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Abstract A rapid and selective analytical method was
developed to simultaneously quantify seven polyphenolic
compounds (gallic acid, catechin, epicatechin, quercetin,
kaempferol, syringic acid and p-coumaric acid). 15 phe-
nolics of diverse groups in 80 % ethanolic extracts of
jacquemont’s hazelnut (Corylus jacquemontii) kernels and
its byproducts from western Himalaya using ultra-perfor-
mance liquid chromatography coupled with tandem mass
spectrometry (UPLC-MS/MS) were identified. The devel-
oped analytical method showed excellent linearity,
repeatability and accuracy. Total phenols concentrations
were found to be 4446, 1199 and 105 mg gallic acid
equivalent (GAE)/Kg of dried extract for jacquemont’s
hazelnut skin, hard shell and kernels respectively.
Antioxidant potential of defatted, raw jacquemont’s
hazelnut skin, hard shell and kernel extracts assessed by
2,2'-azino-bis  (3-ethylbenzothiazoline-6-sulfonic  acid)
diammonium salt (ABTS), 2,2’-diphenyl-1-picrylhydrazyl
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(DPPH) methods were increased in a dose-dependent
manner. The ICsy values were observed as 23.12, 51.32,
136.46 and 45.73, 63.65, 169.30 pg/ml for jacquemont’s
hazelnut skin, hard shell, kernels by DPPH and ABTS
assays, respectively. The high phenolic contents in
jacquemont’s hazelnut skin contributed towards their free
radical scavenging capacities.

Keywords Corylus jacquemontii - UPLC-MS/MS -
Hazelnut extracts - Phenolics - Antioxidant activity

Introduction

Jacquemont’s hazelnut, Corylus jacquemontii (syn. Cory-
lus colurna var. lacera, Betulaceae), commonly known as
Thangi or Thankoli, a deciduous tree around 21 m high,
flowers from April to May and seeds ripen from September
to October, is one of the most esteemed tree nut of the
western Himalayan region (Badhwar and Fernandez 2011).
Recently, the US Food and Drug Administration (FDA)
recognized edible nuts as “heart healthy” foods. Frequent
nut intake is associated with low risk of cardiovascular
disease and cancer (Surh 2003; Hertog et al. 1993; Ness
and Powles 1997). Accumulation of high content of good
quality fat, high level of dietary fiber and bioactive mole-
cules, makes edible tree nuts a qualifying candidate of
healthy diets (Sabate et al. 2006; Ros and Mataix 2006;
Salas-Salvado et al. 2006; Esatbeyoglu et al. 2013: Arya
et al. 2016). The antioxidant efficacies of diverse nuts and
their byproducts were globally explored and several pub-
lished communications demonstrated nut byproducts as a
very rich source of natural phenolics with potential
bioactivities (Shahidi et al. 2007; Blomhoff et al. 2006;
Wijeratne et al. 2006; Sang et al. 2002; Yurttas et al. 2000).
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Hazelnuts (all varieties) are typically consumed whole
(raw, with skin or roasted, without skin) and its paste is
extensively used as a major ingredient in a variety of
processed food products of dairy and bakery. Hazelnuts
also have extensive applications in development of outputs
other than foods, including cosmetics and pharmaceuticals
(Santamaria et al. 2003; Sullivan et al. 2014). The complete
fruit consist of kernel covered outside by a hard shell
(Suppl. Figure 1). Hard shell has commercial value and
currently used as a heating source upon burning. Skin, hard
shell, green leafy cover and tree leaves are byproducts
derived from processes like roasting, cracking, shelling and
harvesting respectively (Shahidi et al. 2007; Delgado et al.
2010).

Edible food products obtained from plant sources con-
tains a broad range of phytochemicals and phenolics which
have diverse biological activities like antioxidant, anti-
carcinogenic, anti-mutagenic and anti-proliferative etc.
(Singh et al. 20164, b; Shahidi and Naczk 2004; Yang et al.
2005; Rana and Bhushan 2016; Abuajah et al. 2015).
Hazelnuts also have phytochemicals of different classes
including tannins, carotenoids, and polyphenols. These
metabolites have excellent antioxidative properties and
ability to reduce risk of certain type of cancers, coronary
heart disease (CHD), cardiovascular disease (CVD), stroke,
atherosclerosis, osteoporosis, inflammation and other
oxidative stress associated ailments (Watson 2003; Hertog
et al. 1993; Ness and Powles 1997; Shahidi and Naczk
2004; Agnihotri et al. 2008). The prevalent phenolics
accumulates in Corylus avellana kernels and its byproducts
are catechin, gallic acid, sinapic acid, caffeic acid, p-cou-
maric acid, ferulic acid, their esters and flavonoids (Shahidi
et al. 2007; Del Rio et al. 2011). Various other bioactive
phenols have also been characterized in hazelnut leaves
and foliar buds (Oliveira et al. 2007). However, literature
survey revealed that jacquemont’s hazelnut got very less
attention than C. avellana. So it is an urgent need to
examine the unexplored jacquemont’s hazelnut for its
health-related  benefits (antioxidant potential) and
polyphenolic composition.

In this study we examined the antioxidant activity of
jacquemont’s hazelnut kernels and it’s byproducts using
2,2’-azino-bis  (3-ethylbenzothiazoline-6-sulfonic  acid)
diammonium salt (ABTS) and 2,2’-diphenyl-1-picrylhy-
drazyl (DPPH) assays. Also a rapid and selective ultra
performance liquid chromatography coupled to diode array
detector-electrospray ionisation quadrupole time-of-flight
mass spectrometry (UPLC-DAD-ESI-Q-TOF-MS)
method was developed and satisfactorily validated for
chemical characterization and quantification of phenolic
compounds in jacquemont’s hazelnut.

Materials and methods
Chemicals

Gallic acid, catechin, epicatechin, syringic acid, p-cou-
maric acid, kaempferol, quercetin, 2,2'-azino-bis (3-ethyl-
benzothiazoline-6-sulfonic  acid) diammonium  salt
(ABTS), 2,2'-diphenyl-1-picrylhydrazyl (DPPH), and
ascorbic acid were purchased from Sigma-Aldrich India.
All the solvents i.e. acetonitrile, methanol, water and for-
mic acid used for UPLC-MS analysis were of LC-MS
grade and solvents used in the extraction process, etc. of
analytical grade, purchased from J. T. Baker USA.

Collection, extraction and freeze-drying of hazelnut
fruit

Jacquemont’s hazelnut (C. jacquemontii) fruits were pur-
chased in early September 2013, from tehsil Pangi, district
Chamba in Himachal Pradesh (India). The fruits were dried
in dark for 6 days using the oven at 30 °C. Afterwards; the
fruits were put in plastic bags and frozen to —4 °C until
further analyzed. The jacquemont’s hazelnuts was thawed,
manually cracked, the hard shells, hazelnut kernels and
skins were grinded separately. Jacquemont’s hazelnut
kernels, hard shell, and skin were separately then blended
with hexane to separate the fat present in the samples at
room temperature. Defatted samples were subsequently air-
dried for 16 h and stored at —4 °C until used for further
analyses.

Preparation of 80 % ethanolic extracts

Defatted samples (kernels, hard shell and skin) were
extracted in triplicate using 80:20 (v/v) ethanol/water
mixtures (sample: solvent (0.15:1, w/v) under reflux con-
ditions in a thermostated water bath at 70 °C for 30 min.
After each extraction, the individual supernatants were
collected and dried in a rota-evaporator at 45 °C. After-
wards, the remaining water in concentrated extracts were
removed by lyophilization for 48 h at —50 °C and
0.054 mbar. Finally, the crude 80 % ethanolic extracts
after flowing nitrogen were stored at —4 °C in culture
tubes.

UPLC/ESI/QTOF/MS condition
The equipment used was of Waters Acquity UPLC
hyphenated to Waters Q-TOF micro mass system (Waters,

Milford, MA, USA), controlled by mass Lynx v4.1 soft-
ware. The chromatographic separation was carried out on
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Waters BEH C18 (2.1 mm x 100 mm, 1.7 pm) column at
30 °C. The mobile phase consists of water (0.1 % formic
acid) as solvent A and acetonitrile (0.1 % formic acid) as
solvent B, with gradient and isocratic programme (Suppl.
Table 1). Flow rate was 300 pl/min; injection volume was
1 wl. The method run time was 15 min. The detector
wavelength range is kept between 200 and 490 nm. All
chromatograms were analyzed at 265 nm. The ionisation
source used was ESI with +ve mode polarity, capillary
voltage 3.1 kV, cone voltage 22 V, source block temper-
ature 80 °C, desolvation temperature 200 °C, cone gas flow
50 L h™!, desolvation gas flow 400 L h '

Preparation of sample and standard solutions

A stock solution of all standard compounds was prepared
by dissolving accurately weighed portion in methanol. The
concentration of each standard stock solution was 1 mg/ml.
The aliquot amount of each stock solution was mixed and
diluted with methanol to prepare a standard mixture. This
standard mixture was further diluted with methanol to
provide a series of ten different concentrations in the range
of 0.579-142.85 ng/ml for all standard compounds. For
quantification, the concentration of jacquemont’s hazelnut
extracts (skin, hard shell and kernel) prepared were of
10 mg/ml in methanol. All the solutions were filtered
through 0.2 pm filter and stored at —4 °C before analysis.

UPLC method validation

Validation of newly developed UPLC method included
assessment of selectivity, linearity, LOD, LOQ, precision
and recovery. Selectivity of peaks of compounds in the
sample was assessed by comparing the retention time with
those of the standards run individually. Calibration curve
was constructed by plotting peak areas of individual
components versus their respective concentrations. The
LOD and LOQ for each phenolic compounds were evalu-
ated by injecting the diluted standard solutions till the
signal to noise ratio (S/N), was about 3 for LOD and 10 for
LOQ. To study the repeatability and reproducibility of the
developed analytical method, intra- and inter-day preci-
sions test were also performed. For intra-day variability
test, a sample was analyzed six times per day, whereas for
inter-day, the sample was analyzed for three consecutive
days in triplicate. Recovery was evaluated to check the
accuracy of the method. Mixed standard solutions with
three different concentrations were prepared and spiked to
10 mg of 80 % ethanolic extract. The resultant samples
were further sonicated, filtered with a 0.2 um filter, made
up to 2 ml, and analysed using the proposed developed
analytical method.

@ Springer

Total phenolic contents assay

Total phenolic contents were estimated by Folin—Ciacalteu
colorimetric method (Gao et al. 2000). Jacquemont’s
hazelnut kernels and its byproducts 80 % ethanolic extracts
(100 pl) were mixed with 0.2 ml of Folin—Ciacalteu
reagent and 2 ml of H,O and incubated at room tempera-
ture for 3 min. Following the addition of 1 ml of 20 %
sodium carbonate to the each sample, total phenolic con-
tents were evaluated after 1 h of incubation at room tem-
perature. The absorbance of the resulting blue color was
measured at 765 nm. Quantification was done with respect
to the standard curve of gallic acid (0.02-0.1 mg/ml).
Phenolic contents were expressed as: gallic acid equivalent
(GAE) using the equation based on the calibration curve:
y = 0.0234x 4 0.109, 2= 0.998, where x was the
absorbance and y was the GAE at a final concentration of
0.1 mg/ml. The results were express as GAE (mg/Kg) of
the dried extract (Suppl. Table 2).

DPPH radical scavenging assay

Radical scavenging activity of jacquemont’s hazelnut 80 %
ethanolic extracts, against stable DPPH radical, were
evaluated by DPPH assay with slight modification (Kalia
et al. 2008: Kant et al. 2013). The effect of antioxidants on
DPPH-radical-scavenging test reflects the hydrogen
donating capacity of a compound. When radical form of
DPPH scavenged by an antioxidant through donation of
hydrogen, DPPH becomes a stable molecule, which leads
to a color change from purple to yellow and a decrease in
absorbance was measured at 517 nm. Stock solution of
1 mg/ml for ascorbic acid, jacquemont’s hazelnut skin,
hard shell and kernel were prepared in methanol, respec-
tively. Different amount of concentration (20, 40, 60, 80,
100 pg/ml) for ascorbic acid, jacquemont’s hazelnut skin,
hard shell and kernels were prepared in methanol having
final volume 100 pl, to which 2 ml of the 0.100 mM DPPH
solution prepared in methanol added. The mixtures were
shaken vigorously, allowed to stand at 25 °C in the dark for
30 min, and a decrease in absorbance of the resulting
solutions monitored at 517 nm (Shimadzu 2450) against a
blank consisted of 100 pl of methanol and 2 ml of DPPH
solution. All measurements were done in triplicate. Inhi-
bition of free radical DPPH in percent I (%) was calculated
as follows:

1(%) = (Ap—A,/Ap) x 100

where, A, was the absorbance of control reaction and Ag
was absorbance of test compound. The sample concentra-
tion providing 50 % inhibitions (ICsy) were calculated by
plotting inhibition percentages against concentrations of
samples (Table 1).



J Food Sci Technol (September 2016) 53(9):3522-3531 3525
Table 1 DPPH and ABTS radical scavenging capacities of 80 % ethanolic extract of jacquemont’s hazelnut kernel and its byproducts
Inhibition (%)
Conc. DPPH assay ABTS assay
(ng/ml) A N
Hazelnut Hazelnut hard ~ Hazelnut AA Hazelnut Hazelnut hard ~ Hazelnut AA
skin shell kernel skin shell kernel
20.0 40.06 =39 2216 19 750 £ 07 5582+£14 2222+18 11.8 £ 0.7 7.18 £ 0.8 4201 £1.5
40.0 77.87 £ 2.1 36.66 £ 3.7 1776 £ 2.6 8375+ 14  40.06 £39 2961 £14 1571 £ 1.7  58.19 £ 0.8
60.0 9295 £ 0.7 56.65 + 3.4 2479 £ 04 9576 £ 1.5 7332 £ 0.8 4737 £ 2.1 19.23 £ 0.8 7837 £ 1.1
80.0 97.12 £ 09 79.10 £ 1.6 3073 £ 1.6  97.17 £ 09 8637 £ 1.1 6409+ 13 2314 £2.1 9574 £ 09
100 9778 £ 0.5 9257 £ 0.6 3579 £05 9945 £03 96.52 £ 1.1 8294 + 1.2 3152 £ 13 9851+ 1.5
ICso 2312+ 14 5132+£12 136.46. £09 11.18 £0.5. 4573 +£12 63.65+ 0.5 169.30 £ 0.5  27.08 £ 0.3

* Ascorbic acid
ABTS radical scavenging assay

ABTS*®" scavenging activity was carried out with a slight
modification from defined method (Kalia et al. 2008). The
radical cations were prepared by reacting 7 mM aqueous
ABTS with 2.45 mM potassium persulphate. The mixture
was allowed to stand in the dark at room temperature for
16 h before use, by which the ABTS turned blue-green. The
ABTS®? solution was diluted with methanol to an absor-
bance of 0.700 £ 0.020 at 734 nm. Different amount of
concentration (20, 40, 60, 80, 100 pg/ml) for ascorbic acid,
jacquemont’s hazelnut skin, hard shell and kernels were
prepared in methanol having final volume 100 pl, to which
2 ml of the ABTS"" solution prepared in methanol added.
The absorbance was recorded after 4 min. The ICsy and
percentage inhibition of absorbance at 734 nm calculated
(Table 1). All measurements were done in triplicate. Inhi-
bition of ABTS"™ in percent I (%) was calculated as follows.

I(%) = (Ab—AS/Ab) x 100

where, A, was absorbance of the control reaction and A was
absorbance of test compound. The sample concentration
providing 50 % inhibitions (ICso) were calculated by plot-
ting inhibition percentages against concentrations of sample.

Statistical analysis

All experimental results were expressed as mean =+ stan-
dard deviation (SD) using statistical analysis with Sysstat
(Chicago, III., USA) version.

Results and discussion

Yield

The extract yield after lyophilization of jacquemont’s
hazelnut kernel, skin and hard shell in 80 % ethanolic

extracts were 24.8 + 0.7, 100.0 & 1.4 and 27.1 £ 0.5 g/
Kg of defatted samples, respectively (Suppl. Table 2). A
similar extract yields were also previously reported in
hazelnut kernels (C. avellana) and its byproducts (Shahidi
et al. 2007).

Assessment of total phenolic contents

The total phenolic contents of hazelnut extracts are sum-
marized in Suppl. Table 2. Among all the hazelnut
extracts, 80 % ethanolic skin extract had the highest phe-
nolic contents (4446.0 & 1.2 GAE/Kg dried extract wt.),
followed by hard shells (1199.0 & 3.2 GAE/Kg dried
extract wt.) and kernels (105.0 £ 0.6 GAE/Kg dried
extract wt.). Total phenolic contents were also reported in
hazelnut kernels (C. avellana) (Jakopic et al. 2011). The
total phenol contents were ranged from 70 to 478 mg GAE/
Kg in hazelnut different cultivars when extraction was
done in methanol. Delgado et al. (2010) also reported total
phenolic contents with boiling water for 30 min, of
44.3 £ 7.7 mg GAE/g extract, and with 80 % (v/v) aque-
ous acetone solution for 24 h, 36.2 £+ 8.8 mg GAE/g
extract was reported. Contini et al. (2008) examined total
phenolic contents of woody hardshell, a byproduct from C.
avellana. The phenolic contents were ranged from 56.6 to
72.2 mg GAE/g extract in different solvents. Comparison
of our findings and previous results revealed that total
phenolic contents values vary due to differences in
extraction solvent, extraction time and the basis used for
measuring.

Antioxidant capacity of hazelnut extracts

DPPH assay revealed the inhibitory concentration (ICsq) of
jacquemont’s hazelnut extracts varied from 23.12 £+ 1.4 to
136.46 + 0.9 pg/ml. The jacquemont’s hazelnut skin
extract displayed the highest antioxidant capacity
(23.12 £ 1.4 pg/ml), followed by hardshell
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(5132 £ 1.2 pg/ml) and kernel (136.46 £ 0.9 pg/ml)
(Table 1). These results indicate that jacquemont’s hazel-
nut kernels and its byproducts, 80 % ethanolic extracts
exhibited potential free-radical scavenging capacity, which
was comparable to positive control ascorbic acid. Our
report concerning DPPH-radical scavenging activity (ICsg)
of the extracts were not comparable with the earlier results
published by (Shahidi et al. 2007). These authors evaluated
DPPH scavenging activity of the extracts and a reference
antioxidant (catechin) by testing 50 and 100 ppm solutions,
obtaining nearly 100 % of DPPH scavenging for both the
hazelnut by-product extracts. The antioxidant potential of
80 % ethanolic extract of hazelnut kernels (C. avellana)
had been reported previously (Alasalvar et al. 2006). The
ICsy value obtained was higher (0.504 mg/ml) than our
study (136.46 £ 0.9 pg/ml). In addition, radical scaveng-
ing activities of hazelnut kernels (C. avellana) also vary
due to differences in extraction solvents (Delgado et al.
2010; Alasalvar et al. 2006).

ABTS assay revealed inhibitory concentration (ICsg) of
jacquemont’s hazelnut extracts ranged from 45.73 4+ 1.2 to
169.30 £ 0.5 pg/ml. The jacquemont’s hazelnut skin
extract demonstrated excellent antioxidant capacity
(45.73 £ 1.2 pg/ml), followed by hardshell (63.65 +
0.5 pg/ml) and kernel (169.30 & 0.5 pg/ml). ICsy values
of jacquemont’s hazelnut kernel and its byproducts were
comparable to standard ascorbic acid (Table 1).

UPLC/MS/MS analysis
Optimization of chromatographic conditions

A fast and sensitive UPLC-ESI-MS/MS method was
developed and validated for simultaneous quantification of
seven phenolic compounds in jacquemont’s hazelnut ker-
nels and its byproducts. To obtain optimum elution con-
ditions, various UPLC conditions, including mobile phase
composition, such as acetonitrile: methanol, acetonitrile:
water, methanol: water and water (0.1 % formic acid):
acetonitrile with column temperatures 25, 30, 35, 40 °C
were assessed. Because of sharper peak shape and better
baseline separation, acetonitrile was selected as the most
suitable organic solvent. The introduction of formic acid
into the mobile phase improved the sensitivity and sepa-
ration efficiency. Finally, the adoption of aqueous 0.1 %
formic acid (A) and acetonitrile 0.1 % formic acid (B), and
column temperature 30 °C with gradient and isocratic
elution was necessary to ensure better baseline separation
of all phenolic constituents. Moreover, several chromato-
graphic columns were also tested to achieve better sepa-
ration, when BEH Cl18 analytical column
(2.1 mm x 100 mm), with particle size 1.7 um used,
separation efficiency was excellent (Suppl. Table 1).
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Various wavelength (265, 280 nm) for chromatographic
analysis were evaluated but relative absorption of pheno-
lics was best at 265 nm. Also, very low injection volume
(1 pl) was used for analysis, because of good absorption
response of phenolics in less sample loading.

Linearity and calibration curves

Linearity of the method was evaluated using ten different
concentrations of standard mixture prepared in methanol
keeping the injection volume constant. The calibration
curve of all standard compounds was constructed by plot-
ting the peak area ratio (y), versus their concentration
(x) (Table 2).

Limit of detection (LOD) and limit of quantification (LOQ)

LOD and LOQ for all compounds ranged between
0.26-1.77 and 0.78-5.31 ng/ml respectively (Table 2).

Repeatability and Recovery

The results, summarized in Table 2, showed that the values
of precision and accuracy were within the acceptable limit
and indicated that the developed analytical method was
highly accurate and precise.

Recovery of each phenolics examined by performing
three replicate analysis of samples spiked with 3 different
concentrations at low, medium and high levels (20, 40 and
60 ng/ml). The recovery for each analyte determined at
selected concentrations by spiking 80 % ethanolic extract
with standard working solutions. Mean recovery results
were in range of 88.1-111.0 % for all seven compounds
and RSD < 4.76 % revealed that developed analytical
method was reproducible with excellent recovery having
all the values within the acceptable limit Table 3. Over all,
these results indicated that extraction of phenolic com-
pounds from jacquemont’s hazelnut kernels and its
byproducts was nearly complete during sample processing.

Quantitative analysis by UPLC-DAD

The quantity of all the seven phenolic compounds inves-
tigated for jacquemont’s hazelnut different extracts are
summarized in Table 4. Jacquemont’s hazelnut skin,
showed the highest antioxidant capacity and total phenolic
contents, contained high concentration of catechin
(414.0 £ 2.9 mg/Kg dried extract wt.), followed by
kaempferol (32.0 & 20.0 mg/Kg dried extract wt.), quer-
cetin (20.3 £ 4.9 mg/Kg dried extract wt.), and epicate-
chin (17.9 £ 2.6 mg/Kg dried extract wt) Del Rio et al.
(2011), also analyzed the quantity of phenolic compounds
in hazelnut skin (C. avellana) aqueous extracts in different
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Table 2 Linear regression equations, test ranges, LODs, LOQs, intra and inter-day for quantified compounds

Component Regression equation® r Test range LOD¢ LoQ* Intra-day (ng/ml) Inter-day (ng/ml)
(ng/ml) (ng/ml) (ng/ml) RSD® (%) RSD (%)
Catechin y = 7.5769x — 12.345 0.99 8.93-142.85 1.77 5.31 0.88 0.60
Epicatechin y = 13.675x + 26.547 0.99 4.46-142.85 0.73 2.19 0.61 0.59
Quercetin y = 48.136x — 1.7448 0.99 1.1-17.85 0.29 0.87 0.64 0.65
Kaempferol y = 16528x — 12.111 0.99 0.55-17.85 0.32 0.96 0.95 0.52
Gallic acid y = 149.52x — 158.06 0.97 1.11-17.85 1.27 3.81 2.30 0.75
P-Coumaric acid y = 73.729x + 0.8202 1.0 0.57-17.85 0.26 0.78 0.74 0.45
Syringic acid y = 75.158x + 2.2644 0.99 2.23-17.85 0.27 0.81 0.56 0.74

? The regression equation were represented as y = mx + c. y, peak area; x, concentration of compounds (ng/ml)

® 12 is the correlation coefficient of the equation

¢ LOD, limit of detection, S/N = 3
d LOQ, limit of quantification, S/N = 10
¢ RSD (%) = (SD/mean) x 100

cultivars reported a high catechin content (99.9 +
5.7-200.9 = 5.1 mg/100 g). The quantity of quercetin and
gallic acid reported in our study was similar to previous
results (Del Rio et al. 2011). Kaempferol in jacquemont’s
hazelnut skin, which was found to be higher than other
hazelnut species (Table 4). The quantity of 9.3 & 2.4,
3.24 £ 1.5,3.22 £ 1.8 mg/Kg of gallic acid, syringic acid
and kaempferol, respectively, could be responsible for
potent antioxidant activity of jacquemont’s hardshell. It
was very interesting to observe that kaempferol and quer-
cetin identified in jacquemont’s hardshell was previously
not detected in hardshell of other hazelnut species. The
antioxidant activity of jacquemont’s hazelnut kernel
obtained in this study was found to be higher than early
study (Alasalvar et al. 2006); it could be due to the pres-
ence of catechin (15.9 £ 1.4 mg/Kg dried extract wt.) and
gallic acid (2.99 + 1.7 mg/Kg dried extract wt.). Jakopic
et al. (2011) reported higher gallic acid content in hazelnut
kernel of C. avellana different cultivars (0.07 to 0.52 mg/
Kg).

UPLC-DAD-ESI-MS/MS analysis

For characterization of individual phenolics in 80 %
ethanolic extracts of jacquemont’s hazelnut kernels, hard
shell and skin, UPLC tandem MS was used (Fig. 1 shows a
typical chromatogram). Phytochemicals detected in UPLC
and MS data were summarized in Table 5. The major
group of phenols in jacquemont’s hazelnut extracts were
phenolic acids and flavan-3-ols. Peak 1 (Rt = 1.61 min),
identified as gallic acid having mass spectral data of
[M + H]' at m/z 171, the MS? fragment ion at m/z 145 and
co-chromatography with the standard. Jakopic et al. (2011)
had previously reported the presence of gallic acid in C.

avellana kernel. Peak 2 (Rt = 3.86 min), had a [M + H]*
at m/z 579, and MS? fragment ions at m/z 289, 213 and 163
(Jakopic et al. 2011). This compound identified as pro-
cyanidin dimer. Peak 3 (Rt = 4.00), produced molecular
ion [M + H]' at m/z 867, and MS? fragment at [M + Ht
m/z 579. This compound was identified as procyanidin
trimer. In present experiment, the procyanidin dimer and
trimer were not detected in jacquemont’s hazelnut hard
shell (Jakopic et al. 2011). Peaks 4 (Rt = 4.15 min) and 6
(Rt = 5.06) had positively charged molecular ion
[M + H]" at m/z 291 and MS? fragment at m/z 139
(Jakopic et al. 2011). Comparison of retention time and UV
with the standards, assigned peak 4 as (+)-catechin and
peak 6 as (—)-epicatechin. (+)-Catechin was also identified
in jacquemont’s hazelnut hard shell in trace amount (Suppl.
Figure 17). Peak 5 (Rt = 4.86 min), with [M + H]" at m/z
199, had MS? fragment at m/z 155, this compound identi-
fied as syringic acid, which was further confirmed by
comparison of retention time and UV with the standard
compound. In present experiment, syringic acid was not
detected in jacquemont’s hazelnut kernel and skin extracts.
Peak 7 (Rt = 5.38 min), with [M + H]" at m/z 271 and
[M + Na]™ at m/z 293, also yielded MS? fragment at m/z
179, was characterized as apigenin by comparing frag-
mentation pattern with literature (Lin and Harnly 2012).
Apigenin was not detected in jacquemont’s hazelnut skin
and kernel extracts (Suppl. Figure 17). Peak 8
(Rt = 5.98 min), with [M + H]" at m/z 165, had MS>
fragments at m/z 145 and 137, this compound identified as
p-coumaric acid, which was further confirmed by com-
parison with retention time and UV of standard compound.
p-Coumaric acid was not detected in jacquemont’s hazel-
nut kernel extract. Quercetin hexoside (Rt = 6.64, peak 9)
was detected in jacquemont’s hazelnut skin and kernel
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Table 3 Extract recovery of quantified phenolic components

Recovery (n = 3)

Component Original (ng/ml) Spiked (ng/ml) Found (ng/ml, mean + SD) Recovery® (%) RSD® (%)
Catechin 13.12 20.0 32.32 £ 0.05 96.0 0.15

40.0 48.39 + 0.21 88.1 0.43

60.0 73.89 £ 0.54 101.2 0.73
Epicatechin 1.75 20.0 21.18 £ 0.29 97.1 1.36

40.0 41.04 £ 0.33 98.2 0.80

60.0 59.84 £ 0.37 96.8 0.61
Quercetin 2.05 20.0 23.37 £ 0.12 106.6 0.51

40.0 40.33 £ 0.10 95.7 0.24

60.0 60.74 £ 0.13 97.8 0.21
Kaempferol 3.20 20.0 22.56 £ 0.04 96.8 0.17

40.0 43.80 &+ 0.04 101.5 0.09

60.0 65.44 £ 0.03 103.7 0.04
Gallic acid 1.41 20.0 23.61 £ 0.05 111.0 0.21

40.0 42.67 £ 0.07 103.1 0.16

60.0 61.40 £ 0.08 99.9 0.13
p-Coumaric acid 0.24 20.0 19.99 £ 0.67 98.7 3.35

40.0 39.97 £ 1.46 99.3 3.65

60.0 59.54 £+ 1.08 98.8 1.81
Syringic acid 0.32 20.0 21.0 £ 1.00 103.4 4.76

40.0 40.67 £ 0.50 100.8 1.22

60.0 61.37 £ 0.51 101.7 0.83
% Recovery (%) = (detected amount — original amount)/spiked amount x 100
® RSD (%) = (SD/mean) x 100
Table 4 Quantification of phenolic compounds in jacquemont’s hazelnut and its byproducts
Extract Gallic acid Catechin Syringic acid Epicatechin p-Coumaric acid Quercetin Kaempferol
Hazelnut kernel 299 £ 1.7 159+ 14 ND 1.16 £ 1.6 ND 0.54 £ 0.5 031 £0.5
Hazelnut skin 14.1 £ 4.6 414.0 £ 2.9 ND 179 £ 2.6 246 £ 0.5 203 £ 49 32.0 £ 20.0
Hazelnut hard shell 93+24 Traces 324+ 1.5 Traces 030 £ 1.5 1.50 + 3.8 322+ 1.8

Data expressed as mg/Kg dried extract wt. as mean + SD (n = 3); ND not detected

extracts, with [M + H]" at m/z 465, and MS? fragment at
m/z 303, a characteristic fragment of quercetin (Abu-Rei-
dah et al. 2015). Peak 10 (Rt = 6.77 min), was identified
as myricetin, having [M + H]" at m/z 319 and MS? frag-
ment at m/z 301, after a loss of 18 amu as water (Abu-
Reidah et al. 2015). Peak 11 (Rt = 7.56 min), was char-
acterized as quercetin rhamnoside in all jacquemont’s
hazelnut extracts having [M + H]t at m/z 449, which after
the loss of rhamnoside moiety yielded a characteristic
fragment of quercetin at m/z 303 (Abu-Reidah et al. 2015)
(Suppl. Figure 17). Peak 12 (Rt = 8.34 min) having
[M + H]" at m/z 433, and yield MS? fragment at m/z 287,
this compound identified as kaempferol thamnoside (Abu-
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Reidah et al. 2015). Kaempferol rhamnoside was detected
in jacquemont’s hazelnut hard shell and skin extracts. Peak
13 (Rt = 9.39) had [M + H]" at m/z 331, and MS? frag-
ments at m/z 313 and 303. Ellagic acid having [M + H]" at
m/z 303 as a major fragment. This compound was tenta-
tively characterized as dimethylellagic acid. Dimethylel-
lagic acid was identified in jacquemont’s hazelnut hard
shell extract (Suppl. Figure 17). Peak 14 (Rt = 9.74 min),
with [M + H]t at m/z 303 was identified as quercetin,
which further identified by comparison with retention time
and UV of standard compound (Abu-Reidah et al. 2015).
Quercetin was present in all jacquemont’s hazelnut
extracts. Peak 15 (Rt = 11.6 min), with [M + H]* at m/z
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Fig. 1 UPLC chromatogram of jacquemont’s hazelnut skin, hard
shell, kernel 80 % ethanolic extracts and used standards at 265 nm.
Gallic acid (/), Proanthocyanidin B dimer (2), Proanthocyanidin B
trimer (3), Catechin (4), Syringic acid (5), Epicatechin (6), Apigenin

287 characterized as kaempferol, which was further iden-
tified by comparison with retention time and UV of stan-
dard compound (Abu-Reidah et al. 2015) (Fig. 1 and Suppl.
Figures 5.1-5.3 and 17).

All these findings including antioxidant potential and a
new natural source of catechins makes jacquemont’s
hazelnut kernels and its byproducts an excellent candidate
for human health benefits. The overall antioxidative effect
of jacquemont’s hazelnut extracts was different and may
depend on the type of individual phenols present in dif-
ferent extracts. It was previously documented that hazelnut

(7), p-Coumaric acid (8), Quercetin hexoside (9), Myricetin (10),
Quercetin  thamnoside (/1), Kaempferol rhamnoside (/2),
Dimethylellagic acid (/3), Quercetin (/4), Kaempferol (15)

skin of C. avellana had a high concentration of catechin
compared to the hard shell and kernels (Shahidi et al. 2007,
Del Rio et al. 2011). This finding is also in agreement with
present study observation on jacquemont’s hazelnut. Cat-
echin found to be directly linked to protection against
several chronic diseases, with mechanisms of action, pos-
sibly involving antioxidant, anti-inflammatory, and
vasoactive (Scalbert et al. 2005; Vita 2005). Beside cate-
chin as a major component, C. jacquemontii also contains
apigenin (7), dimethyl ellagic acid (13), quercetin rham-
noside (11), quercetin hexoside (9) and kaempferol
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Table 5 Phytochemical compounds detected and characterized in jacquemont’s hazelnut using UPLC-DAD/QTOF-MS in positive mode at

265 nm

Peak R; (min) A [M + H]"(m/z) Mass fragments Tentative identification Part References

1 1.61 269 171.0623 145 Gallic acid® All Jakopic et al. (2011)

2 3.86 278 579.1534 289 Proanthocyanidin B dimer  Skin, kernel Jakopic et al. (2011))

3 4.00 203, 281 867.2124 579, 450 Proanthocyanidin B trimer  Skin Jakopic et al. (2011)

4 4.15 203, 278 291.0864 139 Catechin® All Jakopic et al. (2011)

5 4.86 273 199.0993 137 Syringic acid® Hard shell

6 5.06 279 291.0813 267, 139 Epicatechin® Skin, kernel

7 5.38 279 271.0592 293, 179 Apigenin Hard shell Lin and Harnly (2012)

8 5.98 252,297 165.0967 145, 137 p-Coumaric acid® Hard shell, Skin

9 6.64 278 465.1006 303 Quercetin hexoside Skin,kernel Abu-Reidah et al. (2015)
10 6.77 273 319.0449 301 Myricetin Hard shell Abu-Reidah et al. (2015)
11 7.56 339 449.1079 303 Quercetin thamnoside All Abu-Reidah et al. (2015)
12 8.34 264 433.1129 287 Kaempferol rhamnoside Hard shell, Skin  Abu-Reidah et al. (2015)
13 9.39 218 331.0425 313, 303 Dimethylellagic acid Hard shell Robbins et al. (2014)

14 9.74 256, 376 303.0509 267 Quercetin® All Abu-Reidah et al. (2015)
15 11.62 362 287.0532 309, 269 Kaempferol® All Abu-Reidah et al. (2015)

4 TIdentified by comparison with standard compound

rhamnoside (12) as other bioactive metabolites. These
phenolic compounds had been reputed in literature as
potentially related to diverse health benefits. In this study,
proanthocyanidins were also detected in jacquemont’s
hazelnut. Prior to their excellent antioxidant potential,
proanthocyanidins may reduce the risk of cardiovascular
diseases by improving lipid homeostasis. Investigational
and clinical research demonstrated frequent intake of pro-
cyanidin-rich foods could improve endothelial dysfunction
and decrease vascular oxidative stress associated with
major cardiovascular risk factors such as hypertension (Del
Rio et al. 2011). Comparison of the present study with
previous published reports strongly suggests jacquemont’s
hazelnuts could potentially be considered as an excellent
and readily available source of natural antioxidants. Due to
very high concentration of catechin and other phenolic
compounds, this can be incorporated into new health
related products that promote human health and well-being.

Conclusion

A rapid and sensitive UPLC method coupled with mass
spectrometry was developed and satisfactorily validated for
chemical characterization and quantification of phenolic
compounds in jacquemont’s hazelnut. Jacquemont’s
hazelnut different parts were found to be rich with
polyphenols and food derived flavonoids and their deriva-
tives which play diverse roles such as antimutagenic and
anticarcinogenic effects in vitro and in vivo, antioxidant,
antimicrobial, anti-allergic and anti-inflammatory agents

@ Springer

and help in the prevention of cardiovascular diseases,
osteoporosis, neurodegenerative disease and diabetes mel-
litus. The lack of natural phenolics in quantity in the
western diet is increasing the demand for natural phenolic
and flavonoid supplements. Different part’s extracts of
jacquemont’s hazelnut can be used as a source of phenolic
supplements. Promising results received in present study
also suggest that different parts extract of jacquemont’s
hazelnut can be considered for detailed pharmacological
studies to develop new natural antioxidant products for the
treatment of diverse oxidative stress-related diseases.
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