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Introduction

Grape seed is an important part of the pomace, represent-
ing 38–52 % of the dry matter thereof [1], which makes it 
a significant residue of agribusiness juices and wines [2]. 
Grape seed may contain 7–20  % oil [3]; thus, its extrac-
tion may represent a good option for adding value to a new 
product.

In addition to the basic function of providing nutrition, 
vegetable oils contribute to the palatability of food, act as a 
vehicle for fat-soluble vitamins and are sources of essential 
fatty acids such as linoleic, linolenic and arachidonic acids 
[4].

Virgin oils contain bioactive compounds, includ-
ing carotenoids, tocopherols and phenolic compounds of 
numerous low and high molecular weights, that may offer 
beneficial effects to human health [5]. These compounds 
have been of great interest to the food and pharmaceutical 
industries due to their anti-inflammatory, anticarcinogenic 
and antimutagenic effects as well as their association with a 
decreased risk of cardiovascular disease [6].

Some carotenoids are valued for their pro-vitamin A 
activity (β-carotene) or their protection against age-related 
macular degeneration (lutein), and numerous studies have 
been performed to evaluate these compounds in foods 
[7]. These carotenoids have also been related to important 
functional properties, especially antioxidant activity, and 
have been implicated in preventing cardiovascular disease. 
These properties render the compounds ideal for promoting 
the consumption of natural products containing them [8].

Tocopherols are important inhibitors of lipid oxidation 
in food and biological systems [9]. Each type of oil exhib-
its a characteristic tocopherol content, which also depends 
on plant genotype, climatic conditions and crop growth, 
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content of polyunsaturated fatty acids and processing and 
storage conditions [10]. In addition to exhibiting vitamin E 
activity, tocopherols occur in seed oils in different forms: 
α, β, γ and δ-tocopherol, where γ-tocopherol is reported as 
one of the most highly antioxidant forms [11]. Because of 
their fat-soluble antioxidant properties, these compounds 
inhibit the peroxidation processes of polyunsaturated fatty 
acids and other compounds that affect the cell membrane 
[12], as well as prevent the rancidity of oils during storage 
[13].

An increasingly large portion of the population prefers 
to consume products of organic farming, mainly due to the 
absence of contaminants in the production process [14]. 
The number of farms dedicated to organic agriculture has 
increased worldwide. Consequently, the market is shifting 
toward the consumption of organic products, and numer-
ous studies have been conducted in this area; however, little 
attention has been paid to the quality of these food prod-
ucts [15]. Many studies have reported that organic foods 
provide higher nutritional value, exhibiting a lower nitrate 
content and better organoleptic quality [16].

The aim of this study was to evaluate the quality of seed 
oils of organic and conventional grapes (Vitis labrusca cv. 
Bordô and Isabel) for the identification and quantification 
of bioactive compounds and to determine the oils’ physico-
chemical characteristics and oxidative stability.

Materials and Methods

Raw Material

The processed residual material (pomace) of the produc-
tion of Bordô and Isabel (organic and conventional, respec-
tively) grape juices (Vitis labrusca, vintage 2013) was dried 
in a horizontal rotary dryer at 70 °C for 4 h until the mois-
ture content was approximately 7  %, avoiding rancidity. 
A ventilation process was used to separate the seeds from 
the rest of the waste, and grape seed oil extraction was 
performed by cold extraction using a worm-type extractor 
composed of plated carbon steel. The temperature was con-
trolled such that it did not exceed 50 ± 1 °C, preserving the 
quality of the oil obtained as well as allowing for the great-
est possible amount of bioactive compounds to be obtained. 
The oils were transported to the Laboratory of Bioactive 
Compounds of the Federal University of Rio Grande do Sul 
(UFRGS) and were stored in amber vials at room tempera-
ture (25 ± 1 °C). The oils were decanted for 72 h to remove 
the residual sludge formed naturally in crude oils. After this 
period, the oils were refrigerated (5 ±  1  °C) until analy-
sis. The equipment used in obtaining the raw material stage 
were designed and built by Econatura Company. The fol-
lowing oils were obtained for analysis: Bordô Conventional 

Oil (BCO); Bordô Organic Oil (BOO); Isabel Conventional 
Oil (ICO) and Isabel Organic Oil (IOO).

Reagents and Standards

The chromatographic analyses were performed using sol-
vents of HPLC grade: methanol, methyl tert-butyl and 
acetonitrile (Panreac). The standards used for the con-
struction of calibration curves were: (±)-α-tocopherol 
(99.5  % HPLC, SULPECO), (+)-γ-tocopherol (≥96  % 
HPLC, Sigma-Aldrich). The carotenoids α-carotene (purity 
>93 %), β-carotene (purity >95 %) and zeaxanthin (purity 
>95  %) were purchased from Sigma Chemical (USA). 
Lutein (purity >95 %) was purchased from Indofine Chem-
ical Company Inc. Hillsborough (USA). All the analysis 
were performed in triplicate.

Chromatograph

The HPLC analysis was performed with an Agilent 1100 
Series HPLC system equipped with a quaternary solvent 
pumping system (G1311A – DE14917573 Agilent 1100 
Series, Waldbronn, Germany) and a UV/Vis detector 
(G1314B – DE71358944 Agilent 1100 Series, Waldbronn, 
Germany).

Color Analysis

Color analysis was performed via a MINOLTA CR 310 187 
colorimeter using the color parameters L* a* b*, Illumi-
nant D65 and a factor observer angle of 10°.

Physicochemical Quality Analyses

The refraction and acidity indices of the oils were deter-
mine according to the methodology of the Instituto Adolfo 
Lutz [17]. The peroxide value and unsaponifiable matter 
were determined by the Cd 8-53 and Ca 6a-40 methods 
according to AOCS [18], respectively.

Carotenoids

The carotenoid extract was prepared according to the 
method described by Mercadante and Rodriguez-Amaya 
[19]. A 250 mm × 4.6 mm i.d., 3 μm, C30 reversed phase 
polymeric column was used (YMC, Japan) in HPLC and 
the wavelength was adjusted to 450 nm. The mobile phase 
used was water:methanol:tert-methyl butyl ether (MTBE) 
(J.T. Baker – Mallinckrodt, EUA) starting at a ratio of 
5:90:5 and reaching 0:95:5 in 12 min, 0:89:11 in 25 min, 
0:75:25 in 40  min and 0:50:50 after a total of 60  min, 
with a flow rate of 1 mL min−1 and a injection volume of 
5 µL at 33 °C [20]. The carotenoids were quantified using 
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standard curves of lutein (1–65  µg  mL−1), β-carotene 
(5–50 µg mL−1) and α-carotene (2–25 µg mL−1). The lim-
its of detection (LD) and quantification (LQ) were, respec-
tively, 6.9 ×  10−3 and 1.15 ×  10−2  mg  kg−1 for lutein; 
4.46 × 10−2 and 7.43 × 10−2 mg kg−1 for β-carotene, and 
1.97 ×  10−2 and 3.28.10−2  mg  kg−1 for α-carotene. The 
results were expressed in micrograms per 100 g of sample.

α and γ‑Tocopherol

The oil tocopherol extraction of was carried out with meth-
anol at room temperature. Five grams of seeds and 25 mL 
of methanol were placed in ultrasonic bath for 15 min. The 
methanolic portion were separated by centrifugation. This 
step was repeated and the supernatants were combined and 
injected on HPLC. For chromatographic separation, a poly-
meric Vydac C18 column (218TP54) (250 mm × 4.6 mm 
id) containing 5  mM methanol was used at a wavelength 
of 292 nm. The analysis was performed in isocratic mode, 
and a methanol/water solution (96:4, v/v) was used as the 
mobile phase at a flow rate of 1 mL min−1 for 10 min. The 
column temperature was maintained at 30 °C, and an injec-
tion volume of 10 μL was used. For the quantification of 
α-tocopherol, an external standard method involving the 
construction of a calibration curve determined by individ-
ual diluted solutions of α-tocopherol in methanol (from 2 
to 303 mg L−1) was employed. The limits of detection and 
quantification were, respectively, 0.09 and 0.17  mg  kg−1. 
The quantification of γ-tocopherol was carried out in the 
same way but with individual solutions of γ-tocopherol 
diluted in methanol (from 7062 to 12,600  mg  L−1). The 
limits of detection and quantification were, respectively, 
0.10 and 0.18  mg  kg−1. The results were expressed in 
micrograms per 100 g of sample.

Phenolic Compounds and Antioxidant Activity

The determination of the total phenolic compounds of the 
grape seed oils was performed according to the method 
used by Capannesi et al. [21]. Quantification was based 
on a calibration curve using gallic acid dissolved in metha-
nol as a standard. The results were expressed in mg gallic 
acid  g  oil−1. The TRAP was measured and calculated as 

previously described by Dresch et al. [22] with a metha-
nolic extract diluted with water and DMSO. The results 
were converted to percentile ranks, and the area under the 
curve (AUC) was calculated by utilizing the GraphPad 
software program (San Diego, CA, USA). The smaller the 
AUC is (relative to that of the system), the higher the total 
reactive antioxidant potential of a sample becomes.

Oxidative Stability Index

Three grams of grape seed oil was used placed in a Ranci-
mat 743 (Metrohm AG, Switzerland) instrument to deter-
mine the oxidative stability of the samples. The oxidation 
process was assessed by response surface methodology 
(RSM). A full-rotational 22 experimental design with 4 
axial points and 3 central points was used. The variables 
studied were temperature (T from 50 to 210 °C) and flow 
rate (F from 8 to 22 L h−1). At each time point, eight oil 
samples were analyzed simultaneously by the equipment. 
Each sample was analyzed in duplicate. Statistical analysis 
was performed using the software Statistica 12.0 (Statisoft 
Inc.), allowing for the evaluation of the experimental data 
fitting to mathematical models obtained by the F test and 
the determination of the response surface as a function of 
the variables.

Results and Discussion

Color Analysis

Table 1 shows the results of the colorimetric analysis and 
shows that all samples presented color angles (h) smaller 
than 90°, suggesting a tendency toward yellow and brown 
colors.

IOO showed high rates for L, b*, C and h as the lightest 
sample (high L*); although more saturated (higher C*), on 
the other hand, ICO showed lower levels for a, b*, C* and 
h. With respect to BCO, BOO also showed more significant 
results, suggesting that the organic samples exhibited more 
favorable color parameters.

The color measurement of a sample is of great impor-
tance to food production due to the relationship between 

Table 1   Color parameters of 
conventional and organic grape 
seed oils Bordô and Isabel

All of the results are reported as the means of three replicates ± standard deviation (n = 3). Different let-
ters in the same column represent a significant difference (P < 0.05)

Sample L a* b* C h

BCO 30.52 ± 0.03 d 4.10 ± 0.03 a 12.04 ± 0.06 c 12.71 ± 0.06 c 71.20 ± 0.16 c

BOO 32.30 ± 0.04 c 3.32 ± 0.02 c 14.82 ± 0.04 b 15.18 ± 0.04 b 77.40 ± 0.09 b

ICO 35.93 ± 0.0 b 2.78 ± 0.04 d 5.65 ± 0.02 d 6.29 ± 0.02 d 63.80 ± 0.35 d

IOO 47.61 ± 0.08 a 3.45 ± 0.02 b 26.85 ± 0.11 a 27.07 ± 0.11 a 82.69 ± 0.02 a



118	 J Am Oil Chem Soc (2016) 93:115–124

1 3

sensory attributes and the acceptability of a product for 
consumers [23]. Lee et al. [24] observed values similar to 
those obtained in this work for parameters L* and b* in 
studying ginseng oils, and the extraction method (pressing, 
solvent or supercritical fluid) did not affect these character-
istics of the samples.

Investigating eight varietal cultivars of conventional 
Spanish olive oils, Moyano et al. [25] observed values 
ranging from 61.94 to 99.28 for L*, from −14.96 to 9.96 
for a*, from 11.98 to 128.68 to b*; 12.20 to 128.96 for C* 
and from 85.03 to 100.84 to h*. Although similar to those 
explored in this study, the cultivars studied by Moyano et 
al. [25] exhibited very different values for the same param-
eter, indicating a tendency toward lighter and more satu-
rated samples with less reddish colors.

The color parameters of plant products can provide 
indications of quality and can be determined in terms of 
sensory and physicochemical analyses. The values of the 
parameter a* may decrease during storage, tending toward 
green (−a*), whereas b* values may decrease at tempera-
tures near 20 °C, showing a greater tendency toward yellow 
(+b*). The possible variations of these parameters can be 
related to the reactions of lipid oxidation and decomposi-
tion of antioxidants, which are common during the storage 
of oils [26].

Physicochemical Quality Analyses

The results of physicochemical analyses of the conven-
tional and organic grape seed oils Bordô and Isabel are 
shown in Table 2.

The physicochemical properties of the oils are related to 
preservation and quality by parameters such as acidity and 
peroxide values, which depend on the nature and quality of 
the raw material. The results indicate the level of conserva-
tion of the oils considering effects of deterioration by light, 
temperature and oxygen, which accelerate the decompo-
sition of glycerides, the development of rancidity and the 
release of fatty acids [26].

IOO showed the lowest and therefore best acidity index 
among the analyzed samples, followed by ICO, BCO and 
BOO.

With respect to the refractive index, all oils showed 
equal values within the limits established by the Codex 
Stan (1.467–1.477).

The peroxide value is one of the main parameters in the 
quality analysis of oils because it indicates the oxidation 
state of a sample. BCO and BOO showed the best results. 
During auto-oxidation, the peroxide value can reach its 
maximum, decrease during later stages and varying accord-
ing to the fatty acid composition of an oil and the oxidation 
conditions [27].

The oils did not differ significantly in the analysis of 
unsaponifiable matter, all being within the standard set of 
values indicated by Codex Stan (<20 g kg−1). The saponi-
fication reaction can help establish the degree of deteriora-
tion and stability of oils, verify that the properties of the 
oils are in accordance with specifications and identify 
potential fraud and adulteration [28]. Waxes, sterols and 
hydrocarbons in oils are generally determined as unsaponi-
fiable matter. Water contributes to the hydrolysis of oils 
during the various handling and processing steps that gen-
erate products such as free fatty acids and glycerol [27].

Carotenoids

BCO and BOO showed values that were statistically equiv-
alent to the content of lutein. The presence of lutein was 
not detected in ICO or IOO (Table 3).

BCO presented the most significant contents of α- and 
β-carotene, followed by ICO and IOO, which showed no 
significant difference in content.

β-Carotene is particularly interesting due to its pro-vita-
min A structure of, providing 100 % activity [29]. Lutein is 
an important component of the human retina and is associ-
ated with a reduction in age-related macular degeneration 
[30]. These properties, combined with an attractive color, 
have led to the increased use and demand for β-carotene, 
lutein and zeaxanthin in particular as supplements and food 
additives [31].

Quantifying chlorophylls and carotenoids in varietal 
conventional olive oil of two consecutive harvests, Criado 
et al. [32] state that during the extraction of oil, mass trans-
fer phenomena occur and determine the distribution of 

Table 2   Acidity index 
refractive index, peroxide value 
and unsaponifiable matter of 
conventional and organic grape 
seed oils Bordô and Isabel

All results are reported as the means of three replicates ± standard deviation (n = 3). Different letters in 
the same column represent significant difference (P < 0.05). a Expressed as %, b expressed as mequiv kg−1, 
c expressed as %

Sample Acidity indexa Refractive index Peroxide valueb Unsaponifiable matterc

BCO 1.54 ± 0.15 b 1.47 ± 0.0 a 0.31 ± 0.03 c 0.09 ± 0.03 a

BOO 2.19 ± 0.01 a 1.47 ± 0.0 a 0.39 ± 0.03 bc 0.04 ± 0.0 a

ICO 1.26 ± 0.14 b 1.47 ± 0.0 a 0.58 ± 0.03 a 0.07 ± 0.01 a

IOO 0.90 ± 0.16 c 1.47 ± 0.0 a 0.46 ± 0.03 b 0.05 ± 0.0 a
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pigment between the olive solid (pomace) and liquid phase 
(oil) and wastewater. The lipophilic nature of chloroplasts 
can determine their affinity for the oil phase, and the more 
hydrophilic nature of anthocyanins determines their reten-
tion in pomace and wastewater. Thus, the chloroplast pig-
ments (chlorophyll and carotenoids) are primarily respon-
sible for the color of virgin olive oil, which ranges from 
yellow to green.

The ingestion of oils and fats is known to increase the 
bioavailability of lipophilic vitamins. Many studies have 
clearly demonstrated that incorporating these substances 
into the diet increases the bioavailability of plant-derived 
carotenoids in human subjects [33]. The effects of oils and 
fats in the diet are manifested by the dispersion of carot-
enoids in the digestive tract or the indirect promotion of 
pancreatic juice secretion. Moreover, the secretion of chy-
lomicrons promoted by oils and fats facilitate the transfer of 
lymph micellar carotenoids. The effects of free oils and fats, 
unsaponifiable matter and other classes of lipids on bio-
availability fatty acids have not been fully elucidated [34].

The red palm oil obtained from the fruit of palm (Elaeis 
guineensis) also has a high content of carotenoids and is 
one of the richest natural sources of β-carotene, contain-
ing approximately 550  μg  g−1 of total carotenes and 
375 μg g−1 of β-carotene [35].

Investigating carotenoids, polyphenols and antioxidant 
activity in organic and conventional grapes [36] reported 
more significant levels of lutein in organic grapes com-
pared to those observed in conventionally cultivated 
grapes; however, the latter showed more favorable results 
regarding β-carotene content. Despite studying six differ-
ent cultivars, the authors noted that it was not possible to 
discern any specific trend in the results obtained for the 
samples, i.e., a cultivar may have higher levels of a carot-
enoid under organic farming, but the opposite behavior 
for another carotenoid may occur within the same farming 
unit.

Studying the effects of type of cultivation in carot-
enoids, antioxidant activity and vitamin C in organic and 
conventional Brazilian fruits, Cardoso et al. [37] reported 

statistically equivalent contents of lycopene and β-carotene 
between organic and conventional khaki crops. In acerola 
fruit, conventional cultivation showed more significant 
results for levels of β-carotene. In strawberry fruits, organic 
farming did not differ significantly from conventional cul-
tivation with respect to the content of β-carotene. Accord-
ing to the authors, organic farming has environmental and 
social impacts related to the health of workers and consum-
ers, increasing socioeconomic viability when compared to 
conventional farming, but does not necessarily imply a bet-
ter nutritional value of food.

α and γ‑Tocopherol

Regarding the content of α-tocopherol, BOO showed the 
highest level, followed by ICO and IOO (Table 3). The oils 
analyzed did not differ significantly with respect to the con-
tent of γ-tocopherol.

Investigating the extraction of grape seed oil with con-
ventional pressurized liquid, Freitas et al. [13] reported less 
than 1 mg of α-tocopherol in 100 g of oil in Isabel grapes. 
The authors stated that Isabel, Herbemont and Seibel grape 
cultivars are unsatisfactory for producing quality wine but 
are widely consumed fresh in Brazil and are therefore used 
for the production of juices.

Studying 10 different conventional varieties of grape 
seed oils from Portugal, Fernandes et al. [2] reported val-
ues above those observed in this study: 85.5–244 mg kg−1 
of oil for α-tocopherol and 2.50–45.0  mg  kg−1 of oil for 
γ-tocopherol. It is noteworthy that Vitis vinifera grapes 
were used, which seeds may contain more bioactive com-
pounds by having undergone fermentation in the wine mak-
ing process. Furthermore, these authors used an extraction 
method and separations quite different as proposed in this 
paper (hexane).

Analyzing seven conventional flaxseed oils marketed in 
New Zealand, Choo et al. [27] observed very significant 
levels of tocopherols. The amounts of α-tocopherol varied 
from 9.11 mg kg−1 of oil and those of γ-tocopherol varied 
from 10.56 to 15.0 mg kg−1 of oil.

Table 3   Content of 
carotenoids, tocopherols 
and total polyphenols of 
conventional and organic grape 
seed oils Bordô and Isabel

All results are reported as the means of three replicates ±  standard deviation (n =  3). nd Not detected. 
Different letters in the same row represent significant difference (P < 0.05). a Expressed as μg 100 g−1), 
b expressed as mg of gallic acid 100 g−1

Analyses BCO BOO ICO IOO

Luteina 12.93 ± 1.65 a 14.99 ± 0.06 a nd nd

α-Carotenea 10.62 ± 1.52 a 3.21 ± 0.23 b 8.72 ± 0.46 a 9.46 ± 0.21 a

β-Carotenea 299.30 ± 0.76 a 153.42 ± 9.27 c 241.84 ± 26.94 b 230.14 ± 12.21 b

α-Tocopherola 1.76 ± 0.05 c 2.03 ± 0.06 a 1.91 ± 0.05 b 1.74 ± 0.0 c

γ-Tocopherola 0.25 ± 0.03 a 1.19 ± 0.06 a 0.57 ± 0.05 a 0.41 ± 0.04 a

Total polyphenolsb 85,329 ± 1863 a 80,974 ± 2760 a 67,667 ± 201 b 85,862 ± 2861 a
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Studying quality parameters of organic and conventional 
extra virgin olive oils for three consecutive years, Ninfali et 
al. [38] reported that it was not possible to observe a trend 
in the results obtained between organic and conventional 
crops with respect to tocopherol content, for example. The 
authors state that the differences observed in 1 year are not 
guaranteed to occur in the coming years. Moreover, they 
suggest that differences between the cultures could not be 
observed or proved inconsistent over the analysis period 
due to factors such as cultivar type and conditions and stor-
age time.

Phenolic Compounds and Antioxidant Activity

IOO, BCO and BOO showed no significant differences in 
the content of total polyphenols (Table 3).

Organic farming is generally characterized by the 
absence of pesticides and synthetic fertilizers during the 
cultivation period. The literature suggests that organic agri-
culture could result in foods with high levels of polyphe-
nols, mainly due to two reasons. The first is that the use of 
synthetic fertilizers could provide more bioavailable nitro-
gen sources, accelerating plant growth and thereby lead-
ing to a reduction in resources used in the production of 
secondary metabolites. The second reason is the absence 
of synthetic pesticides that could result in greater exposure 
of the plant to stress, leading to a natural increase in the 
amount of defense substances such as phenolic compounds 
[16]. Both cases result in foods with high antioxidant 
capacity as a result of a higher amount of polyphenols. The 
literature reports mixed results regarding the antioxidant 
activity and phytochemicals of organic and conventional 
vegetable composition, which vary according to the bioac-
tive compounds and the type of food analyze d [39].

Bail et al. [5] studied conventional grape seed oils 
(Welschriesling, Chardonnay, Schilcher, Merlot, Cabernet-
Sauvignon, Zweigelt and unknown cultivars) derived from 
wine production, reporting total polyphenol contents that 
ranged from 69.5 to 115.5 μg g of oil−1. These oils were 
obtained by cold pressing, and the highest content was 
observed in red grapes.

Characterizing grape seed oils obtained by the cold 
pressing of different conventional cultivars of Turkey 
(IFTA, Mazruna, Black Kerküş, Zeyti, Verdani, Karfoki, 
and Kerküş), Demirtas et al. [40] reported phenolic com-
pound contents ranging from 2.19 to 4.70 mg GAE 100 g 
of oil−1.

Lutterodt et al. [41] studied the antioxidant properties 
of oils of different cultivars of conventional grapes from 
the wine industry (Chardonnay, Muscadine, Ruby Red 
and Concord) and reported phenolic compound contents 
between 0.16 and 0.80  mg GAE  g of oil−1. The authors 

attribute the low values to the low solubility of low-molec-
ular-weight polyphenols in the oil.

Comparing conventional and organic peaches and pears, 
Carbonaro et al. [42] observed a higher content of poly-
phenols in both organic fruits. The authors suggest that 
changes occur in the metabolism of polyphenols as a result 
of the practice of organic farming but reported that the total 
content of polyphenols, as well as the proportion of several 
food components, are subject to variations according to the 
variety and species of plants studied.

Investigating the phenolic compound content and anti-
oxidant activity of organic and conventional grape juices, 
Bordô and Niagara, Dani et al. [43] observed higher levels 
of polyphenols in organic juices. The authors reported that 
the choice of method of organic farming resulted in differ-
ent levels of resveratrol, anthocyanins and tannins in the 
juices.

Antioxidant compounds suppress oxidation reactions 
and quench light emission; therefore, it is possible for 
chemiluminescence to be applied during the analysis of 
antioxidant activity. The extracts of the oils analyzed were 
able to reduce chemiluminescence, i.e., the extracts showed 
antioxidant activity, but the activities were not significantly 
different (Fig. 1). The measurement of chemiluminescence 
in the gradual extinction of the consumption of antioxi-
dants depends on the reactivity of a substance toward the 
concentration of free radicals [44].

According to Desmarchelier et al. [45], the ability of 
antioxidant compounds to scavenge free radicals relative 
to that of synthetic standards, e.g., Trolox, allows for the 
determination of the antioxidant activity of substances such 
as plant extracts.

The antioxidant content of a food is an important param-
eter with respect to the relationship between nutrition and 

Fig. 1   AUC values of BCO, BOO, ICO, IOO and Trolox. Different 
letters indicate significant difference (P < 0.05)
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human health, in addition to affecting the shelf life of a 
product [42].

The harmful effects caused by oxidative stress may be 
delayed or reversed by increased levels of antioxidants, 
particularly phytochemicals such as polyphenols [46]. 
Therefore, many studies have suggested an inverse relation-
ship between the consumption of foods rich in polyphenols 
and the risk of degenerative diseases, cancers and cardio-
vascular diseases [47].

Faller and Fialho [39] studying the relationship between 
phenolics and antioxidant activity of six vegetables and six 
different organic and conventional fruits, reported that it 
was not possible to discern a trend for the types of culti-
vation studied. The authors observed that in this food, the 
high content of soluble polyphenols observed in onions did 
not manifest as being high on antioxidant activity. Further-
more, the authors suggest that other components can be 
attributed to antioxidant capacity, such as vitamin C, carot-
enoids and glucosinolates.

Oxidative Stability Index (OSI)

The results of the experimental design for the OSI are 
shown in Table 4 and Fig. 2.

The models were tested by analysis of variance 
(ANOVA) for a confidence level of 95 % (P < 0.05), yield-
ing F values of 58.57 and 60.45 for BCO and BOO, respec-
tively. For ICO and IOO, the calculated F values were 
52.83 and 51.61, respectively. OSI is highly dependent on 
the linear and quadratic effects of temperature for both 
oils. The quadratic models adequately predict the influ-
ence of the experimental factors studied, with an R2 value 
of 0.9482 for BCO, 0.9497 for BOO, 0.9429 for ICO and 
0.9416 for IOO.

The experimental data were fitted to a full quadratic 
model. Polynomials fitted to the surface responses of BCO, 
BOO, ICO and IOO (Eqs. 1, 2, 3, and 4, respectively) were 
calculated by multiple regression:

OSI decreased with increasing temperature, and air flow 
showed a linear effect on the stability index. BCO and 
BOO did not differ significantly at a temperature of 50 °C 
and air flow of 15 L h−1, yielding the same OSI of 95 h. 
At 73 °C and 10 L h−1, the samples showed no significant 
differences. Under more extreme conditions, i.e., higher 
heat (73 °C) and air flow (20 L h−1), BOO may be consid-
ered more stable than BCO, obtaining an OSI of 86.45 h. 
In other experiments, BOO showed the same behavior as 
BCO, with no significant difference. Thus, it was observed 
that BCO and BOO retained the same trend of decreasing 
OSI. At 73 °C, an increase of 10 L h−1 in airflow caused a 
drastic reduction in the OSI of BCO and BOO, from 77.12 
to 19.25 h and 86.45 to 20.52 h, respectively. For ICO and 

(1)

OSI = 0.9794− 57.6757 × T + 46.6887 × T
2
− 14.4948

× F− 0.0896 × F
2
+ 28.9350 × T × F

(2)

OSI = 1.0853− 60.3145 × T + 47.9639 × T
2
− 16.5312

× F + 1.0523 × F
2
+ 32.9800 × T × F

(3)

OSI = 1.0506− 44.5812 × T + 33.7478 × T
2
− 12.8065

× F + 3.0074 × F
2
+ 25.6475 × T × F

(4)

OSI = 1.0188− 44.3605 × T + 33.5770 × T
2
− 13.0415

× F + 3.0227 × F
2
+ 26.0450 × T × F

Table 4   Oxidative stability 
index (OSI) of BCO, BOO, ICO 
and IOO under the conditions of 
the experimental design

Different lower-case letters in the same column and different upper-case letters in the same row represent 
indicate significant differences (P < 0.05)*. a Expressed as C, b expressed as L h−1

Experiment Ta Fb OSI (h)

BCO BOO ICO IOO

1 73 10 77.12 ± 4.39 bB 86.45 ± 0.81 bA 70.07 ± 1.10 aC 70.30 ± 0.79 aC

2 187 10 0.12 ± 0.01 dA 0.12 ± 0.01 dA 0.18 ± 0.01 dA 0.16 ± 0.0 dA

3 73 20 19.25 ± 0.16 cA 20.52 ± 2.94 cA 18.72 ± 1.07 dA 18.17 ± 0.23 cA

4 187 20 0.12 ± 0.01 dA 0.15 ± 0.02 dA 0.13 ± 0.02 dA 0.12 ± 0.01 dA

5 130 15 0.92 ± 0.02 dA 1.13 ± 0.01 dA 1.21 ± 0.01 dA 0.89 ± 0.08 dA

6 130 15 0.91 ± 0.01 dA 1.07 ± 0.02 dA 1.09 ± 0.01 dA 1.13 ± 0.01 dA

7 130 15 1.12 ± 0.16 dA 1.10 ± 0.01 dA 0.93 ± 0.0 dA 1.11 ± 0.01 dA

8 50 15 95.00 ± 0 aA 95.0 ± 0 aA 63.41 ± 0.87 bB 62.98 ± 0.90 bB

9 130 8 1.00 ± 0.14 dA 0.92 ± 0.0 dA 1.06 ± 0.0 da 1.08 ± 0.01 dA

10 210 15 0.05 ± 0.01 dA 0.09 ± 0.01 dA 0.07 ± 0.04 dA 0.05 ± 0.0 dA

11 130 22 1.05 ± 0.10 dA 0.90 ± 0.14 dA 1.30 ± 0.02 dA 1.20 ± 0.13 dA
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IOO, these values decreased from 70.07 to 18.72  h and 
70.30 to 18.77 h, respectively.

The optimal parameters determined by the experimental 
design for BCO and BOO are a temperature of 50 °C and 
an air flow of 15 L h−1. For IOO and ICO, the optimal con-
ditions are 73 °C and 10 L h−1. Therefore, BOO and BCO 
are the most stable samples.

Investigating the oxidative stability of cranberry, car-
rot, cumin and flaxseed seed oils compared to that of soy 
and corn seed oils, Parker et al. [48] observed that cumin 
obtained the most significant OSI (151  h) using 4  mL of 
sample at 80  °C and 7  L  h−1. The authors state that the 
Rancimat is a device widely used to automate the determi-
nation of OSI, which is directly related to the stability of 
oils.

According to Santos et al. [49], to compare the OSI 
results reported in other studies for seed oils can be dif-
ficult due to the different conditions analyzed and param-
eters employed, such as temperature, air flow, sample size 
and equipment, and other factors that are peculiar to each 
sample.

Studying the quality and oxidative stability of “Pará” nut 
obtained by supercritical fluid extraction, Santos et al. [49] 

obtained an OSI of 14.85 h using 5 g of sample at 100 °C 
and 10 L h−1. The oxidation curves obtained by the authors 
showed that the more the oil was oxidized, the greater the 
amount of volatile compounds derived from fatty acids was 
released and the shorter the induction period or the lower 
the OSI became.

In determining the quality of virgin olive oil during the 
ripening of Arbequina olives, Benito et al. [50] obtained 
OSI ranging from 1.7 to 2.3 h using 3 g of sample at 120 °C 
and 20 L h−1. The authors reported that, although the OSI 
is not considered a parameter indicative of quality, it is use-
ful in providing information regarding the shelf life of an 
oil, demonstrating its resistance to oxidation, as character-
ized by reactions with free radicals.

Although the current literature suggests that exposure of 
food products to stress can lead to the synthesis of defense 
substances such as polyphenols, the benefits of organic 
farming, such as the increase in the amounts of this type 
of substance, were not observed in this study. IOO showed 
the most significant results for color analysis and acid-
ity, whereas BCO and BOO showed the lowest values 
for peroxides. Regarding the analysis of carotenoids and 
α-tocopherol, BCO and BOO stood out by yielding the 

Fig. 2   Response surfaces for 
the oxidative stability index 
(OSI) of BCO (a), BOO (b), 
ICO (c) and IOO (d)
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most significant results. When analyzing the content of 
polyphenols, IOO, BCO and BOO showed no significant 
differences, but when analyzing the antioxidant activity, 
all samples showed the same behavior. The determina-
tion of oxidative stability indicated better performance by 
BCO and BOO, which may be due to the greater amount 
of bioactive compounds present in these samples, such as 
lutein and α- and β-carotene and α-tocopherol. The results 
showed no significant differences between the types of cul-
tivation but between different cultivars, where the Bordô 
oil exhibited the most significant amounts of bioactive 
compounds.
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