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Abstract

This study was carried out to evaluate the effects of storage time of olive
fruits, extraction system (used in traditional mills in Morocco), and storage
conditions such as packaging type, on the quality of olive oil. Olive oil was
obtained from Moroccan Picholine variety olive fruits stored at different periods,
and extracted in granite mill and wood mill. Olive oil was stored in PET and dark
glass bottles. Acidity, peroxide index, K232 and K270 increased during storage.
While, phenolic contents and antioxidant capacity decreased significantly.
Glass container appears to be the most appropriate for protection of these
oils. However, type of mills was not significant in their classification. Principle
components analysis showed that variable with the highest level of impact was
the acidity. Discriminate functions and cluster analysis indicated that storage
time of olive fruits was the most important in the evaluation of samples, followed
by oil storage time.
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Introduction

Olive oil obtained from olive tree fruit (Olea europaea L.)
constitutes one of the components of the Mediterranean diet. Its
worldwide growing interest is promoted by its beneficial effects on
human health, mainly due to a high content of unsaturated fatty acids
and antioxidant components [1]. Components of olive oil, mainly
polyphenols are one of the most significant types of antioxidants.
They decrease reactive species production and play an important role
in preventing oxidative stress [2]. In addition to their beneficial health
effects, phenolic compounds represent an important contribution to
the oxidative stability of virgin olive oil against auto-oxidation [3].

To evaluate the validity of oils, there are different parameters. In
fact, free fatty acids content is one of the most frequently determined
quality indices; it can reflect the quality of olives and the procedures of
oil extraction. Another parameter, of important causes of loss of olive
oil quality is oxidation or autooxidation, which takes place mainly
during the production and storage of oil [4], affecting its compounds
and characteristics [5].

Furthermore, antioxidant compounds are also considered as
important contributors to quality properties of olive oil. Hence,
polyphenols content and antioxidant activity have usually been
measured to evaluate the effect of antioxidants in delaying the extent
of oxidation [5], and also to determine the stability of vegetable oils
[6]. Antioxidant compounds of olive oil are influenced by several
inherent factors related mainly to the variety, maturity index and
harvesting procedure of olive fruits, and their handling, transportation
and storage prior to milling [7] and also linked mostly the extraction
system [8].

Storage conditions (time, light, oxygen and packaging) are

considered critical variables influencing the quality and shelf life of
olive oil [9], PET and Glass bottles are used in olive oils packaging,
in fact, the major function of packaging materials is related to
their barrier properties against oxygen ingress, auto-oxidation and
photooxidation [10], considered as the main oxidation mechanisms
during processing and storage of edible oils [11].

Production and consumption of olive oil in Morocco are
increased during the few last years, thanks to the strategy set “Green
Morocco Plan” pursued by Moroccan government. Nevertheless,
in this country 98 % of olive oil sector is represented by traditional
mills [12], so called, “maasras”. In these mills, olives are usually
stored at ambient temperature before milling, and then ground into
paste using roller of stone, in this case mill is called “granite mill”, or
roller of wood and mill is called “wood mill”. In the first type, press
is made of metal, while in the second, press is made of wood. Olive
oil, in these traditional mills, is obtained without practice of quality
control systems. In fact, in a previous work, we demonstrated that
olives and there corresponding oils produced in these conditions are
subject to various microbial contaminations [13], which may lead to
the production of olive oil with lower and/or instable quality during
storage.

The main objective of this work was to study combined effects;
storage time of olives, type of container and storage time of olive oil
on quality parameters and antioxidant components of olive oil from
Moroccan picholine variety, obtained in two types of traditional mills,
in the Eastern Region of Morocco. Olive oil extraction was performed
in the same conditions practiced in this type of mills, in this region,
in when; general steps of olive oil production have been previously
described [13].
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Materials and Methods

Sampling

Olive fruits and olive oils samples of the Moroccan Picholine
variety were collected from traditional mills in the Eastern Region
of Morocco, during the 2011 harvest. The olives were classified into
three groups according to the storage periods before milling: 7 days,
15 days and 30 days. Olives were stored in plastic bags at ambient
temperature of around 11°C and with a relative humidity of around
71%. Once the storage time of each group was completed, olives
were distributed between two types of traditional mills: granite mill
(with roller of granite and press made of metal) and wood mill (with
roller and press made of wood), situated in the same area. From olive
groups, stored at 7, 15 and 30 days were obtained oil groups A, B and
C respectively. From granite mill was taken a total of 138 samples:
78 samples stored in Polyethylene Terephtalate (PET) bottles (26/
group) and 60 samples stored in amber glass bottles (20/ group). From
wood mill were taken 72 samples: 36 samples in PET (12/ group) and
36 samples in amber glass bottles (12/ group). Samples were kept in
darkness at laboratory ambient temperature (17-23°C) until analysis
after 3 and 6 months of storage.

Reagents

Chloroform, acetic acid, diethyl ether, ethanol, cyclohexane,
potassium hydroxide, sodium thiosulfate, potassium iodide, sodium
acetate 3-hydrate, anhydrous sodium carbonate, methanol, ethanol,
acetic acid glacial, hydrochloric acid (37%), ferric chloride 6-hydrate
and potassium persulfate were supplied by Panreac (Barcelona,Spain),
and Folin-Ciocalteu phenol reagent by Merck (Darmstadt, Germany).
Gallic acid, 6-hydroxy-2,5,7,8-tetramethyl-chroman-2-carboxylic
acid (Trolox) standards, 2,2-azinobis-(3-ethylbensothiazoline)-6-
sulfonic acid (ABTS), 2,2-diphenyl-1-picrylhydrazyl (DPPH) and
N,N-dimethyl-p-phenylenediamine dihydrochloride (DMPD) were
supplied by Sigma-Aldrich (Milan, Italy). The 2,4,6-tri(2-pyridyl)-s-
triazine (TPTZ) for the FRAP method was also from Fluka Chemicals
(Buchs, Switzerland) and water was obtained from a Milli-Q
purification system (Millipore, Bedford, MA).

Analytical indices

Free acidity reported as percentage of oleic acid (%), peroxide
value expressed as milliequivalents of active oxygen per kg of oil
(meq O,/kg), and UV spectrophotometric indices. (K232, K270) were
assessed according to the official methods described in Regulation EC
2568/91 of the Commission of the European Union (EEC, 2013).All
the parameters were determined in triplicate.

Extraction conditions

The extracts of minor compounds of olive oil were obtained using
methanol /water (80:20, v/v) in agreement with data reported in the
literature [14,15]. The procedure was based on that recommended in
previous work [16], with some modifications: 10 g of oil diluted in
methanol to 80% (p/p) was homogenized by shaking for 60 min, the
tubes were then centrifuged at 8000 rpm for 15 min, the volume of
supernatant was adjusted to 25 ml with methanol to 80 % and the
mixture was recovered in 5 ml aliquots and stored at 21°C, for no
more than 2 months.

Total phenol contents

Total phenolic contents were determined using the Folin-

Ciocalteu colorimetric method described by Singleton and Rossi [17]
and modified in our laboratory; we added 2.5 ml of deionized water
and 500 pl of Folin-Ciocalteu reagent, to 100 ul of methanolic oil
extract. The mixture was allowed to stand for 5 min, and then 2 ml
of a 10% aqueous Na,CO, solution were added. The final volume was
adjusted to 10 ml. Samples were allowed to stand for 90 min at room
temperature before measurement at 700 nm versus the blank-using a
Boeco S-22 UV-VIS spectrophotometer (Hamburg, Germany). The
amount of total phenolics was expressed as gallic acid equivalents per
gram of fresh weight (ug gallic acid/g of olive oil) using the calibration
curve of gallic acid.

Antioxidant capacity

The antioxidant capacity of the samples was measured in Lambda
25 UV/Vis spectrophotometer (Perkin-Elmer R, Madrid, Spain). The
techniques used were those by Brand-Williams, et al. [18] with N,NO-
dimethyl-pphenylenediamine (DPPH), the Antioxidant Equivalent
Capacity (ABTS) of [19,20] based on the reducing ability of ferric
iron (FRAP), and that by Fogliano, et al. [21] with DMPD method.
DPPH, ABTS and DMPD methods are based on the formation of a
colored radical. Post-addition tests were used, with formation of the
radical in the absence of the sample until a stable signal was reached.
In the FRAP assay, excess Fe'" was used, and the rate-limiting factor
of Fe"-TPTZ, and hence color formation is the reducing ability of
the sample. Resulting change in absorbance (discoloration of the
radical in DPPH ABTS and DMPD, or blue color developing in the
FRAP test), which was proportional to the antioxidant activity of the
samples analyzed. Results were expressed as umol trolox/g oil.

Statistical analysis

The results obtained were expressed as mean and standard
deviations. To determine the influence of storage time, among
other variables studied, when the variables fulfilled the parametric
conditions, One-Way Analysis of Variance (ANOVA) was used,
and when the variables were non-parametric, the Kruskal-Wallis
test was used. Fisher’s least significant difference procedure was used
to discriminate between the means of the variables when necessary.
The Kolmogorov-Smirnov test and the Bartlett test, as well as the
Wilcoxon test, were used to test the normal distribution of variables
and the homogeneity of variances. Statistical analysis was performed
using SPSS 20.0 (IBM® SPSS” Statistics 20.0) and Statgraphicsl Plus
4.1 software. Differences of p < 0.05 were considered significant.

Results and Discussion
Quality indices

Quality parameters; degree of acidity, peroxide index and
absorbance in Ultraviolet light absorbance (K232 and K270) of olive
oil samples obtained from olive fruits of Moroccan Picholine variety,
stored at different times (7, 15 and 30 days), produced in two types
of Moroccan traditional mills (granite and wood mill), recovered in

two type of container (PET and glass bottles) and analyzed at 3 and 6
months of storage are summarized in (Table 1).

The values of free fatty acids content, expressed as percentage
of oleic acid, showed an increase during storage, with the lowest
increment corresponding to the oils of group A (obtained from olive
fruits stored during 7 days), packaged in glass bottles and analyzed
at 3 months of storage, with small differences between mills (granite

Submit your Manusecript | www.austinpublishinggroup.com

Austin Food Sci 1(4): id1016 (2016) - Page - 02



Haouhay NE

Austin Publishing Group

Table 1: Quality parameters of olive oils, obtained from Moroccan Picholine variety in traditional mills (granite and wood), and stored for 3 and 6 months.

cor’:fg:; o Grzﬁz of Acidity (% oleic acid)® Peroxide index (meq O2/kg)* K232 K270
3 months 6 months 3 months 6 months 3 months 6 months 3 months 6 months
Ganite:
PET A 0.64 +0.21 cG* | 0.77 £0.24 bD*| 3.35+1.04 aG 7.56+3.34cl 1.95+035bG | 247+0.55dG | 0.11+0.03aG* | 0.21 +0.05cD
B 1.36+£0.39cH | 1.51+0.40bE* 3.71+1.78aG*  8.43+3.09cD | 2.13+0.16 bl* | 2.52 +0.39 dH* | 0.13 + 0.04 aH* | 0.22 + 0.06 cD*
C 419+3.88al [470+4.07dF* 7.26+5.27bH | 13.79+8.26 dE 2.60 + 1.02 aD* 3.33+1.68 cD* | 0.21 +0.12 bl* K 0.32 +0.12 dF*
Glass A 0.61+0.11aG | 0.77+0.11dD 3.34+1,05aG 7.14+262cl 11.66+043aH  246+0.32dG  0.11+0.04aG | 0.20+0.04 cE
B 1.33+0.22bH  1.68+0.39eE | 3.61+0.83aG | 823+185dD | 2.02+0.52bl 2.86+0.44el | 0.13+0.02 aH* | 0.21 + 0.02 cE*
C 4.15+0.83cl* | 4.88+0.80fF* | 7.17+2.80bH* 13.32+4.99eF*| 2.49+0.66cE 3.21+0.70fE 0.21 +0.01 bl 0.31+0.6dJ
Wood:
PET A 0.90 + 0.26 aG* | 1.60 £ 0.92 dG* 3.49+0.73 aG 7.04+1.56cG | 1.87+0.03aG 2.66+0.23dG | 0.18 +0.03 aG* | 0.23 + 0.03 dG
B 1.80+0.65bl | 3.73+1.02el* | 537 +1.30bH* | 9.76 £2.45dH | 2.69+0.38bl* | 3.76 + 0.47 el* = 0.24+0.02 bl* | 0.31+0.05 el*
C 426+0.84cD 561+135fE* 6.72+158cD | 13.70+3.13eD 4.23+0.80cE* 5.53+1.01fE* | 0.35+0.06 cE* | 0.47 +0.07 fE*
Glass A 0.62+0.20aH [ 0.95+0.37dH | 3.17+1.32aG | 596+268dG  1.50+0.22aH 190+0.27dH | 0.13+0.05aH | 0.17 +0.04 cH
B 1.44+0.41bl | 2.09+0.76 eD 3.87 £1.18 bl 7.14+214eH | 2.18+0.14bD 2.69+0.24eD | 0.19 +0.03 bD*  0.24 + 0.03 dD*
C 2.75+0.89CcE* 347+0.75fF* | 434+1.19cE* 9.27+236fE* 2.88+054cF 358+0.53fF 0.20+0.05bF | 0.31+0.08eF

Note: Granite (PET (n=78), glass (n=60)); wood (PET (n=36), glass (n=36)). A: oil obtained from olives stored for 7 days, B: oil obtained from olives stored for 15 days
and C: oil obtained from olives stored for 30 days. a Means + SD of three replicates. Means followed by the same small letter are not significantly different (p > 0.05),
comparing, between the same type of parameter, of the same type of container and of the same type of mill. Means followed by the same big letter are not significantly
different (p > 0.05), comparing, between two type of container of the same type of mill. Means followed by the same symbol:* are significantly different (p < 0.05),

comparing, between the same container of two type of mill.

and wood). The highest increase in acidity was found in the oils of
group C (obtained from olive fruits stored during 30 days), stored in
PET plastic and determined at 6 months of olive oil storage. These
results are in agreement with those of Jabeur, et al. [7] who reported
the increase of oil acidity during olive storage. Considering only the
values of free fatty acids, 100% of the oils of group C were classified
as lampante at 3 months of storage, according to the to the European
Regulation (EEC, 2013).

Peroxide value expressed in milliequivalents of active oxygen per
kilogram of oil (meq O,/kg), increased significantly at 6 month of
storage, higher values were shown in oils stored in PET than those in
glass, although no statistically significant differences were found (p >
0.05). It can be seen that at the end of the storage period (6 months)
none of the oils analyzed exceeded the maximum Peroxide Value
(PV) for extra-virgin olive oil category (20 meq O,/kg) established by
the European Regulation [22].

K232, the specific extinction coefficient showed low values in
oils stored in glass than in oils in PET at 3 months of storage. Most
of the oils with K232 values higher than the established legal limits
(2.5) were obtained in samples of group B (obtained from olives
stored during 15 days) and group C, both stored in PET, although
no significant difference between all groups was observed. At 3 and 6
months of oil storage statistically significant variations (p < 0.05) were
shown between groups A and C.

K270 showed an increase with storage in all samples. Although,
the oils of groups A and B were found to be within the permitted legal
limits, significant changes were shown between groups A and C at 3
and 6 months of storage. And, oils stored in PET showed higher values
of 270 than oils in glass. In previous studies [23] found that peroxide
value, K232 and K270 increased during oil storage of Jordanian olive

varieties. Similar results were also reported by Ben-Hassine, et al. [24]
for two olive varieties Chemlali (Tunisia) and Coratina (Italy).

Table 2: Total Phenol Content (TPC) of olive oils obtained from Moroccan
Picholine variety in traditional mills (granite and wood), and stored for 3 and 6
months.

Mill / container | Group of oils TPC(pg/g gallic acid)?
3 months 6 months
Ganite:
PET A 100.42 +38.79 aM* | 75.03 + 33.32 bG*
B 78.37 +22.15 cP* 56.17 + 22.68 dI*
C 71.39 + 25.50 cE* 48.70 + 21.67 dK *
Glass A 136.55 + 30.39 aN 118.50 + 35.00 dH
B 110.81 + 30.08 bD 98.18 + 30.29 bJ
C 92.71 £ 24.37 cF 79.87 £27.83 cL
Wood:
PET A 134.57 +40.29 aM* | 110.53 + 29.09 dE*
B 105.10 + 42.97 bN* 73.48 +50.01 bF*
C 66.05 +17.41 cC* 43.23 +18.42 cG*
Glass A 150.63 + 34.55 aM 130.72 + 26.13 aE
B 128.34 +36.55 abN | 105.57 +29.82 bF
C 98.25 + 24.44 dD 81.11 +20.89 dH

Note: Granite (PET (n=78), glass (n=60)); wood (PET (n=36), glass (n=36)). A:
oil obtained from olives stored for 7 days, B: oil obtained from olives stored for 15
days and C: oil obtained from olives stored for 30 days. A Means + SD of three
replicates. -Means followed by the same small letter are not significantly different
(p > 0.05), comparing, between the same type of variable, of the same type of
container and of the same type of mill. Means followed by the same big letter are
not significantly different (p > 0.05), comparing, between two type of container
of the same type of mill. Means followed by the same symbol:* are significantly
different (p < 0.05), comparing, between the same container of two type of mill.
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Table 3: Evolution of antioxidant capacity determined by four methods (DPPH, ABTS, FRAP and DMPD) of olive oils obtained from Moroccan Picholine variety in
traditional mills (granite and wood), and stored for 3 and 6 months.

cothgiéer Gr(;ti:;s) of DPPH (microM/g)? ABTS (microM/g)? FRAP (microM/g)? DMPD (microM/g)?
3 months 6 months 3 months 6 months 3 months 6 months 3 months 6 months

Ganite:
PET A 0.36 +0.26 aN* | 0.23 +0.15 bG*| 0.71+0.37aN | 0.23+0.09 bD* | 11.56 +6.82aN  5.45+3.14bD  11.18+3.13aN | 7.61 +4.09 bE
B 0.21+0.11cR* | 0.14+0.07dl* | 0.42+0.06cP | 0.18+0.02dF* | 11.28+3.54aP | 4.45+2.29 cF* 0.88+0.41cP* 0.57 +0.63 dG*
Cc 0.16 +0.10 cE*  0.13+0.17 dK* 0.41+0.21cR* 0.17+0.06 dH 11.18+6.54 aR* 4.29+2.48cH 0.43+0.23cD* | 0.51+0.53d 1
Glass A 0.89+0.30aP | 0.73+0.29aH  0.74+0.25aN 0.33+0.15dE* 11.95+238aN 6.84+148bE* 12.64+555aN | 8.56+3.71cF
B 0.58+0.30bD | 0.47+0.32bJ |0.52+0.21 bcP | 0.25+0.08dG | 11.45+1.98aP 5.07 +1.07 cG* 1.07+0.39 bR | 0.82 +0.45 dH
C 0.47 +0.23bF | 0.30+0.13cL A 0.42+0.19cR | 0.21+0.06eH 11.22+159aR* 490+144cl* 0.75+0.30bD | 0.65+0.24dJ

Wood:
PET A 0.73+0.26 aN* | 0.43+0.21 dE* | 0.48+0.25aN | 0.35+0.14 dD* | 10.75+1.06 aN | 430+ 1.19cN  10.31+3.33aN | 7.28 + 3.66 cD
B 0.52 +0.25 bP* | 0.30 £ 0.09 bF* | 0.35+0.12 bP |0.26 + 0.08 debE*| 9.45+1.27 bR | 3.03+0.79 dP* | 1.06 + 0.58 bP* | 0.76 + 0.48 bE*
C 0.32+0.13cR* | 0.23+0.06 cG* | 0.23+0.07 cR* | 0.18+0.034 eF | 8.91+1.39 bE* | 2.90+0.95dR  0.68+ 0.95bR* | 0.51 + 0.26 bF
Glass A 0.89+0.31aN | 0.60+0.26dE | 0.56 +0.25aN  0.44 +0.15aD* § 11.64+0,97 aP | 4.42+1.06 cN* | 10.74 +1.25aN | 8.86 + 2.07 bD
B 0.71+0.37abP | 0.47+0.29eF | 0.49+0.17aP | 0.34+0.19caE | 10.21+155bD  3.44+0.84dP*| 1.13+0.59cP | 0.79+0.47 cE
C 0.51+0.20bD | 0.38+0.18bH  0.30+0.11dR | 0.22+0.05dG | 9.89 +0,88 bE* | 3.19+0.82dR* | 0.72+0.27cR | 0.56 + 0.22 cF

Note: Granite (PET (n=78), glass (n=60)); wood (PET (n=36), glass (n=36)). A: oil obtained from olives stored for 7 days, B: oil obtained from olives stored for 15 days
and C: oil obtained from olives stored for 30 days. a Means + SD of three replicates. Means followed by the same small letter are not significantly different (p > 0.05),
comparing, between the same type of variable, of the same type of container and of the same type of mill. Means followed by the same big letter are not significantly
different (p > 0.05), comparing, between two type of container of the same type of mill. Means followed by the same symbol: * are significantly different (p < 0.05),

comparing, between the same container of two type of mill.

According to the European Regulation [22], at 3 months of
storage, 33.33% of oil stored in glass was classified as extra virgin,
whereas for oils in PET only 22.80% fell into this olive oil category.
Therefore, most of the studied oils (72.38% of the total of 210 studied
samples) were classified as lampante at 6 months of storage, and
they needed to be refined in order to make them acceptable for
consumption.

Total phenol content

As shown in (Table 2), a general decline was observed in phenol
contents in all samples during storage (p < 0.05). The largest decrease
in total phenol contents was observed in the oils stored in PET. The
smallest decrease was in the oils of group A (oils obtained from olives
stored during 7 days), followed by the oils of group B (oils obtained
from olives stored during 15 days), and strong fall was shown in oils
of group C (oils obtained from olives stored for 30 days). Significant
differences (p < 0.5) were observed between samples of A and C at
3 and 6 months of storage. Regarding the type of mill, there was no
important effect on phenol content changes. This result is consistent
with previous research in that, polyphenol amounts decrease with
olive storage [7] and oil storage [24]. The losses of phenols could
be a result of the increase of oxidation and auto-oxidation mostly
occurring during olive fruits storage, confirmed by the data of group
C. In fact, olive fruits were stored at ambient temperature, exposed at
free air and light. However detrimental effects of factors such as light,
oxygen and time on phenol compounds of olive oil were reported by
several authors [8,25]

Furthermore, in these oils as well as in their corresponding olive
fruits, we have found microorganisms; mesophilic and psychrotrophic
bacteria, moulds and yeasts [13], indicated in hydrolysis and
degradation of phenol compounds [26,27].

However, process of hydrolysis stimulated by photosensitised
oxidation, microorganisms the
degradation of phenols, causing the loss of health benefits of olive oil
compounds [25]. In the other hand, the reduction of phenol content
can accelerate the susceptibility to oxidation and autooxidation,
inflowing the antioxidant compounds of olive oil.

autooxidation or increases

Antioxidant capacity

The results of antioxidant capacity determined by DPPH, ABTS,
FRAP and DMPD were summarized in (Table 3).

The evaluation of antioxidant capacity measured by the four
methods showed reduction levels in all samples during storage,
indicating a considerable deference between group A (oils obtained
from olives stored during 7 days) and group C (oils obtained
from olives stored during 30 days). At 6 months of storage level of
antioxidant activity determined by DPPH fell around 18 % to 43%
in all oil samples; more reduction was observed in oils in PET than
in glass. Highest losses were again more significant, approximately
68% in oils stored in PET, using the ABTS method. The decrease in
antioxidant capacity evaluated by FRAP was related to the storage
time, although, no important differences were observed between all
groups of samples, which may indicate that the major antioxidant
compounds of oils, capable to reduce Fe** to Fe** have been highly
degraded during the first week of olive storage. Significant differences
(p < 0.05) were showed at 6 months of oil storage; showing decreases
around 43% and 68%. Furthermore, oils in glass had values higher
than oils in PET bottles, although without significant differences (p >
0.05) between all groups. The results obtained of the total antioxidant
capacity measured by the DMPD showed a statistically significant
differences (p < 0.05) between the group A and two groups B and
C, indicating a strong reduction of antioxidant compounds, caused
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by the prolonged time of olive storage (more than 15 days). From
3 months to 6 months of oil storage, this reduction of antioxidant
capacity determined by DMPD method ranged between 13.33%
and 35.22%. Moreover, a great degradation was also detected in oils
packaged in PET. Excessive reduction of antioxidant capacity in PET
bottles indicates that plastic container increases the risk of oxidation
of olive oil components, due to the non null permeability of this
material [10].

Concerning the type of mills, the antioxidant capacity values
determined by DPPH, DMPD and FRAP methods varied little,
which can indicate that components capable to reduce the radicals
of DPPH and DMPD or the Ferric cation were influenced by similar
conditions in these mills, although results of ABTS assay showed
that oils produced in granite mill had less reduction of antioxidant
capacity (22% to 30%) than oils extracted in granite mill (50% to
68%), indicating that a portion of antioxidant component capable
to reduce the radical of ABTS was lost during oil extraction (highly
showed in wood mill), may be due to a long exposition of olive paste
to oxidative reactions.

Such decrease of antioxidant capacity could be related with
the degradation of antioxidant compounds. In fact, the presence
of microorganisms in these oils and in their corresponding olives,
as indicated previously [13], might have a strong influence in their
antioxidant compounds. Furthermore, yeast strains isolated from
commercial extra virgin olive oil [28] have been reported to comprise
several enzymes involved in the reduction of olive oil total phenolic
compounds and o-diphenols [29]. Such compounds are indicated as
strong antioxidants (Mancebo-Campos et al., 2014). Additionally,
the prolonged time of olive storage in uncontrolled conditions and
the exposition of olive paste at light and oxygen could increase
the production of free radicals. However, activation of the main
olive oxidoreductase enzymes involved in phenolic oxidation, like
polyphenol oxidase and peroxidase, were indicated during time of
the milling step [30], where they caused a significant decrease in the
phenolic content, particularly in the antioxidant compounds [30],
leading a loss of oxidative stability of olive oil [30,31].

Correlations

The four methods DPPH, ABTS, FRAP and DMPD can be used
for determination of antioxidant capacity of hydrophilic fraction,
which corresponded to a total phenolic compounds [32]. In this
study, the correlation between the antioxidant capacity measured by
DPPH, ABTS, DMPD and the total phenol content was significant
(p < 0.05) and positive (r = 0.61, 0.17, 0.07 and 0.23, respectively),
whereas, between FRAP and the total phenol content was positive but
no significant (p > 0.05).

Higher correlations of antioxidant capacity determined by DPPH
with phenol contents have been previously reported in olive oil (r =
0.995) [5].

The correlation found between ABTS, measuring antioxidant
capacity, and total phenol contents was low, whereas some of
the previous studies reported that the correlation between total
phenols and antioxidant capacity measured by ABTS was very high
in olive oil of Turkish Halhali variety [33]. DMPD assay has been
also investigated for antioxidant activity and total phenolic content
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Figure 1: Plot of PCA applied to the studied variables in olive oils of Moroccan
Picholine variety, produced in traditional mills in Morocco.

measurements in olive oil [34]. The FRAP assay is reported as less
suited for samples with lipophilic antioxidants compared to the
DPPH assay [35], this might explain the lack of significant difference
in the correlation between the antioxidant capacities measured by
FRAP and total contents of phenol compounds.

The correlations of the antioxidant capacity measured by the
different methods were significant (p < 0.05) between DPPH and
ABTS (r = 0.29), DPPH and FRAP (r = 0.21), DPPH and DMPD (r
=0.38), ABTS and FRAP (r = 0.53), ABTS and DMPD (r = 0.46) and
between FRAP and DMPD (r = 0.21). However, values of correlation
between these methods were lowers; hence, these four tests tend to
be used together in the study of the antioxidant capacity of this olive
oil, the first to determine the capacity to capture free radicals and the
second to evaluate the reductive capacity of a sample [36].

Multivariate statistical analysis

Principal Component Analysis (PCA): The classification pattern
obtained according to studied variables was shown in Figure 1. The
main results that can be drawn from this PCA analysis showed that
variability found in the samples can be seen in component, which
explains the 68.38% of variability. The linear combination found for
this main component is defined by the equation:

0,0368645 Peroxide index + 0,416062'K270 + 0,412759'K232 +
0,419971"Acidity - 0,364409" TPC - 0,369983'DMPD - 0,320522°'ABTS
- 0,326148' DPPH

The effects of each variable, as observed in (Figure 1) indicated that
variables related to the quality parameters; free fatty acid, peroxide
index, K232 and K270 had a higher impact on the explanation of
variability than the other variables; TPC and antioxidant capacity.
Clearly, our analyses found that, free fatty acid showed the highest
value of impact, regardless of time and storage material of the olive oil.
In fact, we have demonstrated in these oils and in their corresponding
olives presence of microorganisms; mesophilic and psychrotrophic
bacteria, moulds and yeasts (El haouhay et al.,, 2014), capable to
produce lipase releasing free fatty acids by hydrolyzing triglycerides
[37,38]. In their turn the free fatty acids were also indicated in the
acceleration of oxidation and auto-oxidation [39]; which together
with factors such as oxygen and light may explain the relative high
impact of the other quality parameters, peroxide index, K232 and
K270.
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Figure 2: Classification of olive oil samples according to storage time of olive
fruits. (A: 7, B: 15 and C: 30 days).

Discriminant Analysis (DA): This procedure is designed to
develop an ensemble of discriminating functions which can help
predict groups of samples (A, B and C) based on the values of all
quantitative variables. The 2 discriminating functions (Figure 2) with
P-values less than 0.05 are statistically significant.

The function 1 has separated completely the group A (obtained
from olives stored during 7 days) from both groups B and C
(obtained from olives stored during 15 and 30 days, respectively).
According to the studied variables, components of oils extracted from
olives stored during long time (more than 7 days) were found highly
altered. Clearly, the prolonged storage of olives had a significant and
important influence on the quality of their corresponding oils.

Hierarchical Cluster Analysis (HCA): It has created 1 cluster
from the 24 observations supplied, according to type of mill (G:
granite and W: wood), type of container (PET and Glass), time of
olive storage (A (7 days), B (15 days) and C (30 days)) and time of oil
storage (3: 3 months and 6: 6 months). The distance between groups
of samples was evaluated using Centroid Method Euclidean, and the
group formation was represented graphically in a dendrogram, which
indicates the different groups at a normalized or rescaled distance of
each kind of samples from the others, when read from right to left or
left to right. For this study the oils were classified by storage time, type
of storage container, and type of mill.

As shown in the (Figure 3), two clusters were formed; one
consisting of the oils of group A, and the other formed by oils of
groups B and C. Furthermore, mostly, for each group of samples, the
oils stored during 3 months were found in the first order followed by
the oils stored during 6 months. These results confirm that the quality
of oils obtained from olives with reduced time of storage (7 days) was
less affected or degraded than the quality of oils produced from olives
with longer time of storage. Equally, the increase of time of oil storage
had a negative influence in the quality of these oils. As observed in
the dendogram the type of mill (granite or Wood) as well as the type
of container (PET or glass) was not significant in the classification of
these oils when the Centroid Method Euclidean was used.

Conclusion

During olive and oil storage, quality parameters had a significant
increase, while, total phenol content and total antioxidant capacity
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Figure 3: Dendrogram plot of olive oils according to storage time of olive
fruits (A: 7, B: 15 and C: 30 days) and olive oils (3/ 6 months), type of mills
(W/G: Wood/Granite), and container type (Glass/PET).

had an important reduction. The variable with the highest level of
impact was acidity, which is linked directly to enzymatic degradation
of triglycerides, followed by the oxidation and auto-oxidation,
demonstrated by peroxide index, K232 and K270. Furthermore, the
storage time of olive fruits was the most important in the classification
of samples, followed by storage time of olive oils. The material of the
container also had an important influence on the characteristics of
samples; glass appears to be the most appropriate for protection of
olive oils. However, type of mills (granite or wood) was not significant
in the evaluation of quality of these oils. In fact, to protect quality
and antioxidant capacity of olive oil, factors capable to accelerate
hydrolysis and oxidation or auto-oxidation should be avoided during
all stages of processing, mainly the extended storage of fruits in
uncontrolled conditions. The time of milling should be reduced, and
after extraction olive oil should be filtered and preferably conserved
in dark glass bottles. So, it is necessary to improve conditions of olive
oil production in Moroccan traditional mills, by implanting and
practicing the systems to guarantee food quality and safety such as
Hazard Analysis and Critical Control Point.
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