
Introduction

In the nature fatty acids exist as free or esterified sub-

stances. Oils and fats are formed by triglycerides, the

most frequent lipids in nature. Glycerol and three

fatty acids constitute the triacylglicerides. Many med-

icine and foods contain fatty acids and often are sub-

mitted to thermal treatment during processing or stor-

age. Thus, knowing the thermal stability profile of the

oils is very important in industries [1–3].

Brazilian Cerrado is a unique biome of the mid-

west center of the country and shows an enormous vari-

ety of oil-rich vegetable species. These vegetables can

offer new perspectives for sustainable development of

this region. They have high oleic acid content making

them useful for human consumption [1, 4, 5].

Thermal stability of oils depends on their chemi-

cal structures. Oils with a high content of unsaturated

fatty acids are less stable than the saturated ones [1, 6].

In the recent years, thermal analysis was suc-

cessfully used for the determination of some physical

properties, study of chemical reaction and in the in-

vestigation of thermal stability of oils. Thermo-

analytical methods (among them thermogravimetry)

present many advantages since they are precise, sensi-

tive, fast and use small sample amount [2, 3, 6–9].

In this work thermal stability of oils taken from

brazilian Cerrado plants (amburana (Amburana

cearensis (Fr. Allem) A. C. Smith), baru (Dypterix

alata Vog.) and pequi (Caryocar brasiliense Camb.)

pulp) were studied in nitrogen and synthetic air using

TG/DTG techniques.

Experimental

Three oils were selected for this study based on their

high oleic acid content and potential for human con-

sumption: amburana (Amburana cearensis (Fr. Allem)

A. C. Smith) almond, baru (Dypterix alata Vog.) al-

mond and pequi (Caryocar brasiliense Camb.) pulp

oils. Brazilian Cerrado plant seeds/pulp were macer-

ated and dryed at 110°C for 2 h. Oil extraction was

done in a Sohxlet equipment for 6 h using hexane as

solvent.

Oils composition was obtained by gas chroma-

tography as described in [5].

TG/DTG curves were obtained using Mettler

Toledo TG/SDTA 851
e

TG/SDTA equipment in syn-

thetic air and nitrogen (100 mL min
–1

) using alumina

crucibles, at heating rate of 10°C min
–1

in the

25–650°C temperature range. The initial sample

masses were between 12–17 mg.

Results and discussion

Composition of oils

Table 1 presents the composition of fatty acids of

amburana, baru and pequi pulp oils.

The high oleic acid content of the studied oils

(Table 1) makes them useful in food industry as fry-

ing or salad oils. Pequi pulp oil showed high palmitic

acid content, which offers appropriate plasticity in

soap production [5].

Fatty acid composition of amburana and baru oils

have similarities with the industrially used oils:

amburana oil is similar to cottonseed oil and baru oil has

1388–6150/$20.00 Akadémiai Kiadó, Budapest, Hungary

© 2007 Akadémiai Kiadó, Budapest Springer, Dordrecht, The Netherlands

Journal of Thermal Analysis and Calorimetry, Vol. 87 (2007) 3, 645–648

THERMAL STABILITY STUDIES OF SOME CERRADO PLANT OILS

C. C. Garcia
*
, P. I. B. M. Franco, T. O. Zuppa, N. R. Antoniosi Filho and M. I. G. Leles

LAMES, Laboratório de Métodos de Extra��o e Separa��o, Instituto de Química, Universidade Federal de Goiás, UFG, CP 131

Campus II, CEP 74001-970 Goiânia, GO, Brazil

Thermogravimetry technique is useful to determine the thermal stability of vegetable oils. In this paper some vegetable oils ob-

tained from brazilian Cerrado native plants were studied based on their high oleic acid content. Amburana, baru and pequi pulp oils

presented higher yield of extraction compared to soybean oil. The thermal stability of oils in nitrogen was very close hence their

fatty acid composition was very similar. Amburana and baru oils have major amount of unsaturated fatty acids, especially linoleic

acid and pequi pulp oil has the highest short chain fatty acid content which can explain its lowest thermal stability in synthetic air.

Keywords: thermal stability, thermogravimetry, vegetable oils

* Author for correspondence: lolaengenharia@yahoo.com.br



similarities with peanut oil [5]. Besides, amburana and

baru oils can be considered as sources of linoleic and

linolenic acids, which are essential for the human body.

Linoleic and linolenic acids were the essential fatty

acids found in the studied samples. Amburana and baru

oils presented enough amounts of essential fatty ac-

ids: 16.7 and 24.4%, respectively, assuring its possible

use in human feeding (Table 1). However, pequi pulp

oil has less amount of these fatty acids (Table 1).

Yield of extraction

The yield of extraction of soybean oil in food industry

is around 20%. On the contrary, in our experiments

higher yields were obtained (Table 2). In other words,

the oils investigated in this present study can have

great importance in industrial scale.

The high oleic acid content (Table 1) in Cerrado

oils make them interesting for food industry as frying

or salad oils. Table 2 summarizes the yield of extrac-

tion obtained for the studied species.

Thermogravimetric analysis

Thermal stabilities of the three studied oils are shown

in Table 3. It could be seen that the stabilities in nitro-

gen are similar. However pequi pulp oil has the highest

stability followed by baru oil, while amburana oil is the

least stable. Thermal stability results can be related to

the degree of unsaturation of the fatty acids that consti-

tute the oils. Normally, the higher the unsaturation

level is the lower of the thermal stability. This could be

explained by the lower boiling point of the unsaturated

fatty acids compared to their saturated equivalents [1].

In synthetic air amburana and baru oils showed

the same, while pequi pulp oil showed lower thermal

stability compared to the others, which can be attrib-

uted to its higher content of volatile short-chain fatty

acids present in the acylglyceride molecules (Ta-

ble 1) [6]. It is supposed that the higher amounts of

unsaturated fatty acids in amburana and baru oils (Ta-

ble 1) can increase the thermal stability of these oils

and shift the process of mass loss towards higher tem-

peratures. When oxygen reacts with the double bonds

and incorporates, it causes a mass gain. However, this

increase is compensated by the mass loss of the sam-

ples due to their decomposition. So the samples are

gaining and loosing mass at the same time. Conse-

quently, the mass loss measured by TG somewhat

shifted to higher temperatures.

Figures 1 and 2 show the TG curves of amburana,

baru and pequi pulp oil in synthetic air and in nitrogen,

and Figs 3–5 present TG/DTG curves for amburana, baru

and pequi pulp oils in both atmospheres, respectively.
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Table 1 Fatty acid composition of vegetable oils

Fatty acid composition/%

amburana oil baru oil pequi pulp oil

Miristic acid – – 0.2

Palmitic acid 15.6 7.8 41.1

Palmitoleic acid 0.3 0.1 0.5

Margaric acid 0.1 0.1 –

Stearic acid 4.5 6.2 1.9

Oleic acid 46.9 46.8 54.0

Vacenic acid 0.1 0.1 0.3

cis6, cis9 – octadecadienoic acid 1.0 – –

Linoleic acid 11.9 24.3 0.9

Linolenic acid 4.8 0.1 –

Araquidic acid 2.6 1.6 0.2

Gadoleic acid 3.0 3.1 0.7

cis11 – eicosenoic acid – – 0.2

Behenic acid 5.1 4.5 –

Erucic acid 0.2 0.4 –

Lignoceric acid 3.9 4.8 –

Table 2 Yields of extraction of amburana and baru plant

seeds and of pequi pulp oils

Vegetable species Yields of extraction/%

Amburana 21.5

Baru 37.6

Pequi pulp 51.9



Thermal decomposition profiles of the three dif-

ferent oils are similar in both atmospheres. Between

280–500°C in nitrogen, TG/DTG curves show only

one mass loss, which can be attributed to the thermal

decomposition of the oils (Figs 3–5).

Between 250–600°C in synthetic air three mass

loss steps can be seen because of the oxidation

[10, 11] of the samples (Figs 3–5).

The TG curves of the oils recorded in air showed

three mass loss steps. The first one (from 250

to 410°C) was probably due to the oxidation of unsat-

urated fatty acids. The second event (between

410–480°C) can be attributed to the oxidation of the

saturated fatty, while the last one (in the range of

480–600°C) is representative to the decomposition of

the polymers formed during the oxidation pro-

cess [8, 9]. At the beginning of the oils decomposi-

tion, slight mass gain was noticed (Figs 3–5), which

can be the result of the oxygen uptake at he first part

of the oxidative decomposition of oils [8–10].

Conclusions

The present work showed that some Cerrado plant

species have a great importance for oil production.

The studied oils (amburana, baru and pequi pulp) pre-

sented higher yields of extraction compared to soy-

bean oil. They seemed to be available for oil produc-

tion in food industry once they are also rich in

unsaturated fatty acids, especially on oleic acid.

It could be observed that the thermal stability of

the oils in nitrogen atmosphere were very similar to

each other, probably due to their similar fatty acids

composition. Due to the larger amount of short chain

fatty acids in pequi pulp oil, it has the lowest thermal

stability in synthetic air.
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Table 3 Amounts of unsaturated (UFA) and saturated fatty

acids (SFA) and the starting temperatures of the

mass losses in nitrogen (TSN) and synthetic air

(TSA)

Vegetable oils UFA/% SFA/% TSN/°C TSA/°C

Amburana 78.2 31.8 340 290

Baru 74.9 25.1 342 290

Pequi pulp 56.6 43.4 345 260

Fig. 1 TG curves of amburana, baru and pequi pulp oils in

synthetic air

Fig. 2 TG curves for amburana, baru and pequi pulp oils in

nitrogen

Fig. 3 TG/DTG curves of amburana oil: a – in nitrogen and

b – under synthetic air

Fig. 4 TG/DTG curves of baru oil: a – in nitrogen and

b – under synthetic air

Fig. 5 TG/DTG curves of pequi pulp oil: a – in nitrogen and

b – under synthetic air
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