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Abstract—This study aims to determine the factors affecting the
process of extraction of phenolic compounds from olive leaves.
Two methods of extraction were used in this work and different
tests were implemented with the aim of optimizing the recovery
of phenolic compounds from olive leaves. The factors considered
were the extraction time, temperature, solvent-solid ratio and the
ethanol concentration. Obtained results show that the
recommended optimal conditions for the extraction of the total
phenolic compounds from olive leaves were found at 40°C with a
solvent/solid ratio of 30:1 and ethanol concentration of 80% (v/v)
when the dried olive leaves are stored at -21°C at the beginning of
the experiments.
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1. INTRODUCTION

The olive leaves have been used in traditional medicine in
some Mediterranean regions. Many recent studies indicate that
olive leaves contain significant amounts of phenols possessing
strong and high antioxidant capacity [1], whose concentration
are near to those of olive oil. Utilizations of olive leaves to
produce health promoting products and food ingredients have
great potential for pharmaceutical and food industries. There
are many methods for the extraction of antioxidants from olive
leaves, and solvent extraction is the most common one. The
solvents frequently used for the extraction of phenolic
compounds and derivatives from olive leaves are methanol or
hexane and water mixtures. However, the toxicity of both
solvents limits their industrial exploitation in order to obtain
antioxidants for human use [2]. In this paper, it is aimed to
define the optimum extraction conditions for phenolic
compounds from dried olive leaves which allows the
evaluation of different process variables such as solvent

composition, temperature, time and solvent to solid ratio effects
on total phenolic compound content in the extract.

II.  LITERATURE REVIEW

The extraction yield is strongly influenced by the solvent,
due to the different polarity and different antioxidant potential
of compounds extracted [3]. Therefore, organic solvent of
higher polarity is more effective in quantitative recovery for
phenolic compounds. Non-polar solvent and methanol were
reported in many studies as a good solvent for extraction of
phenolic compounds from the plants including olive leaves.
However, it may lead to unacceptable levels of toxic residues
in the final extracts. Ethanol and water are most widely
employed as solvents for safety and abundances reasons [3].
Authors in [4] revealed that pure ethanol was not effective as a
solvent for extraction of phenolic compounds from olive
leaves, and water has important role in extraction process by
increasing the diffusion of phenolic compounds through plant
tissues. Changes in ethanol concentration modify the physical
properties of the solvent such as density, dynamic viscosity,
and dielectric constant. Solubility of compounds would also be
modified by changes in the ethanol concentration, and this may
influence the extraction of phenolics [5]. Authors in [6] used
40%, 50% and 60% ethanol (v/v) in their study to investigate
the effect of ethanol concentration on total phenolics yield.
Ethanol, methanol, ethyl acetate, boiling water, hexane, diethyl
ether, chloroform and butanol were the main solvents used by
researchers. Of these solvents, aqueous methanol or ethanol
was most commonly used and the concentration of solvent
varied between 40% and 80% (v/v). Extraction with 80%
methanol (v/v) was reported as the most effective method for
olive leaves polyphenols [7]. Authors in [2] suggested 80%
aqueous ethanol (v/v) was the optimum solvent for extraction
of the targeted phenolics from olive leaf and it can be used as
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replacement of toxic solvents (methanol, diethyl ether,
chloroform ) to obtain bioactive phenols for human use.

The temperature has impact on solubility, diffusion
coefficient and the stability of phenolic compounds. An
increase in temperature and a decrease of viscosity significantly
increase the diffusion rate. However, high temperature may
degrade the phenolics [8]. A range of extraction temperatures
and time were employed by researchers in the extraction of
phenolic compounds from olive leaves. Generally less
extraction time is required with increasing temperature. When
ethanol was used as a solvent, the extraction process took place
either at room temperature or elevated temperatures of 40°C for
2 days under agitation where water bath was used to achieve
required temperatures [9]. With boiling water, 8 to 29 minutes
extraction time was reported [7]. This kind of extraction is
purely a static process and easy to operate. Many studies
indicate that the solvent to solid ratio is normally expressed as
the ratio of the volume of solvent (mm’) to the weight of
extraction sample (gram) and considered an important factor in
extraction of phenolic compounds from olive leaves. The
solvent to solid ratio employed by the researchers for olive leaf
extraction varied hugely from 4 to 100, but a ratio between 10
and 50 was mostly reported in the literature [9-10].

III. MATERIALS AND METHODS

The olive leaves were collected from a region in north
Tunisia in August 2017. After collection, the leaves were
transferred to the laboratory, the twigs were removed from
leaves, and the fresh leaves were washed with tap water. The
clean leaves were air dried at 20°C for 5 hours before
continuing drying at 30°C in an incubator for 2 days [11].
Before each extraction, the dried olive leaves were ground in a
coffee grinder to become fine powder and stored N, gas purged
glass jars covered with aluminum foil at 0°C until the
extraction. Analytical grade methanol and absolute ethanol was
purchased from ThermoFisher Scientific. Distilled water was
used for preparing a solution of ethanol/water 80:20 (v/v),
70:30 (v/v), 60:40 (v/v) and 50:50 (v/v). The prepared extracts
were used for total phenols determination. Colorimetric
reaction was measured by UV spectrophotometry and the Folin
Ciocalteau reagent was used as an oxidizing agent. Dried olive
leave samples were stored at -21°C, in order to ensure the
minimum change or variability between samples used for
extraction experiments and to avoid degradation of phenolic
compounds. Total phenolic contents of the controlled samples
were monitored every 5 days.

IV. RESULTS AND DISCUSSION

A.  Stability of Dried Olive Leaves

Figure 1 shows the changes of the controlled sample values
during the extraction experiments. We see that the total
phenolic content remained constant. The result suggests that
dried olive leaves are relatively stable when stored at -21°C.
According to [12], there was no significant degradation of
total phenolics during experimental period.
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Fig. 1. Variation of total phenolic content of dried olive leaves with
storage time at -21°C

B.  The Effect of Extraction Time on Extraction Yield

Figure 2 shows the effect of extraction time on total
phenolics content obtained in olive leaves extracts. Two
extreme treatment conditions were tested in order to determine
the optimum extraction time: the first treatment was carried out
using 60% aqueous ethanol (v/v) at a solvent to solid ratio of
20 (w/w) and temperature of 20°C, and the second treatment
was using 80% aqueous ethanol (v/v) at a solvent/solid ratio of
30 (w/w) and temperature of 40°C. Significantly higher level of
total phenolic content was observed after 20 hours duration for
both treatments. Comparing total phenolics obtained by the two
treatments, it can be seen that significantly higher values of
total phenolic compounds were found in the leave extract of the
second treatment. It gives an indication that higher level of
phenolic compounds may be recovered with increasing ethanol
concentration, temperature and solvent to solid ratio.
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Fig. 2. Changes of total phenolic content in olive leaves extracts vs

extraction time for two different treatments
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C. The Effect of Extraction Temperature on Extraction Yield

The impact of three extraction temperatures (20°C, 30°C,
40°C) on extraction yield was investigated. These temperatures
were frequently used in previous studies [9-13]. Table I shows
the effect of temperature on total phenolics extracted and
indicates that the values were significantly affected by
temperature. As can be seen in Table I, total phenolic
compounds extracted at 40°C are significantly higher than
those extracted at 20°C and 30°C.

TABLE I. VARIATION OF TOTAL PHENOLICS VS. EXTRACTION
TEMPERATURES
Parameter Value
Temperature (°C) 20 30 40
Total phenolics (mg caffeic
acid/g dry matter) 21 23 2

Increasing temperature favored extraction by enhancing
both the solubility and the diffusion coefficient from a solid
matrix to a liquid matrix as mentioned earlier in the literature
review [16]. As a consequence, much higher values of the total
phenolics content are observed at 40°C than 20°C. The results
confirm that extraction temperature influences greatly the
extraction yield. Increasing temperatures also affects the
stability of phenolic compounds [17]. When extracting
phenolic compounds from olive leaves at higher temperature,
both effects need to be considered.

D. The Effect of Solvent-Solid Ratio on Extraction Yield

In this study, three different solvent-solid ratios (20%, 25%
and 30%) were investigated. Result analysis for total phenolics
indicates that total phenolics are significantly affected by
solvent-solid ratio. The distribution of mean values of total
phenolics for 5 extractions is shown in Table II. The higher the
solvent to solid ratio (30%), the higher the total phenolics
obtained (24.5mg caffeic acid/g dry matter), suggesting that the
solvent-solid ratio has a positive effect on the extraction yield.
This is consistent with mass transfer principles. The driving
force during mass transfer is the concentration gradient
between the solid and the bulk of the liquid, which is greater,
when, a higher solvent to solid ratio is used [5-14].

TABLE II. VARIATION OF TOTAL PHENOLICS VS. SOLVENT: SOLID RATIO
Parameter Value
Solvent: solid ratio (w/w) 20 25 30
Total phenollcs (mg caffeic 9 235 245
acid/g dry matter)

E.  The Effect of Ethanol Concentration on Extraction Yield

The influence of ethanol concentration on extraction yield
was investigated. Ethanol concentrations of 50%, 60%, 70%
and 80% (v/v) were used in this study, which are the mostly
reported concentrations in previous studies [9-15]. As shown in
Figure 3, there was no significant difference in total phenolics
obtained using ethanol at four different concentrations.
Optimum ethanol concentration for olive leaves extraction
reported in previously published studies varies. Authors in [6]

used 40%, 50% and 60% ethanol (v/v) to extract phenolic
compounds from olive leaves and they discovered that the
ethanol concentration had a biphasic effect, as an intermediate
ethanol level (50%) appeared to provide the lowest yield.
Higher concentration of total phenolics was obtained in extracts
using 40% and 60% ethanol (v/v). It was suggested that
decreasing or increasing the ethanol concentration both favored
extraction of phenolics from olive leaves.

24 4

g .\P/'\-
® 22

£

z

s

> 20 -

~

=

8

2 18 4

]

b=

S

o i

_E_lé

8

S 14 1

=

@

=

= 12

I

L2

10 T T T
50 60 70 80

Ethanol concentraion (%)

Fig. 3. Variation of total phenolics vs ethanol concentration

Authors in [18] suggested that 80% aqueous ethanol (v/v)
was the optimum solvent for extraction of the targeted
phenolics from olive leaves.

V. CONCLUSIONS

Olive leaves are a good and cheap source of phenolic
compounds. The recovery of phenolic compounds from olive
leaves could be achieved by solvent extraction. The solvent
should be of low toxicity, economical and easily recycled by
evaporation. In this study, the time, temperature, solvent to
solid ratio and ethanol concentration were investigated to
identify optimum extraction conditions. It was found that
higher total phenolic content is obtained by increasing
temperature and solvent to solid ratio. The results show that
good recovery of phenolic compounds can be achieved using
80% ethanol (v/v) at 40°C and solvent to solid ratio of 30. The
olive leaf extract is recommended to be stored under -21°C.
Three months storage at room temperature for liquid olive
leaves extracts can lead to considerable loss of phenolic
compounds, and thus prolonged storage should be avoided for
liquid olive leaves extracts.

Olive leaves are a promising source for exploitation in
terms of its total phenolic content. Current study results could
be the first step for the implementation of the process on a large
scale, being an adequate starting point for further studies
regarding the optimization of the continuous process, of major
interest from an industrial point of view.
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