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Abstract

The purpose of the study was to evaluate the effects of Syrian Kaissy olive oil (SKOO) adulteration
and long storage periods on the basic quality indices namely, peroxide value (PV), acid value (AV),
and absorbance Of uv (Kzgg, K270, AK and R (K232/K270) Values).

This study revealed that the quality indexes, including AV, PV, Ka32, K279 and AK values, of all SKOO
specimens increased with increasing storage time. It was revealed that the Kas2, Ko7o and AK values
of SKOO specimens stored for 1 and 2 years remained under the limits, established by International
Olive Council (IOC), of 2.5, 0.22 and 0.01 units, respectively. While in some cases, the Kas2, Karo
and AK values exceeded their respective limits after 8, 9 and 10 years of storage. The index of R

(K232/Ka270) decreased with time of storage.
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1 Introduction

Olive oil has been regarded as “liquid gold” from
antiquity. Among the several types of edible
oils, extra virgin olive oil (EVOO) is considered
as the best organoleptically, which is obtained
only by mechanical or physical methods, with-
out involving any thermal alteration or treat-
ment. It is an important oil that has a high nutri-
tion value (Gonzalez, Aparicio-Ruiz, & Aparicio,
). Olive oil contains unsaturated fats in the
form of poly unsaturated fatty acids and mono
unsaturated fatty acids which are good for health
(Al-Bachir & Sahloul, ; Al-Bachir & Koudsi,
).
Due to its higher price, virgin olive oil is
often adulterated with cheaper vegetable oils
(Nikolova, Eftimov, Antova, & Brabant, ).
There is a need to develop reliable analytical
methods to ensure compliance of olive oil quality
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with labeling, and to determine the genuineness
of the product by detection of eventual defects
during adulteration, processing and storage (Ab-
badi et al., ).
In the literature, different methods used in the
detection of olive oil adulteration are reported
(Frankel, ). They include the iodine value,
saponification value, oxidation value as well as
refractive index, density, viscosity, volatile com-
pounds, and olive oil antioxidants measurements
(Amereih, Barghouthi, & Marowan, ; Fer-
nandes, Umebara, Lenzi, & Teixeira Silva, ).
To determine the type of adulterant, chemical
methods such as gas chromatography or high per-
formance liquid chromatography are used (Inthi-
ram, Mirhosseini, Tan, Mohamad, & Lai, ).
Ultraviolet (UV) spectroscopy can provide infor-
mation on the degree of oxidation of the olive
oil (Nikolova, Eftimov, Perifanova, & Brabant,
). More specifically, the quality of olive oil is
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analyzed based on the absorption band between
200 and 300 nm, which can be used to evalu-
ate the presence of refined oils in virgin olive
oil (Aued-Pimentel, Alves da Silva, Takemoto,
& Cano, ).

Current European Union regulation (European
Communities, ) and the International Olive
Council International Olive Council ( ) re-
quire olive oils to be graded based on sensory
assessment and three fundamental chemical pa-
rameters: free acidity, peroxide value and UV ab-
sorbance. By comparing oils’ scores with thresh-
old values, these are categorised as extra virgin
olive oil (EVOO), virgin olive oil (VOO) and
other low-quality ordinary olive oil (OOO).
This study was conducted to determine if stor-
age period could induce measurement changes
in the Ultra-violet UV spectrophotometric ab-
sorbance values at 232 nm and 270 nm (K232,
K270, AK and R (K232/K270) values) of Syrian
Kaissy olive oil (SKOO). Samples were stored at
room temperature conditions and the results ob-
tained under different storage periods (1, 2, 8, 9
and 10 years) were compared.

2 Materials and Methods

2.1 Chemical and reagents

Olive oil, from olives harvested in the 2007, 2008,
2009, 2015 and 2016 seasons, was obtained from
olive fruits of Kaissy cultivar grown in orchards
located at the Deer Al Hajar research station,
southeast Damascus, Syria (33° 21° N, 36° 28~
E) at 617 m above sea level, under conventional
agriculture practices. The oil was extracted at
the shortest time possible using mechanical and
physical processes (Blatchly, Delen, & O’Hara,

). Olive fruits were crushed with a hammer
crusher and slowly mixed for about 30 min at
27 °C. Then, the mixed paste was centrifuged at
3000 rpm for 3 min without addition of water to
extract the oil. Finally, the oils were decanted
and immediately transferred into dark glass bot-
tles and stored at room temperature. Olive oils
were extracted and stored at our lab. Chemical
and physical analyses were performed on SKOO
samples in 2017 (after 1, 2, 8, 9 and 10 years of
storage).

Adulteration was carried out in triplicate in 2017
in our lab by mixing olive oil samples produced
in 2016 with sunflower oil (SO), purchased from
a local supermarket in 2017, at different blend-
ing ratios (0:100, 2:98. 4:96, 6:98, 8:92, 10:90,
20:80, 30:70, 40:60, 50:50, 60:40, 70:30, 80:20,
90:10, 100:0 (v/v)). Physical analyses were per-
formed on SKOO, SO and mixed oil samples in
2017 (after 1 year of storage).

2.2 Chemical and physical
analysis of oils

Acid value (AV, oleic acid %) and peroxide value
(PV, meq Oz kg~!) were determined according
to standard methods (Association of Official An-
alytical Chemists, ). Absorbance of UV was
used to detect abnormal oxidation compounds
in olive, sunflower and mixed oil samples ac-
cording to norms established by IOC (Ait Taleb,
Boutoial, Kzaiber, & Oussama, ). Kaso and
Ka7g were calculated from absorption at 232 and
270 nm, respectively. AK was calculated from
266, 270 and 274 nm absorptions using the fol-
lowing equation:

AK = Ka7o — (K266 — Ka74) - % (1)
The R value was calculated as Ksgs divided by
Ka70. A T70 UV-Visible spectrophotometer (PG
Instruments Limited, England) was used with
a 1% solution of oil in cyclohexane and a path
length of 1 cm. 0.25 g of oil was dissolved in
25 mL of cyclohexane and the absorbance of
the solution was then measured at the specified
wavelengths with reference to pure solvent. Spe-
cific extinction is calculated from the spectropho-
tometer reading (UVWin5.0 program) using a
quartz cell with 1 cm optical path.

2.3 Statistical analysis

The five storage periods and 15 levels of adul-
terations were distributed in a completely ran-
domized design, with three replicates. Data
were subjected to an analysis of variance test
(ANOVA) using the SUPERANOVA computer
package (Abacus Concepts Inc., Berkeley, CA,
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USA; 1998). The P value of less than 0.05 was
considered for statistical significance.

3 Results and Discussions

3.1 Basic quality parameters of
investigated virgin olive oils

Acid value (AV): Table 1 shows the averaged val-
ues obtained for AV indices of SKOO and their
respective standard deviations during the whole
storage time (1, 2, 8, 9 and 10 years). It is worth
mentioning that during storage at room temper-
ature, the AV of stored SKOO increased with
increasing time of storage. Data presented in
Table 1 shows that the AV of stored SKOO for
one year (2.71%), 2 years (2.95%), and 8 years
(2.17%) were below the maximum levels. The
AV of SKOO stored for 9 years (4.16%) and 10
years (4.39%) exceeded the maximum levels es-
tablished by the international regulations, which
are the maximum levels established by the I0C
for an oil to be considered as an ordinary vir-
gin olive oil. According to the standard of the
International Olive Council International Olive
Council ( ), there should be a maximum of
1.0, 2.0 and 3.3% acidity in extra virgin olive
oil (EVOO), virgin olive oil (VOO) and ordi-
nary olive oils (OOO), respectively. The free
fatty acids, measured as acidity (% oleic acid
(C18:1)), is a very important quality and classi-
fication index for olive oils. It is a measurement
of the hydrolytic breakdown of fatty acid chains
from triglycerides into diglycerides and mono-
glycerides, liberating free fatty acids (Tanoitu,
Elamrani, Serghini-Caid, & Tahani, ).

Peroxide value (PV): According to the IOC stan-
dard, the maximum allowable PV for EVOO,
VOO and 00O is 20 meq O kg~ oil (Inter-
national Olive Council, ). It is worth men-
tioning that PV in SKOO samples stored for 1
year were less than the value of 20 meq Oy kg ™!
(16.68 meq Og kg~!), while the PV in SKOO
samples stored for 2 and 8 years were around the
value of 20 meq O3 kg1 (20.78 and 20.74 meq Oy
kg1, respectively) and the PV in SKOO samples
stored for 9 and 10 years exceeded the value of
20 meq O kg~! (26.16 and 27.58 meq O, kg1,
respectively) (Table 1). During storage, an in-
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crease in PV was observed as a consequence of
the action of both diluted and headspace oxygen
in the bottle that induce a rapid deterioration.
Then the PV was progressively reduced because
of the degradation into secondary products. This
could be explained as the evolution of autoxi-
dation which depends on the light, temperature
and vacuum activity (Vekiari, Papadopoullou, &
Kiritsakis, ). These results are in line with
those reported by Papuc, Nicorescu, and Durdun
( ) where PV is taken as a measure of primary
oxidation compounds produced in the oxidation
of oil samples. Oxidation of oil generates a mul-
titude of compounds, such as acids with short
chain molecules formed by the oxidation of alde-
hydes. The quality of olive oil reduced during
storage due to oxidation that leads to rancidity
(Vacca, Del Caro, Poiana, & Piga, ). Vari-
ation during olive oil storage and transportation
leads to lipid oxidation, which is due to natural or
climatic conditions (Silva, Rodrigues Anjos, Cav-
alcanti, & dos Santos Celeghini, ). Similar
results have been reported for extra-virgin olive
oil which was stored for 6 years, where free acid-
ity exceeded the limit recommended for EVOO
by I0C, whereas, the stability against oxidation
persisted for a longer period of time due to the
high concentration of oleuropein derivatives (Ba-
iano, Terracone, Viggiani, & Alessandro Del No-
bile, ).

Lipids containing polyunsaturated fatty acids
and their esters are exposed to autoxidation by
molecular oxygen. Autoxidation of lipids has
been recognized as a major deterioration pro-
cess affecting the quality properties of foods,
which limits shelf-life (Ait Taleb et al., ).
The importance of virgin olive oil is related to
its high levels of monounsaturated fatty acids
(mainly oleic acid (C18:1)), and the low levels of
polyunsaturated fatty acids (linoleic acid (C18:2)
and linolenic acid (C18:3)) (Al-Bachir & Sahloul,

; Al-Bachir & Koudsi, ).

3.2 Influence of storage period on
UV spectrophotometric
absorbance of SKOO

The mean + standard deviation values of Kass,
Ko7, AK and R (Ka32/Ka79) of SKOO samples
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Table 1: Effect of production year on acid value and peroxide value of Syrian Kaissy olive oil

Storage period Production Acid value Peroxide value

(years) year (oleic acid %) (meq Ozkg™! oil)
1 2016 2.71£0.01 16.68+1.30
2 2015 2.9540.09 20.78+0.54
8 2009 2.17£0.29 20.74+2.15
9 2008 4.16+0.87 26.16+1.01
10 2007 4.39+2.64 27.58+7.05
P-Value 0.0070 0.0004

Table 2: Specific extinction coeflicient UV at 232, 266, 268, 270 and 274 nm of Syrian Kaissy olive oil

Storage period Production Kosso Ko7 AK R
(years) year (K232/ k270)
1 2016 2.161£0.002 0.17440.001  0.002£0.000  12.414£0.062
2 2015 2.1284+0.001  0.14740.000 0.002+£0.000  14.48+0.010
8 2009 2.290£0.280 0.352+0.120 0.010£0.000  6.51£1.610
9 2008 2.367£0.030 0.469+0.004 0.020£0.000  5.05+0.036
10 2007 2.574£0.030 0.597£0.150 0.030£0.000  4.31+£0.060

P-Value * * * *

*. Significant at p<0.05
tested and their variation with time of storage badi et al. ( ) reported that the extinction

are given in Table 2. The maximum values for
Kozo, Korp and AK are, respectively, 2.5, 0.22
and 0.01 for extra virgin olive oils, 2.6, 0.25 and
0.01 for virgin olive oils and 2.6, 0.30 and 0.01
for ordinary virgin olive oils (International Olive
Council, ). After 1 and 2 years of storage,
SKOO samples presented Kozs, Korg and AK
values less than the maximum limits established
for the extra virgin category. However, a sam-
ple of SKOO presented a Ka3o value of 2.574 af-
ter 10 years of storage, Ko7g value of 0.352 after
8 years of storage and AK value of 0.02 after 9
years of storage, and these values are higher than
the maximum limit established for the EVOO
category. Finally, the R value (Ka32/Ka7g) of
SKOO decreased with time of storage (Table 2).
R values were 12.41, 14.48, 6.51, 5.05 and 4.31
for SKOO samples stored for 1, 2, 8, 9 and 10
years respectively. Similar results for the effect
of storage time on the quality parameters of olive
oil have been reported by several authors. Ab-

coefficients, Koz and Karg, of olive oil stored at
elevated temperature increased continuously and
significantly with extending time of storage. In
recent years, several authors have reported re-
sults for different olive oil varieties under storage
conditions lasting 12-18 months. Low tempera-
tures preserve the properties of a fresh olive oil
better than room temperatures (Brki¢ Bubola,
Koprivnjak, Sladonja, & Belobrajié, ; Muli-
nacci et al., ). The extinction coefficients,
K32 and Ka7q, of virgin olive oil depended on the
year of production (2001, 2002 and 2003) (Ninfali
et al., ). Determination of the absorption co-
efficients in the ultra-violet region (232 nm and
270 nm) reflects the stage of oxidation for olive oil
during storage (Kiritsakis, Kanavouras, & Kirit-
sakis, ). The Koo value reportedly is corre-
lated with peroxide value, not only at time zero
but also during storage. Higher readings of Kaso
in these samples may indicate improper storage
of the oils (Ogutcu, Mendes, & Yilmaz, ).
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K32, Ko7g and AK parameters indicated a sub-
stantial increase of primary oxidation, measured
by the peroxide value (formation of hydroperox-
ides) and Ka3z (formation of conjugated dienes),
and of secondary oxidation, as shown by Ka7q
and AK (formation on conjugated trienes) start-
ing from the seventh year of storage (Baiano et
al., ). Under room temperature storage, the
increase in oxidation, confirmed by the increase
in extinction coefficients, occurred in both due
to the increase in the number of compounds re-
sulting from peroxide degradation (Vekiari et al.,

). Silva et al. ( ) reported that Kozo and
Ka70 values varied in relation to storage time.
Because of the significant variation of Kazs and
Ko7o values during olive oil storage, in response
to oil oxidation, these parameters may be of ma-
jor quality control importance for stored extra
virgin olive oil in terms of determining the time
at which they will lose their extra category (Ab-
badi et al., ).

3.3 Influence of storage period
and adulteration ratios on UV
spectrophotometric
absorbance of SKOO

Figure 1 shows the changes in the Ka3o specific
extinction coefficient at different storage times
and adulteration ratios. It was found that both
storage time and adulteration ratio significantly
affected the Kozo specific extinction coefficient
(P<0.05). The initial Ko3o specific extinction
coefficient value was less than 2.5, the maximum
value established by the national and interna-
tional regulations for EVOO (International Olive
Council, ). An increase in storage time and
adulteration ratio increased the Ksso specific
extinction coeflicient significantly (P<0.05), and
reached 2.574 after 10 years of storage for SKOO
and 4.902 in a mixture of SKOO and SO at
a ratio of 9:1 (SO:SKOO). This indicates that
adulteration of SKOO with SO has a greater
effect on the formation of conjugated dienes in
SKOO than the long storage time.

The changes in Ky7g specific extinction coeffi-
cient at different storage time and adulteration
ratio are illustrated in Figure 2. The results
of analysis of variance (ANOVA) indicate that
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both the storage time and adulteration ratio
significantly affected the Ko7 specific extinction
coefficient (P<0.05). The initial Ko7¢ specific
extinction coefficient value was less than 0.22,
the maximum value established by the national
and international regulations for EVOO (Inter-
national Olive Council, ). An increase in
storage time and adulteration ratio increased the
Ko7p specific extinction coefficient significantly
(P<0.05), and reached 0.597 after 10 years of
storage for SKOO and 2.761 in a mixture of
SKOO and SO at a ratio of 9:1 (SO:SKOO). This
indicates that adulteration of SKOO with SO
has a greater effect on formation of conjugated
trienes in SKOO than the long storage time.
Figure 3 shows the changes in AK value of
SKOO at different storage time and adulteration
ratio. It was found that both the storage time
and adulteration ratio significantly affected
the AK value (P<0.05). The initial AK value
was less than the 0.01, the maximum value
established by the national and international
regulations for EVOO (International Olive
Council, ). An increase in storage time
and adulteration ratio increased the AK value
significantly (P<0.05), and reached 0.03 after 10
years of storage for SKOO and 0.37 in a mixture
of SKOO and SO at a ratio of 9:1 (SO:SKOO).
This indicates that adulteration of SKOO with
SO has a greater effect on the AK value in
SKOO than the long storage time.

The changes in R value (Ka32/Ka7g) at different
storage time and adulteration ratio are illus-
trated in Figure 4. The results of analysis of
variance (ANOVA) indicate that both storage
time and adulteration ratio significantly affected
the R value (P<0.05). The initial R value of
SKOO was around 12.42. An increase in storage
time and adulteration ratio decreased the R
value significantly (P<0.05), and reached 4.31
after 10 years of storage for SKOO and 1.78 in
a mixture of SKOO and SO at a ratio of 9:1
(SO:SKOO). This indicates that adulteration of
SKOO with SO has a greater effect on R value
in SKOO than the long storage time.

UV  spectrophotometric measurements are
widely used in both olive oil authentication
and quality assessments (Escudero, Ramos,
La Rubia Garcia, & Pacheco, ). European
Commission Regulation No 2568/91 defines
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specific extinction coefficients at 232 nm and 270
nm as the parameters related to the oxidation
state of olive oil (Jenisovd, Branisa, Jomova,
& Porubskd, 2014).  Absorbance at specific
wavelengths in UV is a more delicate indicator
of oxidation, and is related to the presence of a
conjugate diene and triene system. Ultraviolet
absorbance at 232 and 270 nm, respectively are
conventionally indicated by Kaso (an indication
of conjugated polyunsaturated fatty acids in
olive oil), and Ko7 (an indication of carbonylic
compounds: aldehydes and ketones) (Amereih
et al., 2014; Noorali, Barzegar, & Sahari, 2014).
When linoleic acid is oxidized to form hy-
droperoxides, a shift of the double bonds
occurs producing a conjugated diene that can
be measured by UV absorbance at 232 nm.
The increase of absorptivity at 232 nm was
progressive for all oils, especially for oils rich in
linoleic acid (sunflower, maize germs and soy
oil) (Papuc et al., 2009). The oxidation stability
of oil is a function of the fatty acid composition,
and decreases with higher contents of linoleic
and linolenic acids (Souza, De Almeida, Batista,
De, & Rios, 2011). However, SKOO contains
more oleic acid and less linoleic and linolenic
acids than other vegetable and seed oils. Oleic
acid is a monounsaturated fatty acid, whereas
linoleic and linolenic acids are polyunsaturated
fatty acids. The main fatty acids in SKOO
are:  palmitic acid (C16:0) (13.11-15.89%);
stearic (C18:0) (2.19-3.83%); oleic acid (C18:1)
(68.94%), (68.15-72.64%); linoleic acid (C18:2)
(7.65-12.51%); Linolenic acid (C18:3) (0.41-
1.09%.) (Al-Bachir & Sahloul, 2017; Al-Bachir
& Koudsi, 2016).

4 Conclusion

This study evaluated the changes in oxidative
stability of SKOO during long storage time
and adulteration ratios with SO. The results
of analysis of variance (ANOVA) indicated that
both storage time and adulteration ratio sig-
nificantly affected the Kaszo, Kao7g, AK and R
(Ka32/Karg) values (P<0.05). The adulteration
of SKOO with sunflower oil had a greater ef-
fect on Kggg, K270, AK and R (K232/K270) val-
ues in SKOO than a long storage time. The

Olive oil production Year Sunflower oil %

2017 100
2016 %0
2015 80
2014 70
2013
2012 60
2011 s0
2010 40
2009 30
2008 20
2007 10 = storage time
2006 0 (year)
1.0 1.5 2.0 25 3.0 35 4.0 45 50 55 6.0 —#—Adulteration
pecentage %

K232 Vvalue

Figure 1: Effect of production year and adulter-
ation percentage on the increase in Kozo value of
Syrian Kaissy olive oil

Olive oil production Year Sunflower oil %

2017 100
2016 90
2015 80
2014 70
2012 @
50
2011
2010 40
2009 30
20
:gg? 10 ~#—Storage time
{year)
2006 o

—@— Adulteration
percentage %

0.00.20.40.60.81.01.21.41.61.82.02.22.42.62.83.03.2

K270 Value

Figure 2: Effect of production year and adulter-
ation percentage on the increase in Ky7g value of
Syrian Kaissy olive oil

Olive oil production Year Sunflower oil %

2017 100
2016 90
2015 80
2014 70
2013 60
2012
50
2011
2010 40
30
2009 —4—Storage time
2008 20 (year)
2007 10 == Adulteration
2006 o percentage %
0,000 0,100 0,200 0,300 0,400

AK

Figure 3: Effect of production year and adulter-
ation percentage on the increase in delta-K value
of Syrian Kaissy olive oil
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Olive oil production Year Sunflower oil %

2016 920
2015 20
231: 70
201
60
2012 50
2011
2010 40
2009 30
2008 2 —+— Storage time
2007 10 [m”g
2006 7
0.0 5.0 10,0 15.0 20.0 W Adulteration

percentage %
R (K232/K270)

Figure 4: Effect of production year and adul-
teration percentage on the increase in R value
(Ka32/Ka7o) of Syrian Kaissy olive oil

Koz specific extinction coefficient of SKOO ex-
ceeded the maximum allowable limit of national
and international regulations after 10 years of
storage (2.574) and above an adulterant ratio
of 1:2 (SO:SKOO)(2.526). The Karq specific ex-
tinction coefficient of SKOO exceeded the max-
imum allowable limit after 8 years of storage
(0.352) and above an adulterant ratio of 1:24
(SO:SK0O0)(0.24). The AK value of SKOO ex-
ceeded the maximum allowable limit after 9 years
of storage (0.02) and above an adulterant ratio
of 1:24 (SO:SK0OO0)(0.02).
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