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Abstract Mix cultivation of microalgae (Spirulina platensis) and yeast (Rhodotorula
glutinis) for lipid production was studied. Mixing cultivation of the two microorganisms
significantly increased the accumulation of total biomass and total lipid yield. Dissolved
oxygen and medium components in the mixed fermentation medium were analyzed. Mix
cultivation in monosodium glutamate wastewater was further studied. Result indicated
1,600 mg/L of biomass was obtained and 73% of COD were removed.
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Introduction

Researches concerning lipid production by microorganisms were stimulated decades ago
with the increasing shortage of crude oil [1, 2]. Lipid produced by microorganisms was not
only an alternative of crude oil, but also could be used as a raw material of biodiesel, which
was a promising alternative fuel in the future [3, 4]. Compared with traditional techniques
of lipid production (using vegetables or beans), using microorganisms to produce lipid has
many merits such as less affected by the territory and climates than plants, more abundant
and cheaper substrate needed, and so on [5].

Numerous studies on lipid production by microorganisms have been documented ever
since World War I. Several kinds of microorganisms (fungi, bacteria, microalgae, etc.) were
reported to have the ability to produce lipid. According to Seraphim Papanikolaou [6],
single-cell oil was obtained when fungal mycelia was cultivated in high-sugar and nitrogen-
limited media. Yen-Hui Lin [7] used marine microalgal strain Isochrysis galbana to
produce docosahexaenoic acid. Stredansky [8] studied the production of polyunsaturated
fatty acids by oleaginous fungus in solid-state cultivation. Wenmin Peng [9] investigated
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the pyrolytic characteristics of Spirulina platensis and Chlorella protothecoides as
renewable energy source. Lipid production by S. platensis [9–11] or Rhodotorula glutinis
[3, 12] has been elaborately studied; however, few have focused on mix cultivation of
different strains to produce lipid. In addition, Jose [13] reported that mix cultivation of
S. platensis and lactic acid bacteria could boost biomass accumulation. Thus, herein for
the first time, we tried the mix cultivation of S. platensis and R. glutinis for lipid production.
The aim of this study is to discuss a new method of producing lipid to increase lipid content
and to decrease the cost of raw materials by utilizing the reciprocity between the strains in the
mixed culturing system or even in monosodium glutamate wastewater.

Materials and Methods

Strains

The S. platensis (UTEX 1926) and R. glutinis (2.541) used were stored in our laboratory
after being provided by Institute of Process Engineering, Chinese Academy of Sciences and
China National Research Institute of Food and Fermentation Industry.

Culture Media

Medium I Yeast medium (in grams per liter) [12]: industrial glucose, 40; yeast extract, 1.5;
(NH4)2SO4, 2; KH2PO4, 7; Na2SO4, 2; MgSO4·7H2O, 1.5; initial pH=5.5.

Medium II Zarrouk medium (in grams per liter) [14]: NaHCO3, 16.8; K2HPO4, 0.5;
NaNO3, 2.5; NaCl, 1.0; MgSO4·7H2O, 0.2; K2SO4, 1.0; FeSO4·7H2O, 0.01; ethyl-
enediaminetetraacetic acid (EDTA), 0.08; CaCl2, 0.004; H3BO3, 0.00286; (NH4)6MO7O24,
0.00002; MnCl2·4H2O, 0.0018; CuSO4·5H2O, 0.000125; ZnSO4·7H2O, 0.00022.

Mixed Medium (in Grams per Liter) MgSO4·7H2O, 1.0; (NH4)2SO4, 1.0; NaNO3, 2.5;
K2SO4, 1.5; industrial glucose, 40; NaCl, 1.0; KH2PO4, 5.0; NaHCO3, 10.0; FeSO4·7H2O,
0.01; EDTA, 0.08; CaCl2, 0.004; H3BO3, 0.00286; (NH4)6MO7O24, 0.00002; MnCl2·4H2O,
0.0018; CuSO4·5H2O, 0.000125; ZnSO4·7H2O, 0.00022.

Wastewater Medium The monosodium glutamate wastewater with initial COD of
43,210 mg/L and initial pH 2.0–2.5, provided by Hongmei, was used after pH was
adjusted to 5.5.

Culturing Conditions

A plate culture of cells (S. platensis or R. glutinis) was incubated at 30 °C for 24 h, the cells
transferred into 250 mL Erlenmeyer flasks containing 50 mL of corresponding culture
medium. The flasks were incubated at 30 °C and 140 rpm. S. platensis was incubated for
7 days with continuous light illumination (4,000 lx), while R. glutinis was incubated for
24 h without special light illumination.

Flasks containing 50 mL culture medium was sterilized at 121 °C for 20 min, inoculated
with 10% (v/v) seed cultures of R. glutinis or 20% (v/v) seed cultures of S. platensis or
the mixture of both depending on different culture purpose. The culture system with
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S. platensis (i.e., mix culture, culture with waste water, or culture of S. platensis) was
cultivated for 5 days under continuous light illumination (4,000 lx).

Determination of Biomass Concentration and Total Lipid

Biomass concentration was determined gravimetrically. Samples containing 40 mL
fermentation broth withdrawn from the flasks were centrifuged at 4,000 rpm for 10 min,
the cell pellet was collected and washed by distilled water twice, and then dried at 60 °C to
constant weight.

Total lipid yield was measured according to Bligh’s means [15]. Dry cells were ground
into a fine powder; 0.3 g powder was blended with 5 mL chloroform/methanol (2:1) and the
mixture was agitated for 30 min at room temperature. The liquid phase was recovered by
centrifugation and transferred into weighed test tubes. The process was repeated three
times. The combined solvent was evaporated at 70 °C and the test tubes were thoroughly
dried before weighed again.

Analysis of Lipid Composition and Metabolites in Fermentation Broth

Lipid composition was analyzed by the gas chromatography (GC-2010, made in Shimadzu,
Japan). The condition of GC analysis was depicted as follows: flame ionization detector,
350 °C; DB-1ht, 30 m (length)×0.25 mm (inner diameter)×0.1 μm (thickness); PTV
sample entrance, 33 cm/s; diffluent ratio, 1:5; carrier gas, N2.

The analysis method was established by Fei Shang [16]. Organic acids in the broth were
quantified by high-performance liquid chromatography (HPLC) (LC-10Atvp, Shimadzu,
Kyoto, Japan; Aminex HPX-87H ion exclusion column, 300×7.8 mm; mobile phase,
5 mmol/L H2SO4; flow rate, 0.6 mL/min; column temperature, 65 °C; organic acids were
detected using an ultraviolet photometric detector at 210 nm).

Results and Discussion

Comparison of Mix Cultivation and Single Cultivation

The result of mix cultivation in the mixed medium was compared with R. glutinis cultivated
in medium I or S. platensis cultivated in medium II. During mix cultivation, it was observed
that the color of S. platensis was yellow rather than green, which meant that the synthesis of
chlorophyll a was restrained and mixotrophic process was conducted instead because of the
presence of glucose. According to Marquez [17], mixotrophic culture is much better than
phototrophic culture, for the growth rate of mixotrophic culture is the sum of the
phototrophic culture and the heterotrophic culture.

As shown in Table 1, the highest total biomass concentration in the R. glutinis culture
was 4,784 mg/L and the highest lipid content was 16.02% in the S. platensis culture; the
highest total lipid yield was 467 mg/L obtained from the mix cultivation, which was 3.18
times of R. glutinis culture and 3.92 times of S. platensis culture.

Interaction of R. glutinis and S. platensis in Mixed Medium

Mixed medium was used to cultivate R. glutinis and S. platensis separately. As shown in
Table 1, the R. glutinis biomass concentration was 1,702 mg/L and the S. platensis biomass
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concentration was 203 mg/L. The sum of biomass concentration of the two microorganisms
was 1,905 mg/L, which was much smaller than that of the mix cultivation 3,673 mg/L. The
result of the total lipid yield of mix cultivation (467 mg/L) was also much more than the
sum of the result of R. glutinis (135 mg/L) and S. platensis (13 mg/L). This suggested that,
in the cell growth and lipid synthesis of the microorganisms, the interaction between the
two microorganisms played a more important role than mixed medium itself. Several
parameters of the culture medium were detected to explain this conclusion.

Dissolved oxygen (DO) in the R. glutinis culture was monitored using an autoclavable
O2 sensor (Mettler Toledo, Greifensee, Switzerland). In the early phase of yeast cultivation,
the DO decreased rapidly because of continuous consumption of oxygen. When S. platensis
was added into the culture, DO increased rapidly from 7.45% to 120.5% in 5 h (Fig. 1),
which meant that the addition of S. platensis could provide extra oxygen for yeast to
enhance aerobic metabolism. Thus, the yeast could grow better. During yeast metabolism,
organic acids were synthesized and the pH of the culture decreased then carbon dioxide was
released in acidified environment containing NaHCO3. On one hand, the culture was
adjusted to a less acidic environment so that the inhibition of yeast growth was alleviated.
On the other hand, in the photosynthesis process of S. platensis, carbon dioxide, from yeast
metabolism of mixed medium, was utilized as carbon source by S. platensis, and
simultaneously, oxygen was released leading to DO increasing.

Components of the medium after cultivation were analyzed by HPLC. Several organic
acids in the R. glutinis culture were detected, such as pyruvic acid, formic acid, and acetic
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Fig. 1 Change of DO during
fermentation

Table 1 Comparison of mix cultivation and single microorganisms cultivation.

Medium Microorganisms Residue
glucose (g/L)

Total lipid
yield (mg/L)

Total biomass
concentration (mg/L)

Lipid
content (%)

Mixed Rhodotorula glutinis 0.05 135±2 1,702±12 7.91±0.07
Spirulina platensiss 28.5 13±1 203±10 6.39±0.01
Rhodotorula glutinis and
Spirulina platensis

0.01 467±15 3,673±18 12.71±0.40

Yeast Rhodotorula glutinis 0.03 147±2 4,784±19 3.13±0.04
Zarrouk Spirulina platensis – 119±3 743±8 16.02±0.26

Cultivation condition: 30 °C, 140 rpm, cultivated for 5 days
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acid, none of which ever appeared in the S. platensis culture. As to mix cultivation, less
pyruvic acid was detected, which was presumed to be utilized by S. platensis, and the
acetate in the culture could be utilized by S. platensis as carbon source during mixotrophic
process [18]. Ragaerta [19] detected a wide range of organic compounds produced by yeast,
such as ethanol, ethyl butyrate, 1-propanol, and so on. Among all the metabolites of yeast,
many compounds might be utilized by algae.

In the photosynthesis process of S. platensis, carbon dioxide was transformed into
carbohydrates. Jose [13] analyzed carbon, hydrogen, and nitrogen percentage in the
S. platensis culture: for the Zarrouk medium alone, the corresponding values were 7.3%,
1.7%, and 2.0% before the growth of S. platensis and 11.5%, 8.9%, and 1.3% after
cultivating it to late log phase, respectively. The changes recorded above showed that
S. platensis consumed nitrogen and produced exopolysaccharide and other compounds
[20], which should be favorable for the growth of yeast.

Result of Mix Cultivation of S. platensis and R. glutinis in Monosodium Glutamate
Wastewater

The result above showed that mix cultivation of S. platensis and R. glutinis could greatly
increase the accumulation of total biomass and total lipid yield. However, the mixed
medium was so entangled that it would not be suitable to scale up culturing. Thus,
monosodium glutamate wastewater instead of mixed medium was used to culture the two
microorganisms. Fortunately, monosodium glutamate wastewater was found to be favorable
for mix cultivation of S. platensis and R. glutinis. As the result indicated (Table 2),
1,600 mg/L of biomass and 220 mg/L of total lipid yield were obtained. At the same time,
73% of COD degradation, 100% of glutamic acid, 94% of reducing sugar, and 35% of
NH4

+–N were removed, respectively. However, the lipid content was much lower than that
in the basic medium (mixed medium) as show in Table 1. The reason should be that the
wastewater is not rich in carbon source (as Table 3 shows) for lipid synthesis. So, further
studies might be focused on finding a cheap carbon source for lipid production in the mix
culture system.

Items Concentration

COD (mg/L/L) 40,000±3,000
NH4

+–N (mg/L) 165±5
Glutamic acid (g/L) 6.85±0.05
Reducing sugar (g/L) 2.9±0.1
pH 2.0–2.5

Table 2 The original character-
istics of monosodium glutamate
wastewater.

Result of mix cultivation

Biomass concentration (mg/L) 1,600±50
Total lipid yield (mg/L) 220±10
COD degradation (%) 73
Glutamic acid removal (%) 100
Reducing sugar removal (%) 94±1
NH4

+–N removal (%) 35±2

Table 3 Result of mix cultiva-
tion of S. platensis and R. glutinis
in monosodium glutamate
wastewater.
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Conclusions

Since most of studies were performed to enhance the lipid content by increasing the
nutrimental components, especially glucose content, in the medium [5, 21], a new culture
strategy was investigated in this paper. The mechanism of mix cultivation of R. glutinis and
S. platensis was proposed. Mix cultivation in monosodium glutamate wastewater indicated
that mix cultivation of R. glutinis and S. platensis would be a promising way to synthesize
lipid using wastewater as medium if a carbon source was added.
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