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ABSTRACT

This study explored the utilization of waste onion leaves for the extraction of important bioactive compounds known
for their health benefits such as phenolics and flavonoids. Conventional solvent (CSE) and microwave extraction
(MAE) of flavonoids and phenolics from waste onion leaves using aqueous ethanol as solvent were performed. The
effects of different factors such as ethanol concentration (50 %v/v & 80 %v/v), temperature (60 °C & 80 °C for CSE)
or power level (10 % & 50 % for MAE), and extraction time (1 hr & 4 hrs for CSE, 10 sec & 60 sec for MAE) on the
total flavonoid yield (TFY) yield and total phenolic yield (TPY) were evaluated via a two-level factorial experiment.
Results showed that for CSE, ethanol concentration, extraction time and the interactions of the factors significantly
affected the TFY (p < 0.05), while all the three factors, ethanol concentration-temperature interaction and ethanol
concentration-extraction time interaction significantly affected the TPY (p < 0.05). On the other hand, for MAE,
ethanol concentration and power level have significant effects on the TFY (p < 0.05) while the ethanol concentration
significantly affected the TPY (p < 0.05). The maximum extractable flavonoid and phenolic yields from the onion
leaves were found to be 8.61 mg quercetin equivalent (QE)/g dry weight (DW) and 8.95 mg gallic acid equivalent
(GAE) /g DW, respectively. For CSE, high levels of both ethanol concentration (80 %v/v) and low level of extraction
time (1 hr) resulted in higher values of TFY (2.63 mg QE/g DW) and TPY (6.15 mg GAE/g DW). For MAE, higher
values of TFY (2.98 mg QF/g¢ DW) and TPY (4.24 mg GAE/g DW) were obtained at the high level of ethanol
concentration (80 %v/v ethanol), high power level (50 %), and high level of extraction time (50 sec). MAE was found
to be a more advantageous extraction method than the conventional one, because of its comparable flavonoids and
phenolics recovery at a shorter extraction time.
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INTRODUCTION

Onions (Allium cepa L.) are one of the most
indispensable spices in the Filipino cuisine, with an
approximate global annual production of around 66—
85.7 million tons (Ren et al, 2020). In the
Philippines, 124,170 metric tons of onions were
produced from January to March of 2018
(Philippine Statistics Authority, 2018). According to
Sagar et al. (2018), approximately 25 % to 30 % of
many fruit and vegetable farming are generated as
waste and for onions, the wastes are mainly in the
form of its outer leaves, peel, and skin, which are
either discarded or burned by local farmers.
However, these disposal methods may further
contribute to waste pollution and ozone depletion
while composting of these wastes cannot be done
because of the pungent smell which promotes rapid
growth of phytopathogenic microorganisms (Breu,
1996). Instead, several studies have pointed out that
these agricultural wastes can be further utilized by
extracting high value products such as pigments,
phenolic  compounds, dietary fibers, sugar
derivatives, organic acids, minerals, etc. that can be
used in food sectors, pharmaceuticals, healthcare
sectors, and chemical industries (Sagar et al., 2018).

One of the most abundant bioactive compounds in
onions is a class of phenolic compounds called
flavonoids. Out of its subclasses, flavonols compose
the majority; and 80 % to 93 % of the total flavonol
content in onions is reportedly made up of quercetin
and quercetin glucosides (Lee et al., 2014; Lombard
et al., 2000; Price & Rhodes, 1997; Slimestad et al.,
2007). Quercetin 1s a well-studied compound
because of its numerous health benefits such as
antioxidant, anti-inflammatory, antimicrobial,
anticancer antihistamine, anti-edematous, and anti-
aging properties (Dmitrienko et al., 2012; Leighton
et al., 1992; Shi et al., 2016; Yoshida et al., 1990).
Though most studies focus on the fleshy bulb of
onions, several studies also suggest that onion
wastes also contain valuable bioactive compounds
(Miean & Mohamed, 2001; Sagar et al., 2018). Shi
et al. (2016) mentioned that the onion skin has a
larger quantity of dietary flavonoids compared to the
fleshy bulb. In another study, Slimestad et al. (2007)
stated that the antioxidant activity is higher in the
outer scales than the inner scales of onions,

implying that the outer scales have higher amounts
of flavonoids. Also, El-Hadidy et al. (2014) found
that the leaves of both Giza 6 and Photon spring
onions in Egypt have higher total flavonoids and
phenols than in the bulbs. Moreover, Miean and
Mohamed (2001) conducted a study on the
flavonoid  (myricetin, quercetin, kaempferol,
luteolin, and apigenin) content of 62 edible tropical
plants including onion leaves, papaya shoots,
broccoli, carrot, etc. in which onion leaves had the
highest total flavonoids (1497.5 mg/kg quercetin,
391.0 mg/kg luteolin, and 832.0 mg/kg kaempferol).

To obtain phenolic compounds from plant materials,
solvent extraction is the most commonly used
method due to its accessibility, efficiency, and
versatility (Stalikas, 2007). Conventional solvent
extraction (CSE) is one of the traditional methods of
solvent extraction; hence, it is commonly used as a
basis of comparison with other methods. It may
produce a lower recovery than the more advanced
techniques; but it is usually cheaper and simpler
(Sagar et al., 2018). According to Ren et al. (2020),
the other extraction techniques that have been
employed in the extraction of flavonoids from
onions and its wastes (skin, trimmings, non-edible
part of the onion bulb that is the outer dry and semi-
dry layers) include the following: microwave-
assisted extraction (MAE), pressurized hot water
extraction (PHWE) or subcritical water extraction
(SWE), pressurized liquid extraction (PLE),
supercritical fluid extraction (SFE), and ultrasound
assisted extraction (UAE). MAE 1is a novel
technique that is recently gaining attention in the
extraction of flavonoids because of its applicability
on biomaterials, rapid extraction time, higher quality
of extract, and higher extraction recovery (Orsat &
Routray, 2017; Stalikas, 2007). PHWE or SWE
employs water at high temperatures (100-374 °C)
and pressures such that the water remains in its
liquid state as it extracts the solute (Castro-Puyana
et al,, 2013). As such, high pressure needs to be
constantly maintained to ensure subcritical water
conditions (Ameer et al., 2017). PLE is similar with
PHWE except that it uses other solvents for
extraction (Castro-Puyana et al., 2013). Though
PLE gives high extraction yield and reduced solvent
consumption, it is unsuitable for thermolabile
compounds and the solvent needs to be carefully
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chosen (Yahya et al., 2018). The SFE method, on
the other hand, employs a fluid in its supercritical
state, which behaves as a heavy liquid but with
better transport properties and can penetrate like a
gas, thus enhancing extraction of target compounds
(Yahya et al., 2018). The solute that can be extracted
by this method may be limited by the type of solvent
used, such as carbon dioxide (CO,), a nonpolar
compound (Ameer et al, 2017). UAE uses
ultrasound waves to facilitate disruption of the cell
wall of the sample to liberate the target solute,
resulting in reduced time, power and solvent
consumption (Yahya et al., 2018). However, the
high ultrasound waves may damage the active
constituents in the sample and cause undesirable
changes in extracted components (Ameer et al.,
2017).

In the pursuit of finding alternative ways of utilizing
onion wastes, particularly onion leaves, this study
was done to investigate the extraction of bioactive
compounds such as flavonoids and phenolics from
waste onion leaves using aqueous ethanol as solvent
via conventional solvent extraction (CSE) and
microwave-assisted extraction (MAE). Ethanol is
preferred over other solvents because of its
efficiency, reliability, and application on food
systems (Dorta et al., 2012; Lee et al., 2014; Safdar
etal., 2017; V. Sharma & Janmeda, 2017; Yan et al.,
2015). Parametric studies were performed for each
method to study the effects of ethanol concentration
(50 %v/v and 80 %v/v), temperature (60 °C and 80 °
C), and extraction time (1 hr and 4 hrs), for CSE;

) ’ o o

Figure 1. Dried onion leaves in the dehydrator (a)
and dried onion leaves powder (b).

and those of ethanol concentration (50 %v/v and 80
%v/v), power level (10 % and 50 %), and extraction
time (10 sec and 60 sec), for MAE, on the total
flavonoid yield (TFY) and total phenolic yield
(TPY) of the extracts from waste onion leaves. The
methods were then compared in terms of the yield
and recovery of the bioactive compounds.

MATERIALS AND METHODS

Experiments were conducted at the Department of
Chemical Engineering, College of Engineering and
Agro-Industrial Technology, University of the
Philippines Los Bafios. Fresh waste onion leaves
from Red Creole variety were acquired from
Occidental Mindoro, Philippines. The leaves were
dried in a liquefied petroleum gas (LPG) dehydrator
(no brand, Labotech Trading) at 55 °C for 12 hours
or until the mass of the samples became constant.
Then, the leaves were ground using a blender
(600W Personal Blender, NutriBullet®, U.S.A.)
before storing in a Ziploc® bag. Lastly, the ground
samples were kept in a desiccator to avoid re-
absorption of moisture. Figure 1 shows the dried
onion leaves in the dehydrator and the dried onion
leaves powder with a particle size of less than 595
pm (undersize of mesh 30).

Conventional Solvent Extraction

For the conventional solvent extraction, one (1) g of
dried onion leaves powder was mixed with 20 mL of
the solvent in a 250-mL Erlenmeyer flask to keep a
1:20 sample-to-solvent ratio (Chan et al., 2011; Patil
et al., n.d.). A reflux condenser was then attached to
the Erlenmeyer flask, as shown in Figure 2, to avoid

. depletion of the solvent. Then, the mixture was

stirred at a constant speed of 300 rpm as it was
heated in a water bath at the assigned level of
temperature, which was monitored every 30 min
using a thermometer. Then, the effects of three
parameters: ethanol concentration, temperature, and
extraction time were tested using the two-level
factorial experimental design. Table 1 shows the
summary of the high and low levels of each
parameter: 50 %v/v and 80 %v/v for ethanol
concentration; 60 °C and 80 °C for the temperature;
and 1 hr and 4 hrs for the extraction time. These
levels were chosen based from the optimized
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conditions in literature (Jin et al., 2011; Yan et al.,
2015). The runs were done in duplicate and 4 center
points were added to check for curvature, generating
a total of 20 runs.

After extraction, the mixture was immediately
filtered using an ordinary filter paper into a clean
250-mL Erlenmeyer flask, to separate the extract
from the filter cake. Then, the extract was diluted to
mark, using the respective concentration of solvent
(50 %v/v, 65 %v/v, and 80 %v/v), in a 25 mL
volumetric flask. Lastly, the extract was transferred
to a 50 mL Falcon® tube and was stored in a
refrigerator at 4 °C until analysis.

Microwave-Assisted Extraction

Similar to the conventional method, one (1) g
sample was mixed with 20 mL of aqueous ethanol
solvent in a 250-mL beaker. The mixture was
irradiated at specified power level and irradiation
time. The power level was manipulated in the
setting of the microwave used in the experiment.
Similar to the conventional method, the mixture was
immediately filtered using an ordinary filter paper,
into a clean 250-mL Erlenmeyer flask, to separate
the extract from the filter cake after the extraction.
Then, the extract was diluted to mark, using the
respective concentration of solvent (50 %v/v, 65 %
v/v, and 80 %v/v), in a 25 mL volumetric flask.
Lastly, the extract was transferred to a 50 mL
Falcon® tube and was stored in a refrigerator at 4 °C
until analysis.

The high and low levels of the three parameters
observed for MAE were 50 %v/v and 80 %v/v for
ethanol concentration, 10 % and 50 % for power
level, and 10 sec and 60 sec for extraction time, as
summarized in Table 2. Parameters were chosen
based from the optimized conditions in literature
and some preliminary testing. A two-level factorial
design was also employed, with duplicate runs and 4
additional center points to check for curvature, for a
total of 20 runs.

Total Flavonoid Yield (TFY) Determination

The aluminum chloride (AICl;) colorimetric method
was used to get a quantitative measure of the total
flavonoid yield (TFY) of the extracts (Chang et al.,

Table 1. Summary of the low and high levels of
different factors for conventional solvent extraction.

FACTORS LEVELS SOURCE
Low  High
() ()
Ethanol 50 80  Chanetal.
Concentration (2011)
(%ov/v)
Temperature (°C) 60 80 Chan et al.
(2011); Yan et
al. (2015)
Time (hrs) 1 4 Yan et al.
(2015)

Table 2. Summary of the low and high levels of dif-
ferent factors for microwave-assisted extraction.

LEVELS
FACTORS -
Low (-) High (+)
Ethanol Concentration
R 50 80
Power Level (%) 10 50
Time (sec) 10 60

Reference: Chan et al., 2011

Figure 2. Conventional solvent extraction set-up.
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2002). From the extract, 0.5 mL was transferred to a
test tube using a pipettor. Then, 1.5 mL pure
methanol, 0.1 mL 10 % AICl;, 0.1 mL IM
potassium acetate (KCH3;COO), and 2.8 mL distilled
water were added. A bright yellow solution was
produced, which confirmed the presence of
flavonoids. After allowing the solution to stand for
10 mins at room temperature, the absorbance was
read at 430 nm using a spectrophotometer (UV-
1280, Shimadzu, Japan).

Calibration curves were also obtained using
quercetin as standard, which was prepared in six
concentrations (0.02 mg/mL, 0.04 mg/mL, 0.06 mg/
mL, 0.08 mg/mL, 0.10 mg/mL, 0.12 mg/mL) which
were also subjected to the same treatment as the
sample. To compute for TFY, the absorbance of the
sample was plotted in the calibration curve to obtain
its concentration. Equation 1 was then used to
calculate the TFY of the extracts, expressed as
quercetin equivalent in mg/g dry weight (mg QE/g
DW).

TFY = ——
Equation 1

where:

Cor 1s the concentration from the calibration curve,
mg/mL

V' is the total volume of the extract, mL
mg,; 1s the mass of the sample (dry basis), g
Total Phenolic Yield (TPY) Determination

The TPY of the extracts was quantified using the
Folin-Ciocalteau reagent (FCR) colorimetric method
(Singleton et al., 1999). The reagents, 1.25 mL of
10 % FCR solution and 2.5 mL of 75 g/l NaCO;,
were added to 0.25 mL of the extract, after which it
was diluted to 25-mL with distilled water. A blue-
colored solution was observed, which confirmed the
presence of phenols. After shaking, the solution was
allowed to stand in the dark for 2 hours at room

temperature before reading the absorbance at 760
nm in a spectrophotometer (UV-1280, Shimadzu,
Japan).

Calibration curves were constructed using gallic
acid as standard. Different concentrations (0.02 mg/
mL, 0.04 mg/mL, 0.06 mg/mL, 0.08 mg/mL, 0.10
mg/mL, 0.12 mg/mL, 0.14 mg/mL, 0.16 mg/mL,
0.18 mg/mL) of the standard solution were prepared,
which underwent the same treatment as the sample.
The TPY of the sample was calculated by plotting
the observed absorbance in the calibration curve.
Equation 2 was then used to calculate the TPY of
the extracts, expressed as gallic acid equivalent in
mg/g dry weight (mg GAE/g DW).

Coap xV
TPy = —GAEZ ~

Mspi Equation 2

where:

Cour 18 the concentration from the calibration
curve, mg/mL

V 1s the total volume of the extract, M1
my, 1s the mass of the sample (dry basis), g

Determination of the
Maximum Extractable Flavonoid
and Phenolic Content

To determine the maximum extractable flavonoid
and phenolic content from the samples, Soxhlet
extraction was performed based from a standard
procedure (Redfern et al., 2014), in which a round-
bottom flask, Soxhlet apparatus, reflux condenser,
rubber tubing, pump, ice bath, and hot plate were
assembled. After setting up the needed equipment,
one (1) g of dried onion leaves powder was securely
wrapped in a filter paper, in replacement for a
thimble, and then placed in the Soxhlet apparatus.
After this, 150 mL of 95 % ethanol was poured into
the round bottom flask and was heated to its boiling
point on a hot plate. The highest concentration
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available for the solvent was chosen for the Soxhlet
extraction because it has the lowest boiling point, at
around 78 °C, compared to its aqueous form. This
was necessary to minimize the degradation of
flavonoid and phenolic compounds at higher
temperatures at the prolonged extraction time of
Soxhlet extraction (Sagar et al., 2018). The
procedure ran for approximately 18 hrs or until a
clear color of the solvent was observed when
contacted with the sample, which indicated that the
extraction was already complete. The extract was
then analyzed for its TFY and TPY and the percent
recovery was calculated using the following
equation:

TFY or TPY of sample
maximum TPY or TFY

% recovery = x 100 Equation 3

Data Analysis

Design Expert” 11 (trial version) was used for the
statistical analysis of this study. The effects of each
parameter (ethanol concentration, temperature (for
CSE)/ power level (for MAE), and extraction time)
and their interactions on the responses (TFY and
TPY) were observed; and the significant factors
were determined using analysis of variance
(ANOVA) at 95 % confidence level. Furthermore,
abnormalities with the data were observed in the
diagnostic tests which would determine the

TFY (mg QE/g DW)

80

62
B: Temperature (degC) 56 A: EtOH Concentration (%v/v)

60 50

compliance of the model to the four assumptions of
ANOVA.

RESULTS AND DISCUSSION

Conventional Solvent Extraction:
Effect of Parameters on TFY

During CSE, the highest TFY (2.63 mg QE/g DW)
was obtained at high ethanol concentration (80 %v/v
ethanol), high temperature (80 °C), and low
extraction time (1 hr). ANOVA results showed that
for CSE, the two factors (ethanol concentration and
extraction time) as well as the two-way and three-
way interactions of all the factors significantly
affected the TFY of the extracts (p < 0.05).
Flavonoids, which are mostly in their glycoside
form (Shi et al., 2016), are more soluble in aqueous
alcoholic solutions than in pure solvents (Orsat &
Routray, 2017). These compounds cannot be
completely extracted in the absolute concentration
of organic solvents (ethanol in this case) as proteins
and polyphenols in the plant matrix are linked by
strong hydrogen bonds. These bonds, however, can
be weakened by adding water to the solvent and
therefore, accelerate desorption of the solute from
the sample matrix (Mustafa & Turner, 2011).
However, too much water in the solvent encourages
the extraction of more polar compounds in the plant
matrix, like mucilage, which interferes with the

TFY (mg QE/g DW)

. 62
> 56 A EtOH Concentration (%v/v)

60 50 III

B: Temperature (degC) 65

Figure 3. 3D surface plot for TFY by conventional solvent extraction at low (a)
and high (b) extraction time.
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diffusion of flavonoids to the solvent. Mucilage are
highly hydrophilic substances that captures water
and other molecules with their cave-like structures,
forming gel-like substances (Bone & Mills, 2013).
In the experiment, formation of these gel-like
substances was observed as the extracts cooled
down, particularly in the extracts with lower
concentrations of ethanol. Thus, the higher
concentration of ethanol (or lower water content)
resulted in a higher extraction yield.

As shown in Figure 3a, increasing TFY was
observed with increasing ethanol concentration and
temperature at the low level of extraction time (1
hr). This could be attributed to the higher solubility
of flavonoids in higher concentrations of ethanol
and the increased diffusivity of solute at higher
temperatures (Orsat & Routray, 2017). However, at
longer extraction time of 4 hrs (Figure 3b), there
was an observed decrease in TFY yield with
increasing ethanol concentration at the higher level
of temperature. Prolonged extraction time could
have caused decomposition of flavonoids and
degradation of compounds in the plant matrix from
long exposures to such temperature level (Miean &
Mohamed, 2001).

Interaction

7 A: EtOH Concentration (%v/v)

TPY (mg GAE/g DW)
i

60 65 70 75 80
B: Temperature (degC)

()

Conventional Solvent Extraction: Effect on TPY

For the phenolics, all the three factors, ethanol
concentration-temperature interaction and ethanol
concentration-extraction time interaction
significantly affected the TPY (p < 0.05). For the
phenolics, the highest TPY (6.15 mg GAE/g DW)
was obtained at high ethanol concentration (80 %v/v
ethanol), low temperature (60 °C), and Ilow
extraction time (1 hr).

As shown in Figure 4a, at low ethanol concentration
(represented by the black line), increasing the
temperature and extraction time had no effect on
TPY, while at high ethanol concentration (shown in
the red line), a decrease in TPY was observed with
increasing temperature and extraction time. A higher
temperature should increase the diffusivity of the
solute. However, according to Miean and Mohamed
(2001), some phenolic compounds are less thermally
stable than flavonoids and start to decompose at
around 60 °C, and they can also be easily oxidized
or decomposed by light (Dmitrienko et al., 2012).
Thus, the observed decrease in the phenolics yield.

Interaction

7 A: EtOH Concentration (%v/v)

TPY (mg GAE/g DW)
i o

I T T I T L
1 16 2.2 28 34 4
C: Extraction time (hrs)

Figure 4. Effect of the interaction of ethanol concentration and temperature (a) and ethanol concentration
and time (b) on TPY by conventional solvent extraction.
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From Figure 4b, at lower ethanol concentration
(shown in black line), increasing the extraction time
had no effect on TPY, as indicated by the overlap in
the error bars for the data points at 1 hr and 4 hrs.
This could be due to the lower solubility of the
solute in lower concentrations of ethanol; and so, the
rate of diffusion may take longer (Alara et al.,
2018). Due to this, increasing the contact time of the
solvent and the sample did not have a significant
effect on the amount of extracted phenolics. On the
other hand, TPY decreased with extraction time at
the higher ethanol concentration (see red line in
Figure 4b). Longer extraction time could have
caused the phenolic compounds to be oxidized or be
decomposed by light (Dmitrienko et al., 2012).
Higher extraction time also causes excessive heating
of the samples which also denatures some of the
phenolic compounds within the plant matrix
(Dahmoune et al., 2014).

Microwave-Assisted Extraction: Effect on TFY

ethanol), high power level (50 %), and high level of
extraction time (60 sec). The significant factors were
ethanol concentration and power level.

Figure 5 shows the TFY during MAE at varying
levels of ethanol concentration and power level. The
TFY values increase with ethanol concentration,
since flavonoids are more soluble in the organic
solvent. However, a pure concentration of solvent is
discouraged in MAE because its low polarity makes
it a poor absorbent for microwave heating. For this
reason, there are limited organic solvents that are
effective in MAE, such as ethanol, methanol, and
acetone. Generally, ethanol is said to be the most
used solvent, because it can absorb microwave
energy well and is also efficient in extracting many
active compounds from plants (Chan et al., 2011).

In order to allow more absorption of microwave
energy, water is usually added to the organic
solvent. Water increases the heating efficiency of

the mixture, and it enhances the solvent’s
For MAE, the highest TFY (2.98 mg QE/g DW) was penetration to the plant matrix (Dmitrienko et al.,
obtained at high ethanol concentration (80 %v/v 2012). However, too much water 1is not
COne Factor One Factor
35 | 35
3 3_
s 25 | /l 5 25|
2 A2
(s /’/ - o
o ~ o
E 2| e E 2]
15 15 | §— )
_ 1 L
—
1 1
| | I I I I ] I
(a) 50 56 62 68 74 80 (b) 10 20 30 40 50
A: EtOH Concentration (%v/v) B: Power Level (%)

Figure 5. Effect of ethanol concentration (a) and
power level (b) on the TFY by microwave-assisted extraction.
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recommended to avoid the extraction of undesired
polar compounds, such as mucilage, that could
interfere with the extraction of the desired flavonoid
compounds (Tosif, et al., 2021). This explains the
decrease in the values of TFY at the lower
concentration of ethanol, as presented in Figure Sa.

Power level also had a significant positive effect on
TFY with a p-value equal to 0.0023. It had a
positive effect on the response, as shown in Figure
5b, because the increase in power level promotes the
disintegration of the cellular structures within the
biocellular matrix, as both temperature and pressure
increase in a short period of time due to dielectric
heating (Routray & Orsat, 2014).

Power level is also directly related to temperature,
since the latter is dependent on the combination of
power level and time in the microwave setting.
Higher power level may translate to higher
extraction temperature, which then increases the
solubility of the analyte in the solvent. Lower levels
of microwave power can be compensated with a
longer time setting, and vice versa, to achieve the
same recovery of flavonoids (Mandal et al., 2007).
This was observed in the experiment when the
temperature of 50 %v/v ethanol increased from 37.0
°C to 40.9 °C as extraction time increased from 10
sec to 60 sec, at 10 % power level.

As mentioned earlier in CSE, a risk for thermal
degradation of flavonoids and deterioration of the
biological matrix may occur if the extraction
temperature is beyond the optimum; and thus, it is
the same for power level. Nevertheless, flavonoids
are reportedly stable up to 110 °C (Chan et al.,
2011). If an increase in TFY recovery is desired, the

power levels used in the experiment could still be
increased, since the highest extraction temperature
measured in MAE is 69.5 °C. In general, power
level and time should be tuned to attain the right
temperature that would produce the highest
extraction of flavonoids (Orsat & Routray, 2017).

Microwave-Assisted Extraction: Effect on TPY

For MAE, the highest TPY (2.98 mg QE/g DW) was
obtained at high ethanol concentration (80 %v/v
ethanol), high power level (50 %), and high level of
extraction time (60 sec). The significant factor was
found to be ethanol concentration only.

One Factor
5 —
45 |
2 4 —
2 - 1
3
£ 35 T —
z '|'
=
3
2.5 |
T I T T
50 56 62 68 74 80
A: EtOH Concentration (%v/v)

Figure 6. Effect of ethanol concentration on the
TPY by microwave assisted extraction.

Table 3. Comparison of the highest average TFY and TPY recovery for conventional solvent extraction and

microwave assisted extraction.

E/I)](E"I;}I{{%%TION éanEQE/FgDW) PARAMETERS %:%cﬂ?(g PARAMETERS
80 %v/v aqueous ethanol, 80 %v/v aqueous
CSE (This study) ~ 2.63 80 °C. Lhrextraction 6,15 ethanol, 60 °C, 1 hr
80 %v/v aqueous ethanol, 80 %v/v aqueous
MAE (This study) 298 50 % power level, 60 sec 404 ethanol, 50 % power

extraction time

level, 60 sec extraction
time
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As shown in Figure 6, ethanol concentration had a
positive effect on the response, which was consistent
with the previous results, and with reasons already
mentioned in the earlier discussions. The type of
solvent used and the amount of water present in the
solvent are the main parameters that affect MAE;
because extraction recovery greatly depends on the
solubility of the target compounds to the solvent,
and the efficiency of the extraction is dependent on
the solvent’s ability to absorb microwave energy,
which is aided by the presence of water in the
solvent (Zhang et al., 2011).

Comparison of Conventional Solvent Extraction
and Microwave Assisted Extraction

Table 3 shows the highest TFY and TPY for the two
methods, which were obtained at the specified
conditions. In comparison with the results from

Soxhlet  extraction, the  obtained results
corresponded to around 30.6 % and 34.7 %
flavonoids recovery, for CSE and MAE

respectively, and to 68.7 % and 47.3 % for phenolics
recovery, for CSE and MAE respectively. The
results are also comparable to those reported in
literature by Nile et al. (2018) for onion solid waste
extraction using the same solvent (TFY = 4.82 mg
QE/g dw; TPY = 6.12 mg GAE/g dw). Based on a
studentized two-tailed t-test, all p-values were
greater than 0.05, indicating that there were no
significant differences among the TFY and TPY
values from the two methods in this study and those
obtained by Nile et al. (2018).

The significance of the difference between the
means of both TFY and TPY for CSE and MAE was
determined through a studentized two-tailed t-test.
For TFY, results of the analysis indicated a t-value
of -1.586 and a p-value of 0.1349, indicating that
there was no significant difference between the
means of TFY obtained from CSE and MAE at 95
% confidence level. In terms of TPY, the results of
the studentized two-tailed t-test, showed that, with a
t-value of -0.5232. and a p-value of 0.6090, the
difference between the TPY means of CSE and
MAE was also not significant. This indicates that
MAE can extract as much flavonoids and phenolics

from waste onion leaves as with CSE, but at a very
much shorter extraction time (MAE: 60 sec < CSE:
1 hr). A shorter extraction time could also lower the
overall extraction cost because of less power
consumption.

Some studies have reported greater extraction of
flavonoids and phenolics using MAE than the
conventional methods (Dorta et al., 2013; Jin et al.,
2011). The major difference between these methods
is the exposure of the extracts at high temperatures
for the conventional method. To boost the extraction
recovery, it is recommended to operate at a higher
temperature because it increases the diffusivity of
the analytes to the solvent. But exposing the samples
in high temperature for a long period of time would
lead to the degradation of the desired compounds
and disintegration of the biological matrix. Thus,
using MAE is advantageous for this reason, because
it can raise the temperature of the sample at a very
short period of time (Jin et al., 2011).

Another advantage of MAE is the presence of
microwave energy that provides localized heating
and pressure build up, which leads to cell disruption.
Microwave does not only heat the solvent, but also
targets the moisture content of the plant sample. As
the energy of the water inside the plant increases
abruptly, the cellular matrix disintegrates and the
desired compounds leach out to the solvent (Chan et
al., 2011; Orsat & Routray, 2017). The power level
of microwave energy can be further explored and
maximized so that other parameters, such as
extraction time and volume of solvent, can be
decreased to lessen the overall extraction cost.

CONCLUSION

This study showed that extraction of flavonoid and
phenolic compounds from waste onion leaves via
CSE depends on ethanol concentration, extraction
time, and the two-way and three-way interaction of
all the factors for the flavonoids; and all the three
factors, ethanol concentration-temperature
interaction and ethanol concentration-extraction
time interaction for the phenolics. On the other
hand, for MAE, the extraction yield was
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significantly affected by the ethanol concentration
and power level only for the flavonoids and the
ethanol concentration only for the phenolics.

Increasing the extraction temperature is a
determining factor to obtain high extraction yields,
but over-exposure to such condition could lead to
damage to the bio-cellular matrix and denaturation
of heat-sensitive compounds in the leaves. As such,
MAE was found to be a more advantageous
extraction method than conventional method,
because of its comparable yield and recovery at a
shorter extraction time. Overall, the waste onion
leaves could be utilized as a source of phenolics and
flavonoids, transforming them into potential
feedstock in the production of high value products
such as these bioactive compounds.

RECOMMENDATIONS

For future studies, a higher range of power level and
time could be applied in MAE to determine if the
yields could be increased further. Also, solvent
recycling and/or lower solvent loading could be
explored to lessen the overall cost. As a next step,
optimization studies could also be done to maximize
the yields of phenolics and flavonoids.

ACKNOWLEDGEMENT

The authors acknowledge the funding support from
the Department of Agriculture — Bureau of
Agricultural Research.

LITERATURE CITED

ALARA, O. R, ABDURAHMAN, N. H.,
UKAEGBU, C. 1., & AZHARI, N. H. (2018).
Vernonia cinerea leaves as the source of
phenolic compounds, antioxidants, and anti-
diabetic activity using microwave-assisted
extraction technique. Industrial Crops and
Products, 122, 533-544. https://doi.org/https://
doi.org/10.1016/j.indcrop.2018.06.034

AMEER, K., SHAHBAZ, H. M., & KWON, J. H.

(2017). Green Extraction Methods for
Polyphenols from Plant Matrices and Their
Byproducts: A Review. Comprehensive

Reviews in Food Science and Food Safety, 16
(2), 295-315. https://doi.org/10.1111/1541-
4337.12253

BONE, K., & MILLS, S. (2013). Principles and
Practice of Phytotherapy. Elsevier. https://
doi.org/10.1016/C2009-0-48725-7

BREU, W. (1996). Allium cepa L. (Onion) Part 1:
Chemistry and analysis. Phytomedicine, 3(3),
293-306. https://doi.org/https://
doi.org/10.1016/S0944-7113(96)80069-9

CASTRO-PUYANA, M., HERRERO, M,
MENDIOLA, J. A, & IBANEZ, E. (2013).
Subcritical water extraction of Dbioactive
components from algae. Functional Ingredients
from Algae for Foods and Nutraceuticals, 534—
560. https://
doi.org/10.1533/9780857098689.3.534

CHAN, C.-H., YUSOFF, R., NGOH, G.-C., &
KUNG, F. W.-L. (2011). Microwave-assisted
extractions of active ingredients from plants.
Journal of Chromatography A, 1218(37), 6213
—6225. https://doi.org/https://doi.org/10.1016/
j.chroma.2011.07.040

CHANG, C.-C., YANG, M.-H., WEN, H.-M,, &
CHERN, J.-C. (2002). Estimation of Total
Flavonoid Content in Propolis by Two
Complementary Colorimetric Methods. Journal
of Food and Drug Analysis, 10(3), 178-182.
https://doi.org/https://doi.org/10.38212/2224-
6614.2748

DAHMOUNE, F., SPIGNO, G., MOUSSI, K.,
REMINI, H., CHERBAL, A., & MADANI, K.
(2014). Pistacia lentiscus leaves as a source of
phenolic  compounds:  Microwave-assisted
extraction optimized and compared with
ultrasound-assisted and conventional solvent
extraction. Industrial Crops and Products, 61,
31-40. https://doi.org/https://doi.org/10.1016/
j-indcrop.2014.06.035

29



Philippine Journal of Agricultural and Biosystems Engineering

Vol. 17, No. 2

DMITRIENKO, S. G., KUDRINSKAYA, V. A., &
APYARI V. V. (2012). Methods of extraction,
preconcentration, and  determination  of
quercetin. Journal of Analytical Chemistry, 67
4), 299-311. https://doi.org/10.1134/
S106193481204003X

DORTA, E., LOBO, M. G., & GONZALEZ, M.
(2012). Using drying treatments to stabilise
mango peel and seed: Effect on antioxidant
activity. LWT-Food Science and Technology,
45(2), 261-268.

DORTA, E., LOBO, M. G., & GONZALEZ, M.
(2013).  Improving the Efficiency of
Antioxidant Extraction from Mango Peel by
Using Microwave-assisted Extraction. Plant
Foods for Human Nutrition, 68(2), 190-199.
https://doi.org/10.1007/s11130-013-0350-4

EL-HADIDY, E. M., MOSSA, M. E. A, &
HABASHY, H. N. (2014). Effect of freezing
on the pungency and antioxidants activity in
leaves and bulbs of green onion in Giza 6 and
Photon varieties. Annals of Agricultural
Sciences, 59(1), 33-39. https://doi.org/https://
doi.org/10.1016/j.a0as.2014.06.005

JIN, E. Y., LIM, S., OH KIM, S., PARK, Y.-S.,
JANG, J. K., CHUNG, M.-S., PARK, H,,
SHIM, K.-S., & CHOL Y. J. (2011).
Optimization of various extraction methods for
quercetin from onion skin using response
surface methodology. Food Science and
Biotechnology, 20(6), 1727-1733.

LEE, K. A., KIM, K. T., KIM, H. J., CHUNG, M.
S., CHANG, P. S., PARK, H., & PAI, H. D.
(2014). Antioxidant activities of onion (Allium
cepa L.) peel extracts produced by ethanol, hot
water, and subcritical water extraction. Food
Science and Biotechnology, 23(2), 615-621.
https://doi.org/10.1007/s10068-014-0084-6

LEIGHTON, T., GINTHER, C., FLUSS, L.,
HARTER, W. K. CANSADO, J., &
NOTARIO, V. (1992). Molecular

Characterization of Quercetin and Quercetin
Glycosides in <italic>Allium</italic>
Vegetables. In Phenolic Compounds in Food
and Their Effects on Health II (Vol. 507, pp. 16
—220). American Chemical Society. https://
doi.org/doi:10.1021/bk-1992-0507.ch016

LOMBARD, K., PEFFLEY, E. B., LOMBARD, K.
A., GEOFFRIAU, E., & PEFFLEY, E. (2000).
Flavonoid quantification 1in onion by
spectrophotometric and high performance
liquid analysis Flavonoid Quantification in
Onion by Spectrophotometric and High
Performance Liquid Chromatography Analysis.
Hortscience, 37(4), 682—685.

MANDAL, V., YOGESH, M., & HEMALATHA,
S. (2007). Microwave Assisted Extraction - An
Innovative and Promising Extraction Tool for
Medicinal Plant Research. Pharmacognosy
Reviews, 1(1), 7-18. https://
www.researchgate.net/publication/237218276

MIEAN, K. H.,, & MOHAMED, S. (2001).
Flavonoid (Myricetin, Quercetin, Kaempferol,
Luteolin, and Apigenin) Content of Edible
Tropical Plants. Journal of Agricultural and
Food Chemistry, 49(6), 3106-3112. https://
doi.org/10.1021/;t000892m

MUSTAFA, A., & TURNER, C. (2011).
Pressurized liquid extraction as a green
approach in food and herbal plants extraction:
A review. Analytica Chimica Acta, 703(1), 8—
18. https://doi.org/https://doi.org/10.1016/
j-aca.2011.07.018

NILE, A., NILE, S. H., KIM, D. H., KEUM, Y. S,
SEOK, P. G., & SHARMA, K. (2018).
Valorization of onion solid waste and their
flavonols for assessment of cytotoxicity,
enzyme inhibitory and antioxidant activities.
Food and Chemical Toxicology, 119, 281-289.
https://doi.org/https://doi.org/10.1016/
j-fct.2018.02.056

30




December 2021 Issue

ORSAT, V., & ROUTRAY, W. (2017). Chapter 8 -
Microwave-Assisted Extraction of Flavonoids
(H. Dominguez Gonzalez & M. J. B. T.-W. E.
of B. C. Gonzalez Mufioz (eds.); pp. 221-244).
Elsevier. https://doi.org/https://doi.org/10.1016/
B978-0-12-809380-1.00008-5

PATIL, B. S., PIKE, L. M., & YOO, K. S. (n.d.).
Variation in the Quercetin Content in Different
Colored Onions (Allium cepa L.). Journal of
the American Society for Horticultural Science
Jashs, 120(6), 909-913. https://
doi.org/10.21273/JASHS.120.6.909

PHILIPPINE STATISTICS AUTHORITY. (2018).
Performance of Philippine Agriculture January
to March 2018. https://psa.gov.ph/sites/default/
files/PAR January to March 2018.pdf.
Accessed July 2, 2018.

PRICE, K. R., & RHODES, M. J. C. (1997).
Analysis of the Major Flavonol Glycosides
Present in Four Varieties of Onion (Allium
cepa) and Changes in Composition Resulting
from Autolysis. Journal of the Science of Food
and Agriculture, 74(3), 331-339. https://
doi.org/https://doi.org/10.1002/(SICI)1097-
0010(199707)74:3<331::AID-
JSFA806>3.0.CO;2-C

REDFERN, J., KINNINMONTH, M., BURDASS,
D., & VERRAN, J. (2014). Using soxhlet
ethanol extraction to produce and test plant
material (essential oils) for their antimicrobial
properties. Journal of Microbiology & Biology
Education, 15(1), 45-46. https://
doi.org/10.1128/jmbe.v1511.656

REN, F., NIAN, Y., & PERUSSELLO, C. A.
(2020). Effect of storage, food processing and
novel extraction technologies on onions
flavonoid content: A review. Food Research
International, 132, 108953. https://doi.org/
https://doi.org/10.1016/j.foodres.2019.108953

ROUTRAY, W., & ORSAT, V. (2014). MAE of
phenolic compounds from blueberry leaves and
comparison with other extraction methods.
Industrial Crops and Products, 58, 36—45.
https://doi.org/10.1016/j.indcrop.2014.03.038

SAFDAR, M. N., KAUSAR, T., JABBAR, S.,
MUMTAZ, A., AHAD, K., & SADDOZAI A.
A. (2017). Extraction and quantification of
polyphenols from kinnow (Citrus reticulate L.)
peel using ultrasound and maceration
techniques. Journal of Food and Drug
Analysis, 25(3), 488-500. https://doi.org/
https://doi.org/10.1016/j.jfda.2016.07.010

SAGAR, N. A., PAREEK, S., SHARMA, S.,
YAHIA, E. M., & LOBO, M. G. (2018). Fruit
and Vegetable Waste: Bioactive Compounds,
Their Extraction, and Possible Utilization.
Comprehensive Reviews in Food Science and
Food Safety, 17(3), 512-531. https://
doi.org/10.1111/1541-4337.12330

SHARMA, V., & JANMEDA, P. (2017).
Extraction, isolation and identification of
flavonoid from Euphorbia neriifolia leaves.
Arabian Journal of Chemistry, 10(4), 509-514.
https://doi.org/https://doi.org/10.1016/
j.arabjc.2014.08.019

SH

I, G.-Q., YANG, J., LIU, J., LIU, S.-N., SONG, H.-
X.,ZHAO, W.-E., & LIU, Y.-Q. (2016).
Isolation of flavonoids from onion skins and
their effects on K562 cell viability. Bangladesh
Journal of Pharmacology, 11(S1 SE-Research
Articles). https://doi.org/10.3329/
bjp.v11iS1.26419

SINGLETON, V. L., ORTHOFER, R., &
LAMUELA-RAVENTOS, R. M. B. T.-M. IN
E. (1999). [14] Analysis of total phenols and
other oxidation substrates and antioxidants by
means of folin-ciocalteu reagent. In Oxidants
and Antioxidants Part A (Vol. 299, pp. 152—
178). Academic Press. https://doi.org/https://
doi.org/10.1016/S0076-6879(99)99017-1

31



Philippine Journal of Agricultural and Biosystems Engineering

Vol. 17, No. 2

SLIMESTAD, R., FOSSEN, T., & VAGEN, I. M. ZHANG, H.-F., YANG, X.-H., & WANG, Y.

(2007). Onions: A source of unique dietary
flavonoids. Journal of Agricultural and Food
Chemistry, 55(25), 10067-10080. https://
doi.org/10.1021/;f0712503

STALIKAS, C. D. (2007). Extraction, separation,
and detection methods for phenolic acids and
flavonoids. Journal of Separation Science, 30
(18), 3268-3295. https://doi.org/https://
doi.org/10.1002/jssc.200700261

TOSIF, M. M., NAJDA, A., BAINS, A,
KAUSHIK, R., DHULL, S. B., CHAWLA, P.,
& WALASEK-JANUSZ, M. (2021). A
comprehensive  review on  plant-derived
mucilage: Characterization, functional
properties, applications, and its utilization for
nanocarrier fabrication. Polymers (Vol. 13,
Issue 7). MPDI AG., https://doi.org/10.3390/
polym13071066.

YAHYA, N. A., ATTAN, N., & WAHAB, R. A.
(2018). An overview of cosmeceutically
relevant plant extracts and strategies for
extraction of plant-based bioactive compounds.
Food and Bioproducts Processing, 112, 69-85.
https://doi.org/10.1016/j.fbp.2018.09.002

YAN, Q. H., YANG, L., & WEL Y. M. (2015).
Optimization of Extraction Methods for
Flavonoids in Onion by RP-HPLC-DAD.
Journal of Liquid Chromatography & Related
Technologies,  38(7), 769-773.  https://
doi.org/10.1080/10826076.2014.968658

YOSHIDA, M., SAKAI, T., HOSOKAWA, N.,
MARUIL N., MATSUMOTO, K., FUJIOKA,
A., NISHINO, H., & AOIKE, A. (1990). The
effect of quercetin on cell cycle progression
and growth of human gastric cancer cells.
FEBS Letters, 260(1), 10—13. https://doi.org/
https://doi.org/10.1016/0014-5793(90)80053-L

(2011). Microwave assisted extraction of
secondary metabolites from plants: Current
status and future directions. Trends in Food
Science & Technology, 22(12), 672—688.
https://doi.org/https://doi.org/10.1016/
J-tifs.2011.07.003 m

32




