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A high-performance liquid chromatographic method with gradient
elution and diode-array detection was developed to quantify free
phenolic acids (gallic, vanillic, chlorogenic, caffeic, syringic, p-cou-
maric, ferulic, sinapic, salycilic, elagic and trans-cinnamic), flavo-
noids (catechin, epicatechin, rutin, myricetin and quercetin) and
juglone in walnut leaves. Chromatographic separation was per-
formed on a Hypersil Gold C18 column (5 wm particle size, 250 %
4.6 mm) and detection was conducted at three different wave-
lengths (254, 278 and 300 nm) according to the absorption maxima
of the analyzed compounds. Validation procedures were conducted
and the method was proven to be precise, accurate and sensitive.
The developed method has been applied to analyze walnut leaves
samples from nine different cultivars, with the same agricultural,
geographical and climatic conditions. The experimental results
revealed high concentrations of myricetin, catechin hydrate and
rutin, and low concentrations of quercetin and epicatechin agly-
cones. Ellagic acid was established as the dominating phenolic
acid of walnut leaves, followed by trans-cinnamic, chlorogenic and
caffeic acids. Juglone content varied between 44.55 and
205.12mg/100g fresh weight. Significant differences were
detected among cultivars for the concentration levels of phenolics.

Introduction

Phenolic compounds are secondary metabolites of plants and
are generally involved in the defense against ultraviolet radi-
ation or aggression by pathogens (1, 2). They have been asso-
ciated with diverse functions, including nutrient uptake,
protein synthesis, enzyme activity, photosynthesis, structural
components and allelopathy (3).

Several thousands of natural polyphenols have been identi-
fied in plants, many of them in plant foods, although a more
limited number are at significant levels in most human diets.
Dietary intake of phenolics is estimated to be approximately
one gram per day. This is significantly higher than that of all
other dietary antioxidants, including vitamin C, vitamin E and
carotenoids (4). Several studies showed that phenolic com-
pounds are the major bioactive phytochemicals with human
health benefits.

The term “plant phenolics” encompasses simple phenols,
phenolic acids, coumarins, flavonoids, stilbenes, hydrolyzable
and condensed tannins, lignans and lignins (3).

Phenolic acids comprise two primary groups, both of which
are hydroxy derivatives of aromatic carboxylic acids: benzoic
acid and cinnamic acid. They differ according to the number
and position of hydroxylations and methoxylations of the

aromatic ring (5). The most common hydroxycinnamic acids
are caffeic, p-coumaric and ferulic acids, which frequently
occur in foods as simple esters with quinic acid or glucose.
Probably the most well-known bound hydroxycinnamic acid is
the chlorogenic acid, which is a combination of caffeic and
quinic acids. Hydroxybenzoic acid derivatives are primarily
present as glucosides; p-hydroxybenzoic, vanillic and protoca-
techuic acids are most common (2). Phenolic acids occur in
plants at different concentrations, and each plant sample could
be specific enough for the presence of different phenolic acids
and their derivates in combination with the other groups of
phenolics (6).

Flavonoids are a large family of compounds (over 4,000 flavo-
noids have been identified) synthesized by plants that are cate-
gorized, according to chemical structure, into flavonols,
flavones, flavanones, isoflavones, anthocyanidins and flavanols
(catechins and proanthocyanidins) (1). Apart from their physio-
logical roles in plants, flavonoids are considered to be import-
ant components in the human diet, although they are generally
considered non-nutrients. Flavonoid intake can range between
50 and 800 mg a day, depending on the diet: consumption of
vegetables, fruits, red wine, tea and unfiltered beer. Another
significant source of flavonoids includes different medicinal
plants and related phytomedicines (3).

Epidemiological data suggest that the consumption of plant-
derived antioxidants such as flavonoids and phenolic acids pre-
vents various diseases. Phenolic acids show a broad spectrum
of pharmacological activity; they have antioxidant, antimuta-
genic, antitumor and anticarcinogenic properties (5, 7). They
have also been found to possess antiviral and antibacterial prop-
erties (6). Also, several pharmacological effects have been
ascribed to flavonoids, such as central vascular effects and anti-
inflammatory, antihepatotoxic, antitumor, antimicrobial, anti-
viral and enzyme-inhibiting activities (8).

Walnut leaves have widely been used in folk medicine for
treatment of venous insufficiency and hemorrhoidal symptom-
atology, and for their antidiarrheic, antihelmintic, depurative
and astringent properties. Keratolytic, antifungal, hypoglycem-
ic, hypotensive, anti-scrofulous and sedative activities have also
been described (9—11). Several of these traditionally attributed
actions may be due to tannins known to occur in these leaves,
but also to several phenolic compounds, namely flavonoids
and phenolic acids (8). Different works have investigated the
phenolic composition and the antimicrobial and antioxidant
properties of walnut leaves (8, 9, 12—15).

Phenolic acids, flavonoids and naphthoquinones are the
primary phenolic compounds in walnut leaves. One constituent
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in particular that is unique to walnuts, juglone (5-hydroxy-1,
4-napthoquinone), is a chemical compound released by walnut
trees, which can be toxic at various levels to several plant
species. Juglone is present in considerable amounts in all
green and growing parts of the tree and unripe hulls of the
nuts, whereas the juglone level in kernels is either low or
absent (106).

The determination of phenolic compounds in walnut leaves
is important both for their characterization and to facilitate
more efficient uses of this important plant resource.

There are several methods for the determination of phenolic
acids and flavonoids in plants and foods. These include thin-
layer chromatography (TLC) (17), gas chromatography (GS)
(18), high-performance liquid chromatography (HPLC) alone
or coupled with mass spectrometry (MS) (5-8, 12, 19-25),
capillary electrophoresis (CE) (2, 26—29) and micellar electro-
kinetic chromatography (MEKC) (30, 31). In the last 20 years,
HPLC has been the analytical technique that has dominated
the separation and characterization of phenolic compounds
(32, 33).

In the present work, a new reversed-phase HPLC method
with diode array detection was developed for the identification
and quantification of 17 major phenolic compounds; namely,
phenolic acids (gallic, vanillic, chlorogenic, caffeic, syringic,
p-coumaric, ferulic, sinapic, salycilic, elagic and frans-cinnamic
acids), flavonoids (catechin hydrate, epicatechin, rutin, myrice-
tin and quercetin) and juglone that are present in walnut
leaves. The method was applied to walnut leaves of nine differ-
ent cultivars growing under the same agricultural, geographical
and climatic conditions.

Materials and Methods

Chemicals
Standards of phenolic acids (gallic, vanillic, chlorogenic, caffeic,
syringic, p-coumaric, ferulic, sinapic, salycilic, elagic and trans-
cinnamic), flavonoids (catechin, epicatechin, rutin, myricetin
and quercetin) and juglone were purchased from Sigma-Aldrich
(Germany).

Methanol (HPLC gradient grade) was purchased from Baker
(Netherlands), acetic acid (HPLC grade) was purchased from
Merck (Germany) and 2,6-di-tert-butyl-4-methylphenol, butyl-
hydroxytoluene (BHT) was from Sigma-Aldrich (Germany).
Water used throughout the experiments was obtained from an
SG water purification system (Germany).

Samples

Studies were conducted on walnut leaves from nine cultivars
(Fernette, Vina, Muscelean, Fernor, Pedro, Valrex, Orastie,
Hartley and Valcor). Fresh leaves of the different cultivars were
collected on July 15, from an experimental plantation at
Ramnicu Valcea (Romania) research station (located at 45° 07’
N / 24° 22' 21" E), and preserved by freezing at —40°C.

All samples were extracted and analyzed in triplicate.
Intergenotype significance of differences was calculated
according to the LSD test. Data were reported as means +
standard error of the mean. Differences at P < 0.05 were con-
sidered to be statistically significant.
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Sample preparation

Walnut leaves were finely chopped and phenolics were
extracted from 1,000 mg samples in a DK 102p Bandelin ultra-
sonic bath with 20 mL methanol and 1% BHT at 25°C for
40 min. Extracts were centrifuged at 1,200 x g and the super-
natants were filtered through a 0.2 um polyamide membrane
and stored at —20°C.

HPLC equipment

HPLC analyses were performed on a Finningan Surveyor Plus
system (Thermo Electron Corporation, San Jose, CA) including
a vacuum degasser, a Surveyor Plus LCPMPP pump, a Surveyor
Plus ASP autosampler and a PDASP diode array detector with
5 cm flow cell and with Chrom Quest 4.2 system manager as
data processor. Separation was achieved by a reversed-phase
Hypersil Gold C18 column (5 pm particle size, 250 X 4.6 mm)
provided by Thermo Electron Corporation.

Chromatographic analysis of phenolic compounds

The mobile phase consisted of 1% aqueous acetic acid solution
(A) and methanol (B). Samples were eluted with the following
gradient: 90% A from 0 to 27 min, from 90 to 60% A in 28 min,
60% A for 5 min, from 60 to 56% A in 2 min, 56% A for 8 min,
from 56 to 90% A in 1 min and 4 min 90% A to re-establish the
initial conditions, before the injection of another sample. All
gradients were linear. The flow rate was 1 mL/min and the in-
jection volume was 5 pL. Column temperature was maintained
at 20°C.

Chromatograms were acquired at three different wavelengths
(254, 278 and 300 nm) according to absorption maxima of
analyzed compounds.

Each compound was identified by its retention time and by
spiking with standards under the same conditions. The iden-
tities of constituents were also confirmed with a photodiode
array (PDA) detector by comparison with ultraviolet (UV)
spectra of standards in the wavelength range of 220-450 nm.
Each compound was quantified according to the peak area
measurements, which were reported in calibration curves of
the corresponding standards. Data are reported as means +
standard deviations of three independent analyses.

Validation of the HPLC method

The following requirements related to linearity, limits of detec-
tion (LODs) and quantification (LOQs), accuracy and precision
were taken into account in the validation process.

Linearity

The linearity of the detector response (peak area versus con-
centration) was evaluated by preparing five mixed calibration
solutions (S1-S5). Each standard solution was injected in tripli-
cate into the HPLC system and the calibration curves were
established by plotting peak areas against the corresponding
concentrations for each standard compound. The correlation
coefficients were used as the measure of linearity.
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LOD and LOQ

The LOD and LOQ of the individual compounds were calcu-
lated based on a signal-to-noise (S/N) ratio > 3, using the fol-
lowing formulas:

LOD = 3 x ¢/(S/N),LOQ = 10 x ¢/(S/N)

where ¢= concentration.
The S/N ratio was calculated by the Chrom Quest 4.2
software.

Precision

The repeatability of the retention times was determined from
all injections of the five mixed calibration solutions made for
linearity and were expressed by relative standard deviation
(RSD).

Peak areas were checked for repeatability at two concentra-
tion levels by injecting the mixed standard solutions S1 and $4
into the HPLC system and calculating the RSD for 10 replicate
determinations.

The precision (repeatability) of the method was evaluated
based on the results for walnut leaves samples, calculating the
average RSDs of peak areas obtained at three different times
with six repetitions.

Accuracy

The accuracy, which was described as the percentage recovery
of all analytes, was evaluated at two concentration levels by
spiking the investigated walnut leaves extracts with mixed cali-
bration solutions (S2 and S5). Three samples were prepared for
each level. The contents of investigated compounds were pre-
viously determined in the extract of non-spiked walnut leaves.
For each phenolic compound, the recovery was calculated
based on the ratio of the obtained amount in the spiked
extract to the calculated amount (sum of the amounts originat-
ing from extract and standard).

Results and Discussion

Validation of the HPLC method

A chromatogram of the external standard mixture recorded at
278 nm is presented in Figure 1. As shown in the chromato-
gram, all investigated compounds had responses at 278 nm,
where they were successfully separated. The constituents
under investigation were also identified by the recorded
absorption spectra, which were comparable both for extracts
of walnut leaves and standard substances.

The regression equation and linearity range for each com-
pound, together with LOD and LOQ values, are shown in
Table I. Good response linearity was obtained for all com-
pounds (R* > 0.9987) in the ranges of standard concentrations
analyzed by using the wavelengths of maximum absorption
(Table 1).

The repeatability of the retention times for all standards was
below 1% and the repeatability of peak areas for S1 and S$4 stan-
dards was below 2%. Also, the RSDs of the results for samples
of walnut leaves were all less than 2%, proving the precision of
the method, while the recoveries were very high (more than
89.8%) for all analytes, proving the method’s accuracy.

By analyzing the results presented in Tables I and II, it can
be concluded that the developed method is precise, accurate
and sensitive enough for the simultaneous quantitative evalu-
ation of the investigated phenolic compounds in walnut leaf
extracts.

Under the described chromatographic conditions, this
method enabled accurate resolution of the mixture of 17 phe-
nolics commonly encountered in plant material, including
those that are most abundant. This method was applied in
routine measurement of the phenolic contents of walnut leaves
from nine cultivars: Fernette, Vina, Muscelean, Fernor, Pedro,
Valrex, Orastie, Hartley and Valcor.

Analysis of walnut leaves samples

A chromatogram of walnut leaf extract is presented in Figure 2.
As shown in the figure, this method enabled very good reso-
lution of all phenolic compounds of interest in these samples.

The contents of investigated phenolic compounds was
expressed in mg/100 g fresh weight (FW) as a mean value +
standard deviation (Table III).

The results for phenolic acid contents revealed that ellagic
acid was the most abundant phenolic acid in all samples, fol-
lowed by trans-cinnamic and chlorogenic acids.

The ellagic acid content ranged from 38.56 to 134.54 mg/
100 g FW, which represents a 3.5-fold difference between
Pedro and Hartley cultivars. Previous experimental results have
indicated that ellagic acid is a major component of walnuts
(34-30), and it has been proposed to exert anti-atherogenic,
anti-carcinogenic and antioxidative properties (37—41). Daniel
et al. (42) found 59 mg/100g ellagic acid in walnuts, and
Stampar et al. (35), after analyzing walnut husks collected at
four different sampling dates, found that the content of ellagic
acid ranged from 3.9 to 983 mg/100g dry weight (DW).
Likewise, Colaric et al (34) found ellagic acid to be predomin-
ant in walnut kernel and pellicle (average values of 5.90 and
12898 mg/100 g, respectively).

The amount of chlorogenic acid ranged between 3.9 and
7.14 mg/100 g FW, and there were also significant differences
due to cultivars. Chrzanowski et al. (43) found 15.3 mg/100 g
DW chlorogenic acid in walnut leaves and 30.67 mg/100 g DW
in green husks, both collected in July, and Stampar et al. (35)
found 7.56 mg/100 g DW chlorogenic acid in walnut husks col-
lected in July. Regarding #rans-cinnamic acid, this study found
an average content of 7.92 mg/100 g FW, while Chrzanowski
et al. (43) found 8.75 mg/100 g DW trans-cinnamic acid in
walnut leaves collected in July.

Among the investigated cultivars, significantly high contents
of these phenolic acids located in the top three (ellagic, trans-
cinnamic and chlorogenic) were found in leaves of the culti-
vars Pedro, Valrex and Fernor. Cosmulescu et al (44), in a
study on 12 different walnut cultivars, found the highest
content of total phenolics in the leaves of Valrex, followed
closely by Fernor. Additionally, in this study, walnut leaves of
the cultivar Fernor showed significantly higher contents of
catechin-hydrate and epicatechin, while Valrex was distin-
guished for having the highest contents of caffeic, p-coumaric,
vanillic acids and rutin.

At lower concentrations, phenolic acids found in walnut leaves
were caffeic, ferulic, sinapic, salycilic, syringic, p-coumaric, gallic
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Figure 1. Chromatogram of an external standard mixture at A\ = 278 nm. Peaks 1, gallic acid; 2, catechin hydrate; 3, vanillic acid; 4, chlorogenic acid; 5, caffeic acid; 6,
syringic acid; 7, epicatechin; 8, p-coumaric acid; 9, ferulic acid; 10, sinapic acid; 11, salicylic acid; 12, rutin; 13, ellagic acid; 14, myricetin; 15, juglone; 16, trans-cinnamic acid;

17, quercetin.

Table |
Parameters of Calibration Curves, LOD and LOQ for HPLC Method Validation
Analyte X (nm) Concentrations (mg/L) Retention time (min) Calibration curve LOD (mg/L) L0Q (mg/L)
S1 S2 S3 S4 S5 intercept slope r?
Vanillic acid 254 5 10 15 20 25 27.35 0.6042 1.16663 e—005 0.9994 0.133 0.443
Rutin 254 10 20 30 40 50 57.74 0.8447 4.74197 e-006 0.9989 0.053 0.176
Ellagic acid 254 10 20 30 40 50 60.81 -0.3113 2.21081 e—-005 0.9988 0.162 0.539
Myricetin 254 10 20 30 40 50 61.40 —-0.4929 1.38462 e—005 0.9993 0.122 0.406
Juglone 254 10 20 30 40 50 62.37 -0.0487 1.02449 e—-005 0.9991 0.117 0.390
Quercetin 254 5 10 15 20 25 70.50 0.2500 1.01167 e-005 0.9992 0.126 0.420
Gallic acid 278 5 10 15 20 25 5.42 0.3109 1.26622 e—005 0.9992 0.179 0.599
Catechin hydrate 278 40 80 120 160 200 20.14 27311 5.68028 e—005 0.9999 0.905 3.019
Syringic acid 278 10 20 30 40 50 37.10 4.8145 7.80232 e-006 0.9997 0.227 0.759
Epicatechin 278 40 80 120 160 200 41.37 1.3485 5.73111 e-005 0.9987 0.348 1.162
Trans-cinnamic acid 278 5 10 15 20 25 68.32 —0.2451 4.99316 e—006 0.9993 0.029 0.095
Chlorogenic acid 300 10 20 30 40 50 29.07 1.4673 1.58729 e—005 0.9995 0.243 0.812
Caffeic acid 300 5 10 15 20 25 31.06 0.2171 8.52071 e—006 0.9998 0.095 0.319
Coumaric acid 300 5 10 15 20 25 46.13 0.1255 5.60511 e—~006 0.9989 0.033 0.109
Ferulic acid 300 5 10 15 20 25 50.02 -0.0627 9.21424 e-006 0.9997 0.045 0.130
Sinapic acid 300 5 10 15 20 25 51.28 —0.2589 1.22805 e—005 0.9994 0.050 0.167
Salicylic acid 300 10 20 30 40 50 52.12 0.6164 2.71310 e-005 0.9996 0.212 0.707

and vanillic. Significant differences were also found for the
contents of these compounds among various cultivars.

A recent study on naturally occurring phenolic acid mixtures
extracted from the leaves of black currant, sour cherry and
walnut, and from the green husks of walnut, revealed that
ferulic acid was found only in J. regia (45). This study found
ferulic acid contents between 045 and 1.26 mg/100g FW,
values much lower than those reported by Chrzanowski et al.
(43) (9mg/100g DW and 29.25mg/100g DW for walnut
leaves collected in May and July, respectively). Instead, Stampar
et al. (35) reported a ferulic acid content of 0.91 mg/100 g
DW for green husks of walnut sampled in July.

Gallic acid was found in low amounts (0.14—0.50 mg/100 g
FW), which compared reasonably well with the content
found by Chrzanowski et al (43) in July walnut leaves
(1.26 mg/100 g DW). At the same time, Chrzanowski el al.

886 Nour et al.

found no syringic acid in leaves collected in July, but only in
those collected in May and in green husks, while this study
found low contents of syringic acid in July leaves, in the range
of 0.018-1.42 mg/100 g FW.

Vanillic acid was found in the lowest concentrations and,
moreover, it was not detected in leaf samples of Orastie and
Hartley.

Juglone is known as the characteristic compound of Juglans
spp. and is reported to occur in fresh walnut leaves (46, 47).
Lately, the interest in juglone has increased because several
studies revealed that juglone exerts cytotoxic and genotoxic
effects against cultured melanoma tumor cells, thus significant-
ly decreasing the proliferation of tumor cells (48). Also, juglone
is reported to be a potential anticancer drug based on its
strong inhibitory properties of the peptidyl-prolyl isomerase
Pinl, a therapeutic target for anticancer research (49).
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Girzu et al. (50), by using HPLC, determined that fresh
walnut leaves contain significant amounts of juglone (up to
500 mg/100 g DW), while Thakur and Cahallan (51) found that
juglone content in fresh leaves collected during the first week

Table Il
Parameters Related to Precision and Accuracy for HPLC Method Validation

of August was in the range of 13.1 to 1556.0 mg/100 g DW on
the basis of 1,121 samples of tree leaves, with an overall mean
juglone content of 357 mg/100g DW. This study found a
juglone content between 44.55 and 205.12 mg/100 g FW. The
obtained results were comparable with those reported by
Babula etz al (52), who determined in Persian walnut leaves a
juglone content of 200-400 mg/100g FW by using electro-
chemical methods. In healthy walnut husks, Stampar et al. (35)
found higher juglone contents, ranging between 218 and

Analyte Precision, RSD (%) Precision Accuracy 1404 mg/100 g DW, while Cheniany et al (53) found between
of the 21.18 and 3847 mg juglone/100g DW in microshoots of
Retention Peak areas ?gg)h?‘g) Recovery (%) J regiol cultivars. . .
times Most of the flavonoids present in plants are attached to
%E(V;:) EE(V;'” Level 1 Level 2 sugars (glycosides), although they are occasionally found as
aglycones (54). Therefore, previous studies have identified and
\F:a't“.'”'c acid ggé? g‘ggg gggg 1‘2‘35 188% f ég 13?-? f (1]17 quantified the following flavonoids in walnut leaves: quercetin
utin ) ) . . 640 140 . ; L . .
Ellagic acid 0539 0556 0897 1543 9%3+16 987+ 09 3-galactoside, quercetin 3-arabinoside, quercetin 3-xyloside,
Myricetin 0331 0721 0543  1.108 898+ 11 919+19 quercetin 3-rhamnoside and two other partially identified quer-
‘éﬂ%'roc’:;n g'ﬂg g'ggg g'gg? Hgé g?gf?'g gggf}é cetin 3-pentoside and kaempferol 3-pentoside derivatives (8,
Gallic acid 0.122 0908 1.083 1619 989+ 16 1002 + 0.6 9). In this study, some flavonoids were identified and quantified
EaéeChin 0.366 0484 0425  1.166 925412 929+ 21 as aglycones. Thus, myricetin, one of the most common flavo-
S\ériféi acid 0.309 1082 0967 1722 934418 945+ 18 nols, was found in concentrations between 81.01 and
Epicatechin 0.482 0644 0782 1464 987+ 1.1 996+ 09 23099 mg/100 g FW. Myricetin contents in walnut leaves
T’a_gs'c'””am'c 0.188 0828 0872 1885 963+06 978+£12  have not been reported in other papers, but Lugasi et al. (55)
acl . . . .
Chiorogenic 0.166 0891 0663 1.028 974+09 996+11  found an extremely high level of myricetin in walnut
acid (4565 mg/100 g), and Stampar et al (35) found myricetin
Gooos 0115 S0 50520 hercen 288 nd 25me/ 1005 DY in walnut husks Thes
Ferlic acid 0.384 0965 1121 1801 922+18 91+14  high amounts of myricetin can contribute to the health bene-
Slﬂlf'iD'lP acid 0~§23 1.161 0823 1.337 973 +£10 992411 fits of walnut leaves, because, apart from the potent antioxidant
Saliylic acid 0.23 0581 07 1667 977408 1005408 and free-radical scavenging activities of myricetin (506), several
280
260 12
240
220
200
180
160
140
=
<
E 120
100
®
15
1
)
16
40
2 17
1
“.
.20
0 3 10 15 20 25 30 35 40 45 50 55 60 65 70 5]

Minutes

Figure 2. Chromatogram at N\ = 278 nm of the extract of walnut leaves. Peaks: 1, gallic acid; 2, catechin hydrate; 3, vanillic acid; 4, chlorogenic acid; 5, caffeic acid; 6,
syringic acid; 7, epicatechin; 8, p-coumaric acid; 9, ferulic acid; 10, sinapic acid; 11, salicylic acid; 12, rutin; 13, ellagic acid; 14, myricetin; 15, juglone; 16, trans-cinnamic acid;

17, quercetin.
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Table 11l

Phenolic Compounds in Samples of Walnut Leaves (mg/100 g FW)*

Mean

Cultivar

Compound
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Pedro Valrex Orastie Hartley Valcor
ND ND

Fernor

Muscelean

Vina

Fernette

0.13+0.17
99.08 + 53.06
84.62 + 38.06
141.05 + 59.23
88.73 + 52.90

0.22 + 0.028"
86.98 + 2.02
91.64 + 2.18

204.68 + 4.23"

0.48 + 0.056"
186.76 + 5.66"
128.61 + 2.08"

230.99 + 4.46'

0.01 + 0.001
153.95 + 6.06"
13454 + 2.89"
98.67 + 1.70
108.08 + 2.87

0.10 + 0.004

Vanillic acid

Rutin

0.03 + 0.001
78.04 + 3.61
67.34 4+ 2.37
91.71 + 1.67
48.23 + 2.45

311 +0.07

0.39 4+ 0.03

304.93 + 4.58

0.02 + 0.001
47.39 + 1.89

0.04 + 0.002
57.83 £+ 3.17
55.12 4+ 2.16

117.66 + 2.07

33.97 + 1.06
38.57 + 0.97
114.96 + 1.88
51.90 + 1.67

96.62 + 4.05
70.96 + 1.90
218.40 + 4.89"
86.21 + 2.33

150.24 + 4.59

130.00 + 3.33°
81.02 + 1.14

80.62 + 3.19

4488 +1.34

111.32 £ 1.89

Ellagic acid
Myricetin

128.26 + 3.06"

205.13 + 5.117

339 + 0.04
0.15 + 0.01

227 +0.02
032 +0.03
457.11 + 6.67"

45.35 + 1.89
1.53 4+ 0.05

44.55 + 2.27

Juglone

320+ 1.24
0.30 +0.13
212.81 + 145.50

3.30 +0.03
0.15 +0.02
77.91 +1.89
0.21 +0.02
6.35 + 0.16
971 +£0.23
527 +0.12
2.46 + 0.05
0.14 £ 0.01
0.97 +0.02
0.63 + 0.03
032 £0.01

5.17 4 0.05" 2.64 4 0.02

032 + 0.02
50.78 + 1.25

4.78 4 0.05"
0.21 + 0.02

1.79 4+ 0.06
0.18 +£0.01

145.35 4 5.55

Quercetin

0.48 + 0.04'
213.87 + 2.66

Gallic acid

0.50 + 0.02'
381.37 +6.79"

59.03 + 1.88
0.02 + 0.002
6.43 + 0.16
9.22 +£0.23
5.74 + 0.17

224.89 + 2.28
0.62 + 0.01
1.20 + 0.09

15.08 + 0.51"

0.76 + 0.02
217 4+ 0.03
9.58 £+ 0.33
451 +0.19
0.15 + 0.01
0.42 £+ 0.02

0.74 + 0.01
0.22 +0.01
6.92 +0.19
436 +0.11

Catechin hydrate
Syringic acid

0.66 + 0.47
5.53 + 6.21
7.92 +4.30
521 +1.18

0.65 + 0.02
7.28 +0.20
3.21 +£0.05
4.15 +0.09
0.80 £0.10
0.14 £ 0.01
0.62 +0.02
0.80 + 0.03

0.22 +0.01
0.63 +0.02
3.13+£0.11
3.90 +0.10

1.42 + 0.02'
2041 4+ 0.27"
11.75 + 0.33"

1.29 + 0.02'
5.04 + 0.07
255 +0.12
478 +0.27

Epicatechin

Trans-cinnamic acid
Chlorogenic acid
Caffeic acid

7.14 + 028"
1.84 £ 0.09
042 +0.03

6.96 + 0.30"
1.28 + 0.06
0.27 4+ 0.01
0.69 + 0.02

1.73 £ 1.60
0.35+0.21
0.90 +0.35
0.85 + 0.31

3.06 +0.16"
0.17 + 0.01
059 + 0.02
0.35 + 0.02
117 +0.01

5.04 + 0.19'

0.14 +0.01
0.28 +0.01
0.86 + 0.02

057 + 0.03
0.67 +0.03"
0.46 + 0.02
0.78 + 0.03

0.69 + 0.04
1.04 4 0.02
061 + 0.01
1.36 + 0.02

p-Coumaric acid
Ferulic acid

1.26 + 0.04
0.80 + 0.02
1.64 + 0.03

1.56 + 0.07"

1.30 + 0.04'
138 + 0.02

118 + 0.04"

1.80 + 0.04

1.20 £ 0.03'

Sinapic acid

221+ 0.02°

1.84 + 0.06"

142 + 054

1.10 £ 0.05

Salicylic acid

y different lowercases indicate significant difference among cultivars versus Mean.

*Means + SD followed b
n < 0.05.

studies have demonstrated that myricetin exhibits favorable
effects on bone health, either by decreasing bone resorption or
by increasing osteoblastic activity and bone formation (57, 58).
Rutin (quercetin-3-rutinoside), another flavonoid with high
antioxidant activity that inhibits DNA oxidation (56), was also
found in high amounts in walnut leaves, i.e., between 33.96 and
186.76 mg/100 g, while quercetin aglycone content was found
in low concentrations, between 1.528 and 5.166 mg/100 g FW.

Conclusions

An RP-HPLC method with diode array detection was developed
for determining 17 pharmacologically active phenolic com-
pounds in walnut leaves. In previous studies, only a few individ-
ual phenolics had been determined in walnut leaves. The
proposed HPLC assay showed good separation of the com-
pounds and proved to be efficient, precise and accurate, there-
fore, it could be used for the simultaneous determination of
phenolic acids, flavonoids and juglone present in walnut leaves.

The experimental results indicated that walnut leaves
contain high concentrations of juglone, comparable to those
obtained in previous studies.

Based on these results, ellagic acid was established as the
dominating phenolic acid of walnut leaves. Although the other
phenolic acids are present in much lower concentrations, they
could contribute to a great deal to the antioxidant activity of
walnut leaves.

Determinations of some flavonoids revealed high concentra-
tions of myricetin, catechin hydrate and rutin, and low concen-
trations of quercetin and epicatechin aglycones.

The results show that composition is highly affected by
differences in the plant genotypes.
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