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Abstract: Orange peel (OP) is the main by-product from orange juice industry. OP is a known source
of bioactive compounds and is widely studied for its antioxidant, anti-inflammatory, anti-cancer,
anti-rheumatic, anti-diabetic and cardioprotective activities. Thus, this research focuses on the
establishments of ultrasound-assisted extraction of phenolic compounds in orange peel using a
sonotrode; objective framed in the European SHEALTHY (non-thermal physical technologies to
preserve healthiness of fresh and minimally processed fruit and vegetables) project. For this
purpose, a Box Behnken design of 27 experiments was carried out with 4 independent factors (ratio
ethanol/water, time (min), amplitude (%) and pulse (%)). Quantitative analyses of total phenolic
compounds (TPC) were performed by Folin-Ciocalteu method and the antioxidant activity was
measured by ABTS and DPPH methods. The validity of the experimental design was confirmed by
ANOVA and the optimal sonotrode extraction conditions were obtained by response surface
methodology. The optimal extracts were characterized by HPLC coupled to mass spectrometer
detectors. The highest phenolic content and antioxidant activity was obtained using 45/55
ethanol/water (v/v), 35 min, amplitude 90% (110 W) and pulse 100%. The established method allows
the extraction of 30.42 mg of gallic acid equivalents/g dry weight of total phenolic compounds from
OP; this value suppose an increment up to 60% higher than conventional extraction.

Keywords: Box-Behnken design; phenolic bioactive compounds; antioxidant activity; orange peel;
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1. Introduction

Orange is the second most produced fruit in the European Union, mainly in the countries of the
Mediterranean basin supposing 6 million tons, almost 10% of the world production. Increasingly,
citrus juices have gained great popularity, representing more than 50% of the juices available in
international trade. Orange juice is the most predominant product processed by the beverage
industry and consumed throughout the world due to its high nutritional value and desirable sensory
characteristics. The processing of oranges to obtain juices or citrus-based beverages generates large
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amounts of waste by-products, such as peels, which are a rich source of soluble sugars, phenolic
compounds, flavonoids, dietary fibers (cellulose, hemicelluloses, pectin), vitamins and essential oils,
so they can be used for the production of nutritional dietary supplements at a low cost [1]. The orange
peel has been reported to have antioxidant [2], anti-inflammatory [3], anti-cancer [4], anti-rheumatic
[5], anti-diabetic [6] and cardioprotective activities [7], mainly attributed to its content in phenolic
compounds. Traditionally, methods based on maceration and thermal extraction with different
solvents such as hexane, acetone, methanol, etc. have been used to recover nutritionally valuable
compounds from this type of fruit waste [8]. However, the need to increase extraction yields has led
to the study of new, more in-depth unconventional methods as ultrasound technology. These
methods can reduce extraction time and have lower temperature and solvent consumption, as well
as achieve higher efficiency and lower energy consumption compared to conventional methods.

2. Materials and Methods

2.1. Chemicals and Samples

Gallic acid, DPPH and ABTS were purchased from Sigma-Aldrich (St. Louis, MO). Na2COs
purchased from BDH AnalaR (Poole, UK). Double-deionised water was from Millipore (Bedford,
MA, USA). HPLC-grade water, Folin-Ciocalteu reagent and other reagents were purchased from
Merck KGaA (Darmstadt, Germany).

Orange by-product was obtained from the company Ekolo (Navarra, Spain) after cutting the
orange in two pieces and pressing them mechanically to obtain juice. The resulting by-product is
composed by the albedo, flavedo and rests of pulp of the orange with a humidity of 70 + 1.5 %. The
samples were dried and grinded, and frozen at —18 °C until the analyses.

2.2. Experimental Design

The conditions for obtaining the highest phenolic compounds and antioxidant activity from the
orange peel has been optimized by using Box-Behnken design and response surface methodology
(RSM). The designs are composed by 27 experiment structured in three blocks with three levels (-1,
0,1). Each experiment has been carried out in duplicate. The independent variables are ratio
ethanol/water (0/100, 50/50, 100/0 v/v), time (5, 25, 45 min), amplitude (20, 60, 100%), and pulse (10,
50, 100%). The dependent variables have been adjusted to a second order polynomial model equation
(Equation (1)), where Y represents the response variable, the total phenolic compounds (TPC), or the
antioxidant assays ABTS or DPPH, Xi and Xj are the independent factors that affect the response and
Bo, P, Bii and Py are the regression coefficients of the model (interception, linear, quadratic and
interaction term). The Statistica 7.0 package (StatSoft, Tulsa, OK, USA) has been used for the
mathematical operations and simulations.

Equation (1) Second order polynomial equation.

4 4

Y= B+ 24: BiX; + 24: BiX7 + Z z BiiXiX; (1)
i=0 i=0

i=0 j=0
The ANOVA assay has been performed in order to evaluate the adjustment of the models having

into account the regression coefficients, the p-values of the regression, the lack of adjustment. The
optimum conditions were established using RSM.

2.3. Extraction of Phenolic Compounds from Orange Peel by Sonotrode Ultrasonic Extraction

It was weight 0.5 g of sample and a ratio of ethanol/water (v/v) up to 100 mL was added in a 250
mL beaker. It was introduced the sonotrode (UP400St ultrasonic processor, Hielscher, Germany) with
previous configuration of the pulse and amplitude, and the sample was sonicated during a
determined time. Once the time was finished, the flasks were centrifugated in Falcon tubes and the
supernatant was collected and allowed at —18 °C till analyses.
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2.4. Conventional Extraction of Phenolic Compounds

The conventional extraction has been carried out with the optimal ratio ethanol/water and time.
It was weight 0.5 g of sample and a ratio of ethanol/water (v/v) up to 100 mL was added in a 250 mL
beaker. It was agitated by a magnetic stirrer during a determined time and after that the flasks were
centrifugated in Falcon tubes and the supernatant was collected and allowed at —18 °C till analyses.

2.5. Determination of Phenolic Compounds

The total phenolic compounds has been determined by the Folin-Ciocalteu spectrophotometric
method [9]. It was taken 100 pL of the extract in a volumetric flask of 10 mL and it was added of 500
uL of the Folin-Ciocalteu reagents and 6 mL of bi-distilled water. The flask was agitated for a minute.
After that, 2 mL of 15% (w/v) Na:COs was added and the volumetric flasks were flushed and
maintained hidden from the light. The measured were carried out after 2 h at 750 nm and 25 °C with
a UV-visible spectrophotometer (Spectrophotometer 300 Array, UV-Vis, single beam, Shimadzu,
Duisburg, Germany). The results were compared to a standard curve of gallic acid equivalents (1, 5,
10, 25, 50, 100, 250 ppm) to calculate the total phenolics compounds (TPC). Results are expressed as
mg gallic acid equivalents (GAE)/g dry weight (d.w.). The optimal extracts have been characterized
by HPLC coupled to mass spectrometer detectors.

2.6. Antioxidant Assays

Also, the antioxidant capacity has been evaluated in the 27 experiments twice by two different
methods. The first one is the developed by Re et al., (1999) [10] in which the monocation ABTS** is
generated by oxidation of the ABTS with potassium persulfate in the dark at room temperature for a
12-24 h. For each extract, it was added 1 mL of this ABTS solution to 0.01 mL of extract and it was
measured the detriment of absorbance during 10 min at 734 nm. The results were compared with a
standard curve of Trolox equivalents (1, 10, 20, 50, 80, 100, 150, 200 ppm). On the other hand, the
DPPH radical scavenging activity was assayed with a method proposed by several authors [11,12].
100 pL of each extract was added of 2.9 mL of DPPH, and after rapid stirring, the bleaching power of
the extract was observed in a time interval from 0 to 30 min at 517 nm. The results were compared to
a curve of Trolox equivalents in methanol/water 4/1 (v/v) (1, 10, 20, 50, 80, 100, 150, 200 ppm). Results
for both assays are expressed as mg Trolox equivalents (TE)/g dry weight (d.w.).

3. Results and Discussion

3.1. Determination of Phenolic Compounds and Antioxidant Capacity in Orange Peel

The Box-Behnken model coupled to response surface methodology have been used to optimize
the extraction of phenolic compounds with the higher antioxidant capacity. For the total phenolic
compounds, the observed values ranged between 8.66 and 29.75 mg GAE/g d.w. The lower one
corresponds to the condition 100 % ethanol/water (v/v), 25 min, 20% amplitude and 50% cadence, and
the highest one to 50 % ethanol/water (v/v), 25 min, 100% amplitude and 100% cadence.

For the antioxidant assays, it ranged from 9.54 to 26.45 mg TE/g d.w. with the DPPH technique,
and with the ABTS technique the range obtained was 11.46 - 40.52 mg TE/g d.w. The minimum value
with both methods was obtained using only ethanol 100% (v/v), meanwhile the highest ones by using
a mix of 50% ethanol and 50% water (v/v).

3.2. Fitting the Model

The experimental data was analyzed adjusting it to a second order polynomial equation, a
regression model that, using the least squares methods, provides the lowest residual value. The non-
significant terms with a significance level of p <0.05 were discarded, and the model was recalculated
only with significant terms. For the three responses it was revealed a moderately high correlation
between the factors and the response variable (R? = 0.9564, 0.9286 and 0.8694 for TPC, ABTS and
DPPH, respectively). The validity of the model was tested with ANOVA, which showed that, the
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model can be statistically accepted because the regression p values are lower than 0.05 and the lacks
of fit for the three variables are non-significant (p > 0.05). Taking into account the regression
coefficients, for the 3 response variables the individual linear factors ratio ethanol/water (1), time
(2) and pulse (P4) showed significant effects. For the TPC and DPPH, the crossed interaction 312 was
significant, and the crossed interactions {323 and (s were significant for the TPC and ABTS. Moreover,
the quadratic term (311 was significant for the three response variables, meanwhile (322 was significant
for ABTS and DPPH, and {34 only for TPC. The amplitude (3s) and the rest of interactions non
mentioned did not have significant effect in the meanings chosen.

3.3. Confirmation of Optimal Sonotrode Ultrasound Parameters

The used software does not provide the critical values, so it has been established a compromise
between the independent factors and the three dependent variables in order to maximize the
responses. The optimal conditions have been selected by RSM through three-dimensional plots,
looking for same conditions for the three variables (Table 1).

Table 1. Optimal conditions selected and the model predicted values with the obtained values.

Parameter Optimal Conditions
Ethanol/water (% (v/v)) 45
Time (min) 35
Amplitude (%) 90
Pulse (%) 100
TPC DPPH ABTS

Predicted value (mg/g d.w.) 29.36+35 2444+3.6 32.02+70
Obtained value (mg/g d.w.) 30.42+15 2637+1.6 35.62+2.1

Briefly, optimal sonotrode extraction conditions were 45% ethanol/water (v/v), 35 min,
amplitude 90% (110 W), and pulse 100%. Verifying the accuracy of the mathematical model, the
obtained values did not report significant differences with the predicted values in the case of the total
phenolic compounds, and the antioxidant assays DPPH and ABTS. According to the results, ethanol
was not an efficient solvent when used pure, showing better results when it was combined with water
in a proportion equal or minor to 50%. This occurs due to the increased solvation provided by the
presence of water. Additionally, the time has been chosen as lower as possible in order to develop a
quick procedure. The highest values of amplitude and pulse has been demonstrated to be necessary
in order to reach higher powers and finally obtain better performances.

With the conventional extraction it was obtained 17.76 mg GAE/g d.w. According to the results
obtained, the proposed optimal methodology using sonotrode let recover 60% more total phenolic
compounds. Other authors have been optimized the conventional extraction of the phenolic
compounds agreeing that the higher the temperature and time, the greater is the total phenol
recovery from the orange peel. Herndndez-Carranza et al. (2015) needed 60 °C during 12 h using
water as solvent for obtaining 6.89 mg GAE/g d.w. [13]. Using methanol as solvent Victor et al. (2020)
obtained 28 mg GAE/g d.w. needing 3 h at 55 °C [14], and Lagha-Benamrouche et al. (2013) obtained
25.60 mg GAE/g d.w. needing 22 h at 20 °C [15]. Also, other author has used ultrasound technology
to optimize the extraction of phenolic compounds from the orange peel. Barrales et al. (2018) [18]
used ultrasonic bath with ethanol 50% (v/v) during 15 min obtaining 5.5 mg GAE/g d.w. Lachos-Pérez
et al. (2018) [19] used sonotrode with ethanol 80% (v/v) during 2 h at 800 W obtaining 5.83 mg GAE/g
d.w. Dahmoune et al. (2014) [20] and Nayak et al. (2015) [21] also used sonotrode but with acetone
75.79% (v/v), 8.33 min and amplitude 65.94%, and obtained 13.57 and 10.35 mg GAE/g d.w.,
respectively. In general, the proposed sonotrode optimized conditions let obtain higher recovery of
total phenolic compounds than all the references that use conventional extraction or ultrasound
technology, with lower times and temperature.

The optimal extracts were characterized by HPLC, and the majority identified compound is
hesperidin and account at least 50% of the present flavonoids. The other majority flavonoids identify
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are hesperetin, naringin, rutin, nobiletin and tangeretin, with trace levels of catechin. p-Coumaric and
ferulic acids are the majority phenolic acids identify, followed in minor proportions by gallic acid,
hydroxybenzoic acid, chlorogenic acid, caffeic acid and 2-hydroxycinnamic acid. All the identified
compounds corroborate the results obtained by Karoui et al. (2013) [28], Chen et al. (2012) [29],
Toledo-Guillén et al. (2010) [30], and Montero-Calderon et al. (2019) [31], although their
characterizations were partials or incompletes, focusing in the majoritarian compounds.

In the bibliography the major part of the works uses the DPPH technique instead of the others.
The optimal value obtained for DPPH is higher than those obtained by Herndndez-Carranza et al.
(2016) (8.94 mg TE/g d.w.) [13] and Barrales et al. (2018) (4.30 mg TE/g d.w.) [18]. However, Lachos-
Pérez et al. (2018) [19] obtained an optimal result slightly higher (26.78 mg TE/g d.w.) but with a time
of 2 h, much higher that the optimized conditions.
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