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ABSTRACT

Extraction parameters in classical solvent extraction of bioactive compounds from Arbutus unedo leaves were
studied using a single factor experiment approach. Effects of ethanol (EtOH) concentration (20-100 %),
solvent:solid ratio (10-90 ml/g), extraction time (20-100 min) and extraction temperature (15-70 °C) on total
phenolic content (TPC), total flavonoid content (TFC) and total antioxidant activity (TAA) of the extracts
were investigated. The optimal conditions were found as solvent concentration of 40 % EtOH, solvent:solid
ratio of 50:1, extraction time of 60 min, and extraction temperature of 55 °C. Under these conditions, TPC,
TFC and TAA were obtained as 89.58 mg GAE/g dw, 28.62 mg CAT /g dw and 85.25 % inh, respectively.
It was found that especially the flavonoid content of the extracts was highly correlated with antioxidant
activity under all extraction conditions such as ethanol concentration (r=0.962), solvent:solid ratio (t=0.947),
extraction time (t=0.793) and temperature (t=0.935).

Keywords: Arbutus unedo leaves, solvent extraction, polyphenols, flavonoids, antioxidant activity

ARBUTUS UNEDO L. YAPRAKLARINDAN FENOLIK BILESIKLERIN
EKSTRAKSIYONUNDA EKSTRAKSIYON KOSULLARININ BELIRLENMESI

(074

Arbutus unedo yapraklarindan biyoaktif bilesiklerin klasik ¢6ziicii ekstraksiyonundaki ekstraksiyon
parametreleri tek faktorli deney yaklagimi kullanilarak incelenmistir. Etanol (EtOH) konsantrasyonu
(20-100 %), ¢oOzict:katt orant (10-90 ml/g), ekstraksiyon stresi (20-100 dak) ve ekstraksiyon
sicakliginin (15-70 °C) ekstraktlarin toplam fenolik icerigi (TPC), toplam flavonoid icerigi (TFC) ve
toplam antioksidan aktivitesi (TAA) tzerindeki etkisi arastirilmistir. Optimal kosullar ¢6ziici
konsantrasyonu 40 % etanol, ¢6ziicti:katt orani 50:1, ekstraksiyon stiresi 60 dakika ve ekstraksiyon
sicakligi 55 °C olarak bulunmustur. Bu kogullar alunda TPC, TFC ve TAA degetleri sirastyla 89.58
mg GAE/g dw, 28.62 mg CAT / g dw ve 85.25 % inh olarak elde edilmistir. Ekstraktlarin 6zellikle
flavonoid iceriginin, etanol konsantrasyonu (r = 0.962), cozlci:katt orant (r = 0.947), ekstraksiyon
stiresi (r = 0.793) ve sicaklik (r = 0.935) gibi tiim ekstraksiyon kosullart altinda antioksidan aktivitesi
ile oldukea iliskili oldugu bulunmustur.

Anahtar kelimeler: _Arbutus unedo yapragi, ¢ozici ekstraksiyonu, polifenoller, flavonoidler,
antioksidan aktivite
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Extraction of phenolics from A. unedo L. leaves

INTRODUCTION

Arbutus nnedo L. (also known as strawberry tree)
belongs to the Ericaceae family which is an
evergreen shrub or small tree native to the
Mediterranean climate. It is distributed in
Mediterranean region and North Africa where
summers are hot and winters are rainy (Ayaz et
al., 2000; Orak et al., 2011). The local distribution
is shown in Mediterranean, Aegean, Marmara and
Black Sea coasts of Turkey (Ayaz et al., 2000;
Pabuccuoglu et al, 2003; Ozcan and
Haciseferogullari, 2007; Celikel et al., 2008; Orak
et al., 2011; Isbilir et al., 2012; Islam and Pehlivan
2016). The name ‘Kocayemis’ is commonly used
for strawberry tree fruit (Arbutus wnedo L.) in
Turkey (Celikel et al., 2008).

The fruits and leaves of Arbutus unedo plant have
importance both in local agricultural economies
and in traditional medicine. The fruits are usually
processed into jams, marmalades, jellies and
alcoholic beverages for consumption (Alarcao-E-
Silva et al., 2001; Pallauf et al., 2008). They are
well-known in folk medicine as antiseptics,
diuretics, and laxatives. Similarly, the infusions of
their leaves which are known to have diuretic,
urinary  antiseptic, antidiarrheal, astringent,
depurative, and antihypertensive properties used
in folk medicine also (Baytop, 1984; Pawlowska et
al,, 2006; Morgado et al., 2018). These medicinal
properties are related to the high content of
phenolic compounds in the fruits and leaves of A.
unedo. There are some studies showing the
phenolic profile of different parts of the plant,
however, more studies have been conducted on
the phenolic content of A.unedo fruits (Ayaz et al.,
2000; Alarcao-E-Silva et al., 2001; Pawlowska et
al., 2006; Ozcan and Haciseferogullari, 2007;
Pallauf et al., 2008; Fortalezas et al., 2010; Akay et
al., 2011; Islam and Pehlivan, 2016; Albuquerque
et al., 2017; Lopez et al,, 2019) compared to the
studies on leaves (Pabugcuoglu, et al., 2003;
Oliveira et al., 2009; Orak et al., 2011; Malheiro et
al., 2012; Erkekoglou et al,, 2017). Also, the
studies on phenolic and flavonoid content of both
fruit and leaf of _A.unedo showed that the phenolic
and flavonoid content of leaf extracts was found
to be higher than that of fruits’ (Males et al., 2000;
Mendes et al., 2011).

Plant polyphenols are a large group of secondary
metabolites, which have biological properties
such as antioxidant, antimicrobial, anti-
inflammatory, antiallergic activities. Therefore,
they play a preventive role in diseases such as
cancer and cardiovascular diseases (Pawlowska et
al., 2006). The health-promoting properties of 4.
unedo, which were thought to be associated with

polyphenols, attracted interest. Extraction
method, extraction solvent and solvent
concentration, solvent:solid ratio, extraction

temperature, time and particle size are effective
factors to obtain the extracts of phenolic
compounds (Do et al., 2014; Ilaiyaraja et al., 2015;
Bhebhe et al.,, 2016). Classical solvent extraction
was used as it is the most commonly used method
for extracting flavonoids (Routray and Orsat,
2012; Tzanova et al., 2020). This study aimed to
see the effect of ethanol concentration,
solvent:solid ratio, extraction time and extraction
temperature on the extraction of phenolics from
A.unedo leaves. The ranges obtained for these
extraction parameters would be used in future
optimization studies.

MATERIAL AND METHODS

Chemicals

1,1-Diphenyl-2-picrylhydrazyl radical (DPPH"),
Folin—Ciocalteu's reagent, aluminium chloride,
sodium nitrite, sodium carbonate anhydrous,
sodium hydroxide, gallic acid, catechin, methanol
(MeOH) and ethanol (EtOH) were obtained from
Sigma (St. Louis, MO, USA). Deionized water
was used. All reagents and chemicals were
analytical grade.

Material

A. unedo 1. leaves were gathered in October of
2019 in Kozlu-Zonguldak (at about 105 m from
above sea level) in the Western Black Sea Region,
Turkey. Voucher specimens of A.unedo plant (No.
ANK-60606) were deposited in the Science
Faculty Herbarium in Ankara University, Turkey.
The collected leaves were cleaned and then dried
on drying papers without forming mass in shady
place at room temperature for 20 days. Air-dried
leaves were grounded and the ground powder
were stored in glass jars at +4 °C until extraction
and analysis.
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Experimental Design for Preparation of Leaf
Extracts

Classical solvent extraction was carried out with
hydroalcoholic  solvent system of ethanol
(EtOH). 1.0 g of dried and ground leaf samples
were weighed and mixed with the appropriate
amount of EtOH/H>O solvent system in glass
bottles according to solvent:solid ratio.
Conventional extraction was performed by
stirring with a magnetic stirrer (Wisd WiseStir
MSH-20A) at different temperatures and times.
Single factor experiments were used for solvent
extraction. The ranges for each independent
vatiable were chosen based on the results of
literature studies on the extraction of polyphenols
from A. unedo leaves (Oliveira et al., 2009; Mendes
et al., 2011; Orak et al., 2011; Malheiro et al.,
2012). Then, the extract was filtered (Whatman
No. 1 filter paper) and used for the determination
of TPC, TFC and TAA amounts. In this study,
the ranges of the parameters in the extraction of
phenolic compounds from _A. unedo leaves were
statistically evaluated and aimed to be a source for
future studies.

Solvent (EtOH) concentration

EtOH/water solvent system was used as the
solvent for the extraction. 4. unedo leaves were
extracted using vatious concentrations of
EtOH/water as 20 %, 40 %, 60 %, 80 %, and 100
%. The solvent:solid ratio, extraction time and
temperature were fixed at 50 ml/g, 60 min and 25
°C, respectively.

Solvent:solid ratio

The leaves extracted at a range of solvent:solid
ratio (10, 30, 50, 70, 90 ml/g) using the best
EtOH/water concentration (40 %) determined at
the first step. Extraction time and extraction
temperature were fixed as 60 min and 25 °C,
respectively.

Extraction time

A. unedo leat samples were extracted by varying
the extraction time (20, 40, 60, 80 and 100 min) at
fixed temperature (25 °C) using the best solvent
concentration (40 %) and the best solvent:solid
ratio (50 ml/g), which were determined at the first
and second steps.

Extraction temperature

The leaf samples were extracted at different
temperatures (15, 25, 40, 55, and 70 °C) using the
best EtOH/water concentration (40 %), best
solvent:solid ratio (50 ml/g) and best extraction
time (60 min), which were determined in previous
steps.

Total phenolic content (TPC)

TPC of the leaf extracts was analyzed using the
modified method of Costa et al., (2009). 0.1 mL
of ethanolic extract solution was mixed with 1 mL
of Polin—Ciocalteu’s phenol reagent and 5 mL of
Na,COs solution. The mixture was adjusted to 10
ml with water. It was kept in dark for 20 min,
then the absorbance was measured at 735 nm
using UV-VIS spectrophotometer (UV-1800,
Shimadzu, Japan). The results of TPC were
expressed as gallic acid equivalents (GAE) in
milligrams per gram of dried weight (mg GAE/g
dw) using standard curve of gallic acid.

Total flavonoid content (TFC)

TFC of the leaf extracts was analyzed using the
modified method of Igbal et al., (2012). 4 mL
deionized water, 1 mL extract and 0.3 mL 5 %
NaNO; solution were mixed. After 5 min, 0.3 mL
of 10 % AICI3 was added. At the 6t minute, 2 ml.
of 1 M NaOH and 2.4 ml deionized water was
added and mixed. Absorbance of the mixture was
measured at 510 nm (UV-1800, Shimadzu, Japan).
The results of TFC were expressed as catechin
equivalents in milligrams per gram of dried weight
(mg CAT/g dw) using standard curve of catechin.

Total antioxidant activity (TAA)

TAA of the leaf extracts was measured using a
DPPH free radical scavenging assay according to
the study of Lee et al., (2013). 0.5 mL extract was
diluted 10-fold with water and mixed with 2.5 mL
0.12 mM DPPH methanolic solution. After
standing 30 min at room temperature, the
absorbance was measured at 517 nm (UV-1800,
Shimadzu, Japan). The scavenging activity of
DPPH free radicals as TAA was expressed as
percentage inhibition of DPPH radical and was
calculated according to Equation (1):

Scavenging activity (%) = [ (AbSconuoi—Abs
samp]e)/(AbS control) ] % 100 (1)
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Statistical analysis

All extraction experiments were replicated twice
and all analyses were performed in three
replications. The obtained data were expressed as
the mean = SD (standard deviation). Significant
differences (P <0.05) were determined by one-
way analysis of variance (ANOVA) completed by
Tukey’s test. Also, PCA (Pearson Correlation
Analysis)  was performed using Minitab
(Minitab® Statistical Softwate 17).

RESULTS AND DISCUSSION

Solvent (EtOH) concentration

Various organic solvents have been known to be
use in the classical solvent extraction of phenols
from various plant materials (Alothman et al.,
2009; Vural et al.,, 2020). The most commonly
used solvents for the extraction of phenolic
compounds are water, MeOH, EtOH, acetone
and ethylene glycol. In addition, aqueous solvents
of these organic solvents have been preferred in
many studies as they provide high extraction
efficiency compared to pure solvents (Musa et al.,
2011; Metrouh-Amir et al., 2015; Bhebhe et al.,
2016; Ma et al., 2019).

Solvent selection is important for the
determination of quantity and type of bioactive
compounds and therefore extraction efficiency
(Jovanovic-Malinovska et al., 2015). Solvent type,
especially it's polarity, affects the hydrophilic and
lipophilic phenolics extracted from the sample
(Boeing et al., 2014). Studies on the extraction of
phenolics from 4. znedo leaves are very limited and
water, EtOH and MeOH have been used as the
extraction solvent in these limited studies
(Pabugcuoglu et al., 2003; Oliveira et al., 2009,
Mendes et al., 2011). In this study, EtOH and its
aqueous mixtures (100 %, 80 %, 60 %, 40 %, 20
%) have been preferred due to their low toxicity
and no need of further processing compared to
MeOH. EtOH is also categorized as GRAS
(Generally Recognized as Safe) (Jovanovic-
Malinovska et al., 2015). In addition, it has been
shown that the total phenolic and antioxidant
activity results of 4. unedo leaf extracts obtained
with EtOH yielded higher than the others

(Pabugcuoglu et al., 2003, Oliveira et al., 2009).
The antioxidant capacity of EtOH and MeOH
extracts of A. unedo leaves were compared and
Trolox equivalent antioxidant capacity (TEAC)
was found as 2.25 mM and 1.75 mM, respectively
(Pabugcuoglu et al., 2003). Oliveira et al. (2009)
studied the antioxidant activity and total
phenolics of water, EtOH, MeOH and diethyl
ether extracts of A.unedo leaves and found that the
highest amount of total phenols (192.66 £ 1.66
mg GAE/g extract), antioxidant activity as
reducing power (232.7 pg'ml') and antioxidant
activity as DPPH scavenging effect (ICso of 63.2
ug'ml!) were in EtOH extracts (Oliviera et al.,
2009).

The results of the present study showed that
solvent concentration significantly (P <0.05)
affected the analyzed variables (TPC, TFC, TAA)
(Figures la-c). The highest value of TPC was
obtained for 60 % EtOH (86.78 mg GAE/ g dw)
whereas the lowest value was for 100 % EtOH
(20.03 mg GAE/ g dw). 40 % EtOH (26.53 mg
CAT/g dw) was the highest for the extraction of
TEFC from A.unedo leaves, which were followed by
60 %, 80 %, 20 %, 100 % EtOH. The lowest yield
for TFC was obtained by 100 % EtOH (8.36 mg
CAT/g dw). Similar to the results of TFC, 40 %
EtOH concentration had also a significant effect
(P <0.05) on TAA of extracts giving the highest
value of 82.46 %.

100 % EtOH significantly provided the lowest
value for TPC (20.03 mg GAE /g dw), TFC (8.36
mg CAT/g dw) and TAA (73.40 % inh) of the
samples (P <0.05). It was observed that when
aqueous-EtOH solvent was used compared to
pure solvent (EtOH), much higher yield in
phenolic extraction was obtained. Higher content
of polyphenols was obtained with an increase in
the polarity of the solvent used (Turkmen et al,,
20006). The result was in accordance with the
studies that binary solvent was suggested
compared to mono-solvent (Turkmen et al., 2000;
Ustﬁndag et al., 2016; Vural et al., 2020).
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Figure 1. Effect of ethanol concentration (%) on the extraction of TPC (a), TFC (b), TAA (c) from 4.
unedo leaves (solvent:solid ratio:50 ml/g, extraction time: 60 min, extraction temperature: 25 °C)
Values are meantstandard deviation of six measurements. The letters (a-d) are significantly (p<<0.05)
different.
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The yields of TFC and TAA were maximized at
40 % EtOH then followed by a decrease with
further increase in concentrations of EtOH. The
yield of TPC was maximized at 60 % EtOH
however 40 % EtOH and 60 % EtOH showed no
significant differences. Thus, 40 % EtOH was
chosen as the best solvent concentration for the
following steps. Solvent concentration had a
significant effect on phenolic extraction and a
decrease in total phenolics or antioxidant activity
was observed when the solvent concentration
increased above a certain value in many studies.
Similarly, in the extraction of total phenolic
compounds from pomegranate peel (Zivkovié¢ et
al., 2018) and mengkudu (Morinda citrifolia) (Thoo
et al, 2010), the optimum concentration was
found to be 40 % EtOH.

Solvent:solid ratio

Solvent:solid ratio is considered as an important
parameter in the extraction of phenolic
compounds from plants. It is generally considered
that a high solvent: solid ratio provides high
extraction efficiency. However, the increased cost
and environmental impact due to excessive
solvent consumption should also be taken into
account (Pinelo et al., 2006; Dai and Mumper,
2010; Heleno et al., 2016). In this study,
solvent:solid ratio was used in a wide range (10,
30, 50, 70, 90 ml/g) because it was intended to be
a fundamental study to determine the ranges in
phenolic extraction from _A. unedo leaves.
Different solvent: solid ratios have been observed
in the studies on the extraction of phenolics from
the leaves of A. unedo. When boiling water was
used as solvent, solvent:solid ratio was 50 ml / g
(Oliveira et al., 2009; Mendes et al., 2011) or 20
ml / g (Orak et al., 2011). The solvent:solid ratio
was used as 50 ml / g when the solvent was EtOH
or MeOH (Orak et al., 2011) however it was 16.66
ml/g when EtOH, MeOH or diethyl ether were
used (Oliveira et al., 2009).

In this study, the values of TPC, TFC and TAA
were significantly affected by the parameter of
solvent:solid ratio (P <0.05) (Figures 2a-c). The
highest value of TPC was obtained by
solvent:solid ratio of 70 ml/g (88.66 mg GAE/ g
dw) and it was followed by 50 ml/g (85.18 mg

GAE/ g dw), 30 ml/g (71.57 mg GAE/ g dw), 90
ml/g (70.25 mg GAE/ g dw) and 10 ml/g (50.26
mg GAE/ g dw). However, solvent:solid ratio of
50 ml/g provided the highest TFC (26.20 mg
CAT/g dw) and TAA (82.02 % inh). The lowest
yield of TPC (50.26 mg GAE/ g dw), TFC (12.12
mg CAT/g dw) and TAA (70.92 % inh) results
wete obtained by solvent:solid ratio of 10 ml/g.
Figures 2 (a-c) show that the yields of TPC, TFC
and TAA generally increased with increasing
solvent:solid ratio however TFC and TAA results
started to decrease after 50 ml/g. The dectease
was after 70 ml/g for TPC. Therefore, 50 ml/g
was selected as solvent:solid ratio to be used in the
subsequent stages to ensure both high extraction
efficiency and minimal solvent consumption, thus
avoiding solvent waste and extraction cost. The
effect of solvent:solid ratio was significant on
extraction of antioxidant compounds (TPC and
TFC) and capacities (ABTS and DPPH) from P.
nirnri (Wong et al., 2013) while it was the mostly
effective parameter on the extraction of TPC
from dried olive leaves (Ersus Bilek, 2010).

Extraction time

Solvent extraction is a traditional extraction
method and has long been used for research and
industrial purposes to extract desired compounds
from plant material. Despite its widespread use,
generally it requires a long extraction time
(Heleno et al,, 2016). Long time can increase the
transfer of phenolic compounds from plant to the
solvent. However, extending the time may
decrease the extraction efficiency by increasing
the oxidation probability of phenolic compounds
(Bachir Bey et al, 2014; Mokrani and Madani,
2016; Yang et al., 2017). For this reason, it is
important to determine the optimum extraction
time by considering the extraction efficiency,
extract quality and also energy cost in solvent
extraction. Extraction time was 45 minutes in
solvent extraction using boling water in both
studies on phenolic extraction from A. unedo
leaves by Mendes et al. (2011) and Oiviera et al.
(2009), while EtOH and MeOH extraction was
performed at fixed speed during overnight (Orak
etal., 2011).
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leaves (ethanol concentration: 40%, extraction time: 60 min, extraction temperature: 25 °C)
Values are meantstandard deviation of six measurements. The letters (a-d) are significantly (p<<0.05)
different.
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Figures 3a-c show the effects of extraction time
on the solvent extraction of antioxidant phenolics
trom A. unedo leaves. It had siginificant effect on
TPC, TFC and TAA results (P <0.05). Generally
TPC, TFC and TAA results increased from 20
min to 60 min (Figures 3a-c) however the results
of TPC decreased from 20 min to 40 min and
then increased from 40 min to 60 min. The
highest yields of TPC (85.33 mg GAE/g dw) and
TAA (82.23 %) were obtained in 60 min of
extraction time. TFC yield was highest in 100 min
(26.78 mg CAT/ g dw) and it was followed by 60
min (26.41 mg CAT/ g dw). It can be seen that
more flavonoids yielded in longer extraction time
(100 min) however there was no significant
difference between the results of 60 min and 100
min. Additionally, the values of TPC and TAA
decreased after 60 min. Therefore extraction time
of 60 min was chosen as optimum time. Naeem
et al. (2012) preferred optimum time as 60 min in
the extraction of phenolics from Moringa oleifera
leaves (Naeem et al., 2012). Similarly, the effect of
time was obtained statistically significant in the
ethanolic solvent extraction of TPC from olive
leaves (P <0.05) (Vural et al., 2020). The results
are generally in accordance with the studies in
which excess extraction time reduced the yield of
phenolic compounds (Liyana-Pathirana and
Shahidi, 2005; Thoo et al., 2010; Mokrani and
Madani, 2010).

Extraction Temperature
Extraction temperature is one of the critical
parameters which effects extraction efficiency,
extract quality and energy consumption due to
solvent loss through evaporation (Durling et al.,
2007; Ilaiyaraja et al., 2015).

Figures 4a-c  show that the extraction
temperatures (15, 25, 40, 55, 70 °C) significantly
affected the results of TPC, TFC and TAA (P
<0.05). The highest results for TPC (91.73 mg
GAE/g dw), TFC (28.62 mg CAT/g dw) and
TAA (85.25 %) were obtained at 70 °C, 55 °C and
55 °C, respectively. Generally there was an
increase in the values of TPC, TFC and TAA
when the temperature increased. It was in
accordance with the studies which reported that
increase in heat improved the extraction

efficiency of phenolic compounds and therefore
antioxidant activity (Al-Farsi and Lee, 2008;
Dortta et al. 2012; Mokrani and Madani, 2010).
TFC and TAA results increased as the
temperature increased, however, a statistically
significant decrease was obtained after 55 °C (P
<0.05). For TPC, the increase was continued
after 55 °C however, there was no significant
increase from 55 °C to 70 °C. It can be related to
thermal degradation of phenolic compounds at
high temperatures which is one of the
disadvantages of the solvent extraction (Yue et al.,
2012). Thus 55 °C of extraction temperature was
chosen as the optimum temperature. Significant
decreases in TFC and TAA above 55 °C may be
related to the sensitivity of phenolic compounds
in A. unedo leaves to high temperature. Thermally
stable compounds can give higher extraction yield
whereas sensitive ones can degrade at high
temperatures  (Liyana-Pathirana and Shahidi,
2005; Thoo et al., 2010). Thus, the bioactive
compounds in plant material may react differently
according to their stability against heat. Time
becomes important together with temperature to
prevent degradation of polyphenols and to
protect their radical scavenging potential due to
high extraction temperature in traditional
methods such as solvent extraction (Spigno et al.,
2007; Yue et al., 2012). It may be recommended
to keep the time short especially for sensitive
phenolics even if the extraction temperature is

high.

Pearson Correlation Analysis

The relationships between TPC, TFC and TAA
of A. unedo leaf extracts under various extraction
conditions were analyzed using Pearson
correlation analysis. Under the parameter of
EtOH concentration (Table 1), there was a
positive significant correlation between TPC and
TFC (r = 0995, P < 0.05) and therefore
flavonoids were found to have an important role
among total phenolic compounds. This result was
similar to the significant correlations between
TPC and TFC found for L. aromatica (Do et al.,
2014) and tropical fruits such as banana (Musa
paradasiaca) and guava  (Psidium  gnajava 1.
(Alothman et al, 2009). Positive significant
correlations between TAA and TPC (r = 0.935, P
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<0.05) and TAA and TFC (r = 0.962, P <0.05)
indicate that both TPC and TFC are responsible
for the antioxidant activity of the extracts. These
correlations  confirm  that the  phenolic
compounds are the main compounds
contributing to the antioxidant activity of A. u#nedo
leaf extracts similar to some previous studies in
which good correlation was observed between the
antioxidant properties and TPC of the extracts

80

(Mello et al., 2005; Alothman et al., 2009; Oliveira
et al., 2009). Since polarity of flavonoids varies,
the choice of solvent with the appropriate polarity
is also important. More polar solvents such as
alcohol, water, acetone can be used in the
extraction of more polar flavonoid glycosides
(Harborne et al., 1975; Routray and Orsat 2012).
This is correlated with high amount of flavonoids
extracted with EtOH/H-O in this study.
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Figure 3. Effect of time on the extraction of TPC (a), TFC (b), TAA (c) from _A. unedo leaves (ethanol
concentration: 40%, solvent:solid ratio: 50 ml/g, extraction temperature: 25 °C)
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Table 1. Correlation between different assays under influence of extraction conditions

Ethanol concentration Solvent:solid Ratio Time Temperature
TPC TFC TAA TPC TFC TAA  TPC TFC TAA  TPC TFC TAA
TEC 0,995 0.882* 0214 0371
TAA 0.935%  0.962* 0.821 0.947* 0.095  0.793 0216  0.935*

TPC, total phenolic content; TFC, total flavonoid content; TAA, DPPH radical scavenging activity

1, Pearson correlation coefficient
* Significant level at P < 0.05

For the solvent:solid ratio, the results were similar
to those of the parameter of EtOH concentration.
There was a significant positive correlation
between TPC and TFC (r = 0.882, P < 0.05).
However, the correlation of TAA with TFC (r =
0.947, P <0.05) compared to TPC (r = 0.821) was
higher and positively significant. It was observed
that flavonoids have a higher and significant
effect on the antioxidant activity of the sample. It
can be concluded that as the solvent ratio
increased, the effect of flavonoids on antioxidant
activity increased.

Under the parameter of extraction time, the
cortelation between TFC and TPC is low and
negative (r = -0.214). It can be said that TFC did
not contribute to TPC. In addition, only TFC was
found to show a positively high but insignificant
correlation with TAA (r = 0.793). The correlation
between TPC and TAA was positive but very low
(r = 0.095). This result was similar to the study in
which the extended extraction time may cause
decomposition of bioactive compounds (Liyana-
Pathirana and Shahidi, 2005). Overall, the
extraction time negatively affected TPC, however,
flavonoids were found to be more resistant to
increased time than the other phenolics. These
results were consistent in which that flavonoids
have an important place on the antioxidant
activity of the plants (Rice-Evans, et al., 1996;
Mustafa et al., 2010).

Under the influence of extraction temperature
(Table 1), low positive correlation between TFC
and TPC (r = 0.371) also TAA and TPC (r =
0.216) were found. Both have no significant
difference at P <0.05 (Table 1). However, a strong
(r = 0.935) and significant (P <0.05) correlation
was found between TAA and TFC which was

shown that flavonoids contributed to TAA of the
extracts. It can be concluded that flavonoids in
A.unedo leat extracts are generally thermally stable
while the other phenolics have low stability at
high temperatures. This result was consistent with
the study of Thoo et al. (2010), which stated that
the TFC of M. citrifolia extracts are more thermally
stable.

TAA of A. unedo leaf extracts was high and the
phenolic  content  especially  flavonoids
contributed significantly to the antioxidant
activity of the samples. Some studies have
concluded that .A. wnedo leaves are rich in
flavonoids (Males et al., 2006; Fiorentino et al.,
2007). Pabugcuoglu et al. (2003) showed that
flavonol glycosides and tannins may be active
substances responsible for TAA of .A. unedo
leaves. In another study conducted on A. wnedo
leaves, the correlation between phenolic content
and antioxidant activity was limited and variable,
showing the complexity of the interaction of
mixtures of phenols with each implicated radical
(Etkekoglou et al, 2017). Different assays
(DPPH, ABTS, ORAC, FRAP) have been used
to measure TAA of plant materials in the
literature (Capanoglu et al., 2018). It is aimed to
investigate the correlation of TPC and TFC with
TAA results obtained by methods other than
DPPH, as well as analysis of individual flavonoids
that appear to be highly effective on TAA by
chromatography (HPLC) in future studies.

CONCLUSION

Single-factor experiment approach was used to
obtain the optimum values of TPC, TFC and
TAA of the A. unedo leaf extracts by investigating
the extraction conditions such as solvent
concentration, solvent:solid ratio, extraction time
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and extraction temperature. The highest values of
TPC (89.58 mg GAE/g dw), TFC (28.62 mg
CAT/g dw) and TAA (85.25 % inh) of A. unedo
were obtained with 40 % EtOH
concentration, 50:1 solvent:solid ratio, 60 min
extraction time and 55 °C extraction temperature.
The cortelation between TPC, TFC and TAA of
the extracts under the effect of extraction
parameters were determined. Similar results were
obtained under the effect of both solvent
concentration and solvent:solid ratio which
flavonoids have an important place in TPC and
additionally both TFC and TPC contributed TAA
of the extracts due to high and significant
correlation coefficients. However, the results
were different for under both extraction time and
temperature. While the effect of flavonoids on
TPC was low, the effect of these flavonoids on
TAA were found to be high. It can be thought
that the antioxidant flavonoids in A. unedo leaves
were more resistant to high temperature and long
time. Therefore, when determining the extraction
conditions of antioxidant phenolic compounds in
A. unedo leaves, especially the flavonoids should
be considered. A. unedo leaves has a potential to
be used in industry as a food additive or
pharmaceutical due to having high antioxidant
phenolics. The results of this study may provide a
fundamental data for comparison of studies using
new extraction methods by multi-objective
optimization in the future.

leaves
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