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Abstract

Choiba (Dipteryx oleifera Benth.) is a promising source of edible oil with high nutritional quality
and a significant content of oleic acid (52% - 54%). To promote Choiba as source of edible oil is
necessary to ensure its stability along the time of production, distribution and storage. Loss of nu-
tritional and organoleptic quality in lipids is mainly due to lipid peroxidation reactions. The aim of
this research was to evaluate the oxidative stability of Choiba oil at 100°C + 1°C with aeration
(1150 mL air/min) supplemented with rosemary extract (Rosmarinus officinalis L.), at 1000 mg/L
(RE1000) and 1500 mg/L (RE1500), and with BHT (200 mg/L) and from this results to evaluate
the degradation kinetics and shelf-life of Choiba oil at 35°C, 45°C and 55°C without addition of an-
tioxidants (Control) and with addition of best concentration of rosemary extract obtained from
previous study. Progress in oil oxidation was measured through the extent of oxidation products:
peroxide value (PV) and thiobarbituric acid reactive substances (TBARS). Results revealed that
the addition of rosemary extract at 1500 mg/L significantly reduced de formation of hydroperox-
ides (PV), more than BHT. Through correlations between concentrations of antioxidant (including
control without antioxidant) with peroxide values, the Kinetics of degradation and shelf-life of
Choiba oil with predictive models are evaluated in real time and accelerated (35°C, 45°C and 55°C)
using the Arrhenius equation. In addition, the oxidation reactions of this oil follow a first order
kinetic model for PV and zero order kinetic model for TBARS. The rate of formation of PV was de-
pendent on the storage temperature, according to the Arrhenius equation with the activation
energy of 4611.5071 J/mol for Control and 7409.5771 J/mol for RE1500 treatment. The result of
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TBARS didn’t adjust to Arrhenius model, thus measurement of malondialdehyde (MDA) wasn’t a
useful parameter for shelf-life determination of Choiba oil.
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1. Introduction

The increased demand for health food in recent decades, has promoted the study of new sources of vegetable
oils with considerable content of unsaturated fatty acids, as oleic and linoleic. These fatty acids have been attri-
buted health benefits, specifically protective effect against cardiovascular disease by lowering LDL cholesterol
and triglycerides [1] [2]; further contribute to decreased risk of breast and colon cancer [3] [4].

Choiba oil (Dipteryx oleifera Benth.) with an oleic acid content of about 52% is an important source of omega
9 (®9) with high nutritional quality [5]. However, to promote the consumption of this vegetable oil is necessary
to ensure the quality of the product throughout the marketing process. Therefore, it is important to note the var-
ious reactions that occur during storage and can lead to loss of quality of fats and oils. Quality is a complex and
dynamic attribute of food, which directly influences the degree of consumer acceptance. Foods with high lipid
content are susceptible to oxidation reactions of unsaturated fatty acids and determine the deterioration of lipids
during the stages of production, storage and distribution [6] [7].

Autoxidation, which lead to loss of nutritional value, is the main cause of deterioration in edible fats and oils
[7]. It consists in a series of chain reactions, that not only generate the appearance of unpleasant odors and fla-
vors, but it also leads to accumulation of compounds that can be harmful to human health [8] [9]. To retard the
rancidity process, the lipids are supplemented with synthetic antioxidants such as Butylated Hydroxytoluene
(BHT) and Butylated Hydroxyanisole (BHA); this compounds have the capacity to act through the stabilization
of free radicals formed during the autoxidation, but because of their recognized adverse health effects [10] [11],
they have begun to be substituted with antioxidant compounds from natural sources such as plant extracts and
spices [12] [13].

Several studies have evaluated the effect of the addition of rosemary extracts (Rosmarinus officinalis L.) on
the oxidative stability of vegetable oils, finding similar results or better than commonly used synthetic antioxi-
dants, especially at elevated temperatures such as those reached during frying processes [14]-[16]. Other advan-
tage of natural antioxidants is their relative security. In October of 2010, Rosemary extract was classified as
food additive (as antioxidant) by European Commission Directive 2010/69/EU [15].

Monitoring the appearance of intermediate and products of oxidation, is a quantifiable index of the fast dete-
rioration of fats and oils and can monitor the shelf-life of fats and oils during storage [17]. Therefore, from ex-
perimental data it is possible to determine the kinetic equations describing the behavior of oil deterioration and
different Arrhenius model parameters evaluating the effect of temperature on the rate of deterioration. The
extrapolation of the descriptors together allows determining the shelf-life of the oil at any temperature [7] [18].

Lipid peroxidation reactions occur slowly at room temperature; then, usually accelerated stability test that es-
tablish shelf-life in less time are used. Temperature is the commonly used parameter to accelerate lipid oxidation
because the reaction rate increases exponentially [7] [8]. Different methods have been implemented for deter-
mining the shelf-life of lipids, which are induced or accelerated tests such as AOM (Active Oxygen Method) test
oven (Oven Test), Oxygen Pump, Rancimat, among others. These methods provide an estimate of the oxidative
stability, but not necessarily have a high correlation with the shelf-life of the product [12] and may lead to un-
derestimation or over-estimation of the time stability of oils [19]. Furthermore, the mechanism of oxidation of
edible oils changes when the temperature rises above 60°C, whereby the application of stability studies under
controlled conditions employing temperatures between 40°C and 60°C is recommended, and the extrapolation of
the results to ambient conditions may provide acceptable results to some extent [7].

In addition, there are few studies on Choibé oil [5]; therefore, the aim of this study was to evaluate the kinet-
ics of degradation Choibé oil, supplemented with rosemary extract at a concentration of 1500 mg/L and un-sup-

plemented by linearized Arrhenius model.
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2. Materials and Methods
2.1. Preparation of Rosemary Extract (Rosmarinus officinalis L.)

Dried rosemary leaves cultivated in the Region of Tolima (Colombia), were sprayed in industrial food processor
(Ika-Werk®); then, they were subjected to extraction by percolation using ethanol as solvent, in a relation 1: 5.
The extract was filtered through Whatman paper (GF/A, 110 mm) and the percolate was vacuum distilled at
40°C in a rotary evaporator (Heidolph®). Finally, the extract was dried in a vacuum oven at 30°C for 2 hours to
remove any residual solvent. The extract obtained was dark green, which was dissolved in glycerol, and stored
under refrigeration at 4°C prior to use.

2.2. Antioxidant Capacity, Carnosic Acid and Rosmarinic Acid Content of
Rosemary Extract

To determine the antioxidant activity, and carnosic acid and (AC) and rosmarinic acid (AR) content of rosemary
ex-tract, 50 pL taken from the original sample and dissolved in 950 pL of ethanol. From this solution, it was
prepared the dilutions for the different assays.

2.2.1. Oxygen Radical Absorbance Capacity (ORAC) Assay

The ORAC assay was determined using the following methodology: 3 ml was prepared from the following solu-
tion: 21 pl of a 10 uM solution of fluorescein, 2899 pl of 75 mM phosphate buffer (pH 7.4), 50 ul of 600 mM
2,2"-Azobis(2-amidinopropane) dihydrochloride (AAPH) and 30 pl of extract. Fluorescence was recorded on a
Perkin Elmer LS45 spectrofluorometer with a thermostatedmulticell. The ORAC value umol Trolox/g was cal-
culated by a calibration curve using different concentrations of Trolox® [16] [20].

2.2.2. Evaluation of Free Radical-Scavenging Activity by DPPH Assay

A method improved by Rojano et al. (2008) was used. This procedure was performed using 10 pL of the extract
and 90 pL of the methanolic DPPH-solution (20 mg/L). After 30 minutes of reaction at room temperature in the
dark, the absorbance was read at 517 nm. For each studied sample, the percentage inhibition of the radical was
calculated and the results were expressed as TEAC values (Trolox Equivalent Antioxidant Capacity) by the con-
struction of a standard curve, using several concentrations of the TROLOX® antioxidant [20] [21].

2.2.3. Total Phenolic Content TPC

The concentration of total phenols in the extracts was determined using the Folin-Ciocalteu reagent and external
calibration with gallic acid [22]. Briefly, 50 pL of extract solution, 425 uL distilled water and 125 pL of Fo-
lin-Ciocalteu reagent was added and mixed thoroughly. After 6 minutes, 400 pL of 7% NaCO, was added and
then the mixture was allowed to stand for 1 hour at room temperature. The absorbance was measured at 760 nm
using a Thermo Scientific, Multiskan Spectrum spectrophotometer. The TPC was determined as mg of gallic
acid equivalent (GAE) using an equation obtained from the external galic acid calibration curve.

2.2.4. Determination of Carnosic and Rosmarinic Acid Content

Preliminary studies in different rosemary extracts have reported carnosic acid and rosmarinic acid as compounds
with high antioxidant activity [13]-[16]. The content of carnosic acid (CA) and rosmarinic (AR) of the rosemary
extract was determined by HPLC analysis according to the modified protocol of Martinez et al. (2013) [23]. The
ethanol extract of rosemary was filtered through a 0.45 pm pore size and dilutions were made in HPLC grade
ethanol before injection to the chromatograph. A liquid chromatograph (Shimadzu LC-20AD), equipped with a
SIL-20A auto injector/HT, a communication module and CBM-20A (PDA) SPD-M20A calibrated at 284 nm
was used. Quantification of both acids was performed on a LiChrospher® 100RP-18 column (5 M) 250 x 4. The
mobile phase was program as a linear gradient from 95% A (water 840 mL, 150 mL of acetonitrile and 8.5 ml of
acetic acid) and 5% B (methanol) to 100% B in 40 minutes with a flow of 0.6 ml/min and an injection volume of
20 pL. The identification of both acids was performed by comparison of retention times with those of pure stan-
dards.

2.3. Extraction of Choiba Oil (Dipteryx oleifera Benth.)

Choiba’s seeds (Dipteryx oleifera Benth.) were obtained from fallen fruit and collected from the ground at ran-
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dom, in the Region of Antioquia (Colombia), ensuring that they were in good shape, without any physiological
damage. Once the fruits were selected, they were stored in plastic bags and taken to the laboratory of Food
Science at Universidad Nacional of Colombia in Medellin, where almonds were subsequently dried to proceed
with the extraction of oil.

Oil extraction was performed according to the method reported by Thiex et al. [24], the technique used for
extracting oils from grains and seeds employed the Soxhlet apparatus and volatile solvents to extract the fat
present in the seeds. The solvent used was hexane due to its good yields in the extraction of vegetable seed oils
[25].

2.4. Fatty Acid Composition of Choiba 0il (Dipteryx oleifera Benth.)

To determine the fatty acid profile of Choibé oil a gas chromatograph Agilent 6890N GC coupled to an Agilent
5973N MS selective detector and equipped with a split/splitless injector was used. The injector temperature was
300°C + 1°C. Samples previously derivatized to facilitate their detection as methyl esters (FAME) were auto-
matically injected in the splitless mode. An HP-5 MS (5% phenylmethylsiloxane) 30 m, 0.25 mm column 0.25
um a film thickness and a maximum temperature of 325°C was used. To identify the type of fatty acid present
98 base NIST data was used [5].

2.5. Oxidative Stability and Shelf-Life Determination of Choiba Oil
(Dipteryx oleifera Benth.)

Oxidative stability: In this case was used the Active Oxygen Method (AOM). To 30 mL of Choiba oil was added
rosemary extract until a final concentration of 1000 mg/L (RE1000) and 1500 mg/L (RE1500) in the oil. As
positive control Butylated Hydroxytoluene (BHT) at 200 mg/L and as negative control (Control) oil without ad-
dition of extract were used. Progress in oil oxidation, at 100°C + 1°C with aeration (1150 mL air/min) was eva-
luated through the measurement of peroxide value (PV).

Shelf-life determination: In this stage was chosen the best concentration of rosemary extract for shelf-life de-
termination of Choiba oil. These values are incorporated in an experimental design (multilevel design with 3
experimental factors and 2 blocks, which furnish protection against the effect of hidden variables).

To 30 mL of Choiba oil was added rosemary extract until a final concentration of 1500 mg/Lin the oil
(RE1500). As negative control was used Choiba oil without addition of extract (Control). The samples were
stored in dark bottles at 35°C £ 1°C, 45°C + 1°C y 55°C % 1°C in accelerated chambers with 15% to 95% RH and
temperature control since 10°C to 60°C + 2°C (humidification by evaporation, Platinum sensor 100 (dry bulb)
and dehumidification by condensation).

In order to calculate the parameters of the kinetic model of oil deterioration and the Arrhenius equation,
which takes into account the effect of temperature on the rate of degradation; it was followed intermediate and
final oxidation products that appeared during the process such as peroxide value (PV) and thiobarbituric acid
reactive substances (TBARS).

2.5.1. Peroxide Value (PV)

Peroxide value was measured according to the method described for Shantha& Decker [26] with some modifi-
cations. This method is based on the ability of lipid peroxide to oxidize the Fe?* to Fe*"; 0.03 g of sample were
added to 3.5 mL of a solution of chloroform: methanol (7:3), the mixture was stirred for 10 seconds.

To 1 mL of the above solution were added 50 pL of solution (FeS040.144 M and BaCl, in HCI 0.4M) and 50
uL of a solution of NH,SCN (0.44 M), this mixture was incubated for a period of 20 minutes in the darkness;
after this time the absorbance was determined at a wavelength of 510 nm in a spectrophotometer Jenway® 6405
UV/Vis. Results were expressed as milliequivalents of oxygen per kilogrameof oil (meg. Oxygen/kg of oil).

2.5.2. Thiobarbituric Acid Reactive Substances (TBARS)

The final lipid peroxidation product malonaldehyde (MDA), reacts with 2-thiobarbituric acid (TBA) to produce
a fluorescent complex that can be measured at 500 nm excitation and 520 nm emission wavelengths and the flu-
orescence was read by a Perkin-Elmer LS-55 spectrofluorometer (Perkin-Elmer, Beaconstield, UK). To 500 pL
of oil it was added to 80 pL of trichloroacetic acid (TCA1%) and 160 pL of thiobarbituric acid (TBA6%); this
mixture was incubated for a period of 20 minutes at 90°C and then it was submerged in cold water for 10 mi-
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nutes. After this period, 600 pL of butanol were added to it. This sample was stirred and the respective mea-
surements were taken. TBARS values were expressed as nmol of malondialdehyde per mililitre of oil (nmol
MDA/mL of oil) using a calibration curve with malondialdehyde (MDA) as standar substance [27].

2.6. Kinetic Study of Lipid Peroxidation of the Choiba Oil (Dipteryx oleifera Benth.)

A change in the quality of lipids can be measured by the appearance or disappearance of one or more quantifia-

ble indices, symbolized by A (PV and TBARS); the rate of appearance or disappearance of A can be represented

by the Equation (1).

_9A_
dt

K[A]" @)

A

where K is the rate constant and m is the apparent order of reaction. Then when mis 0, 1 and 2 the rate equation
become in Equations (2)-(4) respectively.

A=A -Kt m=0 )
A=Ae™ m=1 ®)
1 1

sz—Kt m=2 (4)

In order to establish the order of reaction, the value of A (PV and TBARS) was plotted as a function of time
[6], and it was obtained by linear regression the most useful mathematical model that represents the degradation
kinetics of Choib4 oil.

2.7. Effect of Temperature on the Rate of Degradation of Choiba Oil
(Dipteryx oleifera Benth.)

The Arrhenius relation has been used to describe the effect of temperature on the rate of several reactions of
quality loss as follows Equation (5)

K=KAexp[_Rli_A] ®)

Or in its linearized form Equation (6)

EA
RT
where K is the rate constant, K, represents the Arrhenius equation constant and E is the activation energy. R is
the universal gas constant (8.3144 J/mol K) and T is the absolute temperature (K). To estimate the effect of
temperature on the reaction rate of a specific quality deterioration mode, values of K was calculated at different
temperatures in the range of interest, and Ln(K) is plotted against 1/T in a semilogghrap. A straight line is ob-

tained with a slope of —E4/R. Also the temperature acceleration factor, known as the Q19 number, was calculated
from the parameters of Arrhenius model [28].

Ln(K)=Ln(K,)- (6)

2.8. Statistical Analysis

Initially is conceived a principal component analysis (PCA) in order to reduce the dimensionality of the va-
riables related to each other, had the main impact on the involvement of responses variables.

All experiments were carried out over triplicate samples and their mean values reported. Statistically signifi-
cant differences between treatments were estimated by analysis of variance (ANOVA) for the evaluated va-
riables, with a significance level of 95% (p < 0.05). Data from experiments have been adjusted to kinetic models
through a linear regression analysis, and the values of R-squared have been reported. Statgraphics Centurion

XV was used for statistical analysis.
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3. Results and Discussion

3.1. Antioxidant Capacity, Carnosic Acid and Rosmarinic Acid Content of
Rosemary Extract

The results revealed a total phenol content of 91.01 mg GAE/g extract, and rosmarinic acid 20466.89 mg AR/L,
comparable with those obtained by Erkan et al. (2008) and Hernandez-Hernandez et al. (2009) who reported to-
tal phenol content of 162.00 and 109.50 mg GAE/g extract, respectively, and rosmarinic acid content 37525.00
mg ARJ/L in different ethanolic extracts of rosemary; however, the content of carnosic acid in rosemary extract
obtained is much lower than previously reported in some rosemary extracts from other latitudes [29] [30].

This difference in the concentration of rosmarinic acid and carnosic rosemary extract may be due to different
factors such as the region of origin and environmental conditions (altitude and latitude) and extraction method
that affects its antioxidant properties [31].

The results obtained by DPPH assay for rosemary extract, showed higher antioxidant activity (557.47 umol
Trolox/g extract) than reported in previous studies for ethanol extracts of Mutisia acuminate (414.70 umol Tro-
lox/g extract), Aloysiatriphylla (512.80 pmol Trolox/g extract) and Melissa officinalis (253.80 pmol Trolox/g
extract).

A similar behavior was observed in the results of scavenging capacity of oxygen radicals, wherein the rose-
mary extract with an ORAC value of 3440.00 umol Trolox/g of extract, has a higher activity than extracts Muti-
sia acuminate (2326.20 umol Trolox/g of extract), Aloysiatriphylla (1175.00 umol Trolox/g of extract) and Me-
lissa officinalis (476.60 umol Trolox/g of extract), spices with comparable total phenol content, measured by the
Folin-Ciocalteu [32].

3.2. Fatty Acid Composition of Choiba Oil

The extent and rate of degradation of lipids, not only depends on the temperature and oxygen exposure; but also
the composition of the oil. For example, the degree of unsaturation is a factor that directly affects the kinetics of
degradation reactions [33]-[36]; edible oils with a high content of unsaturated fatty acids, especially polyunsatu-
rated fatty acids are more susceptible to oxidation thus, the type and concentration of fatty acids present in the
oil is an important quality parameter in the selection of vegetable oils [37].

Table 1 shows the percentage of fatty acids of Choiba oil. The results revealed that the oil is constituted by a
54.03% oleic acid, 11.27% palmitic acid with lesser amounts of linoleic acid (1.09%); values similar to those
previously reported by Zapata-Lujan et al. [5]. The amount of oleic acid found in Choiba oil is comparable with
that reported for oils like olive oil (60% - 70%) and mid-oleic sunflower (50% - 70%) [38].

3.3. Oxidative Stability of Choiba Oil

The susceptibility of lipids to oxidation is often evaluated by measuring the concentration of intermediate and
final oxidation products, after incubation of the sample under certain storage conditions for a period of time [39].
One of the most important products of lipid peroxidation is hydroperoxides [40]; These compounds are formed

Table 1. Percentages of fatty acids of Choiba oil.

Fatty Acid %

Lauric (C12:0) 2.59
Myristic (C14:0) 9.09
Stearic (C18:0) 3.88
Oleic (C18:1) 54.03
Linoleic (C18:2) 1.09
Arachidonic (C20:0) 0.92
Gondoic (C20:1) 411
Behenic (C22:0) 9.07

a. Chemical characterization of Choibé oil. Percentaje % of fatty acids in the oil.
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during the early stages of oxidation and they are important parameters in the determination of the oxidative sta-
bility and shelf-life of lipids [39].

Figure 1 shows the behavior of the formation of hydroperoxides in Choiba oil supplemented with rosemary
extract at 1000 mg/L (RE1000) and 1500 mg/L (RE1500), BHT (200 mg/L) and without addition of antioxidants
(Contral).

The concentration of hydroperoxides increases mildly during the first six hours of the test, corresponding to
the period of induction of lipid peroxidation, and from seven hour, markedly increased during the period of
propagation of lipid peroxidation reactions. See Figure 1.

The comparison between treatments at each time studied, showed that from the ninth hour the treatment
RE1500 has the highest protective effect on Choibé oil, with a reduction in hydroperoxides production of 60.91%
versus the control treatment, compared with RE1000 and BHT samples, which reduced the content of hydrope-
roxides by 30.17% and 21.54% respectively.

Previous studies about the effectiveness of different extracts of rosemary in the oxidative stabilization of li-
pids have shown that rosemary extracts reduced to 50% the rate of formation of hydroperoxides in animal fats
and vegetable oils like sunflower and corn. Additionally, these extracts are more effective than commercial
mixtures of synthetic antioxidants such as Butyl Hydroxytoluene (BHT), Butyl Hydroxyanisole (BHA) and
Propyl Gallate (PG) in stabilizing vegetable oils [14] [41].

3.4. Shelf Life Determination of Choiba Oil

Based on the previous results 1500 mg/L (RE1500) was selected as the most suitable concentration of rosemary
extract for the shelf-life determination of Choibé oil. Figure 2 shows the behavior of the formation of hydrope-
roxides in Choiba oil with and without addition of rosemary extract at 35°C, 45°C and 55°C, respectively.

200 | _______ Control a

180 1 _ _Re1000
160 — RE1500 Fi-e
140

— - —BHT .
120 lg-re

100
80
60
40
20

0

meq. Oxygen/kg of oil

Time (Hours)

Figure 1. Evolution of hidroperoxyde formation in Choiba oil (100°C + 1°C
and 1150 ml Air/min). Means from 9 hour with different letters indicate that
there are statistical differences between treatments (p < 0.05; n = 3).
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200 4 — 4 — Control 450C /)
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o
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Figure 2. Formation of hydroperoxides in Choiba oil with rosemary extract at
1500 mg/L at 35°C, 45°C y 55°C. Reported values are expressed such as

mean of triplicate assays.
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During the early stages, lipid peroxidation starts at a slow rate, even more in the presence of antioxidants be-
cause they effectively quench most of the free radicals produced. In consequence, the level of these compounds
remains low until the antioxidant is almost consumed completely; once this happens, reaction rates increases
exponentially until there are no more oxidizable substrates [39] [42].

In order to estimate the shelf-life of Choibé oil, in terms of the appearance of hydroperoxides, it was pro-
ceeded to determine the parameters of the kinetic model that fit better the experimental data. Initially, the ap-
parent order of reaction of the formation of these compounds was determined through a linear regression analy-
sis. Most of the reactions responsible for food quality loss have been classified as zero, first and second order
[43]. These kinetic equations are specific for each food and for each temperature studied [6].

During the early stages, lipid peroxidation starts at a slow rate, even more in the presence of antioxidants be-
cause they effectively quench most of the free radicals produced. In consequence, the level of these compounds
remains low until the antioxidant is almost consumed completely; once this happens, reaction rates increases
exponentially until there are no more oxidizable substrates [39] [42].

To estimate the shelf-life of Choiba oil, in terms of the appearance of hydroperoxides, it was proceeded to de-
termine the parameters of the kinetic model that fit better the experimental data. Initially, the apparent order of
reaction of the formation of these compounds was determined through a linear regression analysis. Most of the
reactions responsible for food quality loss have been classified as zero, first and second order [43]. These kinetic
equations are specific for each food and for each temperature studied [6].

According to the coefficients of linear regression (r?), the kinetic model that adjusted the results from the de-
gradation of Choibé oil corresponds to a first order model Equation (7) for all treatments (Control and RE1500).

Ln(PV)=Ln(PV,)-Kp, xt 7

where Kpy is the rate constant for hydroperoxides formation (meq. Oxygen/Kg-day), t is the reaction time and
PV, represents the peroxide value at time zero of reaction.

Table 2 shows the coefficients of linear regression (r’) and the parameters of the kinetic model of first order
obtained, Kpy ¥ Ln(PVy). The previously mentioned data emphasize the effects of temperature on the rate of
reaction during the lipid peroxidation of Choiba oil. For instance, as it was increased the temperature testing, the
constant rate also increased.

To determine the entity of dependency between constant rate and temperature, it was drawn Arrhenius plot,
Ln(Kpy) Vrs 1/T, as it can see in Figure 3, for Control and RE1500 treatments, respectively. For these calcula-
tions, it was taken into account the values of constant rate of formation of hydroperoxides (Kpy) that were ob-
tained from kinetic models of first order in each temperature tested.

Data obtained from both procedures (Control and RE1500) adjust to linear model of Arrhenius. Withthe re-
sults obtained at 35°C, 45°C and 55°C is possible to extrapolate the rate constant value and shelf-life of Choiba
oil at any other temperature [28] [44].

The concentration of hydroperoxides in fats and oils has been regulated by legislation; however the rancidity
defined as lipids organoleptic impairment, is only detectable once the decomposition of hydroperoxides has
started during the last stages of oxidation and plays a significant role on consumer rejection of products [7] [8]
[39]. As general rule, the secondary products of oxidation are the result of impairment of hydroperoxides when

Table 2. Parameters of the first order kinetic model for the formation of hydroperoxides in Choiba oil.

Treatment Temperature °C r? Kpy Ln(PVo)
35 0.913978 0.1037 -0.7790

Control 45 0.953495 0.1142 —1.7689
55 0.948943 0.1157 -1.6573

35 0.892329 0.0966 -1.8790

RE1500 45 0.945623 0.1070 -1.7955
55 0.947013 0.1152 —2.0033

a. Linear correlation coefficient (r?), rate constants Kpy (meq. Oxygen/kg-day) and Ln(PVo) (meg. Oxygen/kg of ail), for Control and RE1500 treat-

ments at 35°C, 45°C y 55°C.
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Figure 3. Effect of temperature on the reaction rate of formation of hydrope-
roxides in Choiba oil with and without addition of rosemary extract (Control
and RE1500).

they reach a value of 20 meq Oxigeno/Kg of oil [19] [45], and for this reason, this value was set as the limit to
determine the shelf-life ofChoib4 oil at 25°C.

In Table 3, it is reported. As result from data adjustment to Arrhenius linear model, the coefficient of linear
regression (r?), energy activation values E, rate constant (Kpy,5) at ambient temperature (25°C), and shelf-life
of Choibé oil at the same temperature for the tests Control and RE1500, with 20 meq Oxigeno/kg of oil as
maximum limit allowed of hydroperoxides. The factor of acceleration, Q,o, for the formation of hydroperoxides
was also calculated.

Energy activation values obtained for Control and RE1500 treatments are lower than values obtained in the
study of stability of seeds of Coroba palm and crude oil of Abadejo. These values are under the lowest range es-
timated for lipids rancidity reactions [18] [44]. Choiba oil with addition of rosemary extract (RE1500), showed
an energy activation value that rises approximately in 60% in comparison with Choiba oil without antioxidant
(Control). According to kinetic theory, the activation energy, defined as average energy needed by molecules in
order to take part in a reaction [46], remains constant as far as the reaction mechanism does not change. Addi-
tion of antioxidants, variation in partial pressure of oxygen, and other factors may alter the reaction mechanism
and as result the activation energy [39] [47]. An increase in E, implies an improve in the resistance to the lipid
oxidation [48], so the raising in activation energy within the treatment RE1500 indicates that addition of rose-
mary extract to Choiba oil, reduces its oxidation rate, this is reflected over the shelf-life calculated at 25°C, that
increased over 45.16% the shelf-life of the product.

Different studies on the lipids stability have indicated that there is not a relationship between the initial value
of hydroperoxides and the shelf-life of oils. However, due to the higher lipids instability at higher temperatures,
the energy needed during the impairment process is triggered, therefore the formation of final products of oxida-
tion and even more radicals are accelerated during the propagation stage of lipid peroxidation, and this increases
the impairment rate and reduces the value of the energy needed to produce the reaction. In consequence, it
should be expected that a reduction of starting hydroperoxides and other compounds of the oxidation reaction,
that are present within crude oils in a considerable number, may contributes to increase oxidative stability and
shelf-life of this kind of products [49].

The magnitude of the temperature effect on the oxidation rate of Choiba oil, in terms of PV, was evidenced by
Qqo values. The addition of rosemary extract decreased the Qoin 1.37% compared with the Control sample. In
general a higher Q19 number implies that a smaller temperature change is needed to induce a certain change in
the rate of lipid peroxidation [48].

One of the main products of impairment of hydroperoxides is malondialdehyde (MDA) and it is easily quanti-
fied through the technique TBARS [40]. In order to estimate the shelf-life of Choiba ail, in terms of presence of
TBARS, it was determined the parameters of kinetic model in analogous way to the study on formation of lipid
peroxides.

Figure 4 shows the behavior of formation of MDA within both, the crude sample of Choiba oil (Control) and
the stabilized sample with addition of rosemary extract (RE1500) at 35°C, 45°C y 55°C respectively.

The linear regression analysis indicated that the kinetic model that best fitted the data corresponds to a zero-

order model Equation (8).
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Figure 4. Evolution of thiobarbituric acid reactive substances formation (TBARS)
in crude Choiba oil (Control) and with addition of rosemary extract (RE1500)
at 35°C, 45°C y 55°C. Reported values are expressed such as mean.

Table 3. Parameters of Arrhenius model for the formation of hydroperoxides and malondialdehydein Choiba oil.

Parameter Treatment r? Ea Kasec Shelf-life Qo
Control 0.8520 4611.5071 0.0989 38.17 2.6482
VP
ER1500 0.9950 7409.5771 0.0880 55.40 2.6118
Control 0.8990 21233.3979 0.1277 53.48 2.3745
TBARS
ER1500 0.7464 11304.2582 0.1105 61.82 2.5415

a. Activation energy Ea (J/mol), rate constants Kpyzs (meg. Oxygen/Kg-day) and Krearszs (nmol MDA/mL-day), estimated shelf-life (days) at 25°C,
and Qqo number, in terms of the formation of hydroperoxides (PV) and thiobarbituric acid reactive substances (TBARS) for Control and RE1500
treatments

TBARS =TBARS, - Kigaes Xt ®)

where, Krgars is the rate constant for the formation of MDA (nmol MDA/mL-day), t is the reaction time and
TBARS, are the nmol of MDA/mL of oil at time zero of reaction.

Table 4 shows the coefficients of linear regression (r2) and the parameters, Krgars Y TBARS,, of kinetic model
or zero order that were obtain for each treatment at every temperature studied. From data of kinetic model of
zero order, it was drawn Arrhenius plot shown in Figure 5. Researches on oxidative stability in fried food and
meat products, have found that levels of malondialdehyde (MDA) over 1 mgMDA/Kg (5.97 nmolMDA/mL),
are indicators of rancidity [50]-[52].

In Table 3, it is presented the coefficient of linear regression (r?), that was obtained from adjustment of data
to Arrhenius linear model; values of activation energy E,, rate constant value (Krgarszs) Was estimated at am-
bient temperature (25°C), along with shelf-life of Choiba oil, at same temperature, for the Control and RE1500
samples, taking 5.97 nmol MDA/mL of oil as cutoff parameter.

A value close to 1 within the coefficient of linear regression (r?) indicates that Arrhenius model is applicable
to experimental data obtained, and that the activation energy (E,) remains constant within the range of tempera-
ture studied. As it can be notice within linear model (r?), the level of adjustment of experimental data to Arrhe-
nius model, for the sample that contained rosemary extract added at 1500 mg/L (RE1500), was low (r? = 0.7464).
The previous information can be corroborated from the rate constants obtained for temperatures of 45°C and
55°C within the treatment RE1500, because it was not observed any effect of temperature on malondialdehyde
(MDA) rate formation. Despite this, estimated shelf-life at 25°C (298 K) for control was 15.59% less than
RE1500 sample, and Qo number for control sample was lower than ER1500 sample. This last result is due to
the activation energy for the formation of TBARS in ER1500 sample was lower than control treatment. Howev-
er, this result could be erroneous due to the low adjustment mentioned above.

This behavior is probably resulted of a change in the mechanism of reaction at the studied temperatures,
and/or that other reactions gain importance during the process and then influence the rate of formation of this
compound [47] [53]. Within the studied case, it was observed that Control sample (oil without additives) adjusts
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Figure 5. Effect of temperature on the reaction rate of formation of thiobar-
bituric acid reactive substances formation (TBARS) in Choiba oil with and
without addition of rosemary extract (Control and RE1500).

Table 4. Parameters of the zero order kinetic model for the formation of malondialdehyde in Choiba oil.

Treatment Temperature °C r’ Krears TBARS,
35 0.9836 0.1609 -0.8612
Control 45 0.9944 0.2415 0.1482
55 0.8892 0.2659 4.6998
35 0.9514 0.1226 -0.8612
RE1500 45 0.9855 0.1612 -0.2368
55 0.9761 0.1601 1.0754

Linear correlation coefficient (r2), rate constant Krgars (nmol MDA/mL-day) and TBARS, (nmol MDA/mL), for the formation of thiobarbituric acid
reactive substances (TBARS) in Choibd oil, for Control and RE1500 treatments at 35°C, 45°C y 55°C.

well to Arrhenius model (r? = 0.8990). This suggests that addition of antioxidants may alter the process of oxi-
dation, leading to wrongful data regarding activation energy and shelf-life. In consequence, studying MDA that
have appeared during the process was not a useful parameter to determine the extent of shelf-life of Choiba oil
supplemented with rosemary extract.

4. Conclusions

Although, the study of secondary oxidation products through TBARS technique is not relevant to measure the
extent of shelf-life of Choibéa oil for Control and RE1500 treatments, data obtained from hydroperoxides mea-
surement constitute a useful parameter to determine the oxidative stability and shelf-life of this oil.

Within the research on formation of hydroperoxides in the Choib4 oil, it is possible to find that data adjusted
closer to Kinetic model of first order. Furthermore, the results have revealed that lipid peroxidation rate depends
on temperature, and this is described closely by Arrhenius linear model.

Finally, within the Choibé crude oil without antioxidant additives (Control) the extent ofshelf-life estimated at
25°C, in terms of formation of hydroperxides, is approximately 38 days, while in Choiba oil with addition of ro-
semary extract (RE1500) is 55 days. Therefore, the results of this research suggest that addition of rosemary ex-
tract increases the oxidative stability of Choiba oil, through the stabilization of free radicals forms during the in-
itial stages of the peroxidation process; this ratifies the possibility of using these kinds of extracts to stabilize
edible oils.

Acknowledgements
This study has been carried out with the support of DIME project 18870 and Colciencias project 338756236225.



A. M. Piedrahita et al.

References

(1]

(2]

(3]

(4]

(5]
(6]
[7]
(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Lopez-Huertas, E. (2010) Health Effects of Oleic Acid and Long Chain Omega-3 Fatty Acids (EPA and DHA)
Enriched Milks. A Review of Intervention Studies. Pharmacol Research, 61, 200-207.
http://dx.doi.org/10.1016/j.phrs.2009.10.007

Le-Goff, W. (2014) A New Piece in the Puzzling Effect of n-3 Fatty Acids On Atherosclerosis? Atherosclerosis, 235,
358-362. http://dx.doi.org/10.1016/j.atherosclerosis.2014.03.038

Menendez, J.A., Papadimitropoulou, A., Vellon, L. and Lupu, R. (2006) A Genomic Explanation Connecting “Medi-
terranean Diet”, Olive Oil And Cancer: Oleic Acid, the Main Monounsaturated Fatty Acid of Olive Oil, Induces For-
mation of Inhibitory “PEA3 Transcription Factor-PEA3 DNA Binding Site” Complexes at the Her-2/neu (erbB-2).
European Journal of Cancer, 42, 2425-2432. http://dx.doi.org/10.1016/j.ejca.2005.10.016

Dhakal, K.H., Jung, K.H., Chae, J.H., Shannon, J.G. and Lee, J.D. (2014) Variation of Unsaturated Fatty Acids in
Soybean Sprout of High Oleic Acid Accessions. Food Chemistry, 164, 70-73.
http://dx.doi.org/10.1016/j.foodchem.2014.04.113

Zapata Lujan, A., Cogollo Pacheco, A. and Rojano, B.A. (2013) Potencial nutracéutico del aceite de la almendra de
choiba o almendro de montafia (Dipteryx oleifera Benth.). Revista Cubana de Plantas Medicinales, 18, 368-380.

Steele, R. (2004) Understanding and Measuring the Shelf-Life of Food. Woodhead Publishing Limited, Washington
DC. http://dx.doi.org/10.1201/9781439823354

Farhoosh, R. and Hoseini-Yazdi, S.Z. (2013) Shelf-Life Prediction of Olive Qils Using Empirical Models Developed at
Low and High Temperatures. Food Chemistry, 141, 557-565. http://dx.doi.org/10.1016/j.foodchem.2013.03.024

Wasowicz, E., Gramza, A., Hes, M., Jelen, H., Korczak, J., Malecka, M., Mildner-Szkudlarz, S., Rudzinska, M., Sa-
motyja, U. and Zawirska-Wojtasiak, R. (2004) Oxidation of Lipids in Food. Polish Journal of Food and Nutrition
Sciences, 13, 87-100.

Aladedunye, F. and Przybylski, R. (2013) Frying Stability of High Oleic Sunflower Oils as Affected by Composition
of Tocopherol I1somers and Linoleic Acid Content. Food Chemistry, 141, 2373-2378.
http://dx.doi.org/10.1016/j.foodchem.2013.05.061

Gunstone, F.D. (2002) Vegetable Qils in Food Technology: Composition, Properties and Uses. 1st Edition, Blackwell
Publishing Ltd., Boca Raton.

Ding, M. and Zou, J. (2012) Rapid Micropreparation Procedure for the Gas Chromatographic-Mass Spectrometric De-
termination of BHT, BHA and TBHQ in Edible Oils. Food Chemistry, 131, 1051-1055.
http://dx.doi.org/10.1016/j.foodchem.2011.09.100

Barrera-Arellano, D. (1998) Estabilidad y utilizacion de nitrégeno en aceites y grasas. Grasas y Aceites, 49, 55-63.
http://dx.doi.org/10.3989/gya.1998.v49.i1.709

Jordan, M.J., Castillo, J., Bafion, S., Martinez-Conesa, C. and Sotomayor, J.A. (2014) Relevance of the Carnosic Ac-
id/Carnosol Ratio for the Level of Rosemary Diterpene Transfer and for Improving Lamb Meat Antioxidant Status.
Food Chemistry, 151, 212-218. http://dx.doi.org/10.1016/j.foodchem.2013.11.068

Zhang, Y., Yang, L., Zu, Y., Chen, X., Wang, F. and Liu, F. (2010) Oxidative Stability of Sunflower Oil Supplemented
with Carnosic Acid Compared with Synthetic Antioxidants during Accelerated Storage. Food Chemistry, 118, 656-662.
http://dx.doi.org/10.1016/j.foodchem.2009.05.038

Urban¢ig, S., Kolar, M.H., Dimitrijevi¢, D., DemSar, L. and Vidrih, R. (2014) Stabilisation of Sunflower Oil and Re-
duction of Acrylamide Formation of Potato with Rosemary Extract during Deep-Fat Frying. Food Science and Tech-
nology, 57, 671-678. http://dx.doi.org/10.1016/j.1wt.2013.11.002

Zapata, A., Vanegas, L.S. and Rojano, B.A. (2014) Oleina de Palma Estabilizada Con Antioxidante Natural de Romero
En Un Proceso Discontinuo de Fritura. Informacién Tecnoldgica, 25, 131-140.
http://dx.doi.org/10.4067/S0718-07642014000200015

Kozak, W. and Samotyja, U. (2013) The Use of Oxygen Content Determination Method Based on Fluorescence
Quenching for Rapeseed Oil Shelf-Life Assessment. Food Control, 33, 162-165.
http://dx.doi.org/10.1016/j.foodcont.2013.02.028

de Marcano, E.S., Belén, D., Marin, G. and Moreno, H. (2007) Cinética de deterioro del aceite de la semilla de la
palma coroba. Ciencias béasicas y Tecnologia, 19, 172-182.

Kaya, A., Tekin, A.R. and Oner, M.D. (1993) Oxidative Stability of Sunflower and Olive Oils: Comparison between a
Modified Active Oxygen Method and Long Term Storage. Food Science and Technology, 26, 464-468.
http://dx.doi.org/10.1006/fstl.1993.1091

Gil, M., Restrepo, A., Millan, L., Alzate, L. and Rojano, B. (2014) Microencapsulation of Banana Passion Fruit (Pas-
siflora tripartita Var. Mollissima): A New Alternative as a Natural Additive as Antioxidant. Journal of Food and



http://dx.doi.org/10.1016/j.phrs.2009.10.007
http://dx.doi.org/10.1016/j.atherosclerosis.2014.03.038
http://dx.doi.org/10.1016/j.ejca.2005.10.016
http://dx.doi.org/10.1016/j.foodchem.2014.04.113
http://dx.doi.org/10.1201/9781439823354
http://dx.doi.org/10.1016/j.foodchem.2013.03.024
http://dx.doi.org/10.1016/j.foodchem.2013.05.061
http://dx.doi.org/10.1016/j.foodchem.2011.09.100
http://dx.doi.org/10.3989/gya.1998.v49.i1.709
http://dx.doi.org/10.1016/j.foodchem.2013.11.068
http://dx.doi.org/10.1016/j.foodchem.2009.05.038
http://dx.doi.org/10.1016/j.lwt.2013.11.002
http://dx.doi.org/10.4067/S0718-07642014000200015
http://dx.doi.org/10.1016/j.foodcont.2013.02.028
http://dx.doi.org/10.1006/fstl.1993.1091

A. M. Piedrahita et al.

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Nutrition Sciences, 5, 671-682.

Rojano, B., Saez, J., Schinella, G., Quijano, J., Velez, E. and Gil, A. (2008) Experimental and Theoretical Determina-
tion of the Antioxidant Properties of Isoespintanol (2-1sopropyl-3,6-dimethoxy-5-methylphenol). Journal of Molecular
Structure, 877, 1-6. http://dx.doi.org/10.1016/j.molstruc.2007.07.010

Singleton, V.L. and Rossi J.A. (1965) Colorimetry of Total Phenolics with Phosphomolybdic-Phosphotungstic Acid
Reagents. American Journal of Enology and Viticulture, 16, 144-158.

Martinez, M.L., Penci, M.C., Ixtaina, V., Ribotta, P.D. and Maestri, D. (2013) Effect of Natural and Synthetic Anti-
oxidants on the Oxidative Stability of Walnut Oil under Different Storage Conditions. Food Science and Technology,
51, 44-50. http://dx.doi.org/10.1016/j.lwt.2012.10.021

Thiex, N.J., Anderson, S. and Gildemeister, B. (2003) Crude Fat, Hexanes Extraction, in Feed, Cereal Grain, and Fo-
rage (Randall/Soxtec/Submersion Method): Collaborative Study. Journal of AOAC International, 86, 899-908.

Dutta, R., Sarkar, U. and Mukherjee, A. (2014) Extraction of Oil from Crotalaria juncea Seeds in a Modified Soxhlet
Apparatus: Physical and Chemical Characterization of a Prospective Bio-Fuel. Fuel, 116, 794-802.
http://dx.doi.org/10.1016/j.fuel.2013.08.056

Shantha, C. and Decker, E.A. (1994) Rapid, Sensitive, Iron-Based Spectrophotometric Methods for Determination of
Peroxide Values of Food Lipids. Journal of AOAC International, 77, 421-424.

Williamsom, K.S., Hensley, K. and Floyd, R.A. (2003) Fluorometric and Colorimetric Assessment of Thiobarbituric
Acid-Reactive Lipid Aldehydes in Biological Matrices. In: Hensley, K. and Floyd, R.A., Eds., Methods in Pharma-
cology and Toxicology: Methods in Biological Oxidative Stress, Humana Press, Totowa, 56-65.

Man, D. (2002) Food Industry Briefing Series: Shelf Life. Blackwell Science Ltd., Malden.
http://dx.doi.org/10.1002/9780470995068

Erkan, N., Ayranci, G. and Ayranci E. (2008) Antioxidant Activities of Rosemary (Rosmarinus officinalis L.) Extract,
Blackseed (Nigella sativa L.) Essential Oil, Carnosic Acid, Rosmarinic Acid and Sesamol. Food Chemistry, 110, 76-82.
http://dx.doi.org/10.1016/j.foodchem.2008.01.058

Hernandez-Hernandez, E., Ponce-Alquicira, E., Jaramillo-Flores, M.E. and Guerrero-Legarreta, 1. (2009) Antioxidant
Effect Rosemary (Rosmarinus officinalis L.) and Oregano (Origanum vulgare L.) Extracts on TBARS and Color of
Model Raw Pork Batters. Meat Science, 81, 410-417. http://dx.doi.org/10.1016/j.meatsci.2008.09.004

Peshev, D., Peeva, L.G., Peev, G., Baptista, I.I.R. and Boam, A.T. (2011) Application of Organic Solvent Nanofiltra-
tion for Concentration of Antioxidant Extracts of Rosemary (Rosmarinus officiallis L.). Chemical Engineering
Research and Design, 89, 318-327. http://dx.doi.org/10.1016/j.cherd.2010.07.002

Chirinos, R., Pedreschi, R., Rogez, H., Larondelle, Y. and Campos, D. (2013) Phenolic Compound Contents and Anti-
oxidant Activity in Plants with Nutritional and/or Medicinal Properties from the Peruvian Andean Region. Industrial
Crops and Products, 47, 145-152. http://dx.doi.org/10.1016/j.indcrop.2013.02.025

Guillén, M.D. and Cabo, N. (2002) Fourier Transform Infrared Spectra Data versus Peroxide and Anisidine Values to
Determine Oxidative Stability of Edible Oils. Food Chemistry, 77, 503-510.
http://dx.doi.org/10.1016/S0308-8146(01)00371-5

Choe, E. and Min, D. (2006) Chemistry and Reactions of Reactive Oxygen Species in Foods. Critical Reviews in Food
Science and Nutrition, 46, 1-22. http://dx.doi.org/10.1080/10408390500455474

Garcia-Moreno, P.J., Pérez-Galvez, R., Guadix, A. and Guadix, E.M. (2013) Influence of the Parameters of the Ranci-
mat Test on the Determination of the Oxidative Stability Index of Cod Liver Oil. Food Science and Technology, 51,
303-308. http://dx.doi.org/10.1016/j.lwt.2012.11.002

Martinez-Yusta, A. and Guillén, M.D. (2014) Deep-Frying. A Study of the Influence of the Frying Medium and the
Food Nature, on the Lipidic Composition of the Fried Food, Using *H Nuclear Magnetic Resonance. Food Research
International, 62, 998-1007. http://dx.doi.org/10.1016/j.foodres.2014.05.015

Fernandez-Iglesias, A., Quesada, H., Diaz, S., Pajuelo, D., Bladé, C., Arola, L., Salvad6, M.J. and Mulero, M. (2014)
Combination of Grape Seed Proanthocyanidin Extract and Docosahexaenoic Acid-Rich Oil Increases the Hepatic De-
toxification by GST Mediated GSH Conjugation in a Lipidic Postprandial State. Food Chemistry, 165, 14-20.
http://dx.doi.org/10.1016/j.foodchem.2014.05.057

Izquierdo, N., Aguirrezabal, L., Andrade, F. and Pereyra, V. (2002) Night Temperature Affects Fatty Acid Composi-
tion in Sunflower Oil Depending on the Hybrid and the Phenological Stage. Field Crops Research, 77, 115-126.
http://dx.doi.org/10.1016/S0378-4290(02)00060-6

Pinchuk, I. and Lichtenberg, D. (2014) Analysis of the Kinetics of Lipid Peroxidation in Terms of Characteristic
Time-Points. Chemistry and Physics of Lipids, 178, 63-76. http://dx.doi.org/10.1016/j.chemphyslip.2013.12.001

Fagali, N. and Catala, A. (2009) Fe?* and Fe*" Initiated Peroxidation of Sonicated and Non-Sonicated Liposomes Made



http://dx.doi.org/10.1016/j.molstruc.2007.07.010
http://dx.doi.org/10.1016/j.lwt.2012.10.021
http://dx.doi.org/10.1016/j.fuel.2013.08.056
http://dx.doi.org/10.1002/9780470995068
http://dx.doi.org/10.1016/j.foodchem.2008.01.058
http://dx.doi.org/10.1016/j.meatsci.2008.09.004
http://dx.doi.org/10.1016/j.cherd.2010.07.002
http://dx.doi.org/10.1016/j.indcrop.2013.02.025
http://dx.doi.org/10.1016/S0308-8146(01)00371-5
http://dx.doi.org/10.1080/10408390500455474
http://dx.doi.org/10.1016/j.lwt.2012.11.002
http://dx.doi.org/10.1016/j.foodres.2014.05.015
http://dx.doi.org/10.1016/j.foodchem.2014.05.057
http://dx.doi.org/10.1016/S0378-4290(02)00060-6
http://dx.doi.org/10.1016/j.chemphyslip.2013.12.001

A. M. Piedrahita et al.

[41]

[42]

[43]

[44]

[45]

[46]
[47]

[48]

[49]

[50]

[51]

[52]

[53]

of Retinal Lipids in Different Aqueous Media. Chemistry and Physics of Lipids, 159, 88-94.
http://dx.doi.org/10.1016/j.chemphyslip.2009.03.001

Che-Man, Y.B. and Jaswir, I. (2000) Effect of Rosemary and Sage Extracts on Frying Performance of Refined
Bleached and Deodorized (RBD) Palm Olein during Deep-Fat Frying. Food Chemistry, 69, 301-307.
http://dx.doi.org/10.1016/S0308-8146(99)00270-8

Laguerre, M., Lecomte, J. and Villeneuve, P. (2007) Evaluation of the Ability of Antioxidants to Counteract Lipid
Oxidation: Existing Methods, New Trends and Challenges. Progress in Lipid Research, 46, 244-282.
http://dx.doi.org/10.1016/j.plipres.2007.05.002

Cunha, M. and Oliveira, F.A.R. (2000) Optimal Experimental Design for Estimating the Kinetic Parameters of
Processes Described by the First-Order Arrhenius Model under Linearly Increasing Temperature Profiles. Journal of
Food Engineering, 46, 53-60. http://dx.doi.org/10.1016/S0308-8146(00)00138-2

Sathivel, S., Huang, J. and Prinyawiwatkul, W. (2008) Thermal Properties and Applications of the Arrhenius Equation
for Evaluating Viscosity and Oxidation Rates of Unrefined Pollock Oil. Journal of Food Engineering, 84, 187-193.
http://dx.doi.org/10.1016/j.jfoodeng.2007.04.027

Babalola, T.0.0. and Apata, D.F. (2011) Chemical and Quality Evaluation of Some Alternative Lipid Sources for
Aqua Feed Production. Agriculture and Biology Journal of North America, 2, 935-943.
http://dx.doi.org/10.5251/abjna.2011.2.6.935.943

Galindo-Hernandez, F. and Méndez-Ruiz, F. (2003) Determinacion de la energia de activacion para la reaccion de H*
H, mediante el calculo de superficie de energia potencial. Revista Mexicana de Fisica, 49, 264-270.

Ragnarsson, J.O. and Labuza, T.P. (1976) Accelerated Shelf-Life Testing for Oxidative Rancidity in Foods—A Review.
Food Chemistry, 2, 291-307. http://dx.doi.org/10.1016/0308-8146(77)90047-4

Farhoosh, R., Niazmand, R., Reazaei, M. and Sarabi, M. (2008) Kinetic Parameter Determination of Vegetable Oil
Oxidation under Rancimat Test Conditions. European Journal of Lipid Science and Technology, 110, 587-592.
http://dx.doi.org/10.1002/ejlt.200800004

Makhoul, H., Ghaddar, T. and Toufeili, 1. (2006) Identification of Some Rancidity Measures at the End of the Shelf
Life of Sunflower Oil. European Journal of Lipid Science and Technology, 108, 143-148.
http://dx.doi.org/10.1002/ejIt.200500262

Suman, S.P., Mancini, R.A., Joseph, P., Ramanathan, R., Konda, M.K.R., Dady, G. and Yin, S. (2010) Packaging-
Specific Influence of Chitosan on Color Stability and Lipid Oxidation in Refrigerated Ground Beef. Meat Science, 86,
994-998. http://dx.doi.org/10.1016/j.meatsci.2010.08.006

Kamel, S.M. and EI Sheikh, D.M. (2012) Quality Evaluation of Some Commercially Fried Fast Food. Food Science
and Quality Management, 10, 28-36.

Ortufio, J., Serrano, R., Jordan, M.J. and Bafion, S. (2014) Shelf Life of Meat from Lambs Given Essential Oil-Free
Rosemary Extract Containing Carnosic Acid plus Carnosol at 200 or 400 mg kg . Meat Science, 96, 1452-1459.
http://dx.doi.org/10.1016/j.meatsci.2013.11.021

Nelson, K.A. and Labuza, T.P. (1994) Water Activity and Food Polymer Science: Implications of State on Arrhenius
and WLF Models in Predicting Shelf Life. Journal of Food Engineering, 22, 271-289.
http://dx.doi.org/10.1016/0260-8774(94)90035-3



http://dx.doi.org/10.1016/j.chemphyslip.2009.03.001
http://dx.doi.org/10.1016/S0308-8146(99)00270-8
http://dx.doi.org/10.1016/j.plipres.2007.05.002
http://dx.doi.org/10.1016/S0308-8146(00)00138-2
http://dx.doi.org/10.1016/j.jfoodeng.2007.04.027
http://dx.doi.org/10.5251/abjna.2011.2.6.935.943
http://dx.doi.org/10.1016/0308-8146(77)90047-4
http://dx.doi.org/10.1002/ejlt.200800004
http://dx.doi.org/10.1002/ejlt.200500262
http://dx.doi.org/10.1016/j.meatsci.2010.08.006
http://dx.doi.org/10.1016/j.meatsci.2013.11.021
http://dx.doi.org/10.1016/0260-8774(94)90035-3

	Kinetic Study of the Oxidative Degradation of Choibá Oil (Dipteryx oleifera Benth.) with Addition of Rosemary Extract (Rosmarinus officinalis L.)
	Abstract
	Keywords 
	1. Introduction
	2. Materials and Methods
	2.1. Preparation of Rosemary Extract (Rosmarinus officinalis L.)
	2.2. Antioxidant Capacity, Carnosic Acid and Rosmarinic Acid Content of Rosemary Extract 
	2.2.1. Oxygen Radical Absorbance Capacity (ORAC) Assay
	2.2.2. Evaluation of Free Radical-Scavenging Activity by DPPH Assay
	2.2.3. Total Phenolic Content TPC
	2.2.4. Determination of Carnosic and Rosmarinic Acid Content

	2.3. Extraction of Choibá Oil (Dipteryx oleifera Benth.) 
	2.4. Fatty Acid Composition of Choibá Oil (Dipteryx oleifera Benth.)
	2.5. Oxidative Stability and Shelf-Life Determination of Choibá Oil (Dipteryx oleifera Benth.)
	2.5.1. Peroxide Value (PV) 
	2.5.2. Thiobarbituric Acid Reactive Substances (TBARS)

	2.6. Kinetic Study of Lipid Peroxidation of the Choibá Oil (Dipteryx oleifera Benth.)
	2.7. Effect of Temperature on the Rate of Degradation of Choibá Oil (Dipteryx oleifera Benth.)
	2.8. Statistical Analysis 

	3. Results and Discussion 
	3.1. Antioxidant Capacity, Carnosic Acid and Rosmarinic Acid Content of Rosemary Extract
	3.2. Fatty Acid Composition of Choibá Oil
	3.3. Oxidative Stability of Choibá Oil
	3.4. Shelf Life Determination of Choibá Oil

	4. Conclusions 
	Acknowledgements
	References

