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Abstract Apricot kernels were roasted for various
lengths of time (0-30 min) at 180 °C and changes in the
oxidative stability, antioxidant capacity, color, as well as
the level of tocopherols and fatty acids of the apricot kernel
oil (AKO) were monitored. While the level of tocopherols
decreased, the oxidative stability and antioxidant capacity
of AKO increased with roasting, probably due to the for-
mation of antioxidative Maillard reaction products (MRPs)
during the roasting. Medium roasted samples (15-20 min)
were found to be more resistant to oxidative deterioration.
The oil from the 30-min roasted sample was more sus-
ceptible to oxidation compared to the oil from the 20-min
roasted sample in most of the stability tests. Relatively
shorter roasting periods (5—10 min) also led to a decrease
in oxidative stability in comparison to the unroasted sam-
ple. Brownish color and antiradical activity increased with
roasting and the highest values were measured in the
30 min roasted sample.
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Introduction

Apricot (Prunus armeniaca L.) is a stone fruit that is cul-
tivated widely around the world. Turkey is the largest
apricot producing country with an average annual pro-
duction of up to 500,000 tones [1]. Apricot kernels, a by-
product of apricot fruit production, are a fair source of oil
and protein [2]. Apricot kernel oil (AKO), which is rich in
oleic acid and y-tocopherol, constitutes 50% of the apricot
kernel weight [3]. The main utilizer of AKO is the cos-
metic industry who use it as a carrier oil [4]. However,
AKO can also be used for edible purposes due to its high
nutritional value [5].

Oxidation is one of the leading causes of oil deteriora-
tion resulting in off flavors and rancidity [6]. Self protec-
tion against these oxidation reactions is provided by
phytochemicals such as tocols, phenolic compounds and
carotenoids present in vegetable oils. Maillard reaction
products (MRPs) have also attracted great attention in
recent years due to their antioxidative potential. Antioxi-
dative behavior of MRPs has been reported in both model
systems [6, 7] and in heated food samples [8]. High tem-
peratures are applied to oily seeds prior to oil extraction in
order to increase the oil yield, inactivate enzymes and
denaturate proteins [9]. Moreover, like most of the other
nuts, apricot kernels are generally consumed after being
roasted [10]. During these heat processes, MRPs are
formed and are passed on into the oil during extraction.
The oxidative stability of rapeseed, sunflower [11], soy-
bean [12], sesame [13], mustard, canola [9], and safflower
[14] oils are enhanced by heat pretreatment prior to oil
extraction. Hence, it could conceivably be hypothesized
that the MRPs formed during roasting might play a role in
the improvement of the oxidative stability of AKO. So far,
however, no research has been reported on the effect of
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roasting on antioxidant capacity and oxidative stability of
AKO, which is the objective in the present study.

Materials and Methods
Materials

A tocopherol standard (50 mg of «, f3, 7 and é-tocopherol
mixture) was purchased from Calbiochem (La Jolla, CA).
A fatty acid methyl ester (FAME) mixture (37 component
FAME mix) was purchased from Supelco (Bellefonte, PA).
All the other chemicals and reagents for the analysis were
analytical or chromatographic grades.

Sample Preparation

Apricot seeds were obtained from local markets and stored
at +4 °C with their outer shells until used. Just before the
experiments, the outer shells were removed manually.
Kernels were crumbled into particles smaller than 1 mm by
using a Waring blender and sieved to obtain apricot kernel
grits.

Roasting and Oil Extraction

A 100-g sample was spread on an aluminum tray in a layer
to assure a l1-cm thickness and placed in an oven set at
180 °C. Samples roasted for 5, 10, 15, 20 and 30 min, were
immediately cooled to room temperature and stored at
—20 °C in plastic bags. Unroasted samples were also
stored under the same conditions. Oils were extracted from
kernels by cold pressing using a lab-type oil press
(Caselsan, Turkey) and kept in glass containers under
nitrogen at —20 °C until used.

Oven Test

Five grams of oils were weighed into glass petri plates
(15 mm height and 80 mm diameter) and placed in a
forced-draft air oven set at 70 £ 1 °C for 22 days. At
intervals, plates were removed, cooled to room temperature
and peroxide (PV) and p-anisidine values (p-AV) of the oil
measured.

Oxidative Stability Tests

PV and p-AV were determined according to standard
methods of AOCS [15] with minor modifications. For PV
measurements, an appropriate amount of oil (depending on
oxidation degree, 2-3 g) was taken from the petri plates
and dissolved in 25 mL of a chloroform:acetic acid mixture
(2:3, v:v). Thereafter, 1 mL of saturated potassium iodide
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solution in water was added and the samples were shaken
for 1 min. Mixtures were left in darkness for 5 min and
75 mL of distilled water was added. The liberated iodine
was titrated with 0.01 N sodium thiosulphate solution
using a starch solution as an indicator. The PV expressed as
milliequivalents oxygen kg™ oil.

For the p-AV test, approximately 1-g oil samples were
dissolved in isooctane and the volume was made up to
25 mL with the same solvent. Five milliliters of this
solution was mixed with 1 mL of 2.5 g L™" of p-anisidine
reagent (in acetic acid) and kept in the dark for 10 min. The
absorbance (Ag) was measured at 350 nm using a double
beam spectrophotometer (Shimadzu 1700, Kyoto, Japan).
A blank test (without the addition of the sample) was also
performed (Ag) and the p-AV was calculated using the
following formula: p — AV = w, where m is the
mass of the oil sample in grams.

A Metrohm Rancimat apparatus, model 743 (Metrohm,
Switzerland) was used for the induction period (IP) deter-
mination of oil samples [16]. For this purpose, each oil
sample (4.0 £ 0.1 g) was weighed into the reaction vessel
glassware. The conductimetry cells were filled with
deionized water up to 90 mL. Samples were heated to
110 °C and air was passed through the heated oil at the rate
of 20 L h™'. The IP was determined automatically by the
device and expressed as hours.

The infrared spectra of the samples were recorded on a
FT-IR (Varian 1000 Model) system with a horizontal
attenuated total reflectance (ATR) apparatus and Omega
CN 800 (PIKE technology) heating unit [17]. The spec-
trometer was equipped with a deuterated triglycine sulfate
detector and purged with dry nitrogen (DuraDry, Haverhill,
MA). The ATR crystal was cleaned with pure chloroform
before each measurement. The oil sample (400 pL) was
spread as a thin layer on heated horizontal ATR crystal
(130 °C) and periodical scans (18 scans, 4 cm™ ! resolu-
tion) were obtained in the spectral range of 400-
4,000 cm~' at 20 min intervals for 360 min. Induction
times (IT), the time needed for dramatic increase in
absorbance, were determined algebraically [17].

Antioxidant Tests

Methanolic extracts of AKO samples were prepared fol-
lowing the method of Tuberoso et al. [18]. A 1-g oil sample
and 1 mL of methanol were mixed in Eppendorf tubes and
agitated with a Vortex mixer for 1 min. Samples were
centrifuged at 3,000 rpm for 5 min and the upper metha-
nolic phase was taken. Then, 1 mL fresh methanol was
added and the extraction was repeated three times, upper
phases were combined and diluted to 10 mL.

The radical scavenging power (RSP) were determined
by the 2,2-diphenyl-1-picrylhydrazyl (DPPH) [19] and
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2,2'-azino-bis-(3-ethylbenzthiazoline-6-sulfonic acid)
(ABTS) [20] methods. For the DPPH test, 100 pL. metha-
nolic extracts of the oil samples were added to a 2.9-mL
methanolic solution of DPPH (25 mg LY. After 30 min
of incubation in darkness, absorbances were measured at
520 nm against methanol. ABTS radical cation (ABTS ™)
solution was produced by reacting 7.0 mM ABTS stock
solution with 2.45 mM (final concentration) potassium
persulfate in the dark for 16 h. The resulting solution was
diluted with methanol by adjusting the absorbance to
0.700 & 0.020 at 734 nm. A diluted ABTS™ solution
(2.9 mL) was added to 100 uL. of methanolic oil extracts
and the absorbance was measured after 6 min at 734 nm.
The results of both ABTS and DPPH tests were expressed
as microgram trolox equivalent g~' oil (equivalent to
10 mL methanolic extract).

The f-carotene bleaching method was used as previ-
ously described [10]. Briefly, a 2-mL solution of f-carotene
in chloroform (0.2 mg mL™") was added to 40 mg of lin-
oleic acid and 400 mg of Tween-20. The chloroform was
evaporated under vacuum at 45 °C for 4 min, and 100 mL
distilled water was added with vigorous agitation to form
an emulsion. Three milliliters of this emulsion was added
to each tube containing 50 pL oil methanol extract. The
absorbance was measured at 470 nm, immediately, against
a blank consisting of the emulsion without S-carotene. The
tubes were incubated in a water bath at 50 °C for 120 min.
Antioxidant activity (AA) which was expressed as the
delay of the bleaching of f-carotene was determined using
the following formula; AA = 100[1 — (Ag — A()/ (A —
A9)], where Ay and A§ represent the absorbance values
measured at zero time of the incubation for the test sample
and the control, respectively. The A, and A are the
absorbances measured in the test sample and the control,
respectively, after incubation for 120 min.

Fatty Acid Analysis

Forty milligram of oil was methylated with 3 mL of
60 g L™" HCI in methanol at 75-80 °C for 2 h. The FAMEs
were extracted with 2 mL of hexane and dried over sodium
sulfate [21]. One microliter of the FAMEs was analyzed
with an Agilent 7890 series gas chromatograph (Agilent
Company) equipped with a flame ionization detector and a
7683B automatic injector. A fused silica DB23 capillary
column (60 m x 0.25 mm i.d., 0.25 pm film thickness;
J&W Scientific, Folsom, CA) was used. The oven temper-
ature was programmed as follows: 140 °C for 5 min,
increased to 240 °C at 3 °C min~—!, and kept at 240 °C for
10 min. The injector and detector temperatures were each
kept at 250 °C, the carrier gas was helium, the flow rate was
30 mL min_l, and the split ratio was 1/30. FAME identi-
fication was based on retention times as compared

with those of the standard FAME mixture. Results were
expressed as percentage of peak area without any correc-
tions. Fatty acid analysis was performed in triplicate for
each sample, and average values were reported.

Tocopherol Analysis

Tocopherol composition of the samples was determined as
described by Karabulut et al. [22]. Normal phase HPLC
was used to analyze tocopherols using a ThermoFinnigan
HPLC system integrated with an auto-sampler including
temperature controller for the column (SpectraSystem
AS3000), a degasser system (SpectraSystem SCM1000),
and a quaternary gradient pump (SpectraSystem P4000)
(ThermoFinnigan, San Jose, CA). The chromatographic
separation was achieved with a Luna Silica column
(250 mm x 4.6 mm, 5 pm; Phenomenex, Torrance, CA),
and the column temperature maintained at 30 °C. Separa-
tion of tocopherols was based on isocratic elution with
n-hexane:isopropanol (99:1) at 1 mL min~". The injection
volume of the samples was 20 pL. The eluate was moni-
tored at 292 nm by using a SpectraSystem UV6000LP
photodiode-array detector (ThermoFinnigan, San Jose,
CA). The compounds were identified by comparing their
retention times and UV spectra with authentic standards.
Tocopherols were quantified based on peak areas compared
with external standards. Tocopherol analysis was per-
formed in triplicate for each sample, and average values
were reported.

Color Analysis

The color of the samples was determined by measuring
CIE L* (lightness), a* (redness), and b* (yellowness) val-
ues with a Minolta chroma meter (model CR-20, Minolta,
Japan).

Statistical Analyses

Experimental data were evaluated using analysis of vari-
ance (ANOVA) and significant differences among the
means of three replicates (P < 0.05) were determined by
Duncan’s multiple range test, using the “SPSS 9.0 for
Windows”.

Results and Discussion

Oxidative Stability Tests

Variation in the PV of AKO samples during the oven test is

shown in Fig. 1. Oils from 15 and 20 min roasted apricot
kernels had the lowest (P < 0.05) PV at the end of the oven
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Fig. 1 Peroxide value (PV) versus oven oxidation time of the oils
obtained from unroasted and roasted apricot kernels

test (22nd day). However, the oils from 5- and 10-min
roasted samples had a higher PV than those of unroasted
and the other roasted AKO samples (Fig. 1). At the
beginning of the oxidation test, oil from the 30 min roasted
sample had the highest (>1.0) p-AV while the other
samples including the unroasted sample had relatively low
p-AV levels (Fig. 2). The higher value may be the result of
the long exposure time at elevated temperature during the
30 min roasting of the apricot kernels. Roasting itself was
reported to cause lipid oxidation during prolonged heating
[23]. The p-AV values, from lowest to highest, were
observed in samples roasted 15, 20, 0, 10, 30 and 5 min
(Fig. 2). The PV and p-AVs are commonly used to estimate
degree of oxidative deterioration in heated oils. The former
is the measure of primary and the later is of secondary
oxidation products [23]. Due to the instability of primary

4
—@— Unroasted
—QO— 5 min roasted
31 —W¥— 10 min roasted
—4A— 15 min roasted
> 5 —#— 20 min roasted
<F —{1— 30 min roasted
N9
1 4
0 4

0 5 10 15 20
Oxidation time (day)

Fig. 2 p-Anisidine value (p-AV) versus oven oxidation time of the
oils obtained from unroasted and roasted apricot kernels
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oxidation products in advance stages of the oxidation,
measuring secondary oxidation products along with the
peroxides is critical [9]. In agreement with our findings,
oils obtained from roasted seeds were found to contain
lower primary [14] and secondary [9] oxidation products
compared to the oils from unroasted seeds.

Since AKO is rich in oleic acid, a temperature of 110 °C
was used instead of the commonly used temperature of
98 °C in the Rancimat test in order to shorten the IP. This
relatively higher temperature could reduce the solubility of
oxygen in oil but we applied an air stream at 20 L h™! to
overcome this problem [16]. Oil from the 5-min roasted
sample had the shortest Rancimat IP of 19.1 h, and the
19.7 h IP observed in oil from unroasted samples were not
statistically different (P > 0.05). Gradually increasing IPs
were measured in oils from the 10, 15 and 20 min roasted
samples, which had IPs of 20.7, 23.0, 24.5 h, respectively
(Fig. 3). Although a slight decrease in IP was observed for
the 30-min roasted sample with respect to the 20-min
roasted sample, it was not statistically significant
(P > 0.05). The Rancimat test is a powerful tool fot esti-
mating the oxidative stability of oils. It is generally applied
along with the Schaal oven test in order to assess the oil
oxidative stability at both mild and elevated temperatures
[24]. Higher concentrations of antioxidants and/or lower
rates of polyunsaturated fatty acids cause elongation in the
Rancimat IP. There are few studies in which oils from
roasted seeds have been tested for their oxidative stability
by means of a Rancimat test. In one study, which was
compatible with our findings, higher Rancimat IPs were
reported for the oils obtained from roasted rapeseed and
sunflower compared to the oils obtained from unroasted
seeds [11].
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Fig. 3 Rancimat induction period (IP) of the oils obtained from
apricot kernels roasted for different durations. Different letters on
bars indicate statistically significant differences between the mean
(P < 0.05)
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FT-IR spectroscopy is a recent technique for detecting
and quantifying functional groups that arise during the
oxidative degradation of lipids [25]. The ATR crystal
allows one to work with small oil quantities and eliminate
the time consuming KBr disc preparation step. Moreover,
due to the open surface to the air, the ATR crystal is very
suitable for real-time oxidation experiments [17]. In the
present study, formation of different oxidation products
was monitored by their characteristic wavenumber regions.
Spectral regions were given instead of strict wavenumber
values due to the changeable absorbance maxima bands
observed for a certain functional group throughout the
oxidation period [12]. The FT-IR spectrum of unroasted
AKO, which was subjected to oxidation, is shown on
Fig. 4. Several spectral data were collected throughout
oxidation experiment but only non-oxidized, medium oxi-
dized and fully oxidized samples’ spectra are shown in
Fig. 4 for clarity. During oxidation, absorbance of some
groups indicated by arrows increased continuously while
others decreased in the course of the oxidation period
(Fig. 4). Table 1 summarizes the wavenumber regions, ITs
and the chemical groups that are probably responsible for
the increase/decrease in absorbance. There were increases
and decreases in some of other wavenumber regions but we
evaluated only the regions that are known to be due to
certain oil oxidation products. The wavenumber region of
700-725 cm™" belongs to cis double bonds in unsaturated
fatty acids [26]. During oxidation, due to the loss of cis
double bonds, the absorbance intensity in this region
decreases, as we observed in our study. An increase in
absorbance that we observed at the region of 960—
975 cm ™! was probably the result of the formation of trans
double bonds that arose in the course of heat induced
oxidation [27]. Secondary oxidation products such as

non-oxidized

medium oxidized
77777 full oxidized

Absorbance

I
Yapy 20
UL AT N

1000 1500 2000 2500 3000 3500 4000
-1
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Fig. 4 FT-IR spectrum of unroasted and nonoxidized apricot kernel

oil. Arrows indicate the regions where absorbance increases/decreases
occur in the course of the oxidation process

aldehydes and ketones are known to have absorption in the
880-890 cm ™' [25] and 1,690-1,700 cm™' [25, 28]
regions. Thus, the absorbance increase we observed near
these regions could be attributed to the accumulation of
secondary oil oxidation products.

A reduction in the absorbance near the 3,008—
3,010 cm™' wavenumber region was possibly due to the
disappearance of cis double bonds as in the case of the
700725 cm~ ! band [27]. The absorbance increase near
the 3,400-3,600 cm™' region was reported to be caused by
the formation of hydroperoxides and alcohols [25, 28].
Generally it is accepted that 3,444 cm™' is a characteristic
band for hydroperoxides.

Data obtained from the PV, p-AV, Rancimat and FT-IR
tests indicate that oxidation of AKO can be retarded by
kernel roasting before oil extraction. However, ITs mea-
sured for different spectral regions was slightly different. In
the hydroperoxide region (3,400-3,800 cm_l), a decrease
in IT was observed for 5- and 10-min roasted samples
compared to the unroasted sample. Similar patterns were
observed for 700-725, 960-975 and 3,008-3,010 cm ™!
wave number regions. In comparison with unroasted sam-
ple, higher or equal ITs were observed for 5- and 10-min
roasted samples at 880-890, 1,690-1,700 and 1,740—
1,745 cm™' wave number regions. The samples that roas-
ted for 15 and 20 min, had higher ITs in all spectral regions
compared to the unroasted sample and 5- and 10-min
roasted samples. However, the sample roasted for 30 min
showed the lowest IT in all the spectral regions in com-
parison to all AKO samples, including an unroasted
sample.

Fatty Acid Composition

Oleic acid (18:1) was found to be the primary fatty acid in
unroasted AKO (68.69%). Linoleic acid (18:2) and pal-
mitic acid (16:0) contents were found to be 23.19 and
6.00% of the total fatty acids, respectively (Table 2). Other
fatty acids were found in relatively lower levels. According
to a recent report, oils of different apricot kernel varieties
were found to average 70.83% oleic acid, 21.96% linoleic
acid and 4.92% palmitic acid [3]. These results are in
agreement with our findings. As reported for other oil seeds
[29], roasting did not cause changes in fatty acid compo-
sition of AKO, which was confirmed by statistical analysis
(P < 0.05).

Color Analysis
The color of oils obtained from unroasted and roasted
apricot kernels were compared. A clear variation in all

color parameters (L*, a*, b*) with roasting was observed
(Table 2). Brown-colored compounds which formed during
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Table 1 FT-IR induction times at different wavenumber regions for unroasted and roasted apricot kernel oils

Spectral region (cm™") Roasting time (min) Induction time (min) Responsible groups
700-725 Unroasted 170 £ 2c Disappearance of cis double bonds
5 160 + 2d [26]
10 140 + 4e
15 200 £ 3b
20 210 + la
30 150 + 3e
880-890 Unroasted 200 + 3¢ Aldehydes and ketones [25]
5 200 £ 2¢
10 200 £ 1c
15 210 £ 0b
20 230 £ 4a
30 170 £+ 6d
960-975 Unroasted 200 £+ 2b 4-Hexen-3-one, Hexenal and
5 190 =+ 3c 2,4-Decadienal [28], isolated
10 190 + 1c trans bonds [26]
15 200 £ 2b
20 210 £+ 1a
30 160 + 4d
1,690-1,700 Unroasted 190 £ 3¢ Carbonyl absorption of secondary
5 190 =+ 4¢ oxidation products [28]
10 190 + 2¢
15 200 + 2b
20 225 £+ 3a
30 180 £ 4d
1,740-1,745 Unroasted 190 £ 3¢ Aldehydes and ketones [25, 28]
5 190 £ 4c
10 200 + 2b
15 200 + 2b
20 210 + la
30 170 £ 5d
3,008-3,010 Unroasted 160 + 2b Disappearance of cis double bonds
5 140 + 2¢ [26]
10 140 £ 1c
15 160 £ 2b
20 210 + 2a
30 140 + 5¢
3,400-3,800 Unroasted 180 £ 1c Hydroperoxides [25, 27]
5 175 £ 3d
10 170 £ 4d
15 190 £+ 2b
20 200 £ 3a
30 170 + 2d

Each value is the mean &+ SD of triplicate determinations. Means with different letters in the column for each apricot kernel oil sample are

significantly different (P < 0.05)

heat processes were probably the cause of these variations.
Maillard reactions and sugar caramelization are two of the
main causes of browning in food systems [23]. Several
colored and colorless intermediates and end products are

&\ Springer ANOCS &

formed during Maillard reactions. It is well known that
some MRPs have an antioxidant capacity at certain levels
[6, 7, 9]. However, it was reported that all MRPs with
antioxidant activity do not necessarily have a dark color
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Table 2 Fatty acid composition, antioxidant capacity, tocopherol content and color values of oils obtained from unroasted and roasted apricot

kernels

Roasting time (min)

Unroasted 5 10 15 20 30

Palmitic acid 6.0 £ 0.0 6.0 £ 0.0 6.0 £ 0.0 6.0 £ 0.0 6.0 £ 0.0 6.0 £ 0.0
Palmitoleic acid 0.8 £ 0.0 0.8 £ 0.0 0.8 £ 0.0 0.8 £ 0.0 0.8 £ 0.0 0.8 £ 0.0
Stearic acid 1.3+ 0.1 1.1 £0.0 1.2 +£ 0.0 1.2 +£0.0 1.2+ 0.0 1.2 £ 0.0
Oleic acid 68.7 £ 0.1 68.5+ 0.3 68.3 + 0.1 68.3 + 0.1 68.4 £ 0.2 68.5 + 0.1
Linoleic acid 23.2 £ 0.0 235+ 04 23.6 + 0.1 23.6 + 0.0 235+ 02 23.3 £ 0.1
o-Tocopherol 22.6 £ 1.0 209 + 0.5 227+ 0.8 215+ 1.8 217+ 29 23.8 +£0.3
y-Tocopherol 4523 £ 3.7a 406.7 £ 3.3¢ 4265 £7b 378.6 £ 5.1d 3774 £ 7.6d 3745 £ 7.9d
d-Tocopherol 13.0 £ 0.8 11.7 £ 0.3 132+ 1.0 129+ 1.3 120 £ 1.5 12.8 £ 0.5
DPPH RSP 110.1 £ 0.5¢ 109.7 + 1.1c 111.3 + 1.1c 138.3 £ 3.8b 141.5 £ 1.6ab 146.2 £ 1.6a
ABTS RSP 93.3 4+ 2.6e 97.7 + 1.8e 101.9 + 1.8d 1344 + 2.5¢ 148.3 + 1.4b 161.2 + 2.6a
AA 67.6 + 1.2d 703+ 19cd 70.2 + l.4c 80.0 £ 0.0b 81.8 + 1.8a 80.9 + 1.3ab
L* 74.7 £ 0.6a 68.4 + 0.4b 62 + 0.4c 59.4 + 0.3d 56.6 + 1.8e 472 £ 04f
a* —16.1 £ 0.1f —10.3 + 0.4e —93 £ 0.2d —7.9 £ 0.2¢ —6.7 £ 0.2b —0.1 £ 0.1a
b* 74.1 £ 0.2a 66.1 + 0.3b 63.1 + 0.1c 61.5 + 0.4d 60.6 + 0.4e 53.1 £ 0.2f

Fatty acid contents are given as % peak area, radical scavenging power (RSP) values are expressed as pg trolox g~' oil, amount of tocopherol

. -1 .
isomers are expressed as mg kg~ oil

AA: Antioxidant activity assessed by f-carotene bleaching test, L*: lightness, a*: redness, b*: yellowness

Each value is the mean + SD of triplicate determinations. Means with different letters in the rows are significantly different (P < 0.05). The
rows without letters indicates no statistically significant differences between means

[10]. Thus, although measurement of the browning is a
powerful tool to estimate the degree of roasting, a linear
relationship between color values and antioxidant capacity
or oxidative stability may not always be expected.

Antioxidant Tests

The antioxidant capacity of methanolic extracts of AKO
increased with increasing roasting time for both ABTS and
DPPH tests (Table 2). In both tests, the unroasted sample
had the lowest RSP, although the increase was not statis-
tically significant for 5 min in ABTS and for 5 and 10 min
in the DPPH test. A dramatic increase in RSP was observed
for the extracts from samples roasted 15 min and longer in
both tests. However, in the f-carotene linoleate assay, the
increase in protection of f-carotene from bleaching was
attenuated after 20 min of roasting but slightly decreased
for the 30-min roasted sample. The fS-carotene linoleate
model system is a measure of the extracts’ oxygen trapping
activity; however, DPPH and ABTS tests involve electron
transfer from antioxidant to synthetic radicals [30]. Thus,
depending on the composition and the nature of the indi-
vidual antioxidant molecules in the extracts, observing
different results from these tests is normal. The findings
obtained from the f-carotene linoleate test were supportive
of the PV, p-AV, FT-IR tests and the previous report in

which roasting caused an increase in antioxidant capacity
to a degree but further roasting caused a reverse effect [10].

Tocopherol Content

Tocopherol contents of unroasted and roasted AKOs are
shown in Table 2. The gamma isomer was found to be the
principle tocopherol isomer, while o and J tocopherols were
present in relatively small quantities and fi-tocopherol was
absent in apricot kernel oil. These findings are in agreement
with a previous report [3]. Compared to unroasted sample,
a significant reduction (P < 0.05) was observed for
y-tocopherol in roasted samples.The content of y-tocopherol
for the unroasted sample was measured as 452 mg kg~ oil.
Tocopherol contents of 5-, 10-, 15-, 20- and 30-min roasted
samples were quantified as being 407, 427, 379, 377 and
375 mg kg~ oil, respectively. The levels of o and
o-tocopherol isomers were not significantly (P > 0.05)
effected by roasting. Tocopherol depletion could be the
result of thermal degradation during roasting. A similar
decrease in tocopherol content was reported for sesame
seeds roasted at 160-250 °C for different durations [29]. In
contrast, tocopherols have been reported to increase with
roasting due to the cell damage and increasing extractability
of tocopherols [14]. Thus, our findings support that roasting
causes a decrease in tocopherol content.
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In the light of all the findings listed above, we can
postulate that antioxidant capacity and oxidative stability
of AKO was improved by roasting in general. Although a
clear decrease in tocopherols, the primary antioxidant
molecules of vegetable oils [31] roasting longer than
15 min prior to oil extraction caused an obvious increase in
oxidative stability and antioxidant capacity measured by
the Rancimat test and ABTS/DPPH radical scavenging
assays, respectively. Roasting was reported to improve
oxidative resistance of some of other vegetable oils [11, 13,
14]. This improved stability and activity is most probably
provided by the MRPs formed during roasting, which are
the products of the reactions that took place between
reducing sugars and amines at elevated temperatures [7]. It
was shown that MRPs obtained from model systems could
also retard the oxidative deterioration of oils [6].

The results of the PV, p-AV, FT-IR IT and f-carotene
bleaching tests showed that a long roasting time (30 min)
did not enhance oxidative stability and antioxidant capacity
more than that of 20 min. Thus, extending roasting time
beyond 20 min is not necessary. During roasting, degra-
dation of naturally occurring antioxidants and formation of
antioxidant MRPs occurs together. Under severe roasting
conditions, the degradation rate might have been higher
than the formation of MRPs and the total antioxidant
capacity could be reduced [32].

On the other hand, the oxidative stability of 5- and
10-min roasted samples were found to be alike or lower
than that of the unroasted sample. This may be the result of
the decrease in tocopherol content caused by roasting. Oil-
degrading enzymes are known to cause lipid oxidation
during storage [11]. The lower oxidative stability of 5- and
10-min roasted samples could also be the result of the
remaining activity of these enzymes. Meanwhile, since an
adequate roasting effect was not achieved, antioxidative
MRPs might not have formed at this degree of roasting.
The pro-oxidant potential of early MRPs or intermediates
could also have negatively affected the oxidative resistance
of 5- and 10-min roasted AKO samples. A slight decrease
in the antioxidant capacity during the early stages of the
Maillard reactions have been observed by some of other
researchers [33, 34].

Conclusions

Oils obtained from medium roasted kernels were found to
be more resistant to oxidative deterioration. However,
compared to an unroasted sample, shorter (5-10 min) or
longer (30 min) roasting periods caused a counter effect
and lower oxidative stability values were measured. In
contrast to oxidative stability test results, the level of
y-tocopherol, the primary tocopherol isomer of AKO, was

&\ Springer ANOCS &

lowered by roasting. On account of this, it could be pre-
sumed that the disappearance of tocopherols was com-
pensated for by the MRPs that appeared during the heat
pretreatment and oxidative stability of AKO was increased
to a degree. These findings were confirmed by antioxidant
tests in which DPPH and ABTS*" radicals were scavenged
better by the methanolic extracts of roasted oils compared
to an unroasted sample. According to the results of this
study, we can state that the shelf life of oily nuts and seeds
could be improved by an appropriate roasting. Further
studies could be devoted to clarify the molecular structure
of the individual MRPs that have a role in the protection of
oils against oxidative deterioration.
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