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SUMMARY: The most highly recommended oils for the diet are those which are rich in unsaturated fatty acids. 
However, the presence of these components in the oils is related to oxidation, which can be determined by the 
induction period. Further safety and the prolongation of the storage period for such oils can be achieved by 
the addition of efficient antioxidants, which today are preferably from natural sources. In order to contribute 
to the related research, the main objective of this study was to evaluate the efficacy of Schinus molle extracts 
compared to synthetic antioxidants (BHT) in delaying the oxidation of some vegetable oils. The results of the 
present study showed that the fruit and leaf extracts of Schinus molle presented activities and potential for being 
used as antioxidants in vegetable oils based on the tested methods (DPPH and ABTS). The extracts were also 
characterized as containing phenolic compounds by the Folin Ciocalteau method and by high performance 
liquid chromatography (HPLC). The action of the extracts as natural antioxidants was proven in the vegetal 
oils of chia (Salvia hispanica) and peanut (Arachis hypogaea) by the Rancimat method. It was observed that the 
oils increased their resistance to oxidation when incorporated with the extracts of Schinus molle, and the extract 
from the leaves increased the induction period of peanut oil by more than three hours (from 19.5 to 22.9 hours) 
with an extract concentration of 2.5%. The fruit extract was more efficient in delaying the oxidation of chia oil, 
prolonging its induction period by more than one hour with a concentration of 2.5% (from 3.1 to 4.3 hours). 
According to the results, the extracts of Schinus molle have favorable properties for possible use as an additive 
which inhibits the oxidation process of the tested vegetables oils.
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RESUMEN: Efecto de extractos de hojas y frutos de Schinus molle sobre la estabilidad oxidativa de aceites 
mediante oxidación acelerada. Los aceites más recomendados para la dieta son los ricos en ácidos grasos insa-
turados. Sin embargo, la presencia de estos componentes está relacionada con la oxidación del aceite, que 
puede determinarse por el período de inducción. La seguridad adicional de tales aceites y la prolongación del 
almacenamiento se pueden lograr mediante la adición de antioxidantes eficientes, que hoy en día se prefieren 
los provenientes de fuentes naturales. Para contribuir con estas investigaciones, el objetivo principal de este 
estudio fue evaluar la eficacia de los extractos de Schinus molle en comparación con el antioxidante sintético 
BHT, para retrasar la oxidación de algunos aceites vegetales. Los resultados del presente estudio mostraron 
que los extractos de frutas y hojas de Schinus molle presentan potencial para ser utilizados como antioxidan-
tes en aceites vegetales, presentando actividades basadas en métodos probados, DPPH y ABTS. Los extrac-
tos también se caracterizaron por la presencia de compuestos fenólicos determinados mediante el método de 
Folin Ciocalteau y por cromatografía líquida de alta resolución (HPLC). La acción de los extractos como 
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antioxidantes naturales se evidenció en aceites vegetales de chía (Salvia hispanica) y maní (Arachis  hypogaea) 
por el método Rancimat. Se observó que los aceites aumentan la resistencia a la oxidación cuando se le incor-
poran extractos de Schinus molle, aumentando el periodo de inducción en más de tres horas (de 19,5 a 22,9 
horas) del aceite de cacahuete con una concentración de extracto del 2,5%. El extracto de fruta fue más efi-
ciente en retrasar la oxidación del aceite de chia, prolongando el período de inducción de este aceite en más 
de una hora con una concentración del 2,5% (de 3,1 a 4,3 horas). De acuerdo con los resultados, los extractos 
de Schinus molle tienen propiedades favorables para un posible uso como un aditivo inhibidor del proceso de 
oxidación de los aceites vegetales ensayados.
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1. INTRODUCTION 

Lipid oxidation is one of the major changes 
affecting oils and fats, as well as the foods that con-
tain them. Oxidative lipid degradation is one of 
the most critical factors affecting the shelf-life and 
quality parameters of a product, rendering it senso-
rially unacceptable, as well as causing damage to cell 
membranes, enzymes, proteins, and partial destruc-
tion of fat-soluble vitamins, which may pose a direct 
threat to human health (Da Silva and Jorge, 2014; 
Malheiros et al., 2013).

In recent decades, synthetic antioxidants such 
as butylhydroxyanisole (BHA), butylhydroxytolu-
ene (BHT), tert-butylhydroquinone (TBHQ) and 
propyl gallate (PG) have been extensively used for 
retarding lipid oxidative degradation, due to their 
high stability and low cost. However, insecurity 
regarding the use of  synthetic antioxidants has 
increased globally. Its effects on health have been 
questioned, since the prolonged use of  these antiox-
idants can contribute to the emergence of  diseases 
(Yang et  al., 2015; Bodoira et  al., 2017; Cordeiro 
et al., 2013).

The search for natural antioxidants capable of 
retarding food oxidation and replacing synthetic 
food additives has been of interest to the scientific 
community because they help inhibit fatty acid oxi-
dation, participate in disease prevention, and are 
easily obtained from vegetables. In this sense, exten-
sive research has been undertaken with the purpose 
of finding natural products with antioxidant activity 
which could replace synthetic ones or make associa-
tions among them, with the intention of diminish-
ing their quantities in foods (Bodoira et  al., 2017; 
Taghvaei et al., 2014).

Lipid oxidation can be generally evaluated by 
the  oxidative stability index, which is one of the 

most important factors affecting the application 
and storage performance of oils. Rancimat is a ther-
mally accelerated technique for the determination 
of oxidative stability, through of the determination 
of the induction period (IP). The Rancimat analy-
sis aimed to measure the induction period (IP) by 
detecting the formed volatile acids during the oil’s 
oxidation(Mathäus, 1996). The method has been 
popular around the world because of its ease of 
handling and reproducibility of results, and has 
been adopted by various standards including AOCS 
Cd 12b-92, ISO 6886 and EN14112. Under the con-
ditions of Rancimat (accelerated oxidation test), the 
higher the IP value, the more stable the edible oil (Li 
et al., 2019).

S. molle L. (Anacardiaceae) is a species found 
in tropical and subtropical regions of  the world, 
and is commonly known as aroeira-parsley, pep-
per spray, and anacauite, among others. Its fruits 
and leaves are used in traditional medicine because 
they have several properties related to their high 
contents of  terpenic and phenolic compounds pro-
duced by the secondary metabolism of  the plant 
(Hosni et al., 2011; Bras et al., 2010). Research has 
shown several biological activities for the essential 
oil and extracts of  the leaves and fruits of  S. molle. 
In addition to biological activities, studies show a 
variation in the composition of  the major compo-
nents of  the essential oil of  this species. S.  molle 
extracts have been used as topical antiseptic, 
 antibacterial, antiviral, antifungal, anti-inflamma-
tory, antioxidant, antitumor, astringent, antispas-
modic, digestive stimulant, tonic, wound healing, 
diuretic, analgesic, stimulant and antidepressant 
(Salem et al., 2016). 

The oils of chia (Salvia hispanica) and peanut 
(Arachis hypogaea) have different oxidative stabil-
ity characteristics. The oxidative stability of chia oil 
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is relatively low and studies have been developed to 
improve this oil’s behavior (Bodoira et  al., 2017). 
Peanut oil is one of the most stable vegetable oils 
against oxidation. This is partly due to its fatty acid 
composition, which is low in polyunsaturated fatty 
acids (O’Keefe, 1993). 

Considering the indications of problems that 
may be caused by the consumption of synthetic 
antioxidants and the increasing number of consum-
ers who opt for value-added foods, the present study 
aimed to characterize the phenolic compounds and 
antioxidant activity of the leaf and fruit extracts 
of S. molle in order for them to be used as natural 
antioxidants in edible oils. The purpose of this study 
was to evaluate the effectiveness of the extracts of 
S.  molle, compared to the synthetic antioxidant 
butylhydroxyltoluene (BHT), in retarding the oxida-
tion of the vegetable oils chia and peanut. 

2. MATERIALS AND METHODS

2.1. Chemicals

Ethanol, methanol, glacial acetic acid, sodium 
acetate, acetonitrile, caffeic acid, ferulic acid, 
gallic acid, rosmarinic acid, p-coumaric acid, 
rutin,  quercetin luteolin, apigenin, 2,2-diphenyl-
1- picrylhydrazyl (DPPH), (±) -6-Hydroxy-2,5,7,8-
tetramethylchromane-2-carboxylic acid (Trolox), 
ethyl benzothiazoline-6-sulfonic acid diammo-
nium 2,2’-azino-bis (ABTS), sodium chloride, 
aluminun chloride, sodium acetate, 7-Hydroxy-3H-
phenoxazin-3-one-10-oxide sodium salt (Resazurin 
sodium salt), sodium carbonate, potassium persul-
fate and butylhydroxytoluene (BHT) were all pur-
chased from Sigma-Aldrich, São Paulo - SP, Brazil.

2.2. Oil extraction

For the extraction of the oils, peanut grains of 
the Virginia type (Arachis hypogaea L.) and black 
chia seeds (Salvia hispanica) were used. The samples 
of peanut and chia kernels were crushed in a blender 
and submitted to extraction with hexane for 8 h in 
Soxhlet. At the end of the extraction period, the sol-
vent was removed in a rotary evaporator at 50 °C. 
This procedure was performed several times until 
approximately 1 L of oil was obtained.

2.3. Degumming of oil with water

100 g of oil (chia and penut) and 3 mL of heated 
water (70 °C) were added to 250-mL beakers. The 
mixtures were stirred for 30 min, and then left to 
decant. The precipitate was removed, and the oil 
was filtered off  in anhydrous sodium sulfate (Araújo 
et al., 2014). The degumming process was performed 
in triplicate for further analysis.

2.4. Plant material

Leaves and fruits of S. molle were collected in 
Naviraí-MS, Brazil, in June, 2016. The collected 
material collected was dried in a place with low lumi-
nosity and humidity, at 35 ºC for 5 days, and kept 
at room temperature for further processing. The 
voucher specimen was deposited in the Herbarium 
of the Faculty of Biological Sciences of the Federal 
University of Grande Dourados - UFGD (voucher 
no. 5505). 

2.5. Preparation of plant extracts

To prepare the extracts for the ultrasound tech-
nique, 2 g of crushed material were used, and 20 mL 
of a 50% (v/v) ethanol/water solution were placed in 
an ultrasonic bath for 60 minutes at 30 °C, followed 
by centrifugation (2000 rpm for 20 min at 4 °C). 
The supernatants were recovered, and the solvents 
(water/ethanol) were evaporated to obtain a crude 
extract (Hammi et  al., 2015). The extraction was 
performed in triplicate. 

2.6. Total flavonoids 

Total flavonoids were determined spectropho-
tometrically according to Djeridane et  al., 2006. 
Briefly, 1000 µL of 2% AlCl3 methanol solution 
were added to 1000 µL of the plant aqueous extract 
diluted in water (1 mg/mL). After incubation for 
15 min, the absorbance of the final mixture was 
read by spectrophotometer (FENTO 700 PLUS) 
(λ=430 nm). This method is based on the formation 
of a flavonoid-aluminum complex, with maximum 
absorption at 430 nm. Rutin (Sigma-Aldrich, USA) 
was used as a standard at concentrations varying 
from 1 to 50 μg/mL, r2 = 0.9996. The flavonoid con-
tent was expressed in mg per g of rutin equivalent. 
All tests were performed in triplicate. 

2.7. Content of phenolic compounds

Total phenolics were determined according to 
the Folin–Ciocalteu’s reagent method (Djeridane 
et al., 2006). Briefly, 100 µL of the aqueous extract 
solution (1 mg/mL) were added to 1000 µL of ultra-
pure water and 500 µL of the Folin–Ciocalteu’s 
reagent (1/10) in water. After 1 min 1500 µL of 
Na2CO3 (20% w/v) were added. The final mixture 
was shaken and then incubated for 2 hours in the 
dark. The absorbance was read by spectropho-
tometer (FENTO 700 PLUS) (λ=760 nm). Gallic 
acid (Sigma-Aldrich, USA) was used as a standard 
at concentrations varying from 5 to 1000 μg/mL, 
r2 = 0.9992. The result was expressed in mg of gal-
lic acid per g of  dry weight of  aqueous extract. All 
tests were performed in triplicate. 
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2.8. HPLC analysis

The extracts obtained from the samples were 
analyzed in an analytical LC (LC-6AD, Shimadzu, 
Kyoto, Japão) system with a photodiode array detec-
tor (PDA) monitored at λ = 200–800 nm (Shahidi 
and Ambigaipalan, 2015). The column was an ODS 
HYPERSIL (C-18, 150 mm x 4,6 mm, Thermo 
Electron Corporation); the flow rate and the 
injected volume were set at 1.0 mL/min and 20 μL, 
respectively. All chromatographic analyses were 
performed at 25 °C. The binary mobile phase was 
water with 6% acetic acid, and 2mM sodium acetate 
(eluent A) and acetonitrile (eluent B). The following 
gradient was applied: 0 min 5% B, 20 min, 15% B, 
30 min, 60% B, 40 min 100% B. Standards of caf-
feic acid, ferrulic acid, rosmarinic acid, p- coumaric 
acid, rutin, quercetin, luteolin and apigenine were 
prepared in methanol-water in the concentration of 
1000 µg/mL. The extracts were prepared in concen-
trations of 1000 µg/mL. The compound concentra-
tions were determined by external calibration after 
dilutions were acquired in the range of 1–50 µg/mL. 
All tests were performed in triplicate. 

2.9. Evaluation of antioxidant activity

2.9.1. DPPH assay

The activity of free radical removal of the extracts 
was evaluated by the modified 2,2-diphenyl-1-pic-
rylhydrazyl (DPPH) assay and the total antioxidant 
capacity equivalent to Trolox (TEAC) (Simionatto 
et al., 2007; Rufino et al. 2007). A stock solution of 
DPPH in 0.004% methanol was prepared and 50 μL 
of the concentrations 1.25 mg/mL, 0.625 mg/mL 
and 0.312 mg/mL of S. molle extracts were added 
to 5 mL of the DPPH solution. After 30 minutes 
of incubation in a dark environment and at room 
temperature, the absorbance was analyzed at wave-
length 517 nm. Routine was used as standard. The 
inhibition of free radical DPPH (I%) was calculated 
according to the equation:

I% = [Aa –Ab) / (Aa)] . 100

Where, Aa is the control Absorbance; Ab is the 
absorbance of the reaction. The concentration of 
the extract (μg/mL) giving 50% inhibition of DPPH 
radicals (IC50) was obtained by linear regression 
analysis interpolation.

The total antioxidant capacity equivalent to Trolox 
(TEAC) was performed using a standard curve con-
structed at 2000 μM, 1500 μM, 1000 μM, 500 μM 
and 100 μM Trolox concentrations, using the 0.004% 
DPPH solution as reagent, and the concentrations of 
5 mg/mL, 2.5 mg/mL, 1.25 mg/mL, 0.625 mg/mL and 
0.312 mg/mL, and the values obtained were expressed 
in μMtrolox/g crude extract and analyzed.

2.9.2. ABTS assay 

The activity of elimination of free radical extracts 
was also determined by ABTS assay, where the per-
centage of inhibition was evaluated according to the 
methodology described by Re et al., (2007) and by 
the method described by Rufino et al., (2007). The 
ABTS radical was prepared from the reaction of 140 
mM potassium persulfate with 7 mM ABTS and 
stored in the dark at room temperature for 16 hours 
and diluted in 95% ethyl alcohol until the absor-
bance value of 0.700 ± 0.020 at wavelength 734 nm.

To assess the percentage inhibition of antioxidant 
activity, aliquots of 30 μL of sample at concentra-
tions of 1.25 mg/mL, 0.625 mg/mL and 0.312 mg/mL 
were transferred to test tubes and added with ABTS. 
After 6 minutes of reaction in the dark at room tem-
perature, the absorbances were analyzed at 734 nm 
using ethanol as white and routine as standard. The 
inhibition of free radical ABTS (I%) was calculated 
according to the equation:

I% = [Aa –Ab) / (Aa)] . 100

The extract concentration (μg/mL) providing 
50% inhibition of the DPPH radicals (IC50) was 
obtained by linear regression analysis interpolation.

The total antioxidant capacity equivalent to 
Trolox (TEAC) was performed using a standard 
curve constructed at 2000 μM, 1500 μM, 1000 μM, 
500 μM and 100 μM Trolox concentrations, using 
the ABTS radical as reagent, and the extracts at con-
centrations of 5 mg/mL, 2.5 mg/mL, 1.25 mg/mL, 
0.625 mg/mL and 0.312 mg/mL. The values obtained 
were expressed in μMtrolox/g crude extract.

2.10.  Oil samples enriched with hydroalcoholic 
extracts (leaves and fruits) of S. molle and BHT

Samples of chia and peanut oils enriched with 
the hydroalcoholic extracts of leaves and fruits of S. 
molle were prepared to reach concentrations of 0.62 
and 2.5% (extract in oil). The extracts were added 
directly to the oils, followed by slow stirring until 
dissolution. Samples of chia and peanut oils were 
also enriched with the synthetic antioxidant BHT at 
concentrations of 0.62 and 2.5% (BHT in oil). BHT 
was added directly to the oils, followed by slow stir-
ring until dissolution.

2.11. Oxidative stability (Rancimat test)

The oxidative stability index (OSI) values were 
expressed as induction period (IP) in hours and 
determined according to the AOCS Official Method 
Cd 12b-92 (1993), measured by the Rancimat appa-
ratus (Metrohm, model 893 Professional Rancimat), 
which is based on the continuous measurement of 
the electric conductivity of the distilled water in 
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which the volatile product degradations are col-
lected and absorbed, resulting in increased conduc-
tivity during the assay. The determination was made 
at 110 °C with a 20 L/h air flow, using 3.0 ± 0.1 g 
of the sample and 60 mL distilled water in flasks 
containing electrodes. Water conductivity was mon-
itored in order to determine the IP, calculated by the 
software StabNet (Metrohm, Switzerland) for the 
time of maximum value of the second derivative of 
the conductivity curve in function of the time.

2.12. Statistical analysis 

The results are shown and expressed in terms of 
the mean and standard deviations. Significant dif-
ferences were calculated using ANOVA in combina-
tion with Duncan’s test with a significance level of 
α = 0.05.

3. RESULTS AND DISCUSSION 

3.1.  Characterization of hydroalcoholic extracts 
of the leaves and fruits of S. molle 

The hydroalcoholic extracts of the leaves and 
fruits of S. molle were obtained in yields of 16.3 ± 
0.6% and 12.7 ± 0.3%, respectively. The extracts 
were characterized spectrophotometrically for the 
presence of phenolic compounds and flavonoids. 
The highest contents of these phenolic compounds 
were found in the hydroalcoholic extract of the 
leaves. (Table 1). 

The hydroalcoholic extracts of the leaves and 
fruits of S. molle were analyzed by HPLC with stan-
dards of authentic compounds. Initially, 8 chromato-
graphic peaks were identified in the analysis of the 
leaf extract and 5 peaks in the fruit extract. Based 
on their retention times and their comparison with 
standards, it was possible to identify 7 substances 
in the leaf extract (vanilic acid, sinapic acid, caffeic 
acid, ferrulic acid, rutin, quercitin and apigenin) and 
3 substances in the fruit extract (ferrulic acid, rutin 
and quercitin). The contents of these compounds 
in the extracts and their chromatographic profiles 
are shown in Table 2 and Figures 1–2, respectively. 

Along with the identification of these compounds 
the presence of 3 hydroxycinnamic acids (caffeic 
acid, ferulic and sinapic), a hydroxybenzoic acid 
(vanillic acid) and 3 flavonoids (rutin, quercetin and 
apigenin) can be observed. 

Phenolic acids behave as antioxidants, due to 
the reactivity of their phenol moiety (hydroxyl 
substituent on the aromatic ring) (Shahidi and 
Ambigaipalan, 2015). All these phenolic acids 
(hydroxycinnamic and hydroxybenzoic acids) are 

Table 1. Contents of phenolic compounds and 
flavonoids in the hydroalcoholic extracts of the 

leaves and fruits of S. molle (in mg/g ± SD).

Phenolic compounds Flavonoids

Fruits 127.9 ± 0.1b 41.2 ± 0.2b

Leaves 601.1 ± 0.6a 193.9 ± 0.3a

Data are shown as mean ± standard deviation (SD). Different 
letters in the same columns represent significant differences (p 
< 0.05), the same letters do not differ significantly. The Duncan 
test (p < 0.05) was used for the comparison of means. All 
experiments were carried out in triplicate.

Table 2. Compounds identified by liquid chromatography 
(HPLC) in the hydroalcoholic extracts of the leaves and 

fruits of S. molle.

RT (min) Peak Compound
Fruit Extract 
mg/g ± SD

Leaf extract 
mg/g ± SD

4.98 1 Vanilic acid - 45.3±0.2a

6.03 2 Caffeic acid - 20.9±0.1a

8.96 3 Ferulic acid 23.7±0.1b 92.7±0.4a

13.45 4 Sinapic acid - 14.7±0.1a

21.64 5 Rutin 37.3±0.3a 26.3±0.2b

24.32 6 Quercetin 36.9±.0.2b 37.8±0.1a

25.67 7 Apigenina - 11.3±0.1a

Data are shown as mean ± standard deviation (SD). Different 
letters in the same line represent significant differences (p < 0.05), 
the same letters do not differ significantly. The Duncan test 
(p < 0.05) was used for comparison of means. All experiments 
were carried out in triplicate. RT: retention time.

Figure 1. Chromatographic profile (280 nm) of the 
hydroalcoholic extracts of the leaves (A) and fruits 

(B) of S. molle.

A

B
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compounds with important antioxidant activity 
and are cited as important functional components. 
Phenolic acids, known to serve as multipurpose bio-
active compounds, are distributed throughout the 
plant kingdom. Many of them are an integral part 
of the human diet and are also consumed as medici-
nal preparations. Some health-protective effects of 
phenolic compounds have been attributed to their 
antioxidant, antimutagenic, anticarcinogenic, anti-
inflammatory, antimicrobial and other biological 
properties (Xu et al., 2008).

3.2. Evaluation of the antioxidant activity of 
hydroalcoholic extracts

The radical scavenging activity of the extracts 
examined is presented in Table 3. The extracts were 
evaluated by methods using DPPH and ABTS. 
According to the results, a similar behavior occurred 
with the leaf and fruit extracts in the two methods 
used. The hydroalcoholic extract from the leaves pre-
sented better activity, reaching IC50 values of 11.7 ± 
0.8 µg/mL and 12.9 ± 1.1 µg/mL, for the assays with 
DPPH and ABTS, respectively (Table 3). The tests 
were developed using rutin as the control. This flavo-
noid has been previously described as having excel-
lent antioxidant activity and as being widely found 
as a natural plant product (D’andrea, 2015). Rutin 
showed IC50 values of 7.7 and 7.1 µg/mL in the 
DPPH and ABTS tests, respectively. Thus, due to 
its significant presence in the leaf extract, it can be 
inferred that this flavonoid contributes to the good 
activity of the extract. Due to the health promoting 
effects of rutin, an increased interest in their utiliza-
tion in food systems has arisen (Prikryl et al., 2018).

Figure 2 shows comparisons among the concen-
trations of 0.312, 0.625 and 1.25 mg/mL of fruit and 

leaf hydroalcoholic extracts and the flavonoid rutin. 
Clearly, the greater inhibition power of leaf extracts 
is observed at the concentration of 1.25 mg/mL, 
with inhibitions of 52% and 50% of the DPPH and 
ABTS radicals, respectively. At this same concen-
tration (1.25 mg/mL), the DPPH and ABTS radi-
cals are inhibited by rutin at levels of 80 and 76%, 
respectively. 

The results of  the antioxidant activity by the 
ABTS and DPPH methods were also expressed as 
total antioxidant capacity equivalents to Trolox 
(TEAC values). According to Table 4, it was 
observed that in the antioxidant test by the DPPH 
radical capture method, the leaf  extract of  S. molle 
had the highest antioxidant capacity, with TEAC 
values of  1546.6 ± 24.5 mM Trolox/g of  hydroalco-
hol extract. The highest value was also obtained in 
the test with the method ABTS (926.4 ± 39.7mM 
Trolox/g of  hydroalcohol extract) for the hydroal-
coholic extract of  leaves. In the two methods of 
TEAC determination, the flavonoid rutin was used 
as control and demonstrated results that guaran-
tee safety in the measurements. These results are 
in agreement with the contents of  phenolic com-
pounds, where also the samples from leaves were 
the ones with the highest contents of  these com-
ponents. In addition, several studies have reported 
that the relationship between antioxidant activity 
and high phenolic compound content is propor-
tional (Alamed et al., 2009). 

The Duncan test (p < 0.05) was used for the comparison of 
means. All experiments were carried out in triplicate.

Figure 2. Comparison of the antioxidant potential of the 
extracts with different concentrations of rutin (0.312, 0.625 

and 1.25 mg.mL-1) by the DPPH and ABTS methods.

Table 3. IC50 values (in μg/mL ± SD) of the 
hydroalcoholic extracts (by the ABTS and DPPH methods) 

of leaves and fruits of S. molle.

Fruits Leaves Rutina

DPPH 23.1 ± 2.8b 11.7 ± 0.8c 7.1 ± 0.8d

ABTS 98.8 ± 3.5b 12.9 ± 0.6c 7.7 ± 0.5d

Data are shown as mean ± standard deviation (SD). Different 
letters in the same lines represent significant differences (p < 0.05), 
the same letters do not differ significantly. The Duncan test 
(p < 0.05) was used for the comparison of means. All experiments 
were carried out in triplicate. IC50: concentration that inhibits 
50% of DPPH/ABTS radicals. a indicates the Standard.

Table 4. TEAC values (in µmol/g ± SD) by the ABTS and 
DPPH methods for the hydroalcoholic extracts of fruits and 

leaves of S. molle. 

Extracts ABTS DPPH

Fruits 383.3 ± 19.2c 505.0 ± 3.2c

Leaves 926.4 ± 39.7b 1546.6 ± 24.5b

Rutind 1510.0 ± 32.6a 2953.5 ± 25.9a

Data are shown as mean ± standard deviation (SD). Different 
letters in the same column represent significant differences 
(p < 0.05), the same letters do not differ significantly. The 
Duncan test (p < 0.05) was used for the comparison of means. 
All experiments were carried out in triplicate. d indicates the 
standard. TEAC: Trolox equivalent antioxidant capacity.
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3.3. Antioxidant activity under Rancimat conditions

After demonstrating significant antioxidant activ-
ity, the extracts of S. molle (leaves and fruits) were 
evaluated for the inhibition of oxidation by the 
Rancimat test in peanut (Arachis hypogeae) and chia 
(Salvia hispanica) oils. Table 5 demonstrates that the 
hydroalcoholic extract of the leaves of S. molle shows 
better performance for increasing the oxidative sta-
bility of peanut oil. This activity of the extract is 
probably related to the greater diversity of phenolic 
compounds present in the leaf extract. Among the 
compounds identified in the leaf (caffeic acid, ferru-
lic acid, rutin and quercitin), caffeic acid is not pres-
ent in the fruit extract. 

The induction period of the control sample of 
peanut oil was 19.50 h, while the additive samples 
of S. molle extracts reached 22.90 h. It was observed 
that the added concentrations of extract (0.62% 
and 2.5%) did not show great variation in relation 
to the change in the induction period. When the 
extracts of S. molle were evaluated for the effect 
of inhibition of lipid oxidation in chia oil, it was 
observed that the best performance was with the 
addition of fruit extracts. The oil with 2.5% extract 
showed an increase in the induction period from 
3.06 ± 0.03  hours (pure oil) to 4.27 ± 0.05 hours. 
The samples added with BHT showed significantly 
higher results when added in the same proportions 
(0.62 and 2.5%), increasing the induction periods for 
peanut and chia oils by more than 30 and 9 hours, 
respectively. In spite of this great difference, these 
extracts presented favorable characteristics due to 
their diversity of compounds and phenolics. 

Numerous scientific researchers are focusing 
their efforts on identifying new sources of  natural 
antioxidants to stabilize plant oils. Some works 
have already proposed the use of  rosemary and sage 
due to their contents of  carnosol and carnosic acid, 
which are the most common antioxidants found 
in  such vegetable matrices (Esposto et  al.,  2015). 
In this context, the present work demonstrates that 

the extracts of  S. molle can have a positive effect on 
the inhibition of  the oxidation of  oils. It is notewor-
thy that this oxidation inhibitory effect occurred 
both in oils with high oxidation resistance and in 
oils with lower resistance, as shown for peanut and 
chia oils, respectively.

4. CONCLUSIONS 

In this work, the Rancimat method was used to 
evaluate the efficacy of the extracts of S. molle as 
alternative antioxidants for vegetable oils, evaluat-
ing the actions of the extracts as inhibitors of lipid 
oxidation in peanut and chia oils. The leaf extract of 
S. molle showed the highest antioxidant efficiency 
in the Rancimat method. A possible explanation is 
the higher concentration of phenolic compounds 
in this extract, which results in greater protection 
power when used as an antioxidant. The addition 
of extracts to vegetable oils is a promising alterna-
tive for increasing oxidative stability and inducing 
the consumption of phytonutrients such as pheno-
lic compounds, and many of these compounds are 
present in the leaf and fruit extracts of S. molle, 
which can be exploited for this purpose. 
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