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Abstract

This study examined the physicochemical properties, bioactive compounds, and organoleptic characteristics of olive oils from the cultivars
Koroneiki, Arbosana, and Arboquina. Arboquina, a commonly cultivated olive variety, had a C18:1 content below the International Olive
Council (I0C) limit of 55-83% and lower stability due to its low phenolic composition. In contrast, Koroneiki is known for its high oleic
acid content, natural antioxidants, and superior oxidative stability compared to Arbosana and Arboquina oils. The study involved
processing fruit mixtures and incorporating Koroneiki olive leaves during oil extraction to evaluate various parameters such as
physicochemical properties, fatty acid composition, bioactive components, oxidative stability, phenolic compounds, and organoleptic
characteristics. Mixing fruits, especially for Arboquina varieties, helped correct the low C18:1 content to meet 10C standards and improved
oxidative stability. The oxidative stability increased by 37.55% and 40.37% when Koroneiki was mixed with Arbosana or Arboquina at a
50:50 ratio, respectively. Furthermore, adding Koroneiki olive leaves at 1% and 3% to a mixture of Koroneiki and Arboquina increased
oxidative stability at 110°C by 2.2% and 4.66%, respectively, while for Arbosana, it increased by 4.7% and 26.56%. The analysis identified
eighteen phenolic compounds in all olive oil samples, with oleuropein, hydroxytyrosol, phenolic alcohols, and phenolic acids being the
major compounds. The results suggest that processing fruit mixtures of different cultivars can enhance the quality of olive oil, offering
opportunities to adjust antioxidant content, fatty acid composition, color, nutraceutical compounds, and organoleptic properties.
Additionally, incorporating olive leaves during oil extraction can yield functional olive oil with higher antioxidant levels.

Keywords: olive oil koroneiki, Arbosana, Arboquina varieties, olive fruit mixture, olive leaves, fatty acid composition, phenolic compounds,
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1. Introduction

Olea europaea L., an evergreen tree in the Oleaceae family, is cultivated on 10.8 million hectares in 41 countries, mainly in
the Mediterranean region (. Olive oil, a key component of the Mediterranean diet, is highly valued for its nutritional
properties, unique aroma, and taste @. It is considered a functional food due to its high monounsaturated fatty acid and
bioactive compound content @), such as phenolic compounds. Olive oil produced at the beginning of the season from olives
typically has superior quality, with low free acidity, peroxide value, and specific extinction coefficients at 232 and 270 nm,
Delta.k. These oils also exhibit excellent sensory attributes, qualifying them as extra virgin olive oils ©).

The chemical and sensory quality of olive oils can deteriorate during storage due to natural oxidation caused by their high
levels of unsaturated fatty acids ®. Increasing their natural antioxidant content can help improve their chemical stability and
enhance their nutritional and nutraceutical properties ). The nutritional quality of virgin olive oil (VOO) is linked to its
composition, particularly its high concentration of oleic acid, which makes up 55-85% of the total fatty acids .
Monounsaturated fatty acids like oleic acid can help lower LDL cholesterol levels and reduce the risk of cardiovascular
diseases ®). VOO also contains phenols such as oleuropein derivatives and hydroxytyrosol, as well as antioxidants like
vitamin E and carotenoids, which can help prevent the oxidation of LDL particles and provide various heart health benefits,
including regulating cholesterol, anti-inflammatory, anti-thrombotic, antihypertensive, and vasodilator effects in both
animals and humans © 10),

Arboquina olive oils generally have a lower concentration of total phenols compared to other cultivars such as Arbosana,
Hojiblanca, and Koroneiki (% 12, Several studies have shown that Arboquina varieties have low total polyphenols, a low
O/L ratio, low stability, low oleic acid content, and high palmitic acid content, which exceed the limits set by the
International Olive Council standards. These characteristics are suboptimal and may pose challenges for marketing as a
varietal oil. Previous research has shown that Arboquina olive oils typically contain oleic acid (C18:1) levels ranging from
44% to 45.37% (416),

*Corresponding author e-mail: _chemist_hanaa@hotmail.com.; (Hanaa.M. Solimin).
Receive Date: 03 June 2024, Revise Date: 03 July 2024, Accept Date: 03 July 2024
DOI: 10.21608/ejchem.2024.294818.9802

©2025 National Information and Documentation Center (NIDOC)



https://doi.org/10.21608/ejchem.2024.294818.9802

526 M.F. Khalil et.al.

The fatty acid composition is a crucial factor in evaluating the quality of olive oil. Unsaturated fatty acids (UFAs) play a
significant role due to their nutritional benefits and impact on the oxidative stability of oils @7, Mixing is a valuable
technique for improving oils from varieties like Arboquina, which have excellent initial quality and sensory attributes but
suffer from poor stability (9,

Previous research has explored enhancing edible oils like olive oil by incorporating olive leaf extracts to improve their
sensory qualities and oxidative stability. Studies have shown that olive leaves are abundant in phenolic compounds, making
their extract a potent antioxidant source. Olive leaves, often viewed as a by-product, present significant potential for value
addition. Extracting phytochemicals from olive leaves can lead to the production of high-value compounds for use in food
products, offering added nutritional benefits 19

Olive leaves are a common by-product of the olive oil industry, accounting for up to 10% of the total weight of olives 021,
They can be utilized as a cost-effective source of valuable phenolic compounds @2, The pharmaceutical, cosmetic, and food
industries are increasingly interested in the therapeutic benefits associated with these bioactive compounds in olive leaf
extract. The antibacterial and antioxidant properties of the phenolic compounds in olive leaves make them suitable for use
as natural additives or supplements (1923,

Incorporating olive leaves during oil extraction can enhance the phenolic content and sensory quality of Arboquina olive oil,
a widely cultivated Spanish olive variety known for its moderate vigor, high yield, and adaptability to high-density planting
@4, Several studies have identified a high concentration of phenolic compounds in olive leaves, including oleuropein,
hydroxytyrosol, and rutin ?3. The addition of olive leaves during processing can increase the phenolic and chlorophyll
content, improve the nutraceutical properties, and enhance the sensory attributes of the oil ?%. Chlorophylls and carotenoids
are the primary pigments responsible for the oil's color, and there is growing interest in their potential health benefits 7).
This study examined the characteristics of oil obtained from three varieties: Koroneiki, Arbosana, and Arboquina, as well as
their mixtures. The aim was to evaluate the physicochemical properties, oxidative stability, fatty acid composition, phenolic
compounds, and sensory attributes of olive oils produced by blending Koroneiki with Arbosana or Arboquina fruits in a
50:50 ratio. Koroneiki varieties are known for their high natural antioxidant content, making them ideal for creating a blend
with good sensory attributes, balanced fatty acid composition, and improved oxidative stability. Additionally, the study
investigated the impact of adding freshly ground Koroneiki olive leaves (1% and 3%) to a mixture of Koroneiki and
Arboquina fruits (50:50) and to 100% Arbosana fruits on the characteristics of the resulting olive oils.

2. Materials and Methods

2.1Materials

Olive fruit samples from three different olive varieties (Koroneiki, Arbosana, and Arboquina) and Koroneiki olive leaves were
collected in November 2023 from the Horticulture Research Institute (HRI) in Giza Governorate, Egypt.

All reagents used were of analytical or HPLC grade and were sourced from Merck Millipore (Darmstadt, Germany) and Al
Nasr Co., Egypt.

2.2 Methods:

2.2.1 Oil extraction

The olive fruits and their mixtures, as shown in Table 1, were prepared by grinding fresh olive leaves in a rotary mill to obtain
a fine powder. Oil samples were then extracted separately using a laboratory scale. The fruits were cleaned, washed, and
crushed, and the olive leaf granules were added at specified ratios. The mixture was then mixed for 30 minutes, packed in
cheesecloth, and extracted using a hydraulic laboratory press (Carver press). The resulting extract (containing oil and
vegetable water) was transferred to a separator funnel, where the oil layer was separated. The oil was then dried with
anhydrous sodium sulfate, filtered, and stored in brown bottles at -5°C until analysis.

Table (1): Pure and mixed fruits samples with and without olive leaves.

Sample no. Olive varieties
1 100% koroneiki
100% Arbosana
100% Arboquina
50% Koroneiki+ 50% Arbosana
50% Koroneiki+ 50% Arbiquina
50% Koroneiki+ 50% Arbiquina+ 1% olive leaves
50% Koroneiki+ 50% Arbiquina+3% olive leaves
50Arbosana+1% olive leaves
9 50Arbosana+3% olive leaves
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2.2.2 The oil content of fruits, Quality characteristics of olive oils, such as free fatty acids % (FFAS), peroxide value (PV),
and the color (using a Lovibond tintometer model F with a 5.25-inch cell) were determined following the methodology
proposed by A.O.A.C. 2019 @8, UV spectrophotometric indices (K232, K270, and AK) were evaluated according to the IOC
2022 guidelines ®).

2.2.3 Fatty acid composition was analyzed using gas chromatography (GC) by preparing methyl esters and identifying them
with an Agilent 6890 series gas chromatograph equipped with a DB23 column (60 m x 0.32 mm) 9,

2.2.4 The chlorophyll and carotenoid contents (mg/kg of oil) of all olive oil samples were assessed using
spectrophotometric measurements following the method described by Minguez-Mosquera et al. @9,
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2.2.5 Total phenol content was determined using the method described by Gutfinger (1981). The results were expressed as
milligrams of caffeic acid per kilogram of oil ¢,

2.2.6 The oxidative stability of olive oils was assessed using the Rancimat model 892 with a flow rate of 20 L/h at a
temperature of 110°C, following the method outlined by Mendez et al ¢2),

2.2.6 The antioxidant activity of phenolic extracts from all olive oil samples was analyzed using the stable 2,2-diphenyl-1-
picrylhydrazyl (DPPH) method as described by Blois 3,

2.2.8 Phenolic compounds in oil samples were identified and quantified using HPLC (Agilent 1260 series) following the
method outlined by Goupy et al. G9,

2.2.9 Organoleptic tests were conducted on samples of olive oils following the guidelines of the International Olive Council
@), Each oil sample (15 ml) was placed in covered blue glasses (diameter: 70 mm, capacity: 130 ml) at a temperature of 28°C.
The glasses were allowed to warm up, and after removing the cover, the panelists smelled the samples and evaluated their
flavor and taste. The panelists assessed various attributes of the oils and provided intensity ratings, which were then averaged
to determine the overall score.

3 Results and Discussion

3.1 Oil content

The oil contents (dry weight) of the three olive varieties, Koroneiki, Arbosana, and Arboquina, were determined to be 43.29%,
34.02%, and 36.97%, respectively. These findings are consistent with those reported in a previous study!® .

3.2 Quality parameter and oxidative stability-

The physicochemical quality indices of olive oils from the studied cultivars in Table 2 meet the standards set by the
International Olive Council ® for the extra virgin olive oil category (acidity < 0.8%, peroxide value < 20 meq O2/kg oil, K232
< 2.5, K270 < 0.22, and Ak < 0.01). All the analyzed oils exhibited very low values for the regulated physicochemical
parameters, indicating high quality. The low values of these parameters in all the analyzed oils reflect the good quality of the
olives harvested at optimal maturation and immediately extracted without storage. However, differences between cultivars
were observed for FFA%, peroxide value, and UV absorbance, consistent with previous studies (151935.78.79).

The addition of olive leaves at 1% and 3% to a mixture of 50% Koroneiki and 50% Arboquina or Arbosana did not impact the
quality parameters of the extracted olive oil. Studies have shown that adding leaves during oil extraction and processing can
help prevent oxidation and the formation of peroxides, thereby reducing the peroxide value (6.5,

Chlorophylls and carotenoids are the primary light-harvesting pigments found in vegetable oils. They play a crucial role in
preventing auto-oxidation and photo-oxidation ©7). Carotenoids, such as B-carotene, alpha-carotene, B-cryptoxanthin,
lycopene, lutein, and zeaxanthin, contribute yellow, orange, and red hues to foods®®). B-Carotene is also a precursor of vitamin
AG. Chlorophylls in olive oils give them their greenish color and are essential for their stabilityG?-

In the study, Table 2 shows the a* and b* values of all tested samples, with yellow fixed at 35 inches at a 5.25-inch cell. The
data indicates that the koroneiki cultivar had a superior b* value of 0.6 compared to the Arbosana and Arboquana cultivars
(0.1 and 0.0, respectively), while the a* values ranged around 2.0 for all three varieties.

Mixing Koroneiki fruit with Arbosana or Arboquina fruits at a 50:50 ratio produced oil samples with a recorded a* value of
0.3. Adding olive leaves at 1% and 3% resulted in higher a* and b* values, with a* values of 2.5 and 3.0 respectively when
Koroneiki fruits were mixed with Arboquina fruits. The b* scale showed higher levels at 0.8 and 1.3 with 1% and 3% olive
leaf additions to the same mixture. When 1% and 3% olive leaves were added to 100% Arbosana fruit, both a* and b* values
were recorded at 2.4 and 2.9 for a* and 0.5 and 1.1 for b* scales.

The increase in a* and b* levels when olive leaves are added may be attributed to the higher levels of chlorophyll and
carotenoids. This increase could be a result of the increased breakage of leaf cells and olive fruits during extraction, which
facilitates the release of chlorophyll into the 0il®? .

Oxidative stability is a crucial parameter for assessing the quality of olive oil. The study of oxidative stability in the oils
analyzed, measured by the Rancimat test at 110°C, shows that this parameter varies depending on the variety. Table 2 shows
that Koroneiki olive oil has the highest induction time at 13.43 hours, followed by Arbosana olive oil at 8.92 hours and
Arboquina olive oil at 8.10 hours. The differences observed among the olive oils studied are attributed to variations in their
constituents. Several studies have shown that the resistance of olive oil to oxidation is linked to its monounsaturated C18:1
and polyunsaturated C18:2 fatty acids content, as well as natural antioxidants such as phenolic compounds and tocopherols
9, Our findings on oxidative stability align with previous reports (516.19.78,79)

The inclusion of leaves in the industrial extraction process of Leccino and Castiglione oils resulted in a slight increase in the
oxidative stability (OS) by 2%, while a decrease of 7% was observed for Dritta oils ¢9. Conversely, the addition of olive
leaves improved the OS of Cobranesa oil by up to 20% compared to over-mature 0il“D .

Our results showed that adding 1% and 3% of olive leaves to Koroneiki and Arboquina to the mixture increased the oxidative
stability (OS) from 11.37 hours at 110°C by 2% and 4.66%, respectively. On the other hand, adding olive leaves to Arbosana
varieties at 1% and 3% increased the OS from 8.92 hours by 4.7% and 26.5%, respectively. These findings support the
hypothesis that the impact of the addition of olive leaves during oil extraction may depends on the extraction scale and
parameters, as well as on the olive leaf cultivar 9.

Oxidative stability is a crucial factor in evaluating the quality of oils and fats. It is greatly affected by their fatty acid
composition and minor compounds like tocopherols, phytosterols, and phenolic compounds®?.
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Table 2: Physicochemical Properties and Oxidative Stability of Olive Oil Samples.

Sample | FFA % (as Peroxide value Kos Ky AK Color a at 35 yellow OS (hr)
no. oleic acid) | (meq O/kg oil) v e

1 0.45 3.05 1.38 0.047 -0.0015 2.0 0.6 1343
2 0.41 342 1.39 0.063 0.0025 2.0 0.1 8.92
3 0.28 2.7 1.26 0.042 0.0020 2.0 0.0 8.1

4 0.37 4.10 1.43 0.072 -0.0065 2.1 0.3 12.27
5 0.33 2.90 1.25 0.042 -0.0025 2.0 0.3 11.37
6 0.25 3.60 1.22 0.066 -0.0015 2.5 0.8 11.6
7 0.22 2.40 1.29 0.048 -0.0020 3.0 1.3 11.9
8 0.36 3.33 141 0.053 -0.0015 24 0.5 9.34
9 0.39 3.15 1.39 0.057 -0.0010 2.9 1.1 11.29

Samples: (1) 100% Kroneiki, (2) 100% Arbosana, (3) 100% Arboquina, (4) 50% Koroneiki + 50% Arbosana, (5) 50% Koroneiki + 50%
Arboquina, (6) 50% Koroneiki + 50% Arboquina + 1% olive leaves, (7) 50% Koroneiki + 50% Arboquina + 3% olive leaves, (8) 100%
Arbosana + 1% olive leaves, (9) 100% Arbosana + 3% olive leaves, and OS (hr) oxidative stability at 110°C.

(Data are expressed as mean values given to represent the means of three determinations.)

3.3 Fatty acid composition

The fatty acid composition is crucial for the nutritional and sensory quality of olive oil. Olive oil is renowned for its high
monounsaturated fatty acid content, particularly oleic acid (C18:1), which can make up to 83% of the total composition.
Various factors such as fruit ripeness, climate, and variety can influence the fatty acid composition of olive oils (43444580), The
Koroneiki variety stands out for its FAME composition, with a high proportion of monounsaturated fatty acids (72.79%) and
low levels of polyunsaturated fatty acids (PUFA) (10.64%), attributed to its high oleic acid content (C18:1: 70.33%) and low
linoleic acid content (C18:2: 9.89). This results in a favorable (0/L) ratio of 7.11, which is significant for the health properties
of olive oil.

The Koroneiki variety produces an oil with a low level of palmitic acid (C16:0) at 15.53% and saturated fatty acids (SFA) at
16.94%. These findings are consistent with previous research “6),

The data in Table 3 show that the fatty acid composition of Kronoeik and Arbosana met the requirements of the 10C trade
standard ®. The predominant fatty acid was oleic acid, with levels of 70.33% and 57.7% per 100g of total fatty acids,
respectively. However, the Arboquina sample had a lower percentage of oleic acid at 54.77% per 100g. The 10C standard for
oleic acid is between 55-83%. These results for Arboquina falling below the 10C limit are consistent with findings from other
authors who have noted the significant impact of variety on oleic acid composition. In Egypt, the range of C18:1 in Arboquina
variety has been reported to be between 44.0% to 49.42% (141516.79)

The Kronaeiki olive oil sample had a relatively low level of palmitic acid (C16:0) at 15.53%, compared to the Arbosana and
Arboquina varieties at 21.06% and 20.83%, respectively. The saturated fatty acids (SFA) content was 16.54% for the
Kronaeiki sample, lower than the Arbosana and Arboquina samples at 22.72% and 22.4%, respectively. These findings are
consistent with previous studies “7-18-15)

On the other hand, the Arbosana and Arboquina olive oil samples had low levels of (O/L) as 3.97 and 3.15, attributed to their
lower oleic acid content (57.21% and 54.79%) and higher linoleic acid content (14.4% and 17.33%) compared to the
Kronaeiki olive oil, which had an (O/L) of 7.11, oleic acid content of 70.33%, and linoleic acid content of 9.89%. The O/L
ratio of Kronaeiki, Arbosana, and Arboquina olive oil samples at 7.11, 3.97, and 3.15, respectively, correlated with their
oxidative stability, with values of 13.43, 8.92, and 8.1 hours at 110°C, as shown in Table 2. This is attributed to the high level
of C18:1 (oleic acid) in Kronaeiki olive oil at 70.33%, compared to 57.21% and 54.77% in Arbosana and Arboquina olive
oils, respectively. These results align with previous research “® and highlight the importance of the O/L ratio in determining
the health properties of olive oils®® .
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Table 3: Fatty Acid Composition of Pure Samples and Blends and Rancimat Test

Fatty acids C16:0 | C16:1 | C18:0 | C18:1 | C18:2 | C18:3 | TSFA | MUSFA | TUSFA | O/L OSat
110 Oc
Olive oil sam
100% Koroneiki 15.53 2.46 1.01 70.33 9.89 0.75 16.54 72.79 83.43 7.11 13.4
100% Arbosana 21.06 4.53 1.66 57.21 14.4 0.73 22.72 62.25 76.86 3.79 8.92
100% Arbiquina 20.83 4.71 1.57 54.79 | 17.33 0.84 22.40 59.5 77.67 3.15 8.1

50%Koroneiki+50%Arbosana | 17.64 | 3.02 0.49 65.35 | 11.75 0.72 19.13 68.36 80.84 5.56 12.27

50%Koroneiki+50%Arbiquina | 17.82 | 3.36 1.36 | 64.71 | 1191 0.73 19.17 68.07 80.71 543 11.37

50%Koroneiki+50% 18.72 | 3.49 1.53 | 63.60 | 11.98 | 0.66 225 67.09 79.73 5.30 11.6
Arbiquina+ 1% olive leaves

50%Koroneiki+50%Arbiquina | 19.19 3.6 0.83 63.63 | 12.06 0.70 19.98 67.31 79.77 5.27 11.9
+3% olive leaves

Arbosana+1% olive leaves 20.31 4.29 1.71 5842 | 14.45 0.79 | 22.02 62,71 77.95 4.52 9.34

Arbosana+3% olive leaves 20.64 | 4.38 1.18 58.78 | 14.21 0.71 21.82 63.16 78.08 4.13 11.29

10C limits 7-20 0.3- 0.5-5 | 55-85 2.5- <1.0 - - - - -
3.5 21

TSFA: Total Saturated Fatty Acids, MUSFA: Mono Unsaturated Fatty Acids, TUSFA: Total Poly Unsaturated Fatty Acids, O-L: Oleic
Fatty Acid / Linoleic Fatty Acid, OS; oxidative stability.

3.3.1 Impact of fruit mixing on fatty acid composition:

Table 3 shows that mixing Arbosana or Arboquina fruits with Koroneiki variety in a 50:50 ratio effectively increased the
levels of C18:1 and monounsaturated fatty acids (MUFA) while reducing the levels of saturated fatty acids (SFA), particularly
palmitic acid (C16:0). When mixing Koroneiki with Arbosana or Arboquina at a 50:50 ratio, oleic acid increased by 8.14%
and 9.92%, respectively, bringing them within the International Olive Council (I0C) limit of 55-85%. For Arboquina, which
initially had 54.77% oleic acid, the mixture reached 64.71% oleic acid, within the IOC limit. The mixing also led to a
reduction in linoleic acid (C18:2) from 14.40 to 11.75 and from 17.33 to 11.91. Additionally, palmitic acid decreased from
21.06 to 17.64 and from 20.83 to 17.87, respectively. These mixtures exhibited improved fatty acid compositions compared to
pure Arbosana or Arboquina varieties, with higher C18:1 content (65.35 and 64.71), total unsaturated fatty acids (TUFA)
content (80.84 and 80.71), and lower palmitic acid levels (17.64 and 17.27), resulting in a significant improvement in the oleic
acid to linoleic acid ratio (5.56 and 5.43).

This enhancement in stability to oxidation was evident in the blends, with the oxidative stability increasing from 8.92 and 8.10
hours at 110°C in pure Arbosana and Arboquina olive oils to 12.27 and 11.37 hours, respectively, in the mixed oils.
Therefore, mixing fruits proved to be an effective method for improving the oxidative stability of Arboquina variety and
correcting its poor resistance to oxidation, as well as adjusting the C18:1 content (8)

3.3.2 The Impact of Olive Leaf Addition on Fatty Acid Composition

The fatty acid composition of olive oils extracted from mixtures of 50% Kroneiki and 50% Arboquina fruits with varying
percentages of olive leaves (1% and 3%) is presented in Table 3. The fatty acid profiles obtained with both 1% and 3% olive
leaves comply with the regulations set for olive oil by the International Olive Council (I0C)®). Palmitic acid content increased
by approximately 1% in both mixtures with 1% or 3% olive leaves, resulting in a slight increase in total saturated fatty acids
from 19.97% to 20.25% and 19.98%, respectively. Conversely, C18:1 content decreased by nearly 1%, while C18:2 showed a
slight increase. The oleic/linoleic (O/L) ratio remained unchanged, but the oxidative stability increased from 11.37 hours to
11.6 hours and 11.9 hours with 1% and 3% olive leaves, respectively. These results indicate the presence of bioactive
compounds in olive oil enriched with olive leaves, known for their high phenolic content ©9),

When olive leaves were added to Arbosana, significant changes were observed in the major fatty acid fractions of the olive
oil. Palmitic acid decreased by 3.5% and 2%, while saturated fatty acids decreased by 3% and 4%. Conversely, oleic acid
(C18:1) increased by 2.1% and 2.7%, and linoleic acid (C18:2) showed slight changes in olive oil samples enriched with 1%
and 3% olive leaves, respectively. The O/L ratio increased from 3.97% to 4.52% and 4.13%, respectively. The increase in
oxidative stability from 8.12 hours at 110°C to 9.34 hours and 11.29 hours may be attributed to the increase in the O/L ratio,
as well as the presence of bioactive compounds in olive oil enriched with olive leaves, known for their phenolic content.

3.4 Minor compound of olive oil samples:

3.4.1 Total polyphenols:

The presence of phenol compounds in virgin olive oil contributes to its nutritional value, stability, food color, sensory
attributes, and health-related antioxidant effects ¢ . While olive oil was traditionally valued for its high oleic acid content,
scientific research now recognizes the significant role of phenols in its health benefits®D, According to Table 4, the phenol
content varies among olive oil cultivars, with Koroneiki oil having the highest total phenols at 426.92 mg/kg, followed by
Arbosana oil at 165.32 mg/kg, and Arboquina oil with the lowest content at 136.5 mg/kg. These findings are consistent with
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previous studies6183552) Reported total phenolic content in mg/kg for Koroneiki, Arbosana, and Arboquina varieties were
242.35, 186.40, and 137.23 mg/kg, respectively. Higher phenol content levels were reported for the same varieties at 566.3,
454.8, and 286.51, respectively.

There is a wide range of experimental studies on olive oil phenol compounds, including in vitro and animal models,
addressing various health issues. Human randomized controlled studies have provided scientific evidence of health benefits,
such as reducing LDL oxidation, inflammation, and potentially increasing HDL cholesterol levels and providing
antithrombotic effects®. The European Food Safety Authority (EFSA) released an important statement in 2011 based on
scientific research, confirming the role of phenols in human health and the effectiveness of consuming olive phenols
(5mg/day) in protecting LDL from oxidation 4.

Adding Koroneiki to Arbosana or Arboquina varieties in a 50:50 ratio increased the level of phenolic compounds in the olive
oils by 76.24% and 111.9%, respectively. This increase in phenolic content is attributed to the high content of phenolic
compounds in Koroneiki varieties.

When mixing fruit samples, the higher polyphenol content in Koroneiki oil led to an increase in total phenol concentration in
the final olive oil product. It is evident that the addition of fruit enhanced the phenolic compounds in the final olive oil
compared to the initial Arbosana or Arboquina varieties.

Adding 1% and 3% olive leaves to a fruit mixture of Koroneiki and Arboquina at a 50:50 ratio resulted in a significant
increase in phenolic content. The total phenols in the 50:50 mixture were 288.15 mg/kg of oil, which increased to 309.54
mg/kg with 1% olive leaves (a 7.42% increase) and 347.65 mg/kg with 3% olive leaves (a 20.64% increase). Similarly, adding
1% and 3% olive leaves to 100% Arbosana increased the total polyphenol content by 20.23% and 33.69%, respectively.

The literature indicates a wide range of total polyphenol content in extra virgin olive oil (EVOO), ranging from 50 to 940
mg/kg oil. This variation is influenced by factors such as the olive cultivar, maturity index, extraction method, and
environmental conditions ¢4,

Another observation of TPC showed a 4% decrease for cvs Leccino and Castigliones oils 9. On the other hand, laboratory-
extracted oils showed a 2-25% increase in TPC, depending on the cultivars ©% 5657 In another study ©® on the influence of
adding olive leaf during extraction of oil from Buza cv. fruits, it was found that the phenolic composition of the oil depended
on the amount of leaf added. Adding 1% olive leaf had no effect on phenolic composition or total phenolic content, while
adding 2.5% and 5% leaf caused a decrease in both particular and total phenolic content, respectively. It is reported that
phenolic contents contribute nearly 51% to Rancimat stability, fatty acid composition contributes 24%, and tocopherol
contributes 11% 9,

Table 4: Minor Components and Antioxidant Activity of Olive Oil Samples

Sample no. Total poly phenols (mg Antioxidant activity of olive oil Carotenoids Chlorophyll

as_Gallic acid/ kg oil) phenol % (mg/kg oil) (mg/kg oil)
1 426.92 90.30 0.181 1.50
2 165.32 51.84 0.171 1.22
3 136.50 40.79 0.137 0.83
4 291.37 68.7 0.174 1.32
5 288.15 65.33 0.156 1.21
6 309.54 70.53 0.214 1.66
7 347.65 73.35 0.328 3.12
8 185.55 55.77 0.214 1.57
9 221.02 61.74 0.304 2.93

(Data are expressed as mean values given to represent the means of three determinations.)

3.4.1.1 Antioxidant activity (DPPH)

The DPPH test is a common assay used in investigating antioxidant activity and provides a quick method for determining a
compound's radical scavenging activity ®7). The stable free DPPH radical serves as a useful reagent for studying the
scavenging activity of bioactive compounds.©*”

The radical scavenging capacity of the examined olive varieties clearly differs: Koroneiki, Arbosana, and Arboquina show
percentages of 90.30%, 51.84%, and 40.79%, respectively. A positive correlation was observed between the antioxidant
activity (DPPH) and the concentration of total polyphenols. These correlations are consistent with a report by.(®

Extra virgin olive oil from the Koroneiki cultivar exhibited higher antioxidant activity compared to oils from Arbosana and
Arbogquina cultivars. These values were similar to those reported by other ® for Tunisian cultivars (78.56% and 37.23%) for
Chetoui and Chemlali varieties, respectively, and also from Algeria ©2 (11 cultivars) which ranged between 36.57% and
72.20%.

Another study evaluated the DPPH assay results for four samples of virgin olive oil from the Frantoio cultivar, showing a
range of antioxidant activity between 56.5% and 106.0% ©3. In contrast, lower antioxidant activity was observed for three
different Italian olive oil varieties, with values of 18.33%, 36.85%, and 27.37% (¢4,

When mixing fruit samples, it was observed that adding Koroneiki to Arbosana or Arboquina varieties increased the DPPH%
assay. This is likely due to the higher polyphenol content in Koroneiki. The DPPH assay recorded values of 68.7% and
65.33% for mixtures of Koroneiki with Arbosana and Koroneiki with Arboquina at a 50:50 ratio.

The inclusion of olive leaves in the extraction process impacts the quality parameters of the fortified olive oils being studied.
This is evident from the DPPH assay results when olive leaves were added at 1% or 3% to a blend of Koroneiki and
Arboquina at a 50:50 ratio, as well as to 100% Arbosana. In the Koroneiki-Arboquina blend, the DPPH values increased from
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65.33% to 70.53% and 73.35% with the addition of olive leaves at 1% and 3%, respectively. For 100% Arbosana, the DPPH
values increased from 51.84% to 55.77% and 61.74% with the same olive leaf additions. These findings are consistent with
previous research “9 indicating that the addition of leaves during extraction and processing can inhibit oxidation and reduce
peroxide formation by half (10C, 2019) 3.

3.4.2 Chlorophyll and Carotenoids;

Chlorophyll and carotenoids play crucial roles in olive oils. They contribute to the oxidative stability, acting as antioxidants in
the dark and as prooxidants when exposed to light. Additionally, these compounds are responsible for the yellow-green
pigmentation of olive oils, which enhances consumer acceptability ®. Furthermore, the bioactivity of these pigments is
linked to their health properties for various human organs, including the brain and nervous system €7,

Significant variations were observed in the chlorophyll content of the analyzed olive oils. Koroneiki exhibited the highest
level at 1.5 mg/kg of oil, while Arboquina had the lowest at 0.83 mg/kg of oil, and Arbosana recorded 1.22 mg/kg of oil.
These findings are consistent with the reported values for Arboquina variety in two regions in Turkey, which were 0.52 and
0.64 mg/kg of oil, as documented in a previous study ©®

On the other hand, Spanish Clamala olive oil contained 1.68 mg/kg of chlorophylls as reported previously “9. Egyptian
Arboquina from North Sinai and Ismailia had chlorophyll levels of 0.52 and 0.64 mg/kg of oil, respectively ©9. Additionally,
higher chlorophyll contents were found in Kronaeiki, Arbosana, and Arboquina varieties, with levels of 7.20, 6.20, and 5.4
mg/kg, respectively9

Regarding carotenoids, the data in Table 4 shows slight carotenoid contents for the three varieties: 0.181 mg/kg for Koroneiki,
0.171 mg/kg for Arbosana, and 0.137 mg/kg for Arboquina.

3.4. Impact of Fruit Mixing on Chlorophyll and Carotenoid Contents

The fruit mixing process significantly affected the amount of pigments, depending on the proportion of cultivar in the mixture.
Due to its high pigment content, mixing fruit with the Koroneiki variety led to an increase in pigment concentrations
compared to other varieties initially present.

When Koroneiki fruits are mixed with Arbosana or Arboquina fruits in a 50:50 ratio, the chlorophyll content increased from
1.22 t0 1.32 and from 0.83 to 1.21, representing an 8.19% and 45.78% increase compared to the initial chlorophyll content of
Arbosana and Arboquina, respectively. For carotenoids, the mixed fruit cases showed an increase from 0.171 to 0.174 and
from 0.137 to 0.156 mg/kg of oil, representing a 1.75% and 13.86% increase, respectively.

The observed increases may be attributed to the higher content of chlorophyll and carotenoids in the koroneiki variety, with
levels of 1.50 and 0.181 mg/kg of oil, respectively. Previous studies have shown that pigment concentrations can vary
significantly based on the variety (9, fruit ripeness 9, climate 2, and growing conditions ("%,

Other results suggest that processing fruit mixtures of different cultivars resulted in better oil quality compared to oils
obtained through traditional oil blending methods®“” .

3.4.2.1 Impact of Olive Leaf Addition on Chlorophyll and Carotenoid Levels

The addition of olive leaves at 1% and 3% to a mixture of fruits in a 50:50 ratio of Kroneiki and Arboquina resulted in
varying chlorophyll content increases in the oil. Specifically, the chlorophyll content increased by 37.19% and 157.85%
compared to the initial mixture, respectively. These findings are consistent with other studies that have also reported an
increase in chlorophyll levels 857,554

When olive leaves were added at 1% and 3% to 100 Arbosana fruits, the chlorophyll content increased by 28.68% and
140.16%, respectively, compared to Arbosana oil without olive leaves_

A study ©8) found that there was an increase in chlorophyll content during the extraction of Bjazacv oil when the amount of
olive leaves was increased to 1%, 2.5%, and 15%. The increase in chlorophyll content was 38%, 375%, and 1180%,
respectively. This increase may be attributed to the higher degree of leaf cell breakage during the milling of leaves and olive
fruits, which allowed for the release of chlorophyll into the oil ¢9,

The increase in chlorophyll content can enhance the antioxidant properties of oil when stored in the dark, thereby prolonging
its shelf life ). However, chlorophyll can act as a prooxidant in the presence of light ©®. Therefore, special care should be
taken when storing oil enriched with olive leaf chlorophylls. It is highly recommended to preserve such products in dark, non-
transparent bottles.

The addition of 1% and 3% olive leaf increased the carotenoid content by 37.17% and 110.25%, respectively, in a 50:50
mixture of Koroneiki and Arboquina oils. Similarly, adding 1% and 3% olive leaves to Arbosana fruits resulted in carotenoid
increases of 25.14% and 136.25% compared to pure Arbosana oil. These additions also enhanced the green color of the olive
oils due to the antioxidant activity of chlorophyll, which can help prevent cancer-causing agents. This increase in chlorophyll
concentration makes the fortified oils more nutritionally appealing 2139

3.5 Identification of Phenolic compounds-

Phenolics are crucial components that contribute to the quality and sensory characteristics of olive oil. They serve as powerful
antioxidants with significant benefits for human health and diet (™. Research strongly indicates that phenols play a key role in
preventing cancer, cardiovascular diseases, and neurodegenerative conditions. The natural antioxidant content of oils is
directly linked to their shelf life (). Phenolics effectively delay the oxidative degradation process, thereby extending the
product's shelf life (74.76),

The molecular compounds of phenolic compounds in the olive oil samples were identified and quantified in all hydro-
methanolic extracts. Table 5 shows variations in the content of phenolic compounds based on the cultivar. Oleuropein and
hydroxytyrosol were the predominant compounds in all analyzed oils, with oleuropein being the most abundant, followed by
phenolic alcohols and phenolic acids. A total of eighteen phenolic compounds were identified in all olive oil samples. The
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Koroneiki variety exhibited the highest oleuropein content at 147.4 mg/kg oil, followed by Arboquina and Arbosana at 80.5
and 73.1 mg/kg oil, respectively.

Our results show that phenolic alcohols were present in higher levels than phenolic acids in the three varieties of olive oil
studied. Koroneiki had the highest concentration at 141.7 mg/kg, followed by Arbosana at 54.5 mg/kg, and the lowest was
Arboquina at 33.1 mg/kg. In contrast, phenolic acids were most abundant in Koroneiki oil at 89.7 mg/kg, while Arbosana and
Arboquina had lower levels at 20.4 mg/kg and 14.85 mg/kg, respectively. The phenolic alcohols identified were
hydroxytyrosol and kaempferol. The analysis also revealed the presence of various phenolic acids, including gallic,
chlorogenic, caffeic, syringic, ellagic, coumaric, ferulic, and cinnamic acids. The levels ranged from 0.2 mg/kg of coumaric
acid in Arbosana and Arboquina oils to 11.1 mg/kg of cinnamic acid in Koroneiki oil.

The variation in the levels of Oleuropen, phenolic alcohols, and phenolic acids in olive oil depends on the variety, as shown in
Table 5. These results align with previous studies on phenolics in olive oil (16:3557.58.64),

The addition of olive leaves at 3% to a mixture of Koroneiki and Arboquina fruits in a 50:50 ratio, as well as to 100%
Arbosana fruits, significantly impacted the phenolic compounds present in the extracted olive oils. Specifically, the
incorporation of Koroneiki olive leaves at 3% to Arbosana fruits led to a 38.16% increase in oleuropein content. Additionally,
the addition of 10% Arboquina leaves resulted in a 13% increase in oleuropein levels. Phenolic alcohols also saw a substantial
increase of 124.77%, while phenolic acids increased by 28.18% in the oils extracted with olive leaves (19).

Another study found that Oueslati olive leaves had a higher phenolic concentration compared to Nebjnel leaves. The study
revealed that adding leaves at a 3% concentration increased the total phenolic content by 44% in Oueslati oil and by 10% in
Nebjnel oil. These results were consistent with findings from other studies (23:3%55.57),

A study (1958) demonstrated that adding olive leaves during the olive oil extraction process resulted in a significant reduction
in total phenolic content.

In recent years, there has been extensive research on the biological activities of olive oil phenoalics, particularly Oleuropein
derivatives. Numerous studies have investigated the antioxidant properties of oleuropein derivatives, as excessive reactive
oxygen species have been linked to the development of various diseases ). The importance of powerful antioxidants to
counteract free-radical damage has been emphasized. The antioxidant effects of oleuropein are primarily attributed to its
ability to scavenge free radicals. Overall, incorporating olive leaves during the oil extraction process may offer a way to
enhance the quality of the oil.

Table 5: Phenolic compounds (mg/Kg oil ) of olive oil varieties and their mixture extracted with addition of olive leaves at (3%)

Compound Olive variety % olive leaves 3 %
koroneiki Arbosana Arboquina koro.;Arbeq. Arbosana 100
50;50 %
Gallic A 15.1 4.7 1.5 10.5 5.9
Chlorogenic A 12.2 3.6 2.0 9.1 4.5
Catechin 33 0.3 0.3 1.4 0.35
Tyresol3- oH 131.4 52.5 28.7 106.0 71.0
Caffeic A 17.5 0.00 4.0 14.5 0.0
Syringic A 11.3 2.6 1.4 8.5 2.6
Rutin 13.1 2.1 2.3 10.3 2.5
Ellagic A 9.5 1.9 0.85 6.5 0.9
Coumaric A 33 0.2 0.20 1.3 0.25
Vanillen 19.2 3.2 0.50 12.6 3.00
Feruleic A 9.7 44 1.7 9.0 6.01
Noringenin 4.3 2.2 1.8 2.0 1.5
Oleuropin 147.4 37.1 80.5 133.9 101.0
Daidzein 3.7 1.5 1.0 3.0 2.35
Querctia 33 0.5 0.50 0.4 0.9
Cinnamic A 11.1 3.0 2.6 9.00 6.0
Kaempferol 10.3 2.0 44 8.0 34
Hespertin 1.2 7.5 2.0 1.6 8.9
Totelphenok 426.92 165.32 136.5 347.65 221.02
phenolic acds 89.7 20.4 14.25 68.4 26.15
phenolic 141.7 54.5 33.1 114.0 74.4
alcohols

(Data are expressed as mean values given to represent the means of three determinations.)
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3.6 Organoleptic attributes

The results in Table 6 showed that Koroneiki olive oil exhibited higher fruity, bitter, and pungent sensory attributes (positive
attributes) compared to Arbosana and Arboquina olive oil. These positive sensory attributes were further enhanced by mixing
Koroneiki fruits with both Arbosana and Arboquina fruits and adding olive leaves during the oil extraction process.

Tasters observed higher intensities of green fruity, pungent, and bitter flavors with an increase in the percentage of olive
leaves from 1% to 3%. These increases may be attributed to the higher total phenolic content in olive oil when olive leaves are
added during the oil extraction process (Table 4). These findings are consistent with previous studies (23 41.40),

The data in Table 6 shows that the median number of defects in all oil samples was zero, while the median values for fruity,
pungent, and bitter (positive attributes) were greater than zero. These results indicate that all oil samples met the criteria for
extra virgin olive oil classification as defined by the International Olive Council @89,

Table 6: Organoleptic assay of olive oil samples

Samples Fruity Bitterness pungent

100% koroneikii 5.4 3.7 4
100% Arbosana 2.9 1.5 1.5
100% Arbiquina 2.2 1 1.0
50%Koroneiki+50%Arbosana 4.1 2.6 2.5
50%Koroneiki+50%Arbiquina 43 2.6 3.0
50%Koroneiki+50% Arbiquinat 1% 49 32 2.8
olive leaves

50%Koroneiki+50%Arbiquina  +3% 5.7 4.0 3.5
olive leaves

Arbosana+1% olive leaves 4.5 3.0 2.5
Arbosana+3% olive leaves 53 3.5 3.0

(Data are expressed as mean values given to represent the means of three determinations.)

Conclusion

The physicochemical quality of olive oils from the studied cultivars (Koroneiki, Arbosana, and Arboquina) met the standards
set by the International Olive Council for extra virgin oils .

Our study results indicate that the Arboquina variety has a lower percentage of C18:1 at 54.77%, which falls below the 10C
limit of 55-83%. Additionally, it is less stable in terms of oxidation compared to the oils of the Koroneiki and Arbosana
varieties.

The Koroneiki variety stands out for its high monounsaturated fatty acids content, richness in total polyphenolic constituents,
and high levels of oleuropein, phenolic alcohol, and phenolic acids compared to the Arbosana and Arboquina varieties.

The data from this investigation show that oils produced by blending equal parts of Koroneiki and Arbosana or Koroneiki and
Arboquina fruits result in higher oil quality and increased levels of bioactive compounds. The mixing process allows for the
adjustment of antioxidant, fatty acid, and sensory characteristics. When Koroneiki is mixed with Arboquina fruits in a 50:50
ratio, the resulting oil meets the International Olive Council standards for C18:1, suggesting that blending fruits can improve
oxidative stability and oleic acid content, particularly for the Arboquina variety. This blending technique offers a solution to
enhance resistance to oxidation and correct fatty acid composition.

The addition of up to 3% Koroneiki olive leaves to a mixture of Koroneiki and Arboquina fruits in a 50:50 ratio and to 100%
Arboquina fruits had a significant impact on the quality and chemical composition of the olive oil. This resulted in increased
resistance to oxidation, improved nutritional qualities, and enhanced positive organoleptic attributes such as fruity, bitterness,
and pungency. There was also a notable increase in total polyphenols, oleuropein, phenolic alcohols, and phenolic acids,
leading to higher levels of total phenolic compounds, chlorophyll, and carotenoids. In conclusion, the addition of small
percentages of Koroneiki olive leaves can enhance the nutraceutical properties of extra virgin olive oil by boosting the content
of phenolic compounds, which provide protection against oxidative stress and extend the shelf-life of the oil due to their
antioxidant properties.
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