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Production of microbial oil by fermentation process using
oleaginous organisms is one of the potential alternative sources
of collecting lipids. Rhodotourula gracilis, is one of the oleagi-
nous yeast, explored for their oleaginiecity. The degradation of
the cell wall of the yeast is an absolute necessity in order to
extract oil using organic solvents. Acid hydrolysis is one of the
chemical methods commonly employed for this purpose. The
concentration, contact time and temperature of acid hydrolysis
are the three variable parameters observed during degradation
of the cell wall. An analysis of variance of these three factors
was carried out to analyze to know which of the three factors
affected the extraction of oil significantly and also to know the
interaction between these factors.
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INTRODUCTION

The potential of certain microorganisms to produce oils and fats similar
to vegetable edible oils have been well documented1-3. Microorganisms,
which have been reported to producing at least 20 % and above of their
biomass as lipids, are termed as oleaginous organisms. In oleaginous yeast,
the oil is accumulated intracellularly and is protected by rigid cell wall.
The disruption of the cell wall is very much essential for effective penetration
of the organic solvents for extraction. Various methods, like, chemical,
mechanical and enzymatic are employed for degradation of the yeast cell
wall4. In comparison to other treatments, acid hydrolysis was reported to
be the most suitable economically5.

Analysis of variance6, an important statistical technique has been
defined, as the separation of the variance ascribed to one group of causes
from the variance ascribable to other group. In the analysis of variance for
three factors, null hypothesis is that no one of the factors separately influences



the variance values. But it may be possible that any two of these factors
together may do so. Therefore it is necessary to test for interaction
between the factors analyzed. In this experiment, three factors, such as the
concentration, contact time and temperature of acid hydrolysis were analyzed
by carrying out the analysis of variance.

EXPERIMENTAL

The oleaginous microorganism Rhodotorula gracilis CFR-1 was used
in all the experiments. The organism was maintained on potato dextrose
slants and subcultured every month.

Fermenter medium and cultivation:  The seed inoculum medium
consisted of molasses 270 mL, magnesium sulphate 0.8 g, calcium chloride
0.8 g, potassium dihydrogen phosphate 1.5 g and ammonium sulphate 1.63
g then pH was adjusted to 5.0 before the sterilization. The medium was
sterilized at 10 psi for 15 min and inoculated with 2 d old culture slants and
incubated for 24 h at 30 °C on a rotary shaker at 200 rpm.

The fermenter medium composed of molasses 1.3 L, magnesium sulphate
4 g, calcium chloride 4 g, potassium dihydrogen phosphate 7.5 g and
ammonium sulphate 16.33 g. The pH was adjusted to 5.0 and then the
medium was sterilized in an autoclave at 15 psi for 1 h. The organism was
grown in a 15 L fermenter (New Brunswick, USA) with a working capacity
of 10 L. The fermenter medium was inoculated with the inoculum. Operating
conditions of the fermenter were temperature 30 ± 1 °C, aeration 1 vvm,
agitation 350 rpm and silicone oil was used as antifoaming agent.

Harvesting of biomass:  The biomass was harvested after 96 h of
fermentation and cells were separated by centrifugation.

Extraction:  8 g of the wet cell mass was taken on a filter paper and
folded into packets. All the 9 samples were treated with 1.0 N HCl, but the
time of hydrolysis were 0.5, 1.0 and 1.5 h. Similarly temperatures of hydro-
lysis were 30, 55 and 90 °C. The treated samples were washed until free
from acid under running water and dried overnight at 95 ± 2 °C.

The oil was extracted with petroleum ether (60-80) on a soxhlet apparatus
for 4 h. The above procedure was adopted for 0.2 N and 0.6 N HCl.

Estimation of percentage of free fatty acid content:  Percentage of
free fatty acid (FFA) content was determined for the extracted oil. The oil
samples were taken in 250 mL flask and dissolved in 50 mL petroleum
ether by mixing. To this 50 mL of neutral alcohol was added and mixed.
The mixture was titrated with 0.1 N NaOH using phenolphthalein as indi-
cator. Acid value was calculated using the formula

Acid value = (mL titrated × normality × 50)/weight of sample
% FFA = Acid value × 0.503
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RESULTS AND DISCUSSION

This experiment was done to determine the role of the critical factors,
viz., temperature, time and concentration acid of hydrolysis, on the yield
of oil. The analysis of variance was carried out using the data obtained
from the experiment.

From the results presented in Tables 1a and 1b, it can be concluded that
temperature, time and concentration of acid of hydrolysis have significant
effect on the oil yield. It is also clear that while time factor have some
significant effect, the temperature and concentration of acid factors have
highly significant effect. Thereby it is indicated that the yield varies with
the variation in these three factors.

TABLE-1a 
EFFECT OF DIFFERENT PARAMETERS ON  

THE YIELD OF OIL FROM Rhodotourula gracilis 

Temperature (ºC) 
Time (h) 

Concentration 
acid (N) 30 55 90 

0.5 
1.0 
1.5 

1.0 
52.08 
58.23 
84.18 

089.11 
096.66 
112.74 

090.76 
100.00 
107.25 

0.5 
1.0 
1.5 

0.6 
02.41 
02.75 
05.01 

006.58 
024.82 
043.89 

060.05 
089.72 
090.06 

0.5 
1.0 
1.5 

0.2 
03.76 
02.03 
02.65 

002.54 
002.68 
003.09 

024.79 
062.53 
091.54 

 

It can also be concluded that the interaction between the two factors,
acid concentration and temperature have significant effect on the hydrolysis,
i.e., no significant interaction between time and temperature or time and
treatment factors. Therefore, it is shown that temperature and acid concentra-
tion have significant effect on the hydrolysis of the cell wall of R. gracilis
and thereby on the yield of oil obtained.

From the Table-1a, it is seen that at lower acid concentration (0.2 N)
maximum oil was extracted at 90 °C with hydrolysis time of 1.5 h. With an
increase in acid amount the maximum oil extracted was at 90 °C with a
hydrolysis time of 1 h. The optimum factors were found to be 1.0 N of acid
concentration at 55 °C for 1 h of hydrolysis. The increase in oil yield can
be studied by increasing the acid concentration of hydrolysis, but the
percentage of free fatty acid concentration also increases, which is unde-
sirable.
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TABLE-1b 
ANALYSIS OF VARIANCE OF THE FACTORS  

AFFECTING THE YIELD OF LIPID 

Source of variance Sum of 
square 

Degree of 
freedom 

Estimate of 
variance 

F 
observed 

F 
Tabular 

Between 
temperature 

14597.5270 2 7298.7635 42.293‡ 4.46 

Between acid 
concentration 

21791.4020 2 108899.7010 63.159‡ 4.46 

Between time of 
contact 

2413.4060 2 1206.7032 06.992† 4.46 

Interaction between 
temperature and 
acid concentration 

3596.1900 4 899.0475 05.209† 3.84 

Interaction between 
acid concentration 
and time of contact 

80.4156 4 20.1039 00.116* 3.84 

Interaction between 
temperature and 
time of contact 

670.4890 4 167.6224 00.971* 3.84 

Residual 1380.6100 8 - - - 

Total 44530.0410 26 - - - 

†Significant; ‡Highly significant; *Not significant at 5 % confidence. 

Table-2 gives the effect of hydrolysis parameters (temperature, con-
centration of acid and time) on the free fatty acid concentration. It is clear
that the percentage of free fatty acid of the oil obtained by hydrolyzing the
cells with 1.0 N HCl, increases with both increase in temperature and time
of hydrolysis. Free fatty acid is minimum at 30 °C at 0.5 h of hydrolysis
and maximum at 90 °C at 1.5 h of hydrolysis.

TABLE-2 
EFFECT OF ACID HYDROLYSIS ON THE % FREE  

FATTY ACID CONTENT OF THE OIL 

Time (h) Temperature 
(ºC) 0.5 1.0 1.5 

30 5.16 % 5.65 % 8.03 % 

55 6.97 % 7.32 % 7.94 % 

90 8.31 %  8.48 %  9.21 % 

 

2626  Priyadarshini et al. Asian J. Chem.



Conclusion

The analysis of variance done with respect to three factors affecting
the oil yield showed that acid concentration and temperature of hydrolysis
have significant effect on the yield of oil.

It is a known fact that acid treatment or alkali treatment would lead to
some hydrolysis of the lipid classes (triglycerides and phospholipids) and
thereby increases the free fatty acid percentage. From the above experi-
mental results, it is indicated that the percentage of free fatty acid content
depends on the time and temperature of hydrolysis.
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