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Abstract: The aim of this study is to characterize the antioxidant capacity and establish the profile of
polyphenolic compounds in walnut extracts (different extracts prepared from walnut leaf and green
husks). The correlation between bioingredients of the product tested and their ability to scavenge
free radicals and reduce them by chelating various metal ions were examined. Research technology
combining TG (thermogravimetry), FTIR (Fourier-transform infrared spectroscopy), high-performance
liquid chromatography system (HPLC) with electrochemical methods (cyclic and differential pulse
voltammetry) and spectrophotometric methods (ABTS, FRAP, and DPPH assays) was used to rate
the potential oxidation-reduction components of walnut extracts. A high affinity for scavenging
free radicals ABTS and DPPH was found for natural substances present in leaves and green
husks. The walnut is beneficial to health as it contains alpha-linolenic acid in its lipid fraction and,
as demonstrated in this study, its husks are rich in polyphenolics with high antioxidant capacity.

Keywords: walnut (Juglans regia L.); electrochemical oxidation; UV-VIS; antioxidant; ABTS; DPPH

1. Introduction

Natural polyphenols are a large group of secondary plant metabolites, arising from phenylalanine
or shikimic acid. These plant compounds perform an important function in counteracting different
types of stress factors, such as ultraviolet irradiation, aggression by pathogens, parasites, and plant
predators. Moreover, natural polyphenols affect the organoleptic properties of plants and foods of
plant origin [1]. In addition, these compounds are well-known for their advantageous effects on
human health. The literature describes their antioxidant, cardioprotective, cytotoxic, anti-inflammatory,
as well as antibacterial properties [2,3]. As they are widely found in plants, these substances are
a beneficial alternatives to antibiotics and additives of chemical origin. The application of plant
origin compounds as natural preservatives in the foodstuffs production because of their advantage to
human health has been intensively tested in recent years. Walnut leaves and husks are among the
sources studied. The deciduous tree Juglans regia L. is commonly called walnut and belongs to the
Juglandaceae family. Plant materials (leaves, bark, unripe nuts) obtained from this tree was commonly
used in folk medicine for its strong antioxidant capacity, antidiabetic, antibacterial, anti-inflammatory,
anti-atherogenic, and liver-protective properties [4,5]. The main active ingredients in raw material
are tannins (gallotannins and ellagitannins) and 1,4,5-trihydroxynaphthalene-4-beta-D-glucoside,
which is converted into a naphthoquinone derivative-juglon (5-hydroxy-1,4-naphthoquinone) during
drying of the leaves and green husks. Moreover, the walnut leaf contains flavonols (derivatives

Forests 2019, 10, 988; doi:10.3390/f10110988 www.mdpi.com/journal/forests


http://www.mdpi.com/journal/forests
http://www.mdpi.com
https://orcid.org/0000-0003-3785-1995
https://orcid.org/0000-0002-4054-0744
http://www.mdpi.com/1999-4907/10/11/988?type=check_update&version=1
http://dx.doi.org/10.3390/f10110988
http://www.mdpi.com/journal/forests

Forests 2019, 10, 988 2of 14

of quercetin and kaempferol), phenolic acids (caffeic, p-coumaric), and oils [6-10]. Furthermore,
Oliveira et al. (2008) [11] have shown that aqueous extracts of green husk or walnut leaves have
significant antioxidant properties. The phenolic compounds contained in the raw material are
responsible for the antioxidant effects. Walnuts are a rich source of linolenic, palmitic, oleic, and
stearic acid, phytosterols, nonsodium minerals, g-tocopherol, melatonin, vitamin E, and polyphenols.
The most important polyphenols in plant materials obtained from walnuts, are ellagitannins, which are
metabolized to urolithins, compounds with antioxidant, anti-inflammatory, cytotoxic as well as
prebiotic effects [12]. Anderson et al. and Jahanban-Esfahlan et al. [13,14] described that walnut
extract contains gallic acid, ellagic acid, and flavonoids, tannins, folate, proteins, melatonin and sterols
and minerals.

An alternative to traditional methods to determine the antioxidant effect of different extracts
of plant origin or natural substances are electrochemical methods. In recent years, these methods
have aroused great interest of scientists [15-17]. Electrochemical methods have many advantages,
such as quick, simple, and low price. In addition, these methods allow measurements in the presence
of colored or other masking compounds that may interfere with measurements by other methods,
e.g., spectrophotometric. The experimental parameters, which are useful in examination the antioxidant
properties of the analyzed compounds, such as peak potential (Epa) and peak current (ipa) can be
determined by using electrochemical methods. Low values of oxidation potentials (Epa) indicate the
tendency of a given molecule to donate electrons, therefore to demonstrate its strong antioxidant effect.
Cyclic voltammetry (CV) is the method used to test the properties of electrode processes, giving data on
the thermodynamics of electrode reactions and kinetics of electron transfer, as well as and also coupled
chemical reactions or adsorption processes. One more electrochemical method applied to examine the
antioxidant effect of the extracts of plant origin under study is differential pulse voltammetry (DPV).
This method is characterized by a good detection limit and high resolution [18-24]. Evaluation of
redox behavior by means of electrochemical characterizes provide an antioxidant profile. Furthermore,
it is possible to calculate the electrochemical index value, which is a reliable measure associated
with the antioxidant potential (EI) [15,25]. The aim of this work was to determine the antioxidant
capacity of leaf and walnut green husk extracts by using cyclic voltammetry (CV) and differential
pulse voltammetry (DPV). The methods are known for their suitability for food control and monitoring
the levels of antioxidant activity in samples of biological origin. The advantage of the CV and DPV
methods compared to traditional in vitro methods is that they are cheap methods, giving very precise
results and at the same time correlate with traditional methods, e.g., DPPH, ABTS.

In the last decade, FTIR spectroscopy has been shown to be a powerful method for the analysis
of natural molecules and of complex biological systems such as tissues and cells. An advantage of
FTIR spectroscopy is that this method can be applied to powdered, dehydrated, or aqueous samples.
The FTIR method is simple, selective, validated, and ecofriendly [26,27].

Scheme (Figure S1) of Polyphenolic Profile and Antioxidant Activity of Juglans regia L. Leaves and
Husk Extracts has been included in Supplementary Materials.

2. Materials and Methods

2.1. Reagents and Chemicals

Samples of leaves and green walnut husks of walnut were obtained from trees growing on the farm
in central Poland. Plant materials were taken from seven different walnut trees, variety: non-grafted,
age 16-years. The species was confirmed by a specialist in the field of horticulture. Plant materials were
harvested in October. The trees grow on a sandy clay loam, in temperate climate, southern exposure to
sun. The trees are bred in accordance with the principles of ecological horticulture.

The following reagents were used for the tests: 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) diammonium salt (ABTS, purity >98% (HPLC), Sigma Aldrich, Saint Louis, MO, USA), potassium
persulfate (99.99%, Sigma Aldrich, Saint Louis, MO, USA), 2,2-Diphenyl-1-picrylhydrazyl (DPPH,
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<100%, Sigma Aldrich, Darmstadt, Germany), 2,4,6-Tris (2-pyridyl)-s-triazine (TPTZ, >99.0% (HPLC),
Sigma Aldrich, Buchs, Switzerland), Iron (III) chloride FeCl; (pure P.A., Chempur, Piekary Slaskie,
Poland), hydrochloric acid HCI (Standard solution 40 mmol-L™1, Chempur, Piekary Slaskie, Poland),
acetate buffer solution (0.3 mol- L7}, pH 3.6, Chempur, Piekary Slaskie, Poland), 2,9-Dimethyl-1,
10-phenanthroline (Neocuproine, purity >98%, Sigma Aldrich, Beijing, China), copper (II) chloride
CuCl, (standard solution 0.01 mol-L~!, Chempur, Piekary Slaskie, Poland), ammonium acetate (NHAc)
buffer solution (1.0 mol- L1, pH 7.0, Chempur, Piekary Slaskie, Poland), ethyl alcohol (pure P.A., 96%,
POCH, Gliwice, Poland), acetonitrile (pure P.A., 99.5%, POCH, Gliwice, Poland).

Acetonitrile, chlorogenic acid, caffeic acid, (+)catechin, coumaric acid, cryptochlorogenic acid,
(-)epicatechin, ferulic acid, formic acid, gallic acid, ellagic acid, juglone, kaempferol, myricetin,
neochlorogenic acid, quercetin, quercetin 3-glucoside, quercetin 3-rhamnoside, rutin, sinapic acid,
syringic acid, quercetin and (+)-catechin were bought from Sigma-Aldrich (Steinheim, Germany).
Ultra purity water was done in the laboratory using a SimplicityTM Water Purification System
(Millipore, Marlborough, MA, USA).

2.2. Preparation of the Extracts

Material from the seven different walnut trees was collected for testing: leaves and green husks.
From the husks and leaves, collected from each of the seven trees, three leaves and husks extracts from
one tree were prepared. Concentration of all extracts were 50 mg/mL.

Leaves and husks of the walnut were cut into pieces and then ground in a ball mill. The particle
size of the shredded plant materials was less than 1 mm. Plant materials were extracted using a
five-fold volume of 70% ethanol under continuous mixing conditions (200 RPM, 25 °C). The extraction
was carried out at 25 °C and at dark for 7 days. The final extracts of leaves and husks of the walnut
were concentrated to constant weight using a rotary evaporator under reduced pressure conditions at
30 °C (Scheme 1).

Concentration ‘
to constant

Walnut leaves Grinding in
weight

Walnut husks ball mill

Extraction

Scheme 1. Preparation of extracts from walnut leaves and husks.

In all considered analysis, the tests were repeated three times on samples of husks and leaf extracts
obtained from seven trees. The average results are presented in the manuscript.

2.3. Measurement Methods

2.3.1. Thermal Decomposition

The thermogravimetric (TG) analysis of leaves and husks of the walnut was determined using
a Mettler Toledo Thermobalance (TA Instruments, Greifensee, Switzerland). The samples of 5 mg
were inserted in aluminum pans and heated from 25 °C to 800 °C under a dynamic nitrogen flow
(50 mL/min). A heating rate of 5 °C/min was used.

2.3.2. FTIR and UV-VIS Spectra

Using infrared spectroscopy (FTIR) and ultraviolet visible (UV-VIS) spectroscopy, the presence
of active plant substances in raw walnut leaves and its extract was investigated. Samples of leaves
and its extract were placed in the infrared beam output of a Nicoled 670 spectrometer (Thermo Fisher
Scientific, Waltham, MA, USA). Analysis of the oscillatory spectra obtained allows examine of the
functional groups with which the radiation interacted. The UV-VIS spectra of the walnut leaf extract
solution were recorded from a mixture of 0.2 mL of the extract and 1.8 mL of 70% ethanol. 70% ethanol
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was used as a blank. The mixture was scanned at 190-1100 nm using a UV-spectrometer (Evolution
220, Thermo Fisher Scientific, Waltham, MA, USA).

2.3.3. HPLC-PDA Analysis of Phenolic Compounds

Phenolic profiles were performed using a high-performance liquid chromatography system
(Waters, Milford, MA) that consisted of a gradient pump (1525), photodiode array detector (2998),
auto-injector (2707), and Breeze 2 system controller equipped with a 250 X 4.6 mm id, 5 pm
Symmetry C18 column (Waters). The mobile phase was a binary gradient with A, water/formic
acid (90:10, v/v), and B, water/acetonitrile/formic acid (40:50:10, v/v/v), with a flow rate of 1 mL/min [28].
The binary gradient was as follows: 100-12% B (0 min), 12-30% B (026 min), 30-100% B (26—40 min):
100% B (40-43 min), 12% B (43-48 min), and 12% B (48-50 min). Detector was set at 280 nm for
hydroxybenzoic acid derivatives and flavanols, 320 nm for hydroxycinnamic acid derivatives and
360 nm for flavonols. Phenolic compounds were identified by comparison of its retention time and
absorption spectra (240-500nm) with standards and literature [29-32]. The identified compounds were
quantified according to the peak area measurements, which were reported in calibration curves of the
corresponding standards. Unidentified hydroxybenzoic acids, hydroxycinnamic acids, and flavonols
were quantified as gallic acid, chlorogenic acid, and quercetin 3-galactoside, respectively. Data are
reported as means + standard deviations of two independent analyses.

2.3.4. Cyclic and Differential Pulse Voltammetry

Determination and testing of antioxidant capacity of compounds found in solutions obtained
from walnut leaf and husks extracts were made by electroanalysis using cyclic voltammetry (CV) and
differential pulse voltammetry (DPV). The tests were performed using an Autolab electroanalytical unit
(EcoChemie, Holland). The solution was placed in an electrolytic cell with three electrodes, the indicator
electrode being platinum with a geometric surface of 1 cm?, whose potential was measured against the
ferricinium/ferrocene reference electrode (Fc*/Fc). The third electrode was platinum as the auxiliary
electrode, and the current dependence of the potential of the indicator electrode in the potential range
from 0 V to 2 V was recorded. CV were recorded for a polarization rate (v) of 0.1 V - s~1. DPV were
recorded in the same potential range with modulation amplitude 25 mV, pulse width 50 ms (scan rate
(v)0.01V-s7h).

Before the measurements, oxygen dissolved in the solution was displaced with argon, and an
argon cushion was maintained on the test solution during measurement. The tests were determined
at25°C.

2.3.5. Antioxidant Activity Properties Measured by ABTS and DPPH Methods

The antioxidant capacity of walnut leaves were carried out by ABTS and DPPH assay. The methods
are based on the reduction of 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) ABTS and
2,2-diphenyl-1-picrylhydrazyl DPPH.

ABTS (6 mmol-L™!) and potassium persulfate (2.45 mmol-L~1) solution were mixed in ethanol,
in volume ratio 7:1:2 v/v/v, then the mixture was allowed to stand for 16 h to generate reactive radicals.
The ABTS/radical solution was diluted with ethanol to an absorbance of 0.70 at 734 nm. Then, 2 mL of
diluted ABTS solution was added to 50 pL of walnut leaves extract. Absorbance was recorded with a
UV-spectrometer (Evolution 220, Thermo Fisher Scientific, Waltham, MA, USA) at 734 nm.

The ethanol solution of the DPPH (2.0 mL) with a concentration 0.1 mmol-L~! was added to
0.5 mL of alcohol solution (70% ethanol) that contained 50 pL of walnut leaf extract. Then, after 10 min
of mixing, the absorbance of the solutions was determined at 517 nm.

The inhibition level (%) of the ABTS or DPPH radical (A%) was determined using the Equation (1):

Inhibition (A%) = ((Ag—A1)/Ag) X 100) 1)
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where A is the absorbance of the control (reagent mixture without plant extract), and A; is the
absorbance in the presence of the extract.

2.3.6. Determination of Ion Reduction—Iron by FRAP Method and Copper by CUPRAC Method

The FRAP method is based on reduction of ferric ion (Fe3*-TPTZ complex) under acidic conditions.
The solution of the oxidant in the FRAP method was obtained by the addition of 25 mL of acetate
buffer (0.3 mol-L~!, pH 3.6), 2.25 mL of TPTZ solution (10 mmol-L~! TPTZ in 40 mmol-L~' HCIl) and
2.25 mL of FeClz (20 mmol-L™! in water solution). Walnut leaf extract (0.2 mL) was added to the
oxidant solution and, after 4 min, absorbance at 595 nm was measured. As a blank, the reagent mixture
without walnut leaf extract was used.

The CUPRAC method is analogous to the FRAP method and involves the reduction of copper
ions. CuCl, (0.01 mol - L1, 0.25 mL), neokuproin ethanol solution (7.5 X 103 mol - L1, 0.25 mL) and
CH3;COONHy4 buffer solution (pH 7.0, 1 mol - L1, 0.25 mL) were mixed in a test tube, and then walnut
leaf extract (0.2 mL) was added. Absorbance at 450 nm was measured against blank reagent (reagent
mixture without walnut leaf extract) after 30 minutes incubation at 25 °C.

The ferric and cupric ions reducing power was calculated as Equation (2):

AA =Axr — Ag 2
where: Ag—absorbance of the reagent test, Asgr—absorbance of sample after reaction.
3. Results and Discussion

3.1. Characteristics of Thermal Decomposition of Plant Materials

In order to assess the thermal stability of walnut leaves and husks obtained, thermogravimetry
was performed by means of thermic analysis (Figure 1, Table 1). Decomposition temperature and
mass loss of plant materials were determined. The distribution of samples is in three-stage. The plant
substances in the leaf extract are slightly more stable than those found in the husks. This is evidenced
by the fact that 50% weight loss for the leaf extracts is recorded at 267 °C while for the husks 50% loss
is already achieved at 240 °C.

100
1 —— Walnut husks

90 —— Walnut leaves

80
701

60

Weight loss (%)

504

40-

304

100 200 300 400 500 600 700 800
Temperature (°C)

Figure 1. Thermogravimetry analysis (TGA) curves of plant materials: walnut husks and leaves.
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Table 1. Ty, T5p, and T¢5 of plant materials: walnut husks and leaves.

Sample Tz() T50 T65

Walnut husks 240 380 799
Walnut leaves 267 403 640

3.2. Analysis of Polyphenolic Profile of Extracts

The FTIR and UV-VIS analyzes were performed on a sample of raw plant leaf material as well
as on leaf extracts. To FTIR and UV-VIS analyzes, leaves and walnut leaf extract were selected as
samples representing the composition of the material obtained from the walnut tree. The FTIR and
UV-VIS spectroscopy of walnut husk and walnut husk extract has been described in another authors
publication [33].

Analysis of the composition of the extracts was made on the basis of FTIR and UV-VIS analyses
(Figure 2). The FTIR spectrum reflects the composition of the material. From the spectra, the presence
of phenol functionalities was confirmed. Absorption peaks present in the spectrum at about 3200 cm ™
are responsible for the phenol O-H stretching groups, while 1603 cm™ is from the resonance groups of
the aromatic C=C, and C-H aliphatic is between 2850 and 3000 cm~!. In the region of 1530 cm~!, a band
from in-plane bending of phenyl C-H bonds was noted. Absorptions at 1442 and 1325 cm™~! were
assigned to C-H deformations and in plane O-H bending. Peaks identified from 1200 to 1030 cm™! were
corresponded to C-O stretching and-OH deformation vibrations in secondary alcohols and phenols,
and also to C-O-C glycosidic linkage vibrations [34-37].

7

A FTIR Spectrum B FTIR Spectrum

— Walnut leaves —— Walnut leaves extract
- -
= =
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Q (5]
Q Q
= =
< <
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] ]
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< <
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Figure 2. Fourier-transform infrared (FTIR) spectrum of leaves of walnut (a) and extract of leaves of
walnut (b) and ultraviolet visible (UV-VIS) spectrum of extract of leaves of walnut (c).
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Sarai Agustin-Salaza [38] made a thorough analysis of the composition of nutshell extract by
means of FIA-ESI-IT-MS/MS method. The data obtained allowed description of the composition of the
extract examined, which contained, among others, (epi)gallocatechin, anthocyanidin, taxifolin, ellagic
acid, (epi)catechin, trans-resveratrol, gallic acid, coumaric acid, protocatechuic acid, trans-cinannamic
acid, and protocatechualdehyde.

The UV-VIS spectra of flavones and related glycosides exhibit two strong absorption peaks
at 300-380 nm and 240-280 nm [39]. The maximum absorbance of flavonol was determined at
350 nm [39]. Additionally, the peaks of natural phenolic acids, e.g., gallic acid, ferulic acid, p-coumaric
acids, and vanillic acid, have absorbance maxima in the range of approximately 290-350 nm [40—43].
Chlorophylls a and b exhibited maximum absorbance in the ranges 400-500 nm and 600-700 nm [44].

The results of qualitative and quantitative analyses of phenolic compounds by HPLC method
allowed to conclude that walnut extracts tested had the different phenolic profile (Table 2, Figure 3).
The contents of phenolic compounds was expressed in mg/g of extract as a mean value + standard
deviation (Table 2). Among the tested walnut extracts, higher content of total phenolics was found in
leaf extract. It contained about five times more phenolic compounds than walnut husk extract.

Table 2. Phenolic compounds content in walnut leaf extract and walnut husk extract.

Content (mg/g of Extract)

Compounds
Leaf Extract Husk Extract
Gallic acid 0.59 + 0.03 6.06 + 0.18
Syringic acid - 1.75+0.16
Other hydroxybenzoic acids ! 911+ 1.64 4.68 + 0.06
Ellagic acid - 0.44 +0.01
Neochlorogenic acid 11.20 +0.25 3.82+0.14
Chlorogenic acid 3.56 + 0.17 -
Caffeic acid 0.65 = 0.03 -
Sinapic acid 0.12 £ 0.01 0.73 £ 0.04
Ferulic acid 0.09 +0.00 -
p-Coumaric acid 0.07 +0.01 -
Other hydroxycinnamic acids 2 50.25+6.15 17.68 + 1.47
Myricetin 0.45 + 0.04 -
Quercetin 1.85 +0.31 -
Kaempferol 1.03 + 0.08 -
Quercetin 3-rhamnoside 8.04 + 0.52 0.94 + 0.04
Quercetin 3-galactoside 18.91 + 0.03 0.43 + 0.04
Rutin 0.23 = 0.03 -
Other flavonols 3 79.89 +1.12 2.47 +0.10
Total 186.04 +5.30  39.00 + 0.65

Mean + SD, n = 2. ! as gallic acid equivalents; 2 as chlorogenic acid equivalents; 3 as quercetin-3-galactoside equivalents.

The UV spectra of the compounds obtained by HPLC-PDA analysis revealed that flavonols (59.34%
of total phenolics) were the main groups of phenolic compounds in leaf extract while hydroxycinnamic
acids (57.00% of total phenolics) dominated in the husk extract. Among the identified phenolics,
quercetin 3-galactoside and gallic acid were the main compounds of walnut leaf and husk extracts,
respectively. Quercetin 3-galactoside was the main phenolic compound in the walnut leaves studied
by Pereira et al. [31]. Nour at al. [30] reported ellagic acid as the dominating phenolic acid of fresh
walnut leaves. Unfortunately, in the presented studies this compound was present only in the walnut
husk extract. The reasons for the lack of this substance in the tested extract is certainly how the plant
was collected, stored, and prepared. Literature reports that ellagic acid is present only in fresh plant.
Yield of extraction of walnut appears to depend on temperature. Higher temperature reduces the
efficiency of extraction. Juglone degrades in certain solvents and aquatic conditions that include
acetonitrile, methanol, acidic solutions, alkaline solutions, and saline water [45,46], but juglon is stable
in acidic conditions. According to the above-cited authors catechin hydrate and myricetin were the
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main flavonoids in walnut leaves. In contrast, our extracts did not contain catechins, while the content
of myricetin in the leaf extract was lower than other flavonol aglycons (quercetin and kaempferol).
In addition, in both extracts, no juglone (5-hydroxy-1-4-naphthoquinone) was found. According to
literature, juglone is present in considerable amounts in all green and growing parts of the tree but
because of polymerization phenomena, juglone only occurs in dry leaves at vestigial amounts [31,47].

Husk extract Leaf extract
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Figure 3. Chromatograms of walnut leaf and husk extracts at A = 280 nm, 320 nm, and 360 nm. Peaks:
1, gallic acid; 2, syringic acid; 3, ellagic acid; 4, neochlorogenic acid; 5, chlorogenic acid; 6, caffeic acid;
7, p-coumaric acid; 8, ferulic acid; 9, sinapic acid; 10, rutin; 11, Quercetin 3-galactoside; 12, myricetin;
13, quercetin 3-rhamnoside; 14, quercetin; 15, kaempferol; a, unidentified hydroxybenzoic acids;
b, unidentified hydroxycynnamic acids; ¢, unidentified flavonols.

3.3. Analysis of Properties of Extracts

The Electrochemical Behavior of Walnut Leaves and Husk at the Pt Electrode

Voltammetric analysis is used to evaluate the antioxidant properties of compounds found in
various plant extracts by many researchers [18-20], as well as in beverages [21] and biological fluids [22],
providing information on the value of peak potential and current [23]. The dependence of the current on
the potential of the indicator electrode is characterized by the electrochemical reactions of compounds
in solution on the tested electrodes. Electrochemical behavior of walnut extract solutions obtained
from leaf and husks is presented in Figures 4 and 5. The cyclic voltammetry (CV) method and the
differential pulse voltammetry (DPV) method, which is characterized by higher resolution, were used.
Typical cyclic voltammograms for the test extracts (first cycle) are shown in Figure 4. A voltammograms
was also recorded for the supporting electrolyte (0.1 mol-L ™! (C4Hy)4NCIOy in acetonitrile) which does
not show peaks in the range of potentials studied.
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Figure 4. Cyclic voltammetry (CV) electrooxidation of leaf extracts and walnut husks on the electrode
Pt;c=20 mg/dm3 in 0.1 M (C4Hg)4NClOy in acetonitrile, v = 0.1 V/s.
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husk
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Figure 5. Differential pulse voltammograms (DPV) electrooxidation of extracts from walnut leaf and
husks on the Pt electrode; ¢ = 20 mg/dm3 in 0.1 mol-L~! (C4Hg);NCIOy in acetonitrile.

On the voltammogram for the walnut leaf extract solution, four electrooxidation peaks are visible.
The first peak (I peak) is at a potential of 0.254 V, the second peak at 0.968 V, the third poorly developed
peak at 1.184 V potential and the fourth peak at 1.777 V potential. In the reverse polarization cycle on
the voltammogram, one peak is visible at a potential of 0.184 V, whereas on the voltammogram made
for walnut husk extract, three weakly formed peaks are observed, characterized by lower currents than
for the walnut leaf extract: first peak at 0.159 V potential, second peak at 0.764 V potential, and third
peak at 1.576 V potential. Peak currents for walnut leaf extract are higher than for walnut husk extract.

Because of the shape of the voltammograms (their profile), it can be stated that the extracts tested
are characterized by different qualitative and quantitative composition of compounds that oxidize
(different composition). The purpose of this work is to determine the antioxidant capacity of these
extracts. On the basis of voltammetric tests, it can be concluded that the antioxidant properties of the
extract of walnut leaves are enhanced, because it contains more polyphenolic compounds oxidizing in
the range of potentials tested than the walnut husks extracts.
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The use of the second DPV method is associated with its higher resolution and the elimination
of absorbable compounds, because they are not electroactive in this technique and, for this reason,
there are no visible peaks on the voltammogram [24]. The differential pulse voltammograms (DPV) for
the walnut extracts and basic electrolyte studied are shown in Figure 5. Four peaks are visible for the
walnut leaf extract: first peak at 0.194 V potential, second peak at 0.648 V potential, third peak at 0.905 V
potential, and fourth peak at 1.118 V potential. Regarding CV, a new peak at a potential of 0.648 V
appeared on the DPV, but there is no peak at a potential 1.777 V. This indicates better DPV resolution
and the adsorptive character of the electrooxidation of the compound at a potential of 1.777 V.

The DPV voltammogram obtained for walnut husks extract shows one peak at 0.144 V potential
and a second very poorly developed peak at 1.564 V potential. However, there is no peak visible on
the CV at 0.764 V potential. This indicates the adsorptive nature of the electrode reaction taking place
at this potential. Electrochemical tests performed using the DPV method and the potentials and peak
currents determined, confirm that the extract from walnut leaves has better antioxidant properties.
Electrochemical studies have shown better antioxidant properties of leaf extract, therefore further
spectrophotometric studies were performed for this extract only.

The electrochemical index (EI) was calculated taking into account the main voltammetric
parameters, peak potential (Epa), and peak current (Ipa). Based on the fact that the lower the
Epa (thermodynamic parameter), the higher is the electron donor ability, and the higher the I, (kinetic
parameter), the higher is the amount of electroactive species, EI was calculated using the following
equation [15,48]

EI :Ipal/Epal + IpaZ/EpaZ +oo-t Ipan/Epan- 3)

The determined parameters Ep,, Ipa and the calculated EI values for the examined extracts are
included in the Table 3.

Table 3. Peak potentials (Ep) and currents (Ip) determined from CV i DPV, antioxidant capacity (EI).

Method Peak I Peak II Peak III Peak IV ElLiotal

Ep (V) ip (UA)  Ep (V) ip (uA)  Ep (V) ip (MA)  Ep (V) ip (HA)

CV for husk 0.15 21.00 0.80 56.00 1.58 134.00
CV for walnut leaves 0.23 51.00 0.94 87.00 1.17 122.00 1.75 357.00
DPV for husk 10.15 9.07
DPV for walnut leaves 1.90 45.00 0.65 4.77 0.89 9.96 1.11 8.64
EI for husk (CV) 138.16 70.00 84.81 292.97
EI for walnut leaves (CV) 221.74 92.55 104.27 418.57
EI for husk (DPV) 0.89 0.89

EI for walnut leaves (DPV) 23.68 7.34 11.19 7.79 50.00

From the values presented in Table 3, it follows that walnut husks have better
antioxidant properties.

The literature [38] shows that nutshells contain a number of substances with antioxidant properties.
Another very interesting aspect is the presence of substances with bactericidal and fungicidal properties.
This last property is mainly due to the presence of juglone. As part of the publication, the antiradical
and reducing properties of the mixture of polyphenols present in the extract tested were examined.
Currently, in both medicine and other fields, researchers are looking for substances with strong
stabilizing properties. An additional advantage is their natural and renewable origin. Polyphenols
play a very important role in the absorption or neutralization of free radicals. According to the tests
carried out on the SET mechanism (transfer of a single electron), the walnut leaf extract showed some
antioxidant activity (Table 4). The inhibition of the subject examined by the reduction of free radicals
according to the ABTS and DPPH method extends to about 6.71%—6.94%, compared to the standard
herbal extract which has high antioxidant capacity, ranging from 8%-39%. A similar effect was noted
for the FRAP and CUPRAC methods. The power to reduce iron ions is 0.82 and copper 0.38 a.u.,
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in comparison with from 0.2 to 2 a.u. for a green tea extract [49]. From this, it can certainly be said that
substances present in the plant materials tested have strong antioxidant capacity. This work has been
attempted to correlate the key chemical parameters of biosubstances of extract including the radical
scavenging, chelating, reducing capacity with their electrochemical properties. It is surprising that
confirmation of one study in another was obtained. Both the electrochemical and spectrophotometric
parts are confirmed by the high antioxidant potential of substances present in the tested extract.

Table 4. Antioxidant capacity and ability to reduce iron and cooper ions of extracts of walnut leaves.

Method Walnut Leaves
Antioxidant capacity
ABTS inhibition [%] 6.94 + 0.35
DPPH inhibition [%] 6.72 + 0.34

Reduction of iron and cooper ions
FRAP Fed* —Fe?* (AA, a.u.) 0.82 + 0.04
CUPRAC Cu%*—Cul* (AA,a.u) 0.38 + 0.02

4. Conclusions

CV and DPV electrochemical methods were applied to determine the antioxidant capacity of leaf
extracts and walnut husks. They showed correlation with other methods such as spectrophotometric
analysis ABTS, DPPH, FRAP, and CUPRAC. Four qualitative peaks were designated on the basis of the
electrical tests. The first peak (I peak) is at a potential of 0.254 V, the second peak at 0.968 V, the third
peak at 1.184 V potential, and the fourth peak at 1.777 V potential. Substances present in the extract
with antioxidant capacity have a high affinity for scavenging free radicals, and less ability to reduce
transition metal ions. HPLC analysis shows the great advantage of the phenolic compounds in the
leaves relative to the husk. Unfortunately, there is no juglone, which is very unstable and quickly
degrades. Thermogravimetric analysis allowed determination of the thermal stability of the plant
materials. It was found that plant materials (leaf and husks) derived from walnut can be processed
up to 240 °C. It should be said that walnut extracts are very rich in materials that inhibit oxidation
processes. These bioactive compounds present in walnut extracts are suggested as an interesting
economical source of antioxidants for use in the food and nutraceutical [50-52] industries. The use of
electrochemical techniques in combination with spectrophotometric methods has allowed an in-depth
study of the antioxidant potential of bioactive substances present in the tested extract. The research
proposed and the results obtained would be of great interest to understand the relationship between
content and scavenging mechanism of all the nutrients in walnuts.

Supplementary Materials: The following are available online at http://www.mdpi.com/1999-4907/10/11/988/s1,
Figure S1: Scheme of Polyphenolic Profile and Antioxidant Activity of Juglans regia L. Leaves and Husk Extracts.
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