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Oils produced by crops and microorganisms are potentially renewable and carbon-neutral alternatives to
petroleum fuels. The use of vegetable oils as raw materials for fuel production would compete with edible oils,
thus leading to the soar of food price. Oil-accumulating microorganisms are likely to produce oils more
efficiently than crop plants. Consequently, microbial oils, which have a composition of fatty acids similar to
that of vegetable oils, are now believed as a promising potential feedstock for fuel production. Microorganisms,
which accumulate more than 20-25% of their weight as lipids, are referred to as oleaginous species. Biodiesel
production using oleaginous microorganisms has attracted great attention in the whole world. Oleaginous
microorganisms store energy in a form that can be accessible through thermo-chemical conversion. It seems
possible to screen oleaginous microorganisms based on the burning characteristics of microbial cells. However,
little information is available on the physical and chemical changes occurring in microorganisms when they are
heated in air. Thermal analysis comprises a group of techniques in which a physical property of a substance is
measured as a function of temperature, while the substance is subjected to a controlled temperature program.
Thermogravimetry (TG) is the study of the relationship between a sample’s mass and its temperature. It can be
used to study any physical or chemical process that causes a material to lose volatile gases. Differential thermal
analysis (DTA) measures the temperature difference that develops between a sample and an inert reference
material, when both are subjected to identical heat treatments. DTA curves indicate the heat energy absorbed
or evolved in the sample corresponding to chemical and physical changes occurring at definite temperatures.
Considerable attention has been paid to simultaneous TG/DTA analysis, because it is potentially useful for
characterizing thermal behaviors of materials. However, the literature provides very little TG/DTA analysis for
microorganisms.

Simultaneous TG/DTA was applied to microorganisms, including three non-oleaginous species (Escherichia
coli IM109, Rhodococcus opacus B-4, and Saccharomyces cerevisiae) and four oleaginous species (Mortierella
alpina IFO32281, Mortierella alliacea YN-15, Aurantiochytrium sp. CB 15-5, and Rhodosporidium toruloides
DMKUS-TK 16). The mass-difference baseline method, where the DTA curve for a small-mass sample was used
as the baseline for a large-mass sample, was employed to quantify the endothermic and exothermic peaks on the
DTA curves. A marked difference in heat energy between the oleaginous fungus and the non-oleaginous

microorganisms was detected in the temperature range from 280 to 360 °C. The heat evolved from M. alpina

TF0382281 in this temperature range was approximately 5.5 kd/g, which was 3.3- to 11-fold greater than those
detected from the non-oleaginous microorganisms.

To resolve overlapping DTA peaks between 280 and 360 °C, the furnace temperature was linearly increased
from 30 to 280 °C, decreased to 30 °C, linearly increased from 30 to 360 °C, and then isothermally held at 360 °C
for 30 min. This two-step linear temperature program was effective in resolving overlapping exothermic peaks
in the DTA curves in the temperature range from 280 to 360 °C. Heat evolved from a microbial sample was
estimated from the area under the exothermic peak between 280 and 360 °C using indium as a standard
material. There was a linear relationship between the exothermic heat and total lipid content of the tested
microorganisms. Exothermic heat per dry sample mass (kJ/g) in the temperature range from 280 to 360 °C is a
promising measure for differentiating between oleaginous and non-oleaginous microorganisms. Future study is
directed toward the development of an inexpensive, high-throughput instrument for the screening of

oil-accumulating microorganisms.
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