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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
poten_tial of mixed culture of microalg@lo_rella sp. KKU-S2 and agsimilate organic compounds and .C& a carbon source,
oleaginous yeaStorulaspora maleea¥30 using sugarcane molassesand the CQ released by microalgae via respiration will be

as substrate. The monoculture Tof maleeaeY30 grew faster than . -
that of microalgae€hlorella sp. KKU-S2. In monoculture of yeast, atrapped and reused under phototrophic cultivation [3]. The

biomass of 6.4g/L with specific growth ratg) (of 0.265 (1/d) and MOSt COMMON microalgae Su‘:h@blorf"a' Nannofh'orc’ps's .
lipid yield of 0.466g/L were obtained, while 2.53g/L of biomass witP- P0OSsess oil levels between 20% and 50%, along with
u of 0.133 (1/d) and lipid yield of 0.132g/L were obtained fodnteresting productl\_/ltlgithlorella 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 theixotrophic cultivations and accumulates much higher
monoculture and mixed culture of microalgae. In mixed culture gdroduction of lipids, and the components of fatty acid from
microalgaeChlorella sp. KKU-S2 andC. vulgaris TISTR8580, & 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. Ifjyo|ejc acid which similar to vegetable oils and suitable for
mixed culture of T. 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 In the last d de th . t attenti | .
obtained. Maximum cell yield coefficienYys, 0.229g/L), specific n the last decade there IS a great attenton on oeaglno_us
yield of lipid (Ye 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, maleeaeY30 and Chlorella sp. lipids are comparable to vegetable oils [6]he locally
KKU-S2 use sugarcane molasses as organic nutrients efficientlyjgplated yeastTorulaspora maleeaeY30 is a kind of
mixed _cglturg under mixotrophic growth. The' biomass prOd“Ct"’_'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 i maleeae/30 were palmitic

vulgaris, Torulaspora maleeaé30, mixed culture, biodiesel. acid, stearic acid, and oleic acid that are comparable to
vegetable oils and could be used as potential feedstock for
I. INTRODUCTION biodiesel production [7].

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

looking for new oil feedstock for biodiesel production he | | tici 4 high ;
especially non-food feedstock to avoid the food-fuel conflicf the lower culture process efficiency and higher cost o

Microbial oils production through fermentation using eedstock production. Four stages are involved in microalgal
biodiesel production system include cultivation, dewatering,

olgaglnous microorganisms myolvmg yeasts, mogl_ds, a %traction and transesterification. Each of the stages requires
microalgae, can t_)e an alternative way to the traditional h energy thus contributes in high production cost [8]. Many
crop-based practice and are seen as non-food feedstgeki, gs and techniques, such as the use of bioreactors, the
promising candidates for the industrial production of biodiesglerotrophic and mixotrophic cultures of microalgae, the use
because of their advantages of higher biomass production &jqne jnexpensive carbon substrates such as industrial wastes
faster growth compared to other energy crops [1]. Microalgag@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 théhese 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 photoautotrophidvlixed cultures of microorganisms are common in natural
heterotrophic, mixotrophic and photoheterotrophic growthascological 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 Microbioloav Denartment. Faculty of Sci Kh synchronously cultivated within the same medium, where
e e ot Scnce fhese microorganisms can mutualy exploit complemenary
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carried out production of microbial lipids [3]. H&
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

was mixed with sulfuric acid for final concentrati@f 2%
(viv). 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 padgcland

investigate the growth performance and microbials 0i gi5req at 2C prior to use.

production of mixed culture of oleaginous microorigans,

yeast and microalgae using sugarcane molassesrasnca C.Microbial Oil Production

substrate, the by-product of sugary refinery anugare them
with those under monoculture conditions. To ourlealge

this is the first report about the lipid accumulgtiproperties
of locally microalgae Chlorella sp. KKU-S2 and the
oleaginous yeasE. maleeaer30 cells in mixed culture using
sugarcane molasses as carbon substrate.

Abbreviations

P : Lipid concentration (g/L)

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

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

(s : Specific rate of substrate consumption (g subsyatells/ 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)

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

W : Specific growth rate coefficient (1/d)

Il. 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], am@l vulgaris
TISTR8580 obtained from the Thailand Institute ofeftific
and Technological Research (TISTR) were used farohial
oil production. The seed culture was pre-cultivateBristol’'s
medium supplemented with 20 g/L glucose atC3@n an
incubator shaker at a shaking speed of 150 rpr8 fiays and
continuous illuminated from overhead by 80W coolteh
fluorescent lamps. The Bristol's medium was coesisof
(mg/L): NaNG; 250, KHPO, 75, KH,PO, 175, Cad 25,
NaCl 25, MgSQ7H,O 75, Fed 0.3, MnSQ.2H,O 0.3,
ZnSQ, 7H,0 0.2, BBO3 0.2, CuSQ.5H,0 0.06, and pH was
adjusted to 6.0 before sterilization.

The oleaginous yea3t maleeaer30 used in this study was
isolated from soil samples taken from forest in #rea of
Chulabhorn Dam, Chaiyapoom Province Northeastern

Batch cultivations were performed in 500mL Erlenerey
flasks, each containing 200mL of medium supplenemiih
treated sugarcane molasses, flasks were inocuktbd10%
(v/v) seed culture of yeast or microalgae and waléd 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. maleeaeY30 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 weigimd
residual glucose. The culture broth (5 mL) was riferged at
5,000 rpm for 5 min. The supernatant was analyzed f
glucose concentration according to DNS method. etted
biomass was washed twice with 5 mL of distilled evaand
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 ralee to
the economic evaluation of biotechnological preessare the
cell yield on a substrateYys, specific growth rate ),
volumetric substrate consumption ra€@); specific substrate
consumption rategf), product yield based on substraig,d),
specific product yieldYp;x) and volumetric product formation
rate Qp). All these kinetic parameters have major
technological importance in up scaling the fermgéota
process [11]. Volumetric lipid production rat€d) was
determined from a plot between lipids (g/L) andhientation
time, process product yieltY{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 Qy)

Thailand [7]. T. maleeaeY30 was maintained on YM agar Was determined from a plot of dry cells (g/L) verdime 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 ofrp0 while specific rate of lipid productiorgg) was a multiple oft

for 1 day. The LA medium was consisted of (g/L)HJ}SO,
0.1, KH,PO, 0.4, MgSQ.7H,O 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 sugarcavlasses

collected from a local market in Khon Kaen province

Northeastern Thailand. The pre-treated sugarcanksses
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andYpx.

I1l.  RESULTSAND DISCUSSION

The comparison of microbial oil production by moaokere
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 giefesidue
sugar and pH of medium of pure and mixed cultunes a
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presented Fig.1 and Table I.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 growtate 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/d}ddipid
yield of 0.132g/L were obtained for monoculture
microalgaeChlorellasp. 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 thrnccultures and mixed
culture of microalga€hlorella sp. KKU-S2 with C. vulgaris
TISTR8580. In mixed culire of microalgaeChlorella sp.
KKU-S2 andC. vulgaris TISTR858Q a biomass of 3.47¢g/
and lipid yield of 0.123 g/L with specific growthate of 0.17¢
(1/d) were obtained. In mixed culture BfmaleeaeY30 with
Chlorellasp. 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 ratey 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 Yex g lipid/gcells),
volumetric lipid production rateQp, g/L/d) of 0.11 and 0.11
were obtained, respectivellt.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 metaboliactons of
both CQ release and uptake were combined
complementary [12]. Photosynthesis generates oxyc
Dissolved oxygen (DO)evels much greater than the
saturation alues inhibit photosynthesis []. Furthermore, a
high concentration of DOn combination with intense ligt
produces photooxidative damagenticroalgal cells [14].To
prevent inhibition and damage, the maximum tolerablO
level should not generally exceed about 40% ofaiuratior
value [13].1t is therefore desirable to move CQ from the
yeast fermentation broth and, @rom the photosyntheti
microalgae broth via mixed cultucé these two speci.
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Fig. 1Residue sugar (a), biomass centration (b), lipid yield (c)
and pH of medium (d) durincultivation ofpure and mixed cultures
of T. maleeaer30 (Y30),Chlorella sp. KKU-S2 (KKU-S2) ancC.

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

Dong and Zhao reported that the promotion effect
growth in mixed cultures can be attributed to sigfitin situ
O, 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 I§C, on the yeast and ;Oon the
microalgae were alleviated. Thus, the growth coowlit 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 mediunmncreased 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 (I*) 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-S2° Y30+ KKU-S2

KKU-S2°  +CVv*
X 6.40 2.53 7.33 3.47
P 0.466 0.132 0.808 0.123
U 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
Qr 0.067 0.01¢ 0.115 0.018
Yis 0.186 0.126 0.229 0.142
Yeix 0.073 0.052 0.110 0.036
Yers 0.014 0.007 0.025 0.005
s 0.768 1.134 0.625 1.006
gp 0.019 0.007 0.031 0.006

! Monoculture of T. maleea¢30,

2 Monoculture of Chlorellasp. KKU-S2,

3 Mixed culture of T. maleeaé30 with Chlorella sp. KKU-S2,

4 Mixed culture of Chlorellasp. KKU-S2 withC. vulgarisTISTR8580

formed. During photosynthesis activity by microalg&dCO"

is converted to C®and hydroxide ion (OBl Therefore, when
CO, is consumed by microalgae, the Old 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 g 0.007), and
mixed culture of microalga€hlorella sp. KKU-S2 withC.
vulgaris TISTR8580 ¥ps 0.005). The obtained
presented that mixed culture of yeast with micraalds a
desirable cultivation process for microbial oil guztion
under mixotrophic cultivation. However, the processduct

yield (Yp,9) 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 (13]

consumption rate. To solve these phenomena, furfir
batch fermentation should investigated with initiarogen-
rich medium to obtain high biomass or high cellsignat the
early stage of cell growth, then high concentratiércarbon
source will feed onto culture medium for stimuldie cellular
lipid accumulation. Fed-batch fermentation modegehlaeen
widely applied for microbial lipid productiofl7]. The
experimental obtained results suggested that mierodal

production from mixed culture can be performed witver
cost production process using sugarcane molassearbsn
substrate. In conclusion, this mixed culture of tieaginous
yeastT. maleeaeY30 and microalga€hlorella sp. KKU-S2
strategy led to significant improvements in growipmass
concentration and lipid yield, which means that enbiomass
will be achieved in a given time when compared vittle
biomass achieved in monocultures. In further workp;

scaling of microbial oil production will be invegtted via
mixed culture of microalgae with yeast and compmletéth

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