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Rosemary (Rosmarinus officinalis L.) extract

Thermal study and evaluation of the antioxidant effect on vegetable oils
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Abstract The restriction to the use of synthetic antioxi-
dants has fostered the research on natural antioxidants,
taking into account that the prolonged usage of these sub-
stances can harm seriously the human being provoking
degenerative diseases. In the present study, the antioxidant
effect of the ethanolic rosemary (Rosmarinus officinalis L.)
extract on the oxidative stability of edible vegetable oils
was investigated by means of the pressurized differential
scanning calorimetry (PDSC) and oven test techniques. The
rosemary extract, at the concentration of 2,000 mg kg™ ', as
well as the synthetic antioxidant tert-butylhydroquinone
(TBHQ) at the concentrations of 100 and 200 mg kg™
were added to samples of sunflower oil, corn oil, and soy-
bean oil. The fatty acid profiles of the vegetable oils were
determined by gas chromatography—mass spectrometry
confirming the elevated contents of unsaturated fatty acids.
The thermogravimetric analysis showed that the rosemary
extract is stable at the frying temperature of the oils. The
results of the oxidative stability demonstrated that the
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extract of Rosmarinus officinalis displayed a more effective
protective action in the PDSC technique, when compared
with the synthetic antioxidant TBHQ, indicating that it is a
promising source of natural antioxidants for edible vege-
table oils.
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Introduction

Edible oils contain polyunsaturated fatty acids, which are
important substances on the biological and nutritional
points of view. In relation to the chemical structure, fatty
acids present double bonds that make them prone to oxi-
dative reactions. Such reactions may compromise their
stability, causing modifications in the organoleptic, nutri-
tional and functional properties, besides giving rise to
chemical compounds which are harmful to the human
health [1].

The lipid oxidation is commonly controlled by the addi-
tion of antioxidants [1, 2]. The synthetic antioxidants
butylated hydroxyanisole (BHA), fert-butylhydroquinone
(TBHQ), propyl gallate (PG), 2,4,5-trihydroxybutyrophenone
(THBP), di-tert butyl-4-hydroxymethylphenol (IONOX-
100) are widely employed by the industry [2, 3] due to their
low cost and good performance. However, the prolonged
usage of these substances can cause serious harms to the
human being, provoking degenerative diseases [4]. Thus,
natural sources of antioxidants [5] have been a feasible
alternative to face the inconveniences caused by synthetic
antioxidants.

Among the diverse classes of antioxidant substances of
natural occurrence, the phenolic compounds have received
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much attention in the last years, chiefly as they inhibit
in vivo and in vitro lipid oxidation [2, 6].

Foods such as fruits, herbs, and cereals are among the
sources of natural antioxidants that have been quite utilized
[7, 8]. In relation to herbs, the extract of rosemary
(Rosmarinus officinalis L.) has pointed out as it displays an
elevated antioxidant power and provides an excellent pro-
tection factor in the oxidative stability of lipid matrices [9].
This activity is associated to the presence of phenolic acids,
flavonoids, diterpenoids, and phenolic triterpenes [10].

Therefore, the present study had an objective to evaluate
the antioxidant efficiency of rosemary extract, in vegetable
oils, by means of accelerated methods of assessing the
oxidative stability, namely PDSC and oven test.

Experimental
Materials

Refined vegetable oils (sunflower, corn, and soybean) and
dried rosemary leaves were acquired from the local market.
According to the manufacturer specifications, the vegetable
oil samples were free from antioxidants. The synthetic
antioxidant TBHQ (fert-butylhydroquinone) was supplied
by Sigma Aldrich and the remaining reagents and solvents,
of analytical degree, by FMAIA.

Methods
Preparation of the antioxidant extracts

The rosemary extract was obtained from 170.3 gof dried and
crushed leaves, submerged in 960 mL of ethanol for a period
of 15 days at room temperature. A filtration was carried to
separate the plant residue and then the extract was concen-
trated by rotoevaporation at temperature 78 °C, obtaining
27.8 g of dry extract, corresponding to a 16.3 % yield. The
extract was stored in a glass container, protected from light
and room temperature up to the moment of being utilized.

Thermal analyses

The thermogravimetric curves (TG/DTA) of the rosemary
extract were obtained in a model DTG-60H simultaneous
thermal analyzer from Shimadzu. The tests non-isothermic
were carried out using about 10 mg samples in an alumina
pan and synthetic air atmosphere, with a flow rate of
50 mL min~’, heating rate of 10 °C min~!, and tempera-
ture range of 25-1,000 °C. The isothermal curves were
obtained in a synthetic air atmosphere, using approximately
10 mg of sample in an alumina pan, with a flow rate of
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50 mL min~'. The following heating schedule was used:
an initial heating rate of 10 °C min~' was maintained until
the temperature reached 100 °C, followed by a rate of
2 °C min~" until reaching 110 °C, at which point the iso-
therm measurement was performed.

Determination of the fatty acid profiles of the vegetable
oils

The vegetable oils were transesterified according to the
TUPAC standard method 2.301 [11]. The esters were ana-
lyzed by a Gas Chromatography—Mass Spectrometry (GC—
MS) apparatus model GCMS-QP2010 from Shimadzu,
equipped with a split injector.

Preparation of the oil samples,

with and without additives

The rosemary extract at the concentration of 2,000 mg kg™",
and also the synthetic antioxidant TBHQ at the concentra-
tions of 100 and 200 mg kg™, were added to the samples of
sunflower, corn, and soybean oils. Table 1 shows the codes
used for the samples of vegetable oils, with and without
additives.

Pressurized differential scanning calorimetry

The PDSC curves of the samples were obtained by means
of a pressurized differential scanning calorimeter, PDSC,
model DSC Q1000 equipment from TA Instruments, cou-
pled to a pressure cell. The tests were performed in the
isothermal mode (110 °C) utilizing an aluminum pan of
approximately 10 mg sample, under an oxygen atmosphere
with initial pressure of 203 psi (roughly 1,400 kPa) and

heating rate of 10 °C min~'.

Table 1 Vegetable oil samples used in the oxidative stability tests
and oven tests

Sample Code

Sunflower oil SFO
Sunflower oil + TBHQ 100 TSFO 100
Sunflower oil + TBHQ 200 TSFO 200
Sunflower oil 4 rosemary extract RSFO

Corn oil CO

Corn oil + TBHQ 100 TCO 100
Corn oil + TBHQ 200 TCO 200
Corn oil + rosemary extract RCO

Soybean oil SBO

Soybean oil + TBHQ 100 TSBO 100
Soybean oil + TBHQ 200 TSBO 200
Soybean oil + rosemary extract RSBO
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Oven test

The accelerated tests in an oven with air circulation were
conducted for 29 days at the temperature of 60 £ 5 °C. A
volume of 35 mL of each sample was placed in a glass
container. The containers were maintained within the oven
to allow the direct contact with air. At intervals of 7 days,
aliquots from the samples were taken and were analyzed to
perform the following physico-chemical tests: acid value,
peroxide value, conjugated dienes, according to the meth-
ods NBR 11115 ABNT [12], Cd 8-53 AOCS, and Ti la-64
AOCS [13], respectively. The absorbance was measured
using a model UV-2550 UV-Vis Shimadzu spectropho-
tometer at 232 nm against a blank of isooctane.

Results and discussion
Fatty acid profile of the vegetable oils

Table 2 presents the fatty acid profile of the vegetable oils
investigated.

According to the data from Table 2, it is noticed that the
vegetable oils studied presented elevated amounts of
unsaturated fatty acids, what agrees with the data reported
in the literature [14-16].

The polyunsaturated fatty acids act in several physio-
logical and metabolic processes. These acids are not syn-
thesized by the human organism, thus they ought to be
supplied by the food diet, for a good maintenance of health.
Linoleic (18:2 w-6) and o-linolenic (C18:3 w-3) acids are
included in this group. These two fatty acids are precursors
of the polyunsaturated fatty acids of long chains from the
series w-3 and w-6, like arachidonic acid (C20:4 »-6) and
docosahexaenoic acid (22:6 »-3) [1].

Table 2 Fatty acid profile of the vegetable oils

Fatty Commom Percentages/%
acids name -
Sunflower Corn 0il  Soybean
oil oil
C16:0 Palmitic acid 6.3 13.2 13.8
C18:0 Stearic acid 3.8 23 4.6
Cl18:1 Oleic acid 33.1 39.2 25.5
C18:2 Linoleic acid 56.9 44.4 46.8
C18:3 Linolenic acid - - 4.0
Not identified—similarity - - 5.0
<90%—NIST library
Saturated fatty acids 10.1 15.5 18.4
Monounsaturated fatty acids 32.6 39.2 25.5
(MUFA)
Polyunsaturated fatty acids ~ 56.9 453 50.8
(PUFA)

Sunflower oil displayed the highest content of unsatu-
rated fatty acids, 89.5 %, corresponding to 32.6 % of
monounsaturated fatty acids (MUFA) and 56.9 % of
polyunsaturated fatty acids (PUFA). Corn oil also showed a
high content of unsaturated fatty acids, 84.5 %, displaying
amounts of MUFA higher than the remaining oils and
soybean oil was the one that showed the smallest amount of
unsaturated fatty acids, 76.3 %.

Aued-Pimentel et al. (2009) [17], studying refined veg-
etable oils, found smaller contents of oleic acid (34.44—
35.68 %) and linoleic acid (22.57-25.82 %) in corn oil and
sunflower oil, respectively. As for the soybean oil, the
amounts found for oleic acid (22.57-25.82 %) and linoleic
acid (48.11-54.65 %) were similar to the values obtained
in the present study.

Oxidative stability

The values of oxidative induction time (OIT), Table 3,
obtained by analyzing the PDSC curves, Fig. 1, showed
that corn oil is 2.6 times more stable than sunflower oil and
1.1 times more stable than soybean oil.

These results are within the expected range, as although
sunflower oil did not show detectable amounts of linolenic
acid, it was the vegetable oil with the highest percentage of
linoleic acid. Such higher tendency to oxidation of sunflower
oil was also noticed upon the application of Eq. 1. Such
equation was formulated based on kinetic studies and it
estimates the oxidability of a vegetable oil, from the com-
position of its polyunsaturated fatty acids [18]. Upon the
usage of Eq. 1, the oxidability values were calculated as:
sunflower oil (0.57), soybean oil (0.55), and corn oil (0.45).

0.02(%0) + (%L) + 2(%Ln)]

]
OX = 100 (1)

Table 3 Oxidative stability of the vegetable oils obtained by the
PDSC method, expressed in terms of OIT

Sample OIT/min
SFO 65.0
RSFO 149.9
TSFO100 82.8
TSFO200 103.8
CcO 168.6
RCO 285.9
TCO100 110.9
TCO200 112.7
SBO 149.7
RSBO 236.5
TSBO100 158.6
TSBO200 169.7
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Fig. 1 PDSC curves of the samples of vegetable oils, with and
without additives: a sunflower oil; b corn oil; ¢ soybean oil

In which OX = oxidability of the vegetable 0il/%
% O = content of oleic acid/mass %

% L. = content of linoleic acid/mass %

% Ln = content of linolenic acid/mass %

In the evaluation of the oxidative stability of the vege-
table oils with the addition of additives, it was noticed that
the antioxidant TBHQ showed a small antioxidant effect in
the sunflower and soybean oils, in the two concentrations
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investigated. In relation to corn oil, it displayed a pro-
oxidant action, reducing the OIT values in the range from
34.2 to 33.1 %, as compared TCO100 and TCO200 sam-
ples, respectively. It should be stressed that 200 mg kg™ " is
the highest concentration of TBHQ allowed by the Bra-
zilian legislation [19]. This result, however, does not
indicate that TBHQ is an antioxidant that cannot be applied
to corn oil; it only indicates that the experimental condi-
tions of pressure and temperature, in the present study,
were not adequate for the evaluation of the antioxidant
efficiency of TBHQ to corn oil.

The oxidative stability of the vegetable oils with the
addition of rosemary extract, at the concentration of
2,000 mg kg~ was also assessed. Differently to the syn-
thetic antioxidant TBHQ, the rosemary extract showed a
remarkable antioxidant action in the three vegetable oils,
moreover for the case of corn oil. This promising effect of
rosemary was already verified in lipid systems, using a
chloroform extract of Rosmarinus officinalis in canola oil,
by means of the accelerated methods Oxidrograph and
Rancimat [20].

Thermogravimetric studies have shown that the stability
of several antioxidants decrease with the increase of tem-
perature [21]. The TG/DTG curves of the rosemary extract
obtained in the present study (Fig. 2a) showed that it may
be a thermostable antioxidant, as it showed a mass loss of
only 6 % up to 190 °C (Table 4). Such loss is probably
ascribed to the presence of moisture, traces of ethanol—the
solvent used to obtain the extract and volatile phenolic
compounds.

The second step, from 190 to 462 °C, presented a mass
loss of 88.6 %. This loss may also be attributed to the
volatilization/decomposition of bioactive constituents,
possibly from phenolic diterpenes, such as carnosic acid
and carnosol, as well as from the rosmarinic acid.

Finally the third step, in the range from 462 to 1,000 °C,
with a mass loss of 5.8 %, can be related to inorganic
compounds.

In the isothermal mode at 110 °C (Fig. 2b), the time
required to the rosemary extract to lose 6 % mass was of
76 min, and the remaining mass was kept stable for 9 h.
This evaluation corroborated the results obtained by PDSC,
showing that at the temperature of the tests, the rosemary
extract remained stable and active.

Accelerated oven test

The samples submitted to aging in an oven were evaluated
according to the tests: acid value, peroxide value, and
conjugated dienes.

The acid values for the oil samples with and without
additives varied from 0.06 to 0.4 mg KOH kg~'. No
meaningful changes were noticed in this parameter during
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Fig. 2 TG/DTA curves and isothermal (110 °C) TG of the rosemary
extract

Table 4 Values obtained curves TG/DTA of the rosemary extract

TG—Dynamic DTA

Step Temperature/ Mass Transition Process Temperature/
°C loss/% °C

Ist  56-190 6 Ist Endo 198

2nd 190462 88.2 2nd Endo 403

3rd  462-1,000 5.8 3rd Endo 716

the period of evaluation for all the samples, which kept
their acid values below the limit established by ANVISA of
0.6 mg KOH kg™' [22].

Figure 3 shows the increase of the peroxide values of
the samples during storage. Peroxides and hydroperoxides
are products that represent the beginning of the lipoxida-
tion [1], a step in which the chain-breaker antioxidants can
interrupt the process and restore the fatty acid chain.

Conversely to the acid values, the peroxide values
increased during the storage. For the vegetable oils
without additives, the peroxide values (PV) were no
bigger than the maximum limit established by ANVISA,
of 10 meq kg™ [22].

It can be noticed that the samples of soybean oil pre-
sented a small variation among the peroxide values until
the 14 day of storage. Figure 3c shows that, at the end of

storage period, the rosemary extract increased the protec-
tion at 44 %, when compared to the soybean oil without
additives. Besides, it is observed that the rosemary extract,
for the corn oil (Fig. 3b), acted as a good antioxidant,
protecting the oil with a protection factor of 60 %. The
protection factor was also verified for the antioxidant
TBHQ at the concentration of 100 mg kg™'. In the samples
of sunflower oil, both rosemary extract and TBHQ were
efficient in controlling the formation of peroxide; however,

(@
304 —=*— SFO
| —e— RSFO
T, 25——TSFO
kv,
E |
20
E
) |
=
s 154
>
o |
S
S 10
o
o |
o)
[a¥ 54
0 T T T T T T T
0 5 10 15 20 25 30
Storage/days
(b)
25 4 CO
—e— RCO
T, —a— TCO
j‘D 20
o
5]
E 15+
Q
=
=
> 10 1
Q
i
»
e 5
5]
[
O -
T T T T T T T
0 5 10 15 20 25 30
Storage/days
C
(©) 55 —=—SBO
—e— RSBO
- 20+ —a—TSBO
o0
iv)
g s
£
Q
=
S 10+
Q
i)
x N
8 5
|9}
v
O -
T T T T T T T
0 5 10 15 20 25 30
Storage/days

Fig. 3 Peroxide values of the vegetable oils, with and without
antioxidants for different storage times: a sunflower oil; b corn oil
and; ¢ soybean oil

@ Springer



894

A. M. T. M. Cordeiro et al.

the effect of both antioxidants was less effective than other
two vegetable oils (Fig. 3a).

Several studies have shown that TBHQ is efficient in
delaying the oxidative processes in lipid matrices, when
added at the maximum amount allowed of 200 mg kg ™'
[23, 24]. According to the results reported by Almeida-
Doria et al. (2000), TBHQ added to soybean oil obtained a
better result against the peroxide than the ethanolic extracts
of rosemary and marjoram, during storage at 63 °C [25].
Nevertheless, the results utilizing the rosemary extract
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were shown promising, chiefly when utilized with corn oil.
It is important to stress that the rosemary extract is a source
of a natural antioxidant, whereas TBHQ is a synthetic
antioxidant, of questionable use in several countries, once
its prolonged usage is harmful to health [4].

The presence of conjugated dienes (CD), similarly to the
peroxide value, is a parameter for the determination of the
oxidative stability of vegetable oils. It is evaluated by
the absorbance at the wavelength of 232 nm. The formation
of hydroperoxides coincides with the conjugation of the
double bonds in polyunsaturated fatty acids (PUFA) [26].

The CD values of the samples during storage are dis-
played in Fig. 4.

It is observed that a gradual increase occurred in the
formation of conjugated dienes, in all the samples. Up to
the 14 day, the samples of sunflower oil, corn oil, and
soybean oil, with the addition of rosemary extract and
TBHQ showed low values of CD, differently to the other
samples. This occurs probably by the protecting effect of
the antioxidants in inhibiting the formation of the primary
oxidation products. After the 21st day, a rapid rise in the
CD values was observed for the samples without additives.

The CD values for the samples without additives, con-
versely to what was observed for the peroxides, revealed a
protection factor effect similar among the antioxidants,
showing that the activity of an antioxidant cannot be
determined by only one parameter.

Conclusions

The results obtained in the present study showed that the
rosemary extract is a promising source of natural antioxi-
dants for vegetable oils, being able to protect the oils against
oxidative processes, even at high temperatures, once its
efficiency measured by the PDSC technique was better than
the one of the synthetic antioxidant TBHQ. Another
parameter to be taken into account deals with the thermal
stability of the rosemary extract, which, by means of ther-
mogravimetric analyses was shown to be stable at the frying
temperature of the oils, a property that is not found in the
majority of the antioxidants commonly used in edible oils.
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