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Abstract

Phenolic compounds have high antioxidant capacity and are effective in preventing free radical formation and even their
elimination in various ways. In this research, extraction of these compounds from lemon processing waste powder (LPWP)
was investigated using Electrohydrodynamic (EHD) processes. In this regard, the effects of two independent factors of EHD
time (in three levels of 10, 20 and 30 min) and EHD voltage (in three levels of 0, 19 and 15 kV) as well as their mutual effect
on dependent responses of total phenolic content, antioxidant activity, extraction yield as well as the color parameters of L*
and b* of the extracts were investigated. The results of this study showed that change in EHD time from 10 to 30 min and
EHD voltage from O to 19 kV resulted in a significant increase in total phenolic content and extraction yield of the extracts.
The Fourier transform infrared spectroscopy showed that the EHD process did not lead to any destruction of the functional
groups of the extracts. In addition, scanning electron microscopy images showed higher porosity of LPWP microstructure,
when longer EHD time or higher EHD voltage were applied.

Keywords High voltage electric discharge - EHD voltage and time - Lemon waste - Phenolic compounds

Introduction

Throughout history, humans have used plants for their nutri-
tional purposes [1]. But after discovery of the medicinal
properties of some plants in treating some diseases, human
have used these plants to treat diseases and improve their
health [1]. The Lemon, Citrus lemon L., is a medicinal
plant of the family Rutacea [2]. It is the third most impor-
tant citrus fruit species, rich in phenolic compounds, vita-
mins, minerals, dietary fiber, essential oils and carotenoids.
Research has shown that lemon is useful in the treatments of
some diseases [3]. and has an antioxidant and antimicrobial
properties [4]. Each year, lemon juice factories generate a
high amount of waste and by-products that are an important
source of phenolic compounds [5]. These compounds have a
high antioxidant potency and are effective in preventing the
formation of free radicals and even eliminating them through
different ways [6]. Many researches has shown that the use
of these compounds as a biological additive contributes to
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promoting human health and reducing the risk of chronic
diseases such as cancer, coronary arteries, heart disease,
stroke and Alzheimer [7]. It should be noted that due to the
dangers of synthetic antioxidants are used in foods, pharma-
ceutical, health and chemical industries on human health,
the tendency to use natural antioxidants, such as phenolic
compounds in food, is increasing [8]. Therefore, considering
the widespread use of phenolic compounds in various indus-
tries, the necessity of using appropriate methods to extract
these compounds from plant materials is increasing. Tradi-
tionally, extraction of bioactive phenolic compounds from
natural products are performed using different solvents [9].
But traditional extraction methods such as maceration, Sox-
hlet and shaker have many problems, such as large amount of
solvent utilization, long extraction time and lower extraction
efficiency [10]. Therefore, new methods for the extraction of
bioactive compounds have been developed to overcome the
limitations of traditional methods and prevent the degrada-
tion of phenolic compounds. Therefore, novel techniques
for the extraction of bioactive compounds have been devel-
oped to overcome the limitations of the traditional extrac-
tion methods and prevent the degradation of phenolic com-
pounds [11]. Recently, electrical fields that cause electrical
stimulation of biological tissues have been used as a novel
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extraction method for the extraction of various compounds
[12]. In particular, one of the electrical technologies used
is high voltage electrical discharges (HVED) or Electrohy-
drodynamic (EHD) technology, which is a green extraction
technique [13]. This process is a non-thermal technique for
increasing the mass transfer from sample to solvent with
less extraction impurities, at ambient temperature, in short
time and with lower energy consumption, which acts based
on the corona discharge phenomenon [14]. The EHD sys-
tem consists of one or several discharge electrodes (shape
of needle, pin or wire) and a grounded electrode in the
form of a metal plate [14]. When applying a high voltage
between these electrodes, the air is ionized around the tip
of the discharge electrode, and these ions propelled from
the discharge electrodes toward the grounded electrode at
a high velocity, and this results in the creation of ion-drag
flow, which is known as corona wind [15]. So far, limited
studies have been employed for the recovery of bioactive
compounds from plant materials including grape pomace
[16], flaxseed cake [17], sesame cake [18], and papaya peel
[19] by this method. The review of available resources shows
that no study has investigated the effect of two important
independent variables of time and voltage of EHD as a novel
technique for extraction of phenolic compounds from lemon
waste. Thus, in this research attempts to evaluate the effect
of two independent variables of time (10, 20 and 30 min)
and voltage (0, 15 and 19 kV) of EHD system, as well as
their mutual effects on the total phenolic content, antioxi-
dant activity, extraction yield and color parameters of L*
and b* of the extracts were studied. Moreover, the type of
functional groups of extracts obtained from selected extrac-
tion treatments and their possible changes was investigated
using Fourier transform infrared (FT-IR) spectroscopy. Fur-
thermore, scanning electron microscopy (SEM) was used to
investigate the Structural changes of lemon processing waste
powder the selected extraction treatments. The hypothesis
of this study is that by using the EHD process for extraction
of phenolic compounds from LPWP, especially in terms of
the appropriate combination of EHD time and EHD volt-
age, while preserving the physicochemical properties of
extracted phenolic compounds, the extraction yield of these
compounds also increases.

Materials and methods

Chemicals and reagents

2, 2-Diphenyl-1-picrylhydrazyl (DPPH) powder was bought
from Sigma Chemical Company (St. Louis, MO, USA). Fur-
thermore, sodium carbonate powder, Folin—Ciocalteu rea-

gent, and gallic acid powder were purchased from Merck
Company (Darmstadt, Germany). Also, ethanol with purity
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of 96% was purchased from Sina Fariman (Khorasan Razavi,
Iran).

Sample preparation

Fresh lemon (variety of Citrus latifolia) with around 3.5 cm
in diameter were purchased from a local grocery store in
Shahreza, Isfahan, Iran. After washing the lemon with tap
water, extraction of juice was performed with a semi-indus-
trial juicer (Iran Saleh, Isfahan, Iran) and the cores in the
lemon waste were removed manually. The lemon waste was
dried in a hot-air convective dryer (Made in Iran) at the tem-
perature of 40 °C and the air velocity of 1.5 m/s until the
moisture content of 6.1 +0.2% was obtained. Then, the dried
waste was powdered by a domestic mill (Model MJ-176 NR,
National, Osaka, Japan). In order to achieve a uniform parti-
cle size powder, the powder was passed through a 35-mesh
sieve. Finally, dried lemon powder was packaged in poly-
ethylene bags and stored in a refrigerator (Model 81,739
Munchen, Germany) at — 18 °C until usage.

EHD set-up

The EHD set-up, shown in Fig. 1, was employed in this
study to extract phenolic compounds from lemon waste.
It was consisted of a high-voltage power supply (Model
HVS50P OC, Fanavaran Nano-Meghyas, Tehran, Iran), a
19 cm X 23 cm stainless steel plate as the grounded electrode
and 5 copper wires as the discharge electrode with a diam-
eter of 1.2 mm. In this system, the space between the two
neighboring wires was 4 cm and the electrode gap) distance
between the wires and plate electrode(was adjusted at 7 cm.

EHD extraction method

In this study, phenolic compounds were extracted from
lemon waste by the high voltage electric discharge pro-
cess which was described in the previous section. For this
purpose, 10 g of dried lemon waste powder was added to
100 ml distilled water solvent in an aluminum dish with the
dimensions of 16 cm X 16.5 cm X2 cm. The aluminum dish
containing lemon waste and distilled water solvent was put
in the grounded electrode of EHD system and extraction
process was performed at various EHD time of 10, 20, and
30 min and various voltage of 0, 15 and 19 kV. At the end
of EHD extraction process, the mixture was filtered by a
sheet filter paper (Grade C75, Dorsan, Spania). Finally, the
filtered extract was poured into a 50 ml falcon tube and was
processed by a centrifuge (Model 2-16P, Sigma, Germany)
at 7800 rpm for a period of 12 min to separate very small
particles from it [6].
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High voltage
power supply

Fig. 1 Scheme of the EHD system used in this study

Physicochemical analysis
Determination of total phenolic content

Total phenolic content of lemon waste extract was meas-
ured by Folin—-Ciocalteu reagent. To perform this test,
125 ul lemon extract, 500 pl distilled water, and 125 pl of
Folin—Ciocalteu indicator were manually shaken for 15 s in
a test tube. After that, the test tube was put in the dark for
6 min. Next, 1.25 ml sodium carbonate solution with con-
centration of 7% and 1 ml distilled water were added to the
test tube and the solution was manually shaken. The tube
was kept for 90 min in a dark place at laboratory tempera-
ture of 25 °C and finally the absorbance of the mixture was
read at the wavelength of 760 nm using a UV-Vis spec-
trophotometer (Model T70, PG Instruments, Leics, United
Kingdom). The total phenolic content is commonly stated
based on gallic acid. To obtain the gallic acid standard curve,
100-600 ppm gallic acid solutions were prepared to obtain
their absorbance and the standard curve. In Eq. (1), the
absorption of the extract was replaced as Y parameter to
measure the X parameter (total phenolic content of lemon
waste extract in ppm on the basis of gallic acid) [6]:

Y — 01738 po_ 9854

X =
0.0026 M

Determination of antioxidant activity

The antioxidant activity of extracts was determined as free
radical-scavenging activity of 2, 2- diphenyl-1-picrylhy-
drazyl (DPPH) based on the procedure proposed by [8].
For this test, 1 ml extract and 1 ml DPPH ethanol solution
with concentration of 200 ppm was poured into a test tube

- Teflon frame

- Grounded electrode

and the mixture was manually shaken for 3 s. Next, the
mixture was placed for 20 min in a dark place at tempera-
ture of 25 °C. Finally, the absorbance of the mixture was
measured by the UV-Vis spectrophotometer (Model T70,
PG Instruments, Leics, United Kingdom) at a wavelength
of 517 nm. The absorbance of 200 ppm DPPH ethanol
solution without any extract (as a control) was read on
the same wavelength. The antioxidant activity in terms of
inhibition percentage of DPPH was evaluated according
to Eq. (2) [20].

(A, — A X 100

Antioxidantactivity(% inhibition of DPPH) = A

(@)
In Eq. 2, A, is the absorbance of control and A, is the
absorbance of DPPH solution containing the extract.

Determination of extraction yield

For this assay, the extract was poured into a round-bottom
flask and the water solvent was removed from the extract
by a rotary vacuum evaporator (Model RV 10B, IKA, Ger-
many) at the temperature of 70 °C and the rotational speed
of 170 rpm. Then, the sample was put in an oven (Model
E.O 155, Iran) with the temperature of 90 °C to evaporate
the remained solvent. The extraction yield was measured
using Eq. (3) [6]:

o W, =W,
Extraction yield (%) = | ———— ) x 100 ?3)
Wo
In this equation, W, is the initial weight of the LPWP
(kg), W, is the weight of the flax containing the remained

solid after solvent evaporation (kg), and W is the weight of
empty flask (kg).
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Determination of color parameters of L* and b*

To estimate the L* and b* color parameters of the lemon
extracts, 14 ml of extract was poured into a glass plate (with
the diameter of 8 cm and the depth of 1.4 cm) and the color
parameters were assessed by a colorimeter (Model TES-
135A, Taiwan). It is necessary to mention that the L* color
parameter is in the range of O (blackness) to 100 (whiteness).
Also, the b* color parameter is in the range of 4+ 60 to — 60.
The +b* color parameter indicates yellowness and the — b*
color parameter indicates blueness [21].

Fourier transform infrared (FT-IR) spectroscopy

FT-IR spectroscopy was used to identify the functional
groups of the extracts and to investigate the possibility of
destruction of these groups during the extraction processes.
For this purpose, the solvent of the extracts was evaporated
using the rotary vacuum evaporator (based on part 2.5.3)
followed by using an oven (Model E.O 155, Iran) at tem-
perature of 40 °C. After that, a pellet containing the mixture
of dried LPWP extract and potassium bromide (KBr) (1:50
w/w) was prepared. Finally, the pellet was placed in a FT-IR
spectrophotometer (Model spectrum 65, Norwalk, Connecti-
cut, PerkinElmer, U.S.A) and the spectrum of the extract
was recorded in the spectral region of 450-4000 cm™ ! [9].

Scanning electron microscopy (SEM) images

In order to study the LPWP microstructure changes during
the extraction processes, SEM images of the LPWP without
applying any extraction processes and the LPWP after three
selective extraction treatment (EHD voltage of 19 kV—
EHD time of 30 min, EHD voltage of 19 kV—EHD time of
10 min, and EHD voltage of 0 kV—EHD time of 10 min)
were taken by a scanning electron microscope (Model LEO
435VP, LEO Electron Microscopy Ltd., Cambridge, Eng-
land). It should be noted that to provide the SEM images, a
fine layer of gold was put on the surface of samples using a
gold sputter coating machine (Model AGAR, Sputter Coater,
U.K)). In order to prepared SEM images, scanning electron

microscope voltage was 18 kV and images were provided
with magnification of 150 times [22].

Statistical analysis

In this paper, a factorial experiment in a completely ran-
domized design (CRD) was used to investigate the effect
of two factors of EHD voltage in three levels of 0, 15 and
19 kV and EHD time in three levels of 10, 20 and 30 min
and their mutual effect on the dependent variables of total
phenolic content, antioxidant activity, extraction yield, and
color parameters of L*and b*. For this aim, Analysis of Var-
iance (ANOVA) and correlation of dependent variables were
conducted using the SPSS software version 21. The results
in this study were reported as mean =+ standard error (SE).

Results and discussion
Total phenolic content

As shown in Table 1, EHD time (P <0.05) and EHD voltage
(P<0.01) have significant effects on total phenolic content
of extracts (P <0.05) while their mutual effect does not have
significant effect on total phenolic content of the extracts
(P <0.05). As shown in Fig. 2a by increasing the EHD time
from 10 to 30 min, the total phenolic content of extracts has
a significant increase (P <0.05) from 426.49 +15.71 ppm
to 469.17 +12.88 ppm (equivalent to 10%). Appling EHD
process results in the formation of corona wined which dis-
rupt cell membranes, destruct cells, and release the phenolic
compounds from cells to the extraction solvent [9]. There-
fore, prolonging EHD time from 10 to 30 min intensifies
the destruction of cell walls and enhances the mass transfer
and extraction of phenolic compounds. Roselle-Soto et al.
investigated the extraction of phenolic compounds and pro-
tein from olive kernel using the high voltage electrical dis-
charges process. These researchers stated that using high
voltage electrical discharges leads to fragmentation of olive
kernel powder and facilitates the extraction of phenolic
compounds [23]. This result is in good agreement with
the present study. As Fig. 2b shows, with increase in EHD

Table 1 ANOVA results for EHD time, EHD voltage and their mutual effect on the measured dependent responses

Change sources Degrees of Dependent responses

freedom ] .
Total phenolic ~ Antioxidant

content (ppm) activity (%)

Extraction yield (%)  L* color parameter  b* color parameter

EHD time 2 5.67* 9.09%*
EHD voltage 2 9.43%% 11.03%%*
EHD time X EHD voltage 4 0.37 n.s 0.80 n.s

24.50%%* 9.77%%* 4.02%*
12.27%* 491% 5.29%
3.93* 0.86 n.s 1.04 n.s

*P <0.05, significant correlation; **P <0.01, very significant correlation; ***P <0.001, extremely significant correlation; "not significant
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Fig.2 Effect of independents variables of a EHD time, b EHD voltage and ¢ the mutual effect of EHD time and EHD voltage on the dependent

variable of total phenolic compounds of the extracts

voltage from 0 to 19 kV, the amount of total phenolic con-
tent of extracts has a significant increase (P <0.01) from
419.69 +11.28 ppm to 474.62 +9.56 ppm (equivalent to
13.09%). This result was in acceptable agreement with that
reported by Xi et al., who studied the extraction of phenolic
content from pomegranate peel using high voltage electri-
cal discharge. These researchers stated that the electric field
intensity had a significant effect on the yield of extracted
phenolic content [24]. Also, Boussetta et al. evaluated the
extraction of phenolic compounds and antioxidants from
grape pomace using the high voltage electrical discharges
process. They reported that by increasing the EHD energy
input into sample and solvent mixture, extraction of phenolic
content increased because of the increase of the cell mem-
brane damage [25]. Figure 2c illustrates the mutual effect
of EHD voltage and EHD time on total phenolic content.
As Fig. 2c shows the highest amount of total phenolic con-
tent equaled to 496.61 +6.92 ppm, observed at EHD time

of 30 min and EHD voltage of 19 kV and the lowest amount
of total phenolic content was related to 399.88 +35.58 ppm,
observed at EHD time of 10 min and EHD voltage of O kV.
These two treatments do not have statistically significant dif-
ference with each other and with other treatments in terms
of the total phenolic content response (P > 0.05).

Antioxidant activity

Table 1 indicates that both independent variables of EHD
time and EHD voltage have significant effects on the antioxi-
dant activity of extracts (P <0.01), while their mutual effect
does not have significant effect (P> 0.05) on this dependent
variable. According to Fig. 3a, the antioxidant activity of
the extracts has a significant decline from 88.06 +0.60% to
84.16+0.91% with an EHD time growth from 10 to 30 min,
respectively (P <0.01). In explaining this result, it can be
indicated that by increasing the EHD processing time, the
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energy input from EHD system to the sample increases
which leads to the damage and destruction of some anti-
oxidant compounds of the extracts [26]. Roselle-Soto et al.
stated that electrical discharge at high energy input produces
free reactive radicals and chemical products through elec-
trolysis, which can result in the destruction of some com-
pounds with antioxidant activity properties [26]. Reducing
antioxidant activity at EHD time of 30 min compared to
EHD time of 10 min can be due to long exposure time of
the extracted compounds to oxygen and other environmen-
tal oxidizing agents [6]. According to Fig. 3b, when EHD
voltage increases from 0 to 19 kV, the amount of antioxi-
dant activity of the extracts increases from 83.99 +£0.92% to
88.29 +1.01% (equivalent to 5.12%), respectively (P <0.01).
This result can be ascribed to an increase in the diffusion
of phenolic compounds with antioxidant properties to the
solvent by increasing the EHD voltage (Fig. 2b). Figure 3c
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indicates that the mutual effect of EHD time and EHD volt-
age on the antioxidant activity of extracts. As can be seen
in this figure, treatment of 10 min EHD time- EHD volt-
age of 19 kV had the highest antioxidant activity equivalent
to 89.76 +0.29 ppm and treatment of 30 min EHD time-
EHD voltage of 0 kV had the lowest antioxidant activity
equivalent to 81.69 +0.02 ppm. It should be noted that two
mentioned treatments do not have significant difference with
each other and with other treatments in terms of the antioxi-
dant activity response (P> 0.05).

Extraction yield

As can be seen in Table 1, the effect of two independ-
ent variables of EHD time (P <0.001) and EHD volt-
age (P <0.01), and the mutual effect of these variables
on extraction yield of LPWP is significant. As Fig. 4a
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reveals, the extraction yield of the extracts has a signifi-
cant increase from 33.50+0.95% to 37.00 £ 0.51% with
increase in the EHD time from 10 to 30 min (equivalent
to 10.44%), respectively (P <0.05). The disruption of cell
walls and the release of intracellular compounds such as
phenolic compounds increase at 30 min EHD time due to
the increasing effect of EHD process on the sample. This
result is in good agreement with the Shahram and Dinani
(2019) who found that the extraction efficiency of orange
pomace significantly increased with increasing EHD time
from 2 to 10 min [9]. Table 2 shows a positive correla-
tion (P <0.001) and thus a significant direct relationship
between the total phenolic content and antioxidant activ-
ity of the extracts. Figure 4b illustrates that, the extrac-
tion yield of the extracts has a significant growth from

34.00+1.12% to 36.33 £0.66% (equivalent to 6.85%) by
increasing the EHD voltage from 0 to 19 kV, respectively
(P<0.01). The results indicate that increasing the EHD
voltage and thus increasing electric field intensity have
led to further destruction of the cell wall and increased
extraction yield of the extracts [9]. Figure 4c indicates the
mutual effect of EHD time X EHD voltage on the extrac-
tion yield parameter. As can be observed in this figure,
the treatment of 30 min EHD time- EHD voltage of 19 kV
(treatment with maximum EHD time and voltage) has
the highest extraction yield equivalent to 38.00 + 1.00%
and the treatment of 30 min EHD time- EHD voltage
of 0 kV had the lowest extraction yield equivalent to
36.00 +£0.50%. These two mentioned treatments have sta-
tistically significant difference with each other.
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Table 2 The simple two-way
coefficients for the dependent
variables of the extracts

Color parameters

Lightness-darkness color parameter (L*)

Table 1 demonstrates that the effects of EHD time (P <0.01)

(A)

Total phenolic Antioxidant Extraction ~ L* color b* color
content (ppm) activity (%) yield (%) parameter ~ param-
eter
Total phenolic content (ppm) 1
Antioxidant activity (%) 0.01 1
Extraction yield (%) 0.70%%:* —-0.12 1
L* color parameter -0.09 0.44 -0.29 1
b* color parameter 0.10 0.57* -0.09 0.57%* 1

"*Not significant

*P <0.05, significant correlation; **P <0.01, very significant correlation; ***P <0.001, extremely signifi-

cant correlation

and EHD voltage (P <0.05) on the L* color parameter of
extracts was statistically significant. However, the mutual

effect of these two independent parameter on the L* color

parameter of extracts was not statistically significant

(B)
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Fig.5 Effect of independents variables of a EHD time, b EHD voltage and ¢ the mutual effect of EHD time and EHD voltage on the dependent
variable of L* color parameter of the extracts
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EHD time from 10 to 30 min, the L* color parameter of
the extracts declined significantly from 18.19+0.26 to
16.72+0.15 (equivalent to 8.08%), respectively (P <0.01).
The reduction of the L* color parameter of extracts by
changing EHD time from 10 to 30 min can be attributed
to the oxidation of compounds in the extracts and reduc-
tion of antioxidant activity of the extracts (Fig. 3a). Table 2
confirmed positive correlation and direct relationship of the
two parameters of the L* color parameter and antioxidant
activity (P> 0.05). Tiwari et al. (2010) studied the effect of
sonication treatment on anthocyanins and color of red grape
juice. They stated that more oxidation occurs as the sonica-
tion time increases and it results in darkness of the extract
and reduction of the L * color parameter [27]. This result is
consistent with the results achieved in this part of our study.
According to Fig. 5b with the EHD voltage increase from 0
to 15 kV, the L* color parameter of extracts was significantly
improved from 16.89 +0.24 to 17.92 +0.35 (equivalent to
6.1%), respectively (P <0.05) and by increasing the EHD
voltage from 15 to 19 kV, it was significantly lessened from
17.92 £0.23 to 17.51 £0.23 (P> 0.05). The increase of the
L* color parameter with changing the EHD voltage from O to
15 kV can be ascribed to an intensification of the extracted
antioxidant compounds during the EHD extraction process
(Fig. 3b). Figure 5c illustrates the mutual effect of EHD time
and EHD voltage on the L* color parameter of the extracts.
In this figure, the lowest datum of the L* color parameter
(16.35+0.24) is related to 30 min EHD time—EHD volt-
age of 0 kV and the highest datum of that (18.84 +0.28) is
related to 10 min EHD time—EHD voltage of 15. These
two mentioned treatments do not show significant difference
with each other and with other treatments in terms of L*
color parameter (P> 0.05).

Blueness—yellowness color parameter (b*)

Table 1 shows that EHD time and EHD voltage had sig-
nificant effects on the b* color parameter of the extracts
(P <0.05). However, the mutual effect of them on the b*
color parameter of the extracts was not statistically sig-
nificant (P> 0.05). According to Fig. 6a, by changing the
EHD time from 10 to 20 min, the average value of b*
color parameter had a significant decrease (P <0.05) from
1.50 £ 1.44 t0 0.96 +0.14 (equivalent to 36%), respectively
and by changing the EHD time from 20 to 30 min, the
average value of b* color parameter had an insignificant
increase (P> 0.05. According to Fig. 6b, with the increase
of the EHD voltage from 0 to 19 kV, the average value
of the b* color parameter of the extracts significantly
increased from 0.86+0.14 to 1.52+0.19 (equivalent to
76.74%), respectively (P <0.05). Totally, the results indi-
cate that with the increase of the EHD voltage from 0
to 19 kV, the trend of color of the extracts increased to

the yellow color. This is probably due to the increased
extraction yield (Fig. 4b) and specially increased extrac-
tion of carotenoid pigments with a strong antioxidant
property (Fig. 3b) with the increase of the EHD voltage
[28]. According to Table 2, the highly significant posi-
tive correlation (P <0.001) between the b* color param-
eter and antioxidant activity of the extracts can confirm
this hypothesis. Figure 6 C illustrates the mutual effect
of EHD time and EHD voltage on the b* color parameter
of the extracts. According to this figure, the lowest aver-
age of the b* color parameter is associated with 30 min
EHD time without applying EHD process (0.58 +0.275)
and the highest average of that (1.72 +0.369) is associated
with 10 min EHD time- EHD voltage of 19 kV. These two
treatments do not have statistically significant difference
with each other and with other treatments in terms of b*
color parameter response (P> 0.05). It can be interpreted
that with increasing voltage from 0 to 19 kV, the amount of
released polyphenol and antioxidant compounds increased,
thus the b* color parameter is increased.

FT-IR spectroscopy

FT-IR spectroscopy was carried out to identify the char-
acteristics of the functional groups of three selective treat-
ments of EHD time of 30 min—EHD voltage of 19 kV, EHD
time of 10 min—EHD voltage of 19 kV, and EHD time of
10 min—EHD voltage of 0 kV. It was also used to investi-
gate the possible changes of these groups during extraction
of EHD process with different times and voltages. As can
be seen in Fig. 7, the FT-IR spectra obtained from all three
treatments overlapped each other. Therefore, by comparing
the FT-IR spectra, it can be concluded that application of
the EHD process at two times of 10 min and 30 min and at
voltage level of 19 kV in order to extract the phenolic com-
pounds from lemon waste compared to maceration treatment
for 10 min without EHD process (voltage of 0 kV) did not
lead to any alteration in the functional groups of the extracts.
It is necessary to mention that in this figure, the peak of
610.62 cm™! represents CH=CH bending [20], the peak of
779.16 cm™! can be related to C=C cis out-of-plan in the
carotenoids [29], and the peak of 816.40 cm™ is the sign of
R-CH=CH-R [30]. In addition, the peak of 1053.11 cm™!
can be related to PH, band in phosphines [9], the peak of
1231.27 cm™! represents C—C ether stretching [31], and the
peak of 1408.12 cm™" can be attributed to the C—H bending
[32]. The peak of 1619.79 cm™! represents C=0 bending
[33], the clear peak of 1723.56 cm~! shows the carbonyl
C=0 stretching of protonated carboxylic acids [6], the peak
of 2937.20 cm™! indicates CH, symmetric stretch of methyl
group [9], and the peak of 3422.57 cm™" represents O-H
bending [6].
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Fig. 6 Effect of independents variables of a EHD time, b EHD voltage and ¢ the mutual effect of EHD time and EHD voltage on the dependent
variable of b* color parameter of the extracts

Fig.7 FT-IR spectra obtained
by three extraction treatments of
EHD voltage of 19 kV—EHD
time of 30 min, EHD voltage of
19 kV—EHD time of 10 min,
and EHD voltage of 0 kV—
extraction time of 10 min
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SEM images

To investigate the microstructure changes of LPWP during
the extraction process, the SEM images of the initial and
untreated LPWP and the dried residues after three selected
treatments of EHD time of 10 min—EHD voltage of 0 kV,
EHD time of 10 min—EHD voltage of 19 kV, and EHD
time of 30 min—EHD voltage of 19 kV were prepared and
presented in Fig. 8a—d, respectively. It can be seen in this
figure that the LPWP without applying any extraction pro-
cess (Fig. 8a) compared to the EHD time of 10 min—EHD
voltage of 0 kV (Fig. 8b), EHD time of 10 min—EHD volt-
age of 19 kV (Fig. 8c), and EHD time of 30 min—EHD
voltage of 19 kV (Fig. 8d) has a smooth surface without any
porosity. Comparison of two treatments of the EHD time
of 10 min—EHD voltage of 0 kV (Fig. 8b) and the EHD
time of 10 min- EHD voltage of 19 kV (Fig. 8c) shows that
using the EHD process (Fig. 8c) resulted in considerable
damage in the cell walls of the sample and deep cavities in
the sample. Comparison of two treatments of the EHD time

= 22nmm Mag 50 ¢
Photo No.=4899¢ Detector= SE1

Fig.8 Scanning electron microscopy images of a untreated lemon
waste powder, b the remained solids after treatment with Extraction
time of 10 min—EHD voltage of 0 kV, ¢ the remained solids after

of 10 min—EHD voltage of 19 kV (Fig. 8c) with the EHD
time of 30 min—EHD voltage of 19 kV (Fig. 8d) indicates
that longer EHD processing time led to further disintegra-
tion and deep cavities in the sample (Fig. 8d). Based on the
images presented in Fig. 8, it can be concluded that the use
of the EHD process and application of longer EHD extrac-
tion time leads to further destruction and collapse of the cell
walls of sample and also increase porosity of the LPWP.
Similar result was reported by Shahram and Taghian Dinani
(2019) who stated that increasing the EHD time from 2 to
10 min led to more pores and rupture in the cell structure of
the remaining air-dried solids of orange pomace powder [9].

Conclusions

In this research, EHD process was used to extract phenolic
compounds from lemon processing waste powder (LPWP)
and the effects of the EHD time (in three levels of 10, 20
and 30 min) and EHD voltage (in three levels of 0, 15 and

e

~ WD= 18 nn M

Photo No.=489S5 Dete

EHT=18.00 KV = 20 mn
30pm ] Photo No.=4887

treatment with EHD time of 10 min—EHD voltage of 19 kV, and d
the remained solids after treatment with EHD time of 30 min—EHD
voltage of 19 kV
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19 kV) as well as their mutual effect were studied. The most
important conclusions obtained in this research include:

Increasing the EHD voltage from 0 to 19 kV resulted in
a significant growth of the phenolic content (P <0.01),
antioxidant activity (P <0.01), extraction yield (P <0.01)
and color parameters of L* and b* (P <0.05) of the
extracts.

Changes the EHD time from 10 to 30 min resulted in a
significant intensification of phenolic content (P <0.05)
and extraction yield (P <0.001) and significant fall of the
antioxidant activity (P <0.01), extraction yield (P <0.01)
and color parameters of L* (P <0.01) and b* (P <0.05)
of the extracts.

The increase of the EHD voltage from 0 to 19 kV and
the increase of the EHD time from 10 to 30 min did not
disturb the functional groups of FT-IR spectra of the
extracts, but they led to greater destruction and porosity
in microscopic structure of the LPWP.

Considering the results of our research, it can be pro-

posed that the EHD extraction process is capable to extract
phenolic compounds from agricultural wastes such as lemon
waste to produce products with great economic value and
also lessen agricultural waste and environmental problems.
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