarcane juice or SJH, flasks were intedilavith
globosaYU5/2 using sugarcane juice as carbon substrate, a10% (v/v) seed culture of yeast or microalgae antivated at
compare them with those under monoculture or PUFRyYC in rotary shaker set to 150 rpm under continuous

conditions. illumination by using 80W cool-white fluorescentrips. The
. experiments were performed in form of pure culiofreachT.
Abbreviations maleeaeY30, T. globosaYU5/2 andChlorella sp. KKU-S2,

P : Lipid concentration (g/L)

Qu  Volumetric lipid production rate (g/L/d) mixed culture ofChlorella sp. KKU-S2 withT. maleeaeY30

Qs : Volumetric substrate consumption rate (g subsficzd) and mixed culture o€hlorella sp. KKU-S2 withT. globosa

Qx : Volumetric cell mass production rate (g cellsi)L/ YUS/2.
Op: Spec_ifjc lipid production rate_ (g lipid /g céliy D.Analytical Methods
(s : Specific substrate consumption rate (g subgtratells/d)

S: Substrate concentration (g/L) Duplicate samples were analyzed for cell dry weigimd

X : Cell mass concentration (g/L) residual glucose. The culture broth (5 mL) was mferged at

Yess: Process product yield (g lipid/g substrate) 5,000 rpm for 5 min. The supernatant was analyzed f

Ypix : Specific yield of lipid (g lipid/g cells) glucose concentration according to DNS method [15].

Yws: Cell yield coefficient (g cells/g substrate) Harvested biomass was washed twice with 5 mL dflldid

u: Specific growth rate coefficient (1/d) water and then dried at 90°C to constant weighe Blomass
was determined gravimetrically. The total lipids reve

Il. MATERIALS AND METHODS determined by the modified method of Know and R1&.
A.Microorganisms and Culture Conditions E. Determination of Growth Kinetic

The microalgae Chlorella sp. KKU-S2 isolated from | fermentation, variables which are of great rafee to
freshwater taken from pond in the area of Khon Kaefhe economic evaluation of biotechnological preessare the
province, northeastern Thailand [6], was u_sed farobial oil g yield on a substrateYgd, specific growth rate W),
production. The seed culture was pre-cultivated @ristol's  ,o|ymetric substrate consumption ra@sy specific substrate
medium supplemented with 20 g/L glucose atC3tn an  consumption rateq), product yield based on substraved),
incubator shaker at a shaking speed of 150 rpr8 ftays and  gpecific product yieldYp) and volumetric product formation
continuous illuminated from overhead by 80W coolt@h | 5ia Qo). Al these kinetic parameters have major
quore§cent lamps. The Bristol's medium Contai”d“bttechnological importance in up scaling the fermtota
following components (mg/L): NaNO250, KHPO, 75,  phrocess [17]. Volumetric lipid production ratedd was
KH2PGQ, 175, CaCl 25, NaCl 25, MgSQ7H,0 75, and FeCI2 getermined from a plot between lipids (g/L) andifentation
0.3, MnSQ.2H,0 0.3, ZnSQ@ 7H20_ 0.2, HBO; 0.2, {ime, process product yiel?{) was determined fromRidS,
CuSQ.5H,0 0.06, and pH was adjusted to 6.0 beforgng specific product yield Ygy) was determined using
sterilization. relationship @/dX, while volumetric rate of substrate

The oleaginous yeast$. maleeaeY30 and T. globosa consumption Q) was determined from a plot between
YUS5/2 used in this study were isolated from soimptes g pstrate (g/L) present in the fermentation mediand
taken from forest in the area of Chaiyapoom andritliani  fermentation time. Volumetric cell mass productiate Q)
Provinces Northeastern of Thailand [11, 12]. Thedseultures was determined from a plot of dry cells (g/L) vexdime of

were cultivated onto Lipid accumulation (LA) mediumfermentation (d). The specific growth ratg) (is the slope
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determined by plotting the natural log of biomasssus time
for each substrate concentration during the initihase o
exponential growth before the substrate conceboir
decreases significantly while specific rate lipid production
(ge) was a multiple oft andYpx.

I1l.  RESULTSAND Discussionr

The production of microbial oil vigpure or monoculture
and mixed cultures of theleaginous yeas T. maleea€y30,
T. globosaYU5/2 and microalgaeChlorella sp. KKU-S2
using SJHas carbon substrate by batch cultivaticwere
investigated. Biomass, lipid yield andresidue sugar of
monocultureand mixed cultures are presented Fig.1 and T
1. It is apparent that SJt¢ferred to reducing sugar was u:
mainly for cell growth at théeginning of cell growth pha.
The monoculture of. maleeaér30, T. globos: YU5/2 grew
faster than that of microalg&hlorellasp. KKU-S2.

In monoculture of yeasT. maleeaeY30, a biomass of
8.267g/L with specific growth rate d3.352(1/d) and lipid
yield of 0.920g/L were obtained, whi&33:g/L of biomass
with specific growth rate of 0.358l/d) and lipid yield o
1.141dL were obtained for monoculture T. globosaYU5/2.
A biomass of 1.93@L with specific growth rate c0.110(1/d)
and lipid yield of 0.058/L were found for monoculture i
Chlorella sp. KKU-S2.

The biomass concentration in the mixed culturethe
oleaginous yeast with microalga€hlorella sp. KKU-S2
increased faster and was higher compared with ithahe
monocultures. A biomass of 8.798 with specific growtt
rate () of 0.361 (1/d) and lipid yield of1.564g/L were
obtained for a mixed culture of yeabt maleeaeY30 with
Chlorella sp. KKU-S2, while 8.01¢/L of biomass witt
specific growth rate of 0.347(1/é)nd lipid yield of2.424g/L
were found for mixed culture of yeagt globosi YU5/2 with
microalgaeChlorella sp. KKU-S2.

Maximum cell yield coefficient Yys, g/L) was found of
0.323 in monoculture of microalg&hlorella sp. KKU-S2 but
with low level of bothspecific yield of lipid Yp, g lipid/g
cells) of 0.027 andolumetric lipid production rateQp, g/L/d)
of 0.003 were observed. While aximumYpy, g lipid/g cells)
and Qp of 0.303 and 0.1® were obtaine, respectively, in
mixed culture of yeasW. globosaYU5/2 with microalgae
Chlorellasp. KKU-S2.

The maximum process product yiellYps 0.061) was
obtained from mixed culture of yeast globos: YU5/2 with
microalgaeChlorella sp. KKU-S2, followed b mixed culture
of yeastT. maleeaeY30 with microalgaeChlorella sp. KKU-
S2 (Ypis 0.039), pure culture off. globose YU5/2 (Ypss
0.034), pure culture of. maleea€eY30 (Yps, 0.026), and pure
culture ofChlorellasp. KKU-S2 {55, 0.009).
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Fig. 1Residue sugar (a), biomass centration (b), lipid yield (c)
during cultivation ofpure and mixecwcultures ofT. maleeaér’30
(Y30), T. globosaru5s/2 (U5/2). Chlorellasp. KKU-S2 (KKU)

using SJHas carbon substraat 3C°C, for 7 days

It is possiblethat the microalgae may function as a,
producer in the mixed culture and enhance the dgrofyeas
and the yeast produced 1, that could be used by the
microalgae under photoattophic cultivation. In the mixe
culture, the metabolic reactions of h CGO, release and
uptake were combined and complementa8].

161



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

TABLE | fed-batch fermentation should investigated with tiahi
COMPARATIVE FERMENTATION KINETIC PARAMETERS OF BATCH nitrogen-rich medium to obtain high biomass or higgil
CULTIVATION OF THE OLEAGINOUS YEASTSAND MICROALGAE ON CULTURE H .
MEDIUM USING SUGARCANE JUICE AS CARBON SUBSTRATEAT 30°C denSIty at_ the early stage Of. cell grOWth' ther_1 hhlg
concentration of carbon source will feed onto a@ltmedium

E;Tiﬂfeters Microbial cultures for stimulate the cellular lipid accumulatioXiong et al. [25]
Y30 U5/Z KKU KKU+Y30"  KKU+U5/2° reported that cell density &hlorella protothecoidesachieved
X 8.267 8.333 1.933 8.733 8.010 was 16.8 g/L in a 5-L bioreactor for 184 h of odfion time
P 0.920 1141  0.052 1.564 2.424 by performing fed-batch culture with lipid conteraf
H 0352 0353  0.110 0.361 0.347 50.3%cell dry weight using glucose as carbon soufegl-
Qs 587f 5621 - 0.99¢ 6.64¢ 6.63¢ batch fermentation modes have been widely applied f
Qr 0.153  0.190  0.009 0.261 0.404 . A X
oy 1378 1389 0322 1.456 1.335 microbial lipid production. Although the researcim the
Yuis 0235  0.247  0.323 0.219 0.201 production of biodiesel from microbial oil is enaoos, this
Yeix 0.111  0.137  0.027 0.179 0.303 system appears not economically viable in the ourre
Yors 0.026  0.034  0.009 0.039 0.061 environment because it provides higher costs wiemparing
gi g:gég 09&785 0%8;5 0.867561 0‘100'229 yvith conventional fuels bpt there are many methads
improve the low cost of microbial oil productionogesses.
For example, the more economic carbon source shoeld
;Pure culture of T. maleeaéso, employed to take the place of pure glucose or secrms
3E3:2 gz::zi 8;2%'%?;'3;‘;”&20_52 substrate such as sweet potato, Jerusalem articlsvkest
“MixedcuItureofChIoreIIa;;;. KKU-S2with T. maleeaér30, §orghum or other .non'foo,d ag_rlc.u'tural products,roag
5 Mixed culture of Chlorellap. KKU-S2 withT. globosaYU5/2 industrial waste residues, i.e. distillery slop ,[126]. In

addition, potential and realistic progress in tfarmging of

Nannochloropsis oculataexhibited increases in biomasslignocellulosic materials to fermentable carbonrses might
and lipid content when the GQ@oncentration supplied was provide an optimal way to reduce the cost of mitbbils
increased [19]; similarly, Chlorella kessleri showed a production. Process engineering that leads to aehigpid
particularly high potential for bio-fixation of G(20]. When production rate and cellular lipid content may atemtribute
oleaginous microorganisms are grown with an excess dih this regard. Thus, to realize the large-scaledpction of
carbon (inorganic and organic carbon) and limitedrgity of ~biodiesel from microbial oils, it was necessary diotain a
nitrogen referred to low level of carbon to nitrogéC/N) large amount of biomass and lipid yield via optimal
ratios, they may accumulate high concentration elfuar fermentation process such as mix cultivation, fatth
lipid. Cultivation of oleaginous microorganisms, twilow fermentation as well as the low cost of cultivatiprocess.
nitrogen in the medium, results to the decreash®factivity The following conclusions can be drawn from thisdst, the
of nicotinamide adenine dinucleotide isocitrateythgenase oleaginous yeasI. globosaYU5/2 and microalga€hlorella
(NADIDH) then the tricarboxylic acid cycle is repsed, Sp. KKU-S2 use sugarcane juice as organic nutrients
metabolism pathway altered and protein synthesispstd and efficiently in mixed culture under mixotrophic grtw The
lipid accumulation is activated [21Photosynthesis generatesbiomass productivity and lipid yield are notablyhenced in
oxygen and dissolved oxygen levels much greater tha air comparison with monoculture. To our knowledge tisighe
saturation values inhibit photosynthesis [22]. Rermore, a Uunique report about the production of microbial fodm T.
high concentration of dissolved oxygen in combirtivith ~ globosaYU5/2 andChlorella sp. KKU-S2 via mixed culture
intense light produces photooxidative damage toraalgal USing sugarcane juice as substrate. In further syankreasing
cells [23]. It is therefore desirable to remove C®om the of biomass and lipid yield will be investigatedariOL reactor
yeast fermentation broth and,Grom the photosynthetic Via mix cultivation of mixotrophic microalgae witlyeast
microalgae broth. The promotion effect on growthniixed fermentation using inexpensive raw materials byctaand
cultures can be attributed to sufficieint situ O, and CQ fed-batch cultivation modes and fatty acids probfemixed
transitions, since the microalgae acted as an oxggaerator microbial lipid of yeast with microalgae will beuslied, then
for the oleaginous yeast, while the oleaginous typesduces completed with the production of biodiesel from rolgial oil
CO, for the microalgae. As a result, the stressesethily Via one-step and two-step transesterification reast
CO; on the yeast and n the microalgae were eliminated.
Thus, the growth conditions were optimized for bsgecies. ACKNOWLEDGMENT
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