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and olive oil
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Abstract

BACKGROUND: Synthetic antioxidants, such as BHA, BHT and PG, are used in many foods to prevent rancidity. However, their
health safety is questioned. There is renewed interest in the increased use of naturally occurring antioxidants such as essential
oils from aromatic plants. The objective of this work was to evaluate the effect of oregano essential oil and olive oil on the
oxidative stability of fried-salted peanuts.

RESULTS: Fried-salted peanuts (FP), fried-salted peanuts with oregano essential oil (FP-O) and fried-salted peanuts with
oregano essential oil and olive oil (FP-OO) were prepared. Peroxide value (PV), p-anisidine value (AV) and conjugated diene
(CD) measurements, and descriptive analysis were analyzed on the products during 112 days of storage. FP-OO showed higher
stability during storage. PV and AV at the end of storage were lower in FP-OO (57.70–7.77, respectively) followed by FP-O
(63.94–8.30) and FP (76.38–9.33, respectively). The oxidized and cardboard flavor intensities increased more in FP during
storage than the other products while the roasted peanutty flavor also decreased more in FP.

CONCLUSION: Oregano essential oil and olive oil showed protective effect against lipid oxidation in fried-salted peanuts
increasing the shelf-life of this product.
c© 2009 Society of Chemical Industry
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INTRODUCTION
Peanuts contain about 50–55% of lipids. About 80% of these
lipids are unsaturated fatty acids: 45–50% oleic acid (18 : 1)
and 30–35% linolenic acid (18 : 2).1 Because of this chemical
composition, peanuts and derived products are susceptible
to oxidation processes and develop rancidness.2 Oxidation
products and rancid flavors decrease the sensory quality of
peanut products making them unacceptable to consumers.3

In addition, lipid oxidation products have harmful effects on
health, may cause heart diseases, anginas, mutagenesis, and
others.4

Synthetic antioxidants, such as butylated hydroxyanisole (BHA),
butylated hydroxytoluene (BHT) and propyl gallate (PG) are used
in many foods to prevent rancidity. However, their health safety
is questioned.5 For these reasons, there is renewed interest in the
increased use of naturally occurring antioxidants such as essential
oils from aromatic plants.

Natural antioxidants are presumed to be safe because they
occur in nature and in many cases are derived from plant
sources. Natural antioxidants have many advantages: they are
accepted by consumers, they are considered safe, they come
from natural resources and they have functional and sensory
properties.6

Different authors reported antioxidant properties of es-
sential oils of aromatic species such as oregano, rosemary

and laurel, among others.6 – 9 Studies in vitro showed that
oregano and other essential oils had antioxidant activity. This
activity is associated with the chemical composition of es-
sential oils. Some have phenolic components such as thymol,
which is found in oregano essential oil.9 However, the an-
tioxidant effect of essential oils on food was not studied in
depth.7

Virgin olive oil has high chemical stability because of its
fatty acid profile with a high concentration of monounsat-
urated fatty acids (oleic acid) and because it contains nat-
ural antioxidants as phenolic compounds, α-tocopherol and
carotenoids.10,11

The objective of this work was to evaluate the effect of oregano
essential oil and olive oil on the oxidative stability of fried-salted
peanuts
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MATERIALS AND METHODS
Materials
Sound and mature seeds of blanched peanuts type Runner, size
38/42 kernels per ounce (crop 2005) were provided by Lorenzati,
Ruescht and Cia (Ticino, Córdoba, Argentina).

Leaves of oregano (Origanum vulgare) (crop 2005) were
provided by the Facultad de Ciencias Agropecuarias – Universidad
Nacional de Córdoba (Córdoba, Argentina). The essential oil was
obtained by hydrodistillation according to Zygadlo et al.8 and
kept in dark glass flasks in a freezer at −18 ◦C until it was
used.

Extra virgin olive oil was provided by Solfrut S.A. (Los Casuarinos,
San Juan, Argentina) and kept in freezer until it was used.

Product elaboration
Fried salted peanuts
Peanuts were oil roasted at 170 ◦C for 5 min using refined sunflower
oil (Natura, Aceitera General Deheza, General Deheza, Córdoba,
Argentina) in an oil roaster (Molinex, model Dupralys, Shanghai,
China) until a medium point measured as an average Hunter colour,
lightness (L) value of 50± 1.0.12 Twenty (g kg−1) of fine granulated
salt (sodium chloride; Laboratorios Cicarelli, Santa Fe, Argentina)
and 20 g kg−1 refined sunflower oil (Natura; Aceitera General
Deheza, General Deheza, Córdoba, Argentina) were added on fried
peanut kernels. After frying the peanuts, the fried peanut kernels
were placed into the stainless steel coating pan rotating at 28 rpm.
Then, the refined sunflower oil was applied on the fried peanuts.
The coating pan was kept rotating for 5 min to homogenize the
distribution of sunflower oil on the peanut kernels. Finally, the
fine granulate salt was poured into the coating pan to stick on
the kernels. The sunflower oil was added to gloss the finished
product and to ensure that the salt stuck to the fried peanut
kernels.

Fried-salted peanut with oregano essential oil
Fried-salted peanuts with oregano essential oil were prepared
following the same procedure described for FP. In addition,
0.2 g kg−1 essential oil was added to the fried peanut kernels.
The oregano essential oil was added into the refined sunflower
oil that was shaken for 5 min. Then, the refined sunflower oil
was applied on the fried peanuts as it was described for FP
preparation.

Fried-salted peanut with oregano essential oil and olive oil
Fried-salted peanuts with oregano essential oil and olive oil were
prepared following the same procedure described for FP-O but
the 20 g kg−1 refined sunflower oil was replaced by the extra virgin
olive oil.

Storage conditions and samplings
After preparation of FP, FP-O and FP-OO, samples were packaged
into 27 × 28 cm plastic bags (Ziploc; Johnson & Son, Buenos
Aires, Argentina). The weight of each sample was of 150 g per
bag. The product was packaged in normal atmosphere with 21%
oxygen. The samples were stored at 23 ◦C (room temperature)
with 60–70% relative humidity. The experiment was run in three
repetitions. Samples of each product were removed from storage
for evaluation of changes in the chemical and sensory indicators
of lipid oxidation.13 Sampling was done on days 28, 56, 84 and
112. Samples were also evaluated on day zero.

Chemical analyses
Fatty acid composition of peanut, olive and sunflower oil
Fatty acids percentages in peanut, extra-virgin olive and refined
sunflower oils were determined by gas–liquid chromatography.
The peanut oil was obtained by cold pressing 100 g peanut ker-
nels using a 20-ton press (HE-DU; Hermes I. Dupraz SRL, Córdoba,
Argentina). Fatty acid methyl esters were prepared by transmethy-
lation with a 3% solution of sulfuric acid (Cicarelli Laboratorios,
San Lorenzo, Argentina) in methanol (Cicarelli Laboratorios).
The fatty acid methyl esters of total lipids were analyzed on
a Hewlett Packard HP-6890 gas–liquid chromatograph (Hewlett
Packard, Palo Alto, CA, USA) equipped with a flame ionization
detector. An HP-INNO-Wax capillary column (30m × 0.32 mm
× 0.5 nm) was used. Separation, identification and quantifica-
tion of the fatty acid methyl esters were performed according
to Grosso et al.14 The iodine value (IV) was calculated using the
equation:14

IV = (%C16 : 1 × 0.9983) + (%C18 : 1 × 0.8601)

+ (%C18 : 2 × 1.7321) + (%C18 : 3 × 2.7410)

+ (%C20 : 1 × 0.7854).

Oil extraction and oxidative parameters determination
The oil was obtained by cold pressing 100 g fried-salted
peanut sample using a 20-ton press (HE-DU; Hermes I. Dupraz
SRL). For this procedure, 20 g of oil was extracted and used
for chemical analyses: peroxide,15 p-anisidine,16 and conjugate
diene17 measurements.

Sensory descriptive analysis
A total of 12 trained panellists (nine female and three male)
participated in the descriptive analysis of fried-salted peanuts.
All panellists had 6 years of experience evaluating peanut
products and were selected according to the following criteria:
(1) people with natural dentition, (2) people without food allergies,
(3) nonsmokers, (4) people between 18 and 64 years of age,
(5) people who consume roasted peanuts and/or peanut products
at least once a month, (6) people available for all sessions,
(7) people interested in participating, and (8) people able to
verbally communicate the observations regarding the product.18

For panellist selection, a screening test was performed for
descriptive analysis. Before being qualified all panellists showed a
perfect score in a taste sensitivity test and the ability to identify
five of seven commonly found food flavors.19 All 12 panellists
were trained and calibrated in four training sessions during 4 days.
Each training session lasted 2 h. A hybrid descriptive analysis
method consisting of the quantitative descriptive analysis (Tragon
Corp., Redwood City, CA, USA) and the Spectrum TM analysis
(Sensory Spectrum, Inc., Chatham, NJ, USA) methods were used
for training and evaluation sessions as reported by Grosso and
Resurreccion.3 A 150 mm unstructured line scale was used for
sample evaluation. A list of definitions and a sheet with warm-up
and reference intensity ratings (Table 1) were developed during
the training sessions.3,20 The attributes definitions were based on
peanut lexicon.12

All samples were evaluated in partitioned booths under
fluorescent light at room temperature. Ten grams of the product
sample were placed into plastic cups with lids coded with three-
digit random numbers. Panellists evaluated nine samples and
the warm-up sample per day. Before beginning the evaluation
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Table 1. Definitions of attributes, standard references and warm-up intensity ratings used in descriptive analysis of fried-salted peanuts with
oregano essential oil and olive oil

Attributea Definitionb Reference
Reference
intensityc

Warm-up
intensityc,d

Appearance

1 Brown color The intensity or the strength of brown color from
light to dark brown

Cardboard (lightness value,
L = 47 ± 1.0)

65 41

2 Roughness The appearance associated with uneven surface Corn flakese 85 23

3 Glossiness The appearance associated with the amount of
light reflected by the product surface

Peanuts coated with chocolatef 58 15

Aromatics

4 Oregano essential
oil aroma

The aromatic associated with essential oil of
oregano

0.1% oregano essential oil in
sunflower oilg

64 0

5 Olive oil aroma The aromatic associated with olive oil Extra virgin olive oilh 72 0

6 Roasted peanutty The aromatic associated with medium roasted
peanuts

Dry roasted peanutsi 76 76

7 Oxidized The aromatic associated with rancid fats and oils Rancid peanutsj 112; 30 6

8 Cardboard The aromatic associated with wet cardboard Moist cardboardk 74 9

Taste

9 Sweetness

Taste on the tongue associated with sucrose
solutions

2.0% sucrose solution 20 19

5.0% sucrose solution 50

10.0% sucrose solution 100

10 Saltiness

Taste on the tongue associated with sodium
chloride solutions

0.2% NaCl solution 25 9

0.35% NaCl solution 50

0.5% NaCl solution 85

11 Sourness

Taste on the tongue associated with acid agents
such as citric acid solutions

0.05% citric acid solution 20 5

0.08% citric acid solution 50

0.15% citric acid solution 100

12 Bitterness

Taste on the tongue associated with bitter
solutions such as caffeine

0.05% caffeine solution 20 7

0.08% caffeine solution 50

0.15% caffeine solution 100

Feeling factors

13 Astringency The shrinking or puckering of the tongue surface Tea infusionl 80 22

Texture

14 Hardness Force needed to compress a food between molar
teeth

Almondsm 80 44

15 Crunchiness Force needed and amount of sound generated
from chewing a sample with molar teeth

Corn flakese 95 24

a Attributes listed in order as perceived by panellists.
b The attributes definitions were based on a lexicon for peanut samples29

c Intensity ratings are based on 150 mm unstructured line scales.
d Medium roasted peanuts (lightness value, L = 50 ± 1), Type Runner, Blanched, Ticino, Cordoba, Argentina.
e Corn flakes, Granix, Buenos Aires, Argentina.
f Peanuts coated with chocolate, ARCOR, Colonia Caroya, Córdoba, Argentina.
g 0.1% oregano essential oil in refined sunflower oil (Natura, AGD, General Cabrera, Argentina).
h Extra virgin olive oil, Oliovita, Solfrut SA, Las Casuarinas, San Juan, Argentina.
i Dry roasted peanuts, type Runner, JL SA, Ticino, Córdoba, Argentina.
j Dry roasted peanuts (type Runner, JL SA, Ticino, Córdoba, Argentina) stored at 40 ◦C during 60 days (intensity rating = 30) and 6 months (intensity
rating = 112).
k Moist cardboard: 1 mL distilled water absorbed by 0.5 g cardboard
l Tea infusion: four tea bags (La Virginia, Córdoba, Argentina) soaked in 1 L of distilled water at 80 ◦C during 10 min.
m Almonds, Grandiet, Córdoba, Argentina.
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of the samples, the panellists re-tested all references and the
warm-up sample. The final lists of warm-up and reference
intensity ratings and definitions were posted in the booths
for all test sessions. Samples were tested using a randomized
complete block design. The data were registered on paper
ballots.

Statistical analysis
The experiment was developed in three repetitions. The data
were analyzed using InfoStat software, version 2007.p (Facultad
de Ciencias Agropecuarias, Universidad Nacional de Córdoba).
Means and standard deviations were calculated. The analysis of
variance and the LSD Fisher test were used to detect significant
differences between mean values (α = 0.05). Pearson coefficient
was used to calculate correlation between dependent variables
from chemical and sensory analyses. Regression equations were
used to determine if the independent variable (time) had an
effect on the chemical variables (PV, AV and CD) and on sensory
attributes.

RESULTS AND DISCUSSION
Fatty acid composition in peanuts, olive and sunflower oils
Fatty acid composition of peanut, sunflower and olive oils are
showed in Table 2. The three main fatty acids in the oils were
palmitic, oleic and linoleic acids. Palmitic and oleic acids were
higher in olive oil than in the other oils. Linoleic acid was higher
in sunflower oil. Nepote et al. reported similar oleic and linoleic
contents in peanut oil from ‘Tegua’ cultivar and sunflower oil.21

The sunflower oil had higher linoleic acid percentage and iodine
value and lower oleic and linoleic acid ratio (O/L) and saturated
and unsaturated fatty acid ratio (S/U). These variables indicate that
sunflower oil should have the lowest stability. On the contrary,
olive oil had higher O/L ratio and S/U ratio and lower linoleic
acid percentage and iodine value. Then, olive oil should have the
highest stability.

Fried-salted peanuts in Argentina are fried in sunflower
oil. Because of the fatty acid composition of peanuts and
sunflower oil, these products are very susceptible to oxidation.
Ryan et al.22 reported that virgin olive oil showed higher

oleic acid content and better oxidative stability at frying
temperature than peanut and sunflower oils. In addition, it
was also reported that extra virgin olive oil has high chemical
stability because of its fatty acid profile with high concentration
of monounsaturated fatty acids (oleic acid) and its low iodine
value. Complementarily, this high stability is also because extra
virgin olive oil contains phenolic compounds, α-tocopherol and
carotenoids that have activity as natural antioxidants.10,11 The
results observed in the fatty acid composition of the extra
virgin olive oil used in this study indicate that the addition of
this olive oil on the fried-salted peanuts could have increase
stability and shelf-life of fried-salted peanuts and its natural
antioxidant could also contribute to improve this stability during
storage.

Descriptive analysis in fried-salted peanut samples
Fifteen sensory attributes from descriptive analysis for each fried-
salted peanut sample, at day 0 of storage, are presented in Table 3.
In general, fried-salted peanut products (FP, FP-O and FP-OO)
had similar intensities in the sensory attributes but the products
differed significantly in some of them: oregano essential oil aroma,
olive oil aroma, roasted peanutty flavor and bitterness.

The addition of olive oil and oregano essential oil in the product
was detected by panellists. The attributes, olive oil aroma and
oregano essential oil aroma were absent in FP. The olive oil aroma
was higher in FP-O than in FP-OO. Probably, the oregano essential
oil in FP-OO partially masked the olive oil aroma in samples of this
product. FP-OO showed lower intensity of roasted peanutty flavor
in comparison with FP and FP-O. Even, the oregano essential oil in
FP-OO also partially masked the roasted peanutty flavor in samples
of this product. FP-O and FP-OO exhibited similar intensities of
bitterness but FP had lower intensity rating of this attribute. As
a consequence, the addition of oregano essential oil affected the
sensory attributes of roasted peanutty flavor and the addition
of olive oil affected the bitterness with respect to the original
product, FP.

In a previous work, fried-salted peanuts and fried-salted peanuts
with added essential oil of laurel, rosemary and oregano showed
similar values in the chemical and sensory variables to those
detected in the present study.

Table 2. Fatty acid composition (g kg−1) of peanut, olive and sunflower oils

Fatty acid composition Peanut oil∗ Olive oil∗ Sunflower oil∗

Palmitic acid (C16 : 0) 81.6 ± 8.1b 144.7 ± 11.0c 61.0 ± 4.1a

Palmitoleic acid (C16 : 1) ND 30.1 ± 3.1 ND

Estearic acid (C18 : 0) 19.8 ± 0.4b 14.5 ± 1.1a 25.7 ± 0.9c

Oleic acid (C18 : 1) 473.3 ± 27.2b 646.1 ± 33.2c 365.4 ± 18.7a

Linoleic acid (C18 : 2) 357.2 ± 26.6b 151.5 ± 9.8a 547.9 ± 55.1c

Linolenic acid (C18 : 3) ND 6.9 ± 0.5 ND

Araquidic acid (C20 : 0) 9.2 ± 0.6b 3.0 ± 0.1a Trace

Eicosenoic acid (C20 : 1) 14.7 ± 0.5b 3.2 ± 0.2a Trace

Behenic acid (C22 : 0) 30.5 ± 1.5 Trace Trace

Lignoceric acid (C24 : 0) 13.7 ± 1.1 ND Trace

Iodine value 111.88 ± 6.98b 86.95 ± 4.57a 126.33 ± 5.96c

Oleic/linoleic ratio 1.33 ± 0.02b 4.20 ± 0.05c 0.67 ± 0.02a

Saturated/unsaturated ratio 0.183 ± 0.001b 0.193 ± 0.004b 0.122 ± 0.001a

∗ Means ± standard deviation followed by different letters in each file indicate significant differences (ANOVA y test LSD, α = 0.05).
ND, not detected.
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Table 3. Mean and standard deviation of sensory variables (0–150 mm line scale) from descriptive analysis in fried-salted peanut samples at day 0
of storage

Fried-salted peanutsa

Variable (sensory attribute) FP∗ FP-O∗ FP-OO∗

Brown color 42.43 ± 0.76 42.13 ± 0.81 42.73 ± 0.64

Roughness 23.20 ± 1.10 23.57 ± 1.37 23.67 ± 1.04

Glossiness 21.70 ± 0.36 21.37 ± 0.50 21.70 ± 0.10

Oregano essential oil aroma ND ND 34.03 ± 2.06a

Olive oil aroma ND 16.00 ± 1.32a 14.33 ± 1.45b

Oxidized 6.33 ± 0.47 6.53 ± 0.91 6.83 ± 1.59

Cardboard 9.27 ± 1.62 10.67 ± 1.72 8.37 ± 1.19

Roasted peanutty 56.67 ± 2.71b 57.67 ± 1.01b 53.97 ± 3.11a

Sweetness 13.63 ± 0.45 14.00 ± 1.30 14.03 ± 1.21

Saltiness 61.87 ± 4.24 62.80 ± 3.27 66.63 ± 3.23

Bitterness 12.87 ± 0.46a 14.13 ± 1.24b 15.23 ± 1.70b

Sourness 7.57 ± 1.27 7.63 ± 0.83 8.43 ± 0.21

Astringency 22.93 ± 1.10 23.23 ± 1.27 25.9 ± 1.76

Crunchiness 29.73 ± 0.35 29.23 ± 0.64 30.63 ± 0.61

Hardness 42.37 ± 0.93 42.40 ± 0.46 42.93 ± 0.65

a FP, fried-salted peanuts; FP-O, fried-salted peanuts added with olive oil; and FP-OO, fried-salted peanuts added with oregano essential oil and
olive oil.
∗ Means ± standard deviation followed by different letters in each file indicate significant differences (ANOVA y test LSD, α = 0.05).
ND, not detected.

Chemical changes of fried-salted peanuts during storage
Changes in chemical indicators of lipid oxidation (peroxide
value, p-anisidine value and conjugated dienes) during storage
of the peanut samples are presented in Fig. 1. These chemical
indicators increased with storage time in all peanut products.
Similar tendencies were observed in previous researches on fried-
salted peanuts prepared with regular type Runner peanuts and
fried-salted peanuts with different essential oils.21,23

The samples did not show significant differences (α = 0.05)
between them before day 56 in PV and AV (Fig. 1a and b). From
day 56 to day 112, all samples presented significant differences in
both chemical indicators. FP had higher peroxide and p-anisidine
values and FP-OO had lower values during storage. FP had higher
conjugated diene contents (Fig. 1c) than the other samples at days
84 and 112 (α < 0.05). FP-O and FP-OO did not showed significant
differences in conjugated dienes during storage.

These results indicate that peanut products prepared with
oregano essential oil and olive oil had better resistance to lipid
oxidation than FP. In a previous study on fried-salted peanuts
with the addition of essential oils (oregano, rosemary and laurel),
oregano essential oil showed similar antioxidant activity to BHT
and increased shelf-life of the product.23

Others authors found a high correlation between natural
antioxidant content (phenolics) and chemical stability in olive
oil.24 Assimopoulou et al. studied the effect of the addition of
essential oil in olive, sunflower and corn oils stored in accelerated
oxidation conditions (65 ◦C).25 They found that olive oil showed
higher stability than the other vegetable oils and the addition of
essential oil decreased peroxide formation during storage.

Sensory changes of fried-salted peanuts during storage
The intensity ratings of oregano essential oil aroma, olive oil
aroma, and oxidized, cardboard and roasted peanutty flavors that
changed during storage in the peanut products are presented in

Fig. 2. The intensity ratings of the other attributes (brown color,
roughness, glossiness, sweetness, saltiness, sourness, bitterness,
astringency, crunchiness, and hardness) did not change during
storage time. The intensity ratings of oregano essential oil aroma
(Fig. 2a), olive oil aroma (Fig. 2b) and roasted peanutty flavor
(Fig. 2e) attribute decreased during storage in the peanut samples.
On the contrary, the intensity ratings of oxidized (Fig. 2c) and
cardboard (Fig. 2d) flavors increased during storage in all samples.
Nepote et al.21 also reported that the intensities of cardboard and
oxidized flavors increased and roasted peanutty flavor decreased
during storage in fried-salted peanuts prepared with regular and
high-oleic peanuts.

More than 100 volatile components are responsible of olive
aroma as hydrocarbon, alcohol, aldehydes, esters, phenols and
their derivates, oxygenate terpenes and furan derivates. Some
components generate different types of odors such as fruity, fried,
soapy, green, etc.11 In this study, the interest was to detect the
presence of olive oil aroma and its intensity change during storage
time. This aroma was not detected in FP. For that reason, this
attribute in FP does not appear in the Fig. 2b. The intensity rating
of olive oil decreased a little more in FP-O than in FP-OO (Fig. 2b).
Probably, the antioxidant activity of the oregano essential oil
protected the olive oil against lipid oxidation.

Volatile compounds that cause oxidized odor and flavor are
produced when lipid oxidation process is in an advanced stage.
The oxidized intensity changes in fried-salted peanut samples are
presented in Fig. 2c. All products exhibited an increase in oxidized
intensity ratings during storage. Significant differences between
samples in the oxidized intensity were detected after day 28. At day
112, the FP presented the highest oxidized intensity rating (34.6),
FP-OO had the lowest intensity rating (18.9) and FP-O showed
oxidized intensities with intermediate ratings (26.1) between FP
and FP-OO. In a previous study, similar tendencies in the oxidized
flavor were observed in fried-salted peanuts with different essential
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Figure 1. (a) Peroxide value (PV), (b) p-anisidine Value (AV), and (c) conjugated dienes (CD) in fried-salted peanuts (FP, �), fried-salted peanuts with
oregano essential oil (FP-O, �) and fried-salted peanuts with oregano essential oil and olive oil (FP-OO, �) during storage time at 23 ◦C.

oils.23 These results indicate that oregano essential oil and olive
oil had the effect of protecting against lipid oxidation in the
fried-salted peanut product.

The cardboard flavor is also related to lipid oxidation.3,12 This
attribute had a similar behavior to the oxidized flavor (Fig. 2d).
Significant differences between fried-salted peanut samples were
observed from day 28. At day 112 of storage, the intensity rating
of cardboard flavor was higher in FP (20.0) than in FP-OO (12.9).
The intensity of cardboard flavor in FP-O (16.1) was between the
intensities of FP and FP-OO.

Roasted peanutty flavor is considered a positive sensory
attribute in peanut products.12 This flavor is related to a group
of compounds called alquilpyrazines that are produced in the
roasting process as a consequence of the reactions between
the amine group of proteins and sugars. It was shown that a
decrease in this sensory attribute is correlated with a decrease in
the alquilpyrazine content.26 In the present study, the intensity
rating of roasted peanutty flavor decreased in all fried-salted
peanut samples through storage (Fig. 2e). In a previous study, the
intensity rating of roasted peanutty flavor also decreased on fried-
salted peanuts with essential oils during storage.23 The lowest
decrease was exhibited by FP-OO with respect to FP and FP-O.

Correlation and regression analysis
The chemical and sensory variables that changed significantly
during storage were analyzed by correlations (Pearson correlation
coefficient). These variables were the following: PV, AV, CD,
oregano essential oil aroma, olive oil aroma and roasted peanutty,

oxidized, and cardboard flavors. Correlation coefficients higher
than 0.6 were observed between chemical variables (PV, AV and
CD) and sensory variables (oxidized and cardboard flavors) related
to lipid oxidation process in all fried-salted peanut samples. The
highest correlation (0.98) was detected between AV and oxidized
flavor in FP. These positive correlations between these variables
were due to the fact that all of them increased during storage time.
Variables associated to lipid oxidation as PV, AV, CD, and oxidized
and cardboard flavors showed negative correlation coefficients
higher than −0.7 with some sensory variables as oregano essential
oil aroma, olive oil aroma and roasted peanutty flavor. These
negative correlations were due to the fact that oregano aroma,
olive aroma and roasted peanutty flavor variables decreased when
the chemical variables related to lipid oxidation increased during
storage. These results indicates that the decrease of the intensity
rating in oregano essential oil aroma, olive oil aroma and roasted
peanutty flavor is also affected for the deterioration processes that
products suffer during storage. Positive correlation coefficient
higher than 0.69 was observed between oregano aroma, olive
aroma and roasted peanut flavor in all fried-salted peanut products.

In other works, relations among chemical and sensory variables
were reported. Bett and Boylston26 detected in roasted peanuts
that cardboard flavor intensity had a linear increase across storage
time while roasted peanutty flavor intensity decreased as storage
time increased. Muego-Gnanasekharan and Resurreccion27 also
detected that oxidized and cardboard flavor intensities exhibited
a linear increase during storage time in peanut paste. Nepote
et al.13,28 observed that chemical variables (PV, AV, CD) and
descriptive attributes (oxidised, cardboard and roasted peanutty
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Figure 2. Intensity ratings of sensory attributes: (a) oregano aroma, (b) olive oil aroma, (c) roasted peanutty, (d) oxidized and (e) cardboard in fried-salted
peanuts (FP, �), fried-salted peanuts with oregano essential oil (FP-O, �) and fried-salted peanuts with oregano essential oil and olive oil (FP-OO, �)
during storage time at 23 ◦C.

flavors) were correlated in roasted and fried-salted peanuts during
storage.

Lineal regression coefficients between chemical and sensory
variables (dependent variables) and storage time (independent
variable) in fried-salted peanut samples are presented in the
Table 4. In general, the regression models for these variables
showed the adjusted R2 higher than 0.61. The peroxide value was
adjusted to a second degree lineal regression model because a
simple lineal regression resulted in low R2. The other variables
were well adjusted by a simple lineal regression model. Therefore,
these equations can be used to predict the chemical and sensory
changes in these peanut products during storage.

In addition, the difference in stability between samples could be
analyzed through the oxidation tendencies. In Table 4, significant
differences between the slopes (β1) from regression analysis were

detected among samples for dependent variables AV, CD, and
oxidized, cardboard and roasted peanutty flavors. Higher slopes
(β1) indicate higher tendency to oxidation. β1 values of CD and
oxidized and cardboard flavors in FP were higher than in FP-O and
FP-OO. FP-O had similar β1 than FP-OO for AV, CD and cardboard
flavor. On the other hand, lower negative slopes (β1) in roasted
peanutty indicate lower tendency to product deterioration. FP-OO
showed the lowest negative β1 for roasted peanutty flavor.

Grosso and Resurreccion3 reported that roasted peanut samples
with a value of 5 (neither like nor dislike) for overall acceptance
on the nine-point hedonic scale can be considered as a level
to decide if a peanut product is unacceptable for the consumer.
Besides, those authors found that roasted peanuts reached the five
point in overall acceptance rating on the nine-point hedonic scale
when the oxidized flavor rating is 36.2 in an unstructured lineal

www.interscience.wiley.com/jsfa c© 2009 Society of Chemical Industry J Sci Food Agric 2009; 89: 2128–2136
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Table 4. Regression coefficients and adjusted R2 for the dependent
variables: peroxide value and p-anisidine value, conjugated dienes and
sensory attributes in fried-salted peanut samples during storage time

Regressiona

Dependent

variable Productc β0 β1
b β11 R2

Peroxide
value

FP 9.136464 1.105794 −0.004471 0.98

FP-O 9.626759 0.934879 −0.004110 0.97

FP-OO 13.436570 0.740698 −0.003226 0.97

p-Anisidine
value

FP 3.673333 0.049762b – 0.94

FP-O 3.626667 0.038690a – 0.94

FP-OO 3.733333 0.032738a – 0.94

Conjugated
dienes

FP 5.802000 0.110333b – 0.94

FP-O 5.773333 0.090952a – 0.89

FP-OO 5.746667 0.089405a – 0.87

Oregano
aroma

FP 33.113333 −0.177857 – 0.92

Olive oil
aroma

FP-O 15.960000 −0.108333 – 0.87

FP-OO 13.626667 −0.082976 – 0.77

Oxidized FP 3.446667 0.286190c – 0.92

FP-O 4.826667 0.189762b – 0.93

FP-OO 8.933333 0.073810a – 0.73

Cardboard FP 8.453333 0.104048b – 0.91

FP-O 9.460000 0.050476a – 0.64

FP-OO 7.753333 0.035357a – 0.63

Roasted
peanutty

FP 56.220000 −0.082143b – 0.62

FP-O 56.033333 −0.071548b – 0.63

FP-OO 53.666667 −0.041548a – 0.61

a Regression equations: y = β0 +β1x+β11x2 or y = β0 +β1x, where y is
the dependent variable (peroxide value, p-anisidine value, conjugated
dienes, oregano essential oil aroma, olive oil aroma, roasted peanutty
flavour), β0 is a constant that it is equal the value of y when the value
of x = 0, β1 and β11 are coefficients of x; x is an independent variable
(time), and R2 is the adjusted determination coefficient.
b ANOVA and LSD Fisher test: The slope (β1) of each variable and
sample follows with the same letters in the column are not significantly
different at α = 0.05.
c FP, fried-salted peanuts; FP-O, fried-salted peanuts added with olive
oil; FP-OO, fried-salted peanuts added with oregano essential oil and
olive oil.

scale of 150 mm. Using the regression equation obtained in this
study and considering the value of 36.2 as a reference of shelf-life
in consumer acceptance for peanut products, this value should
be reached after 114 days in FP, 165 days in FP-O and 369 days
in FP-OO. These predictions of the shelf-life in FP show that olive
and oregano essential oils have a protective effect against lipid
oxidation in fried-salted peanuts.

CONCLUSIONS
According to the fatty acid composition of olive oil, the potential
antioxidant effect of oregano essential oil and the results observed
in the present study on chemical and sensory changes during
storage in fried-salted peanuts, the addition of olive oil and
oregano essential oil improve the stability of this peanut product
preventing lipid oxidation and development of rancid flavors. The

present research renews interest in the use of naturally occurring
antioxidants in food industry. For that reason, oregano essential oil
as a natural antioxidant could be used for replacement of synthetic
antioxidants on food products with high content of lipids. This
study also provides equations to estimate shelf-life of fried-salted
peanuts from chemical and descriptive analysis.
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