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Abstract Microwave-assisted extraction (MAE) and sol-
vent-free microwave extraction and Soxhlet extraction
were applied to Ray Ruby grapefruit leaves (Citrus para-
disi Macf.) to compare extract efficiency. Face centered
composite designs were constructed via response surface
methodology. Effects of factors of MAE were investigated
on total phenolic content (TPC) and naringin content (NC).
The optimized conditions were established as 1.4 kWL™'
for microwave power density, 20.00 gL.~" for solid/solvent
ratio, 218.180 s for extraction time, while responses were
calculated as 14.210 mg of gallic acid equivalent per g of
the dried leaf (mg GAE g~ 'DL) and 13.198 mg of naringin
per g of dried leaf (mg Ng~'DL) for TPC and NC,
respectively. SFME and classical Soxhlet methods were
also conducted for comparison reasons.
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Introduction

Rapidly decreasing food supplies lead researchers to search
for recovery and reuse of crop residues and biowastes as
nutrition additives. Nowadays, a smaller part of these
biowastes have been used as animal feed, but a large part of
them have been left in the environment causing ecological
problems (Baldan et al. 2020). On the other hand, many of
those biomasses include a wide variety of polyphenols,
which have been reported to be strong role against oxida-
tion and microbial growth by various studies (Sahin et al.
2018; Sahin and Elhussein 2018; Ozturk et al. 2018).
Therefore, those polyphenolic ingredients find application
in many cosmetical, pharmaceutical and food formulations
due to their bioactive properties (Bakirtzi et al. 2016).
Consequently, valorization of these biowaste might occur
by application of a proper extraction procedure in order to
convert the concerned residue into high-added value
compounds. Regarding increasing energy prices,
researchers endeavored to improve green techniques to get
high-added value compounds from the cheapest biowaste
with higher efficiency, high rate, and lower cost. These
objectives result in consideration of novel “green”
extraction techniques consuming lower solvent and lower
energy, such as ultrasound and microwave (Chemat and
Cravotto 2013). Microwave-assisted extraction (MAE) is
one of the hot-spot technique using microwave energy to
make heating more efficient and enhance energy transfer
(Li et al. 2013). Thus, increasing diffusion allowing the
solvent mixture to stay in contact with the plant matrix
(Mandal et al. 2007). Solvent-free microwave extraction
(SFME) is the most eco-friendly technique without adding
any solvent with numerous profits such as short extraction
time (in minutes in opposition to hours), low energy con-
sumption, high purity extract (Lucchesi et al. 2014).
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In the current study, Ray Ruby grapefruit (Citrus par-
adisi Macf.) leaves have been investigated for the recovery
of its naringin. Naringin is a well-known essential nutrient
with protective effects for human health due to their
antioxidants, anticancer, anticholesterol activities (Wu
et al. 2007). Moreover, naringin has a crucial protective
role in the neuronal system (Gopinath and Sudhandiran
2012). Lee et al. pointed out the anti-atherogenic properties
of the citrus flavonoids such as naringin, and naringenin
(Lee et al. 2001). Another research revealed that these
flavonoids could be used as useful therapeutical agents due
to the inhibition of Alzheimer’s disease (Wang et al. 2013).
Finally, it was observed that the oral intake of the high dose
of naringin (400 mg/kg) might serve as an effective
antiulcer treatment (Martin et al. 1994).

Another significant issue in the recovery processes has
been emerged in optimization since 70% of the energy
consumption of the overall process is spent on recovery
(Farhat et al. 2001). Many extraction factors such as types
of solvent, temperature, extraction time, plant type, and
solid/solvent ratio also affect the extraction efficiency and
feasibility of the process. For scale-up applications of the
extraction method, optimal operating conditions should be
examined. Response surface methodology comprises the
synergy effect between the output and the independent
variables (Baroutaji et al. 2015).

As aresult, there exists no optimization and comparative
studies on MAE and SFME techniques by means of various
performance criteria, for beneficiating naringin and total
phenols contents of Ray Ruby grapefruit leaves. For this
purpose, microwave irradiation power density, solid/sol-
vent ratio and extraction time were selected as process
factors. Besides, solvent-free microwave extraction
(SEME) and classical Soxhlet extraction methods were
conducted at the same optimal conditions for comparison
purposes. Moreover, the effects of these extraction tech-
niques on the grapefruit leaf surface structure were anal-
ysed through scanning electron microscopy (SEM)
analysis. The optimal findings of this study related to
naringin content might be employable for pharmaceutical
applications such as respiratory drug usage (Sansone et al.
2009) and gastro resistant tablet (Lauro et al. 2007). The
purpose of the current study is to develop an alternative
downstream process to recover high-added value compo-
nents from a biowaste in a relatively more simple, rapid
and cost-effective way.

Materials and methods
Plant material

During the harvesting time (October, 2015), Ray Ruby
grapefruit leaves collected and were supplied from Bati
Akdeniz Agricultural Research Institute (BATEM) located
in Antalya, Turkey. A vacuum oven was used to dry leaves
at 35 °C for 12 h. Before being used, leaves were ground
by a grinder and were screened through a 710-1000 pum
sieve.

Chemicals and reagents

All chemicals were purchased from Sigma Aldrich. For all
sample analyses, ultrapure water (18 m{2) was used.

Microwave-assisted extraction and solvent-free
microwave assisted extraction

Microwave-assisted extraction and SFME were performed
in a microwave laboratory oven (Milestone, NEOS-GR
Bergamo, Italy) operating with microwave frequency of
2.45 GHz at atmospheric pressure and maximum delivered
the power of 900 W. Temperature, time and power were
controlled by the installed program. In a typical MAE run,
dried leaves weighted in the range of 2-5 g according to
selected solid/solvent ratio (8-20 gLfl) was soaked in
250 mL of water, then microwave irradiation power
(0.2-1.4 kW L") was turned on and system was operated
during a specified time (30-240 s). For SFME, the leaves
were soaked in bidistillated water in a few minutes in order
to moisten. Then, the leaves were poured into a perforated
Pyrex disc without the addition of water. SFME procedure
was performed similarly to MAE in order to compare. A
condenser was used in two methods to cool the microwave
irradiation cavity down to room temperature. The extracts
removed from the MW oven by earth gravity and filtered
through 0.45 um regenerated cellulose filter for further
analysis. Experimental set-ups were depicted in
Figs. S1(a)-S1(b), for MAE and SFME respectively.

Soxhlet extraction

As it known, Soxhlet extraction method is a very slow
procedure in a high temperature. 10 g of ground leaves put
into a cellulose extraction thimble and extracted with
300 mL of water for 24 h in a 500 mL Soxhlet apparatus
(~ 1 cycle/4 h). After the extraction, the solution was
stored at —20 °C until the analysis.
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Calibration of microwave power output

The microwave power calibration test was applied using
the standard method (IEC/EN 60,705), an empty glass
balloon was weighed and filled with 900 g of bidistillated
water at the initial temperature of 10 £ 0.5 °C and then
weighed again. It inserted into the microwave oven cavity.
Microwave power was adjusted to 900 W for 60 s. After
60 s, the final temperature of the water was measured by a
thermocouple. The power output is calculated by using
Eq. (1) as follows;

_ prmw(TZ_T1)+Cpc(T2_TO)
1

p (1)
where m,, is the mass of water (g), m, is the mass of the
container, cp,, is the specific heat capacity of water, 4.187
(J/g °C). cpc is the specific heat capacity of the container;
0.55 (J/g °C). Ty is the ambient temperature (25 °C), T} is
the initial temperature of water (°C). T, is the final tem-
perature of water; ¢ is the heating time (s). The microwave
power calibration test was performed with a range of 50—
900 mL of water. The applied nominal power (Pnom) was
selected so that the water’s final temperature was adjacent
to the ambient temperature to minimize heat loss and to
apply Eq. (1) without any heat losses term for the calcu-
lation of the test power P (Temur-Ergan and Bayramglu
2013). A correction factor (p) was calculated as in Eq. (2).

P
2
Pnom ( )

p:

p was calculated as 0.991 for the 250 g water load of the
glass balloon used in the conducted extraction procedure.

Determination of total phenolic content

Total phenolic content (TPC) of extracts was measured by
Folin—Ciocalteu reagent described as (Boukroufa et al.
2015) with slight modification. Briefly, 20 pL of the
extract was mixed with 180 pL of distillated water, and
added to 4 mL of plastic UV-cuvette. 1 mL of diluted (1:10
v) Folin—Ciocalteu reagent was taken, and 800 pL of
sodium carbonate (7.5%) was added. During 30 min,
samples were kept in the dark. By using Uv—Vis spec-
trophotometer, the sample of absorbance was read at
760 nm. The calibration curve was done according to gallic
acid.

Determination of naringin by HPLC
Naringin concentration was determined, according to John
et al. validation method (Publication Part Number:

5990-6237EN, 2010). Briefly, two mobile phases (A:
Water + % 0.1 formic acid (v/v), B: Acetonitrile + % 0.1
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formic acid (v/v)) were prepared. The gradient method was
set utilized Agilent Eclipse Plus C18 RRHD column at
40 °C. 1 mL/min of a flow rate was entered to program.
The gradient program was adjusted as 0.0-7 min (100%
A), 7-7.1 min (60% A), 7.1-8.6 min (100% B),
8.6-8.7 min (100% A). The injection volume was 20pL.
The wavelenght of UV detector was set as 276 nm.

Scanning electron microscopy

In order to examine the effects of different extraction
methods on the grapefruit leaf of surface microstructure,
scanning electron microscope (Quanta FEG 450, FEI,
Oregon, USA) was used. Leaves were dried in a vacuum-
oven at 40 °C after extraction methods. The leaves coated
with a 5 nm thick gold film. SEM device was operated at a
beam voltage of 20 kV under a high vacuum.

Experimental design

The effects of binary interaction of factors on responses
were evaluated using face-centered central composite
design (FCDD). Microwave irradiation power density (0.2—
1.4 kW LY, solid/solvent ratio (8—20 g L_l) and heating
time (30-240 s) were selected as independent factors with
three levels. Total phenolic content (TPC), naringin content
(NC) were chosen as a dependent factor, called as
responses. Experiments were applied with six replication at
center points to define pure error sum of squares by using
Design Expert 12.0 software (trial version). Responses
were evaluated through the Response Surface Methodology
of the statistical analysis system and fitted to the polyno-
mial model. The quadratic equation suggested is presented
as follows in Eq. (3);

Y=Py+ Z BiXi+ Z BiX; + Z Z PXiXj+e (3)
i

Y is the predicted value, By is the intercept; f; is the first-
order model coefficient; B; is the squared coefficient for
the factor i; and B;; is the binary interaction between factors
i and j; € is the error. Experimental design with three levels
as shown in Table 1.

Statistical analysis

To evaluate the synergic effects of factors on responses,
Design Expert Trial Version 10.0.0 (Stat Ease, USA) was
used. Statistical indicators such as correlation factors were
determined by ANOVA analysis.
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Table 1 Experimental design matrix with numerical factors consisting of 20 experiments and the effects of factors on responses
Run Microwave power density (X, Solid/Solvent ratio (X,) Extraction Time (X3) TPC NC
(kWL (eL™h (s) (mg GAEg 'DL)  (mg Ng~'DL)

5 0.2 8 30 8.484 4.10
2 14 8 30 14.379 3.45
4 0.2 20 30 4.219 4.55
8 1.4 20 30 4211 5.66
1 0.2 8 240 11.679 5.33
16 14 8 240 22.863 7.40
17 02 20 240 6.822 10.05
7 1.4 20 240 14.994 13.12
19 02 14 135 7.381 9.35
14 14 14 135 15.047 9.89
18 0.8 8 135 20.214 7.40
11 08 20 135 10.066 10.60
3 0.8 14 30 8.005 5.01
10 0.8 14 240 11.996 8.89
15 08 14 135 11.850 9.65
12 0.8 14 135 13.057 9.33
20 0.8 14 135 12.757 9.25
9 0.8 14 135 12.854 9.85
13 0.8 14 135 13.143 9.57
6 0.8 14 135 13.579 9.69

Results and discussions
Development of regression model equation

Table 1 depicted the effects of factors on responses
according to FCCD. The packaged software recommended
the quadratic models with regression for all responses. The
adequacies of the models were confirmed using variance
analysis (ANOVA) for each response. Table 2 summarized
ANOVA analysis for TPC and NC, respectively. In addi-
tion, Table 2 depicted the values of correlation coefficient
(R?, Rzadj and, R* pred)» coefficient of variation and adequate
precision. Correlation coefficients between predictive
models and actual data are higher than 0.95 so predictive
values fit experimental data well.

The difference between Rzadj and Rzpred should be
almost 0.2. In design experiments, the coefficient of vari-
ation (CV) is an important term. For confirming the
repeatability of the model, it is desirable to have a CV less
than 10 (Beg et.al. 2003).

The quadratic equation of TPC is represented in Eq. (4)

TPC = 19.23008 + 13.02226X; — 2.28141X,
+0.068803X5 — 0.309549X/ X, + 0.026274X, X5
+ 0.000339X,X3 — 4.25720X7 + 0.066484X3
— 2.49E — 4X;

(4)

F value (44.84) of TPC model represents the model is
significant. Values of If Prob > F-value is lower than 0.05,
model terms are significant. If the Eq. (4) is examined, the
terms of X, X5, X3, X1.X5, X1.X5, Xlz, X22, X32 are signif-
icant (Table 2). Equation (4) shows that the crucial factor
is microwave power density for TPC due to the higher
coefficient. The quadratic equation of NC is represented in

Eq. (5)

NC = 0.643135 — 2.25877X, + 0.348627X,
+0.053535X; + 0.095833X;X; + 0.009286X, X,
+0.001544X,X5 + 0.4292937 — 0.012929X3
— 0.000228X3

(5)

The NC model of F-value is 170.78 implying the model
is significant. Values of Prob > F-value less than 0.05
indicate that model terms are significant. If the Eq. (5) is
investigated, the terms of X, X», X3, X1.X2, X1.X3, X5.X5,
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Table 2 ANOVA for the

quadratic equations of Design Source Sum of squares df  Mean Square  F value P-valueProb > F
Expert 12.0.1 for MAE of TPC 461 (TPC) 406.78 9 452 44.84 < 0.0001
and NC in grapefruit leaf and . .
statistical indicators for each X;-Microwave power density ~ 108.30 1 108.30 107.44 < 0.0001
response X>-Solid/solvent ratio 139.18 1 139.18 138.06 < 0.0001
X5-Extraction time 84.43 1 84.43 83.76 < 0.0001
XX, 9.93 1 9.93 9.86 0.0105
X1X;3 22.68 1 22.68 22.50 0.0008
X, 6.46 1 6.46 6.41 0.0298
X5? 15.75 1 15.75 15.63 0.0027
X5? 20.74 1 20.74 20.57 0.0011
Residual 10.08 10 1.01
Lack of fit 8.41 5 1.68 5.05 0.0500
Pure error 1.67 5 0.3331
Cor total 416.86 19
Model (NC) 127.18 9 14.13 170.78 < 0.0001
X;-Microwave power density 3.77 1 3.77 45.56 < 0.0001
X>-Solid/solvent ratio 26.57 1 26.57 321.08 < 0.0001
X3-Extraction time 48.49 1 48.49 585.97 < 0.0001
XX, 0.95 1 0.9522 11.51 0.0069
X1 X3 2.74 1 2.74 33.09 0.0002
XoX;5 7.57 1 7.57 91.43 < 0.0001
X1? 0.0657 1 0.0657 0.7937 0.3939
X5? 0.5958 1 0.5958 7.20 0.0230
X5? 17.40 1 17.40 210.28 < 0.0001
Residual 0.8275 10 0.0827
Lack of Fit 0.5964 5 0.1139 2.21 0.2028
Pure Error 0.2581 5 0.0516
Cor Total 128.01 19
Responses Standart R? Adj R* Pred Variance Adeq. precisior
deviation R? coefficient
TPC (mg GAEg™'- 1.00 0.9758 0.9541 0.7995 8.45 27.97
DL)
NC (mg Ng~'-DL) 0.28 0.9935 0.9877 0.9548 3.55 46.82

X5, X5% are significant (Table 4). Equation (5) shows that
the crucial factor is microwave power density for NC.

Design optimization results and effects of factors
on responses

The optimized conditions for multi-optimization responses
were established as 1.4 kWL™' for microwave power
density, 20.00 gL_1 for solid/solvent ratio, 218.180 s for
extraction time, while responses were calculated as
14.210 mg of gallic acid equivalent per g of the dried leaf
(mg GAE g 'DL) and 13.198 mg of naringin per g of
dried leaf (mg Ng~'DL) for TPC and NC, respectively.
The higher the microwave power density is, the more
extraction yields occur. It can be said that increasing

@ Springer

microwave power density results in increasing extraction
temperature, causing to enhance the extraction rate
(Fig. 1a—d). Our results are in agreement with those of
Wang et al. (2011) and Xiao et al. (2008). It was stated that
higher microwave output power helped to break the cell
wall more easily, and released a bioactive compound into
the surrounding solvent in their papers. Higher power
density leads to increasing solvent temperature. The hotter
solvent can solubilize more bioactive compounds because
of its lower viscosity and surface tension (Kwon et al.
2003). If the effect of extraction time on extract yields is
examined, a positive influence is seen. Extraction yields
show a sharp increasing tendency up to a certain time, then
increase slightly by increasing time due to the overexpo-
sure of leaf to microwave power density (Fig. 1b, d, ). The
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findings of Simsek et al. (2012); Pan et al. (2008), Xiao
et al. (2008) and Chen et al. (2007) were in agreement with
our findings. Chen et al. (2007) found that flavonoid con-
tent from Platycladus orientalis (L.) Franco increased
within 4 min, then did not show any change from 4 to
10 min. Pan et al. (2008) observed similar results while
studying the effect of microwave periods on total phenols
from green tea leaves. Karabegovic et al. (2014) reported
the microwave assisted-extraction on extract yield of
cherry laurel fruits. They investigated the effect of
extraction time, and indicated that increasing extraction
time from 10 to 25 min increased the extract yield. Then,
the extract yield was dropped. Their findings were in
aggrement with our results.

Regarding the solid/solvent ratio, both TPC and NC
were increased with increasing solid/solvent ratio.

According to literature survey, Rouseff et al. (1987)
examined naringin content from grapefruit juices with
various species. They reported naringin content levels from
higher to lower as Canned, Duncan, Foster, Marsh, Ruby
Red, Star Ruby. The range of naringin was determined as
between 73 and 419 ppm. Yu et al. (2007) investigated
naringin from grapefruit seed using the supercritical
extraction method. They selected temperature, time, pres-
sure, and ethanol concentration as independent variables
via Box-Behnken design. The highest naringin content was
found to be 0.2 mg g~ at 41.4 MPa for pressure, 50 °C for
extraction temperature and, 20% for ethanol concentration.
Hayat et al. (2009) extracted phenolic acids from mandarin
through microwave-assisted extraction method. Microwave
power, extraction time, solid/liquid ratio, methanol con-
centration were selected as variables with Box- Behnken
design. Sahin (2015) examined antioxidant activities and
phenol content from mandarin leaves using solvent-free
microwave extraction method. Optimization results were
found as 53.15 s for extraction time, 339 W for microwave
power and 2.5 g of dried leaf. The highest total phenol was
obtained as 0.8610 mg GAEg ™ '-DL. Ates et al. (Ates et al.
2019) studied the total phenols content of mandarin leaf
waste by using microwave-assisted extraction. They
obtained the highest total phenols amount as
17.2254 mg GAE/g-DL when they applied 275 W of
microwave irradiation power, 2 g of mandarin leaf and
45 s of time.

Consumed energy was also crucial in a view of the
product cost, thus the extraction consumed electrical
energy must be measured for industrial scale. Table 3
illustrated the compared with the consumed energy, nar-
ingin content and TPC of extracts obtained by MAE,
SFME and Soxhlet methods. The highest naringin content
was obtained in Soxhlet extraction, whereas the highest
TPC was gained in MAE. For soxhlet, this situation may be
explained by the fact that the longer contact time provides
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Table 3 Naringin content, energy consumed and TPC of extract yield
between Soxhlet, MAE and SMAE techniques

ExtractionMethod ~ NC TPC Energy Consumed(kW-h)
Soxhlet 33780 1146 2.614

MAE 13.198  14.210  0.033

SFME 0.032 0.464  0.033

NC: mg g~'-DL

enhancing mass transfer between the target material of the
plant matrix and solvent (Tan et al. 2013). Minimum
extract yields were gained by SEME. This situation showed
that usage of solvent was necessary for the extraction
process by taking into account of SFME.

Scanning electron mMicroscopy

Figure 2a—d depicted the SEM images of grapefruit leaves
after and before extracted by MAE, SFME and Soxhlet
methods. The physical changes in plant tissues’ cell walls
have effects on extraction efficiency (Fig. 2b—d). Grape-
fruit leaf tissues’ microstructures were monitored after
extractions via SEM images. The morphology of untreated
of grapefruit leaf was smooth (Fig. 2a). It is obviously seen
that there are changes in the material structure after MAE,
SFME and Soxhlet through the SEM. The physical char-
acteristics of tissues’ cell walls were significantly changed
by MAE and SFME, which broke the cell structure and
improved capillary pores of tissues (Fig. 2b, c¢). In addition,
the usage of electromagnetic wave signal caused molecules
rotating like magnet effect. Produced energy was converted
into heat, causing disruption of cell walls as seen in
Fig. 2b, c. Soxhlet extraction method results in the break-
age of the leaf’s cell (Fig. 2d). It is seen that there is less
fragmentation of cell wall than the mentioned other
methods (Fig. 2d).

Conclusion

Grapefruit (Citrus paradisi Macf.) leaves were extracted by
MAE and SFME as novel and alternative to conventional
methods because of economic and environmental issues.
Soxhlet extraction was conducted in order to be a control.
To sum up, the present article is the first to investigate the
effects of comparison of MAE, SFME, and Soxhlet
extraction methods on the recovery of TPC from grapefruit
leaf as a valorization of a biowaste. Besides, electrical
energy consumptions of MAE, SFME, and Soxhlet meth-
ods were also measured, where Soxhlet consumed much
more energy than that of the microwave. Even though the
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Fig. 2 a SEM image of
untreated grapefruit leaves,

b SEM image of grapefruit
leaves extracted by MAE under
optimal conditions. ¢ SEM
image of grapefruit leaves
extracted by SMAE. d SEM
image of grapefruit leaves
extracted by Soxhlet extraction
method

naringin yield of Soxhlet was almost twice over that of
MAE, the energy consumption of MAE was found to be 79
times less than that of Soxhlet. The findings of the present
study demonstrate that MAE with severely lower extrac-
tion time and energy consumption is a highly economical
process.

The optimized conditions were established as 1.4
KWL ™" for microwave power density, 20.00 gL' for
solid/solvent ratio and 218.180 s for extraction time, while
responses were calculated as 14.210 (mg GAE/g-DL) and
13.198 mg NC/g-DL) for TPC and NC, respectively.
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