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ABSTRACT

The Dodonaea viscose was commonly known plant in Al-mukhwah area (Al-baha city in
Saudi Arabia) by exhibiting various therapeutic pharmacological properties owing to existence of
divers polyphenols and flavonoids in its roots and seeds. Ultrasound-assisted extraction was utilized
to extract total phenolic and antioxidant compounds from Dodonaea viscose. The aim of this study
is to inspect the solvent type effects, sonication time and dissipated power on the extraction of total
phenolic compounds, total flavonoid compounds (TFC) and on the antioxidant capacity: 2,2"-azinobis-
3-ethylbenzothiazoline-6 sulfonic acid (ABTS) and 2,2'-diphenyl-1-picrylhydrazyl (DPPH). The highest
TPC was 176.63 mg. g GAE of dry extract), whilst the total flavonoids equal 125.78 mg QE.g" of
dry extract, the lower value IC_, of DPPH radical scavenging activity was 13.60 pg.g™ of dry extract
and under ABTS radical scavenging assay, IC,  was assessed as 3.58 ug.g™ of dry extract. These
results were observed for the sample extracted with pulsed ultrasound (40%) in Methanol at 15 min
which indicated that the extracted compounds contribute to the activity of antioxidant. The natural
products which are found in plants extracts, may be considered as a reducing agent as like a stabilizing
agent in the formation of metal nanoparticles. Silver nanoparticles (AgNps) were synthesized by
aqueous extract through a facile route. Characterizations of nanoparticles were evaluated by the use
of UltraViolet-Visible spectroscopy (UV-Vis), Fourier Transform Infra-Red spectroscopy (FT-IR), and
Transmission Electron Microscopy. Nanoparticles were found 30.20+19 (nm) by TEM analysis.

Keywords: Dodonaea viscose, Phenolic and flavonoid content, Antioxidant activity, DPPH and
ABTS, Ultrasound mode, Solvent and Sonication time effect, Silver nanoparticles.

INTRODUCTION

Sonochemistry may be utilized in different
food processing'-3, conservation*, removal of
pesticides®®, extraction of different compounds’,
microencapsulated food®, innovative foods®, and
preparation of ferrite nanoparticles'®. The superior

performance of ultrasound than conventional
processes may be associated to the acoustic
intensity. Its calculation methods are built on the
heat'-'3. The pulse period is the time during which
the apparatus is on with a variable off period. A
variable on time is offered by some instruments.
Common pulse ratio is 1:1.
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Pulsed ultrasound is preferred over
continuous ultrasound in divers cases in which
heat is contraindicated or in conditions where it is
admit that the beneficial effects are produced by the
mechanical activity of ultrasound*.

Dodonaea viscose is plant pertinence to
the Sapindaceae family. This family is exploited
in conventional remedy for the healing of plural
outside fungal infections'”. The powder of D. viscose
leaves utilized to decrease fever characteristics and
advantageous for various epidermis disorder.

Dodonaea viscose is a frequent medicinal
plant utilized in traditional treatment as remedy for fever
and hurt in the joints. The plant extract has moderate
effects versus most of the microorganism?.

The phenolic compounds can block
the oxidation reactions by removed free radical
transition states. Cell obtains advanced systems of
antioxidants, nvertheless the adequate quantity of
phenolic compounds or suppression of the antioxidant
enzymes can conduct to oxidative compression™®.

Phenolic compounds are the essential
antioxidant phytochemicals present in D. viscose'".
Dodoneaa viscose phenolics displayed certain
biological activities like antioxidant activity'®2,
antiallergic and anti-inflammatory activities®,
antibacterial activity??, hepatoprotective activity?,
nephroprotective activity?* antiproliferative?,
chemopreventive and anticancer activities?*?’.

The objective of this research was to
analyze the effects of solvent type, sonication time
and dissipated power on the extraction of TPC, TFC
and on the Antioxidant Capacity: 2,2'-azinobis-3-
ethylbenzothiazoline-6 sulfonic acid (ABTS) and
2,2'-diphenyl-1-picrylhydrazyl (DPPH).

Another vital part of this work was the
green synthesis of silver nanoparticles. Flavonoids
have been reported as the molecules which may
contribute in biochemical pathways leading to
the biosynthesis of noble metal nanoparticles?®-%°.
Silver has been greatly used for its high antioxidant,
antimicrobial, and catalytic properties.

This study investigates a simple and rapid
route of Ag NPs preparation by aqueous extract of
Dodonaea viscose.
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EXPERIMENTAL

Plant material

The leaves of D. viscose were gathered from
the region of Al-mukhwah area in Mai 2018. Dried
leaves of this plant sample were ground. In order to
extract with a specific solvent (50 mL), 5 g of the powder
were placed in a thermostated vessel, which was
stirred with a magnetic stir bar (150 rpm). Ultrasound
was implemented at the top of the vessel.

Ultrasonic power level (three), evaluated
in distilled water by the calorimetric method at
25°C, were utilized corresponding to amplitude of 20, 30
and 40%°*" all under pulsed ultrasound (10s ON:10s
OFF). After the process of sonication, the suspension
gets down and cooled to room temperature and then
filtered through Whatman filter paper to reject solid
debris. At room temperature, the extract concentrated
and dried to get the crude extracts.

The filtered extracts were utilized to
determine the TPC, TFC, DPPH and ABTS radical-
scavenging activity.

Fig. 1. Experimental setup: (1) ultrasonic generator, (2)
ultrasonic probe, (3) Extraction mixture, (4) magnetic
stirrer, (5) probe support

Experimental design

In this current research paper, the objective
of singular factor experiments were mainly used to
find the optimum conditions for extracting antioxidant
phenolic and flavonoids compounds from Dodonaea
viscose. The four parameters such as extraction time
(5,10,15 min.), ultrasound amplitude (20,30 and
40%), ultrasound mode (Continuous and pulsed

ultrasound) and extraction solvent (Ethyl acetate,
methanol, chloroform) were explored on which
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one parameter was varied at a time while the other
parameters were fixed.

Extraction time

Dodonaea viscose samples were extracted
using ethyl acetate and with pulsed ultrasound at
amplitude of 20%. The pulse ratio was 1:1 mode with
10s On:10s Off. The time of extraction was varied
from 5 to 15 min. (5,10 and 15 minutes).

Amplitude of ultrasound

Using one of three solvents (Ethyl acetate)
and for 15 min. of extraction duration with pulsed
ultrasound (10:10s) samples were extracted with
different amplitudes used in this research (20, 30
and 40%).

Continuous and pulse ultrasound

Dodonaea viscose samples were extracted
by ethyl acetate with two ultrasound modes:
Continuous and pulsed (mode 1:1). The extraction
time (15 min.) and the ultrasound power (amplitude
of 40%) were used.

Solvent extraction

By setting the extraction time at 15 min. with
the ultrasound mode (pulsed ultrasound, 10:10 sec.)
at an amplitude of 40%, Dodonaea viscose samples
were extracted by the use of a variety types of
solvents: ethyl acetate, methanol and chloroform.

Total phenolics

The TPC in D. viscose extracts was
determined according to the Folin- Ciocalteu
method®. Specimen’s solutions of the extracts in
the concentration of 1 mg.mL" were utilized in the
procedure. The reaction blend was obtained by mixing
0.5 mL of specimens solutions of extracts, 2.5 mL of
10% Folin-Ciocalteu’s reagent resolved in water and
2.5 mL 7.5% NaHCO,. Blank was simultaneously
prepared, comprise 0.5 mL methanol, 2.5 mL
10% Folin-Ciocalteu’s reagent resolved in water
and 2.5 mL of 7.5% of NaHCO,. The specimens
were eventually brood in a thermostat at 30°C for
90 minutes. Spectrophotometer at A = 765 nm
was used to measure the absorbance. Specimens
were planned three times for each analysis and the
average value of absorbance was acquired. The
phenol concentrations in the test samples were
evaluated from the calibration curve. TPC was

referred to as mg Gallic Acid Equivalents. TPC was
expressed as mg Gallic acid equivalents per gram
sample extract.

Total flavonoids

The total Flavonoid content was measured
using aluminum chloride. Briefly, 0.5 mL aliquot
of sample was blended with 1.5 mL of methanol,
0.1 mL of 1% AICI, and 0.1 mL of CH,COOK solution
(1 M). Sample was added to 5 mL volumetric
flask with distilled water (2.8 mL). The obtained
solution was jolted and absorbance at 430 nm was
registered after 30 min. of incubation. A standard
calibration curve was recorded at 430 nm using
different concentrations of C,.H, O, (Quercetin). Total
flavonoid content was calculated from the calibration
curve as mg QE.g" of dry extract®.

DPPH radical scavenging assay

The DPPH is hydrogen atom transfer
processes utilized for antioxidant screening in
plant material. The free radical 1,1-diphenyl-2-
picrylhydrazyl (DPPH), which have a dim magenta
color, is reduced to the corresponding hydrazine
(change of color pale red or yellowish red).

This method was performed occording to
procedure by (Fenshyur et al., 2005)%. The solution
was designed by resolving 1 mg of the sample in
1 mL of ethanol (98%). Seven solutions with 100, 50,
25,12.5, 6.25, 3.125, 1.5625 pg/mL concentrations
were reduced in ethanol. 0.9 mL Tris-HCl and 1 mL
of 0.1 mM DPPH in methanol solution were inserted
and incubated at room temperature in the dark
(60 minutes). The absorbance was recorded at
517 nm. The antioxidant activity was calculated using
the following equation:

AbScontrol _Abssampig

Scavening activity (%) = T (1)

The “Inhibitory concentration” or IC_; value
(the concentration of antioxidant that makes 50%
reduction of the DPPH activity) was also used to assess
the antioxidant activity of the plant extract matched
to the caliber medicine. The greater the antioxidant
activity, the smaller is the amount of IC, .

ABTS radical scavenging assay

The antioxidant potential of D. viscose
expressed as mg QE.g of dry extract was estimated
by the ABTS (2, 2’-azinobis-3-ethylbenzothiozoline-
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6-sulphonic acid) method. The solution was prepared
by adding equal quantities of 7.4 mM ABTS solution
and 2.6 mM KS,0, solution. The obtained solution
allowed in the dark for 12 h at room temperature
and was diluted by blinding 1 mL ABTS solution with
60 mL methanol. The obtained absorbance was
0.8 at 734 nm using the spectrophotometer. Different
concentrations of D. viscose extracts (200, 300
and 400 pg/mL) were permitted to react in a dark
condition with 2.94 mL of the ABTS solution for
6 minute. Scavenging ability relative to the reaction
was calculated by using the equation Eq.1.

Green synthesis of Ag NPs

A 10 g of dried leaves were powdered and
soaked in deionized water (100 mL) and boiled for
15 minutes. A 30 mL solution of (0.01 M) AgNQO,
was added to 6 mL of the aqueous extract of
D. viscose leaves. Then the mixture was stirred at
room temperature. The solution color passed light
yellow after 20 min. and gradually a dark brown color
appeared which confirmed the Ag NPs formation.
The NP deposits were collected after centrifuge the
mixture. The de-ionized water was used to wash
the AgNps. Lastly, synthesized silver nanoparticles
were dried at room temperature (24 h) and kept for
further evaluations.

RESULTS AND DISCUSSION

Dissipated power

The calorimetric method is used to
determine the dissipated power. In this research, a
temperature probe has been used. The dissipated
power, Pdiss, was estimated by using the following
equation:

AT

Pgiss = m <X Cp < (E)t:o (2)

Where m the solution mass and CP the
specific heat of water. Measurement of dissipated
acoustic power in the reactor was recorded for
three amplitudes 20, 30 and 40%°'. The dissipted
power Pdiss is 25.85 Watt under pulsed ultrasound
(The pulse mode is 1:1 with 10/10s). The dissipated
power at the same amplitude with continuous mode
is 46.27 Watt.

Table 1: Results of dissipated power
measurement (P-US: Pulsed ultrasound;
C-US: Continuous ultrasound)

Amplitude Dissipated power: Pdiss (W)
P-US-20% 12.14
P-US-30% 18.62
P-US-40% 23.45
C-US-40% 40.36

Extraction time

The time of extraction is crucial in
economizing energy. The extraction efficiency
is immensely influenced by the interaction time
between solute and solvent. In this research we used
5, 10 and 15 min. as extraction time.

The variation effect of time (5 to 15 min.)
on the extraction of TPC, TFC and antioxidant
activity of D. viscose was explored. Findings
showed that TPC vary significantly. From 5 to
15 min. the TPC increased to achieve 93.64 mg
GAE.g" Extract (Figure 2).

The obtained results are in accordance
with those of Mokrani et al.,*> and Falleh et al.,®,
which noted that the phenolic content of compounds
extracted by Ultrasound increases as a function
of time.

As can be noted from Fig. 2, the TFC
increased gradually when the extraction time
increased from 5 to 15 minutes. This duration
allowed extraction of 106.35 mg EQ.g" Extract. It was
observed that the effect of time on TFC is similar to
that on TPC.

——TPC -=TFC

9 - - 120
'gg4 | | 100 "'g"
€ 92 s
Y0 - 80 I
b T
w 88 | - 60 3-
© 86 | s
%) - 40 £
Eq | <
(6] B
&g | 20

30 0

5 min 10 min 15 min

Fig. 2. Effect of time (P-US-20%; Ethyl acetate)

Figure 3 shows that that the yield of
DPPH and ABTS decreased when the time of
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extraction increase. The IC, value is the quantity
of antioxidant needed to decrease the initial DPPH
and ABTS concentration by 50%. The goodness
of the antioxidants in the plant material was
determined by these values (low values of IC, ).
Best results of antioxidants were revealed at 15
min. as extraction time; the IC_, (DPPH) equal
19.52 pg.g" extract and IC,, (ABTS) equal 5.64
pg.g’ extract.
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Fig. 3. Effect of sonication time on DPPH and ABTS from
dodonaea viscose (P-US-20%; Ethyl acetate)

Amplitude of ultrasound

Phenolic and flavonoid compounds were
extracted using different ultrasound powers. The
results showed that used powers were able to extract
phenolics and flavonoids. The TPC was determined
as 93.64, 97.07 and 106.34 mg GAE.g™" Extract for
20, 30 and 40% as ultrasound amplitude (Fig. 4).
Fig. 4 shows that that the yield of TPC increased
gradually when the ultrasound power increase. The
TFC was determined as 106.35, 111.21 and 115.01
mg EQ.g" Extract (Fig. 4). These results confirmed
a significant influence of ultrasound amplitude on
the content of extracted phenolic and flavonoids
compounds. This is consistent with previous findings
from Z. Pan et al., (2012)%".

The effect of amplitude (20 to 40%) on the
DPPH and ABTS was investigated. Results showed
that the extract of D. viscose at 40% of amplitude
exhibited the lowest DPPH and ABTS, as depicted
by high IC, values (Fig. 5).The results showed that
high intensity level (high amplitude) with pulsed
ultrasound significantly benefited the antioxidant.

A positive correlation between the DPPH,
ABTS yields and ultrasound Amplitude was

observed. This is consistent with previous findings
from Helena et al. 8.
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Fig. 4. Effect of ultrasound amplitude (15 min.; Ethyl acetate)
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Fig. 5. Effect of ultrasound amplitude on DPPH and ABTS
from dodonaea viscose (15 min.; Ethyl acetate)

Continuous and pulse ultrasound

The results reveal that all ultrasound modes
were able to extract phenolics and flavonoids. The
highest yield of TPC and TFC was registered for
pulsed ultrasound mode (106.35 mg GAE.g " Extract
and 115.01 mg EQ.g" Extract), which represents
the important result in this study (using pulsed
ultrasound). It was observed that the effect of
ultrasound mode on TPC is similar to that on TFC.

Best results of antioxidants were obtained
with pulsed mode; the IC,, (DPPH) equal 18.41 pg.g
extract and IC_, (ABTS) equal 4.61 pg.g" extract.
These results confirm the significance of using the
pulsed ultrasound mode compared to continuous
mode. A similar trend was observed in the study of
DPPH and ABTS.

The use of pulsed ultrasound to obtain



ALOMARIL., Orient. J. Chem., Vol. 36(1), 179-188 (2020) 184

phenolic and flavonoids may be considered as an
applicable technology in sustainable chemistry,
which decreases the use of substances, solvents,
and makes less the consumption of energy.
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Solvent extraction

Applying the pulsed ultrasound mode at
40% as amplitude for 15 min. the adoption of different
solvent extraction have affected the TPC, TFC, DPPH
and the ABTS of Dodonaea viscose (Figure 8).

The use of methanol was picked as the
best solvent for extraction (The chloroform can be
used) between the three extracting solvents (ethyl
acetate, chloroform and methanol). The methanol
has a relative polarity 0.762 compared to 0.259
for chloroform and 0.228 for ethyl acetate. This
difference in polarity may be influenced the phenolic
content. A lot of researches have indicated that the
solubility of phenolics in the solvent is dependent
on solvent polarity®. Phenolic compounds are

distributed in the cell according to their polarity®.
The extraction solvent must be elected according
to the solubility.

Flavonoids are “high level” antioxidants,
including flavones, flavanols, isoflavonoles,
anthocyanins and condensed tannins. Results of
this research are also supporting the presence of
flavonoids from the D. viscose plant. Fig. 8 revealed
that TPC and TFC amount increased with increasing
the polarity of solvents.

The results of DPPH and ABTS with the
variation of solvents are shown in Fig. 9. The best
values were reached with the use of Methanol
respectively (13.60 and 3.58 ug.g” extract). In this
study, there is a correlation between total phenolic
and flavonoid content and antioxidant activity. As can
be noted, DPPH results were highly correlated with
ABTS values in this research paper.

These results confirm that, using the best
solvent (Methanol), the best extraction time (15 min.),
the best amplitude 40% and with the best ultrasound
mode (pulsed ultrasound) have significantly affected
the extraction of TPC and TFC from D. viscose. Our
results of TPC and TFC are commonly greater than
those reported in the literature®®4',

Good results of DPPH and ABTS were
obtained with using these parameters. These results
indicated that the extraction compound take part in
to antioxidative activity.
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Fig. 8. The solvent effect on the extraction
(15 min.; pulsed ultrasound; 40%)
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Fig. 9. Effect of solvent extraction on DPPH and ABTS from
dodonaea viscose (15 min.; pulsed ultrasound; 40%)

Ethyl acetate

AgNPs characterization

Green synthesis of AgNPs through
D. viscose aqueous extract was carried out. The
change of pale yellow color to dark brown color
of the reaction mixture marked the synthesis of
silver nanoparticles. Silver nanoparticles show
a color change (pale yellow to dark brown) as a
result of excitation of surface Plasmon vibrations
in the particles. Characterization of synthesized
nanoparticles was revealed by different methods.

AUV-Vis spectrometer was utilized to mark
gradual modifications in Local Surface Plasmon
Resonance of the produced silver nanoparticles.
The absorption at 431 nm indicates the presence
of AgNPs (Figure 10).
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Fig. 10. UV-Vis spectrum

The FT-IR spectrum of D. viscose extract
after synthesis of silver nanoparticles was realized
to identify the water soluble organic compounds
from the leaves extract which may take part in the
reduction procedure of silver ions (Figure 10).

A strong peak at 3425 cm-' indicates
the presence of O-H groups in phenolic compounds,
and N-H groups in proteins. The peak observed
at 2970 cm™' is due to aliphatic C-H stretching.
The peaks at (1400 and 1650) cm~'indicates C=C
stretching in alkenes and aromatic compounds and
also C-H bending in aliphatic compounds. The peaks
at (1000-1300) cm~" indicate C-C and C-O stretching
in the compounds like alcohols and phenols. FT-IR
confirmed the presence of bio-reducing organic
compounds on the surface of AgNPs which are
likely to be responsible for nanoparticle synthesis
and stability*2.

%T

4400 3400 2400 1400 400
Wavenumber (cm?)

Fig.11. FT-IR analysis of synthesized AgNPs by D.viscose
leaves aqueous extract

The size, size range, and distribution of the
synthesized AgNPs were studied by transmission
electron microscopy (TEM; JEOL-2100 made in
Japan). A typical transmission electron microscope
(TEM) image of the nanoparticles and their
size distribution are presented in Fig. 12. The
mean diameter and standard deviation of silver
nanoparticles was found 30.20+19.43 (nm).

Fig. 12. TEM images (A and B) of synthesized Ag NPs by
aqueous extract of D. viscose leaves

CONCLUSION

In the current study, ultrasound-assisted
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extraction was applied to extract total phenolic and
antioxidant compounds from Dodonaea viscose.
As far as we know, no data was reported about the
extraction effect parameters on the extraction of
phenolic compounds from D. viscose by the use of
ultrasound. Results showed that TPC, TFC, DPPH
and ABTS were highly affected by all the studied
parameters. The optimal ultrasound extraction
conditions were the solvent (Methanol), the
extraction time (15 min.), the amplitude 40% and
with the pulsed ultrasound mode.

In this research, we report a simple
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aqueous method for the environmentally friendly
biosynthesis of Ag NPs. The results of this synthesis
are promising.
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