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ABSTRACT

Bilberry is a traditional plant from which
the berries have been eaten as a fresh fruit, made
into jam, and included in some baked products for
centuries. More recently, bilberries have become
a popular dietary supplement and are among the
best-selling fruit in the US market. Adulteration of
bilberries in the marketplace, however, can occur due
to misidentification or mixing with other species
during harvesting and processing. Intentional
adulteration also occurs through the purposeful
addition of foreign materials to increase the
apparent quality or reduce the cost of the final
product.

Quality control is thus a critical aspect in
the use of the species as a medicinally active plant.
Chromatographic techniques, such as TLC, GC,
and HPLC, are useful for chemical profiling and
verification of the presence of medicinally active
constituents, but are quite limited in their ability
to detect non-chemical contaminants, such as dirt,
insects, and molds and other adulterants, such as
wood, sand, and plant materials. The current
study investigated and compared the use of
botanical microscopy and chemical analysis for
identifying adulterants in bilberry fruit. The
experimental results demonstrated that chemical
analysis was insufficient, while microscopy readily
detected contaminating materials in bilberry fruit.

INTRODUCTION

Bilberry (Vaccinium myrtillus L., Ericaceae), a
native shrub of Europe, is a common ingredient in
food and health products. Indeed, the fruit and leaves
of bilberry have been used in popular medicine in
Europe since the Middle Ages, but did not become
frequently named by herbalists until the 16th century
(Morazzoni and Bombardelli, 1996). Bilberry fruit,
also known as the European blueberry, has been
traditionally used for astringent, tonic, and antiseptic
properties, and the bilberry leaves have been used for
hypoglycemic and anti-inflammatory properties
(Morazzoni and Bombardelli, 1996). Bilberry has
been popularized in recent times thanks to a growing
interest in health-conscious consumers.

The bilberry fruit has been suggested to have
preventive action against cardiovascular diseases and to
improve vision (Morazzoni and Bombardelli, 1996;
Canter and Ernst, 2004; Szajdek and Borowska,
2008). The fruit of bilberry contains a number of
phytochemicals, such as anthocyanins that have
biological activities and health promoting benefits
(Kong et al., 2003; Elks et al., 2013; Nile and Park,
2014; Kalt and Dufour, 1997).  Extracts of bilberry
fruit exhibit potent antioxidant activities (Morazzoni
and Bombardelli, 1996; Faria et al., 2005; Zafra-
Stone et al., 2007; Bao et al., 2008), anti-carcinogenic
activity (Bomser, et al., 1996; Katsube et al., 2003),
anti-inflammatory activity (Luo et al., 2014), anti-
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hyperglycemic activity (Stefanut et al., 2013), and
protective effects against neurodegenerative diseases
(Subash et al., 2014) and retinal neuronal damage
(Matsunaga et al., 2009).

The health promoting effects of bilberry fruit,
have been associated with their potent antioxidant
activity (Szajdek and Borowska, 2008; He and Giusti,
2010), The antioxidant activity has potential value in
the treatment or prevention of conditions associated
with inflammation, dyslipidemia, hyperglycemia,
increased oxidative stress, cardiovascular disease,
cancer, diabetes, and other age related diseases (Chu
et al., 2011; Elks et al., 2013). Reproducible results
in treatment are, however, problematic, being
intrinsically in part linked to inconsistent and non-
reproducible quality (Brinckmann, 2011). In an
analysis of 40 commercial bilberry preparations from
a number of countries, only 15% of the products
provided dosage comparable to those demonstrated to
be clinically effective (Cassinese et al., 2007).

In the United States, bilberry is a popular
dietary supplement and is among the best selling in
the market (Foster and Blumenthal, 2012). The
American Herbal Products Association has classified
bilberry as a class 1 herb, indicating the fruit is safe
to consume (Upton, 2001). Due to the unique
chemical composition, the wide range of health
promoting benefits, and the high demand and price,
bilberry is undoubtedly the most economically
adulterated ingredient of the health food market (Pace
et al., 2010). Thus, quality control of bilberry is
extremely important.

Penman, et al. (2006) have reported bilberry
being adulterated with synthetic anthocyanins,
anthocyanins from different species, and amaranth
dye that has a similar spectrophotometric absorbance to
that of anthocyanins. Adulteration with other plant
species has also been detected, whether intentionally or
due to taxonomic misidentification, adulteration leads
ultimately to low consumer confidence and thus limits
commercialization (Foster and Blumenthal,

2012).

To address the adulteration problem multiple
analytical methods for determining the chemical profile
of bilberry have been developed (Hong and
Wrolstad, 1990; Zhang et al., 2004; Cassinese et al.,

2007; Penman et al., 2006). Relying only on
chemical analysis for quality assessment of bilberry,
however, is insufficient to detect adulteration with
foreign part plants, plant species, or inorganic materials
that may not produce a detectable signal by HPLC/MS.
Thus, microscopic characterizations of botanical
medicines constitute an important tool for assessing the
authenticity and quality of the herbal products (Upton
etal., 2011).

Microscopic authentication is a particularly
valuable tool to identify foreign materials in herbs or
mixtures of herbs in powder form. Moreover,
microscopy is rapid, inexpensive, and requires minimal
sampling material (Zao et al., 2005). The objective of
this study was to test the importance of microscopy for
quality assessment of bilberry fruit.

MATERIALS AND METHODS

Plant material. = Commercial samples of
bilberry fruit (Vaccinium myrtillus L., Ericaceae)
adulterated with elderberry (Sambucus nigra L.,
Caprifoliaceae) were analyzed using light microscopy
and HPLC/UV/MS. In addition, an authentic sample
of V. myrtillus and S. nigra obtained from Herbalist
and Alchemist (Washington, NJ) were analyzed
microscopically and chemically for comparison
purposes.

Microscopy. Microscopic analysis was done

using a fine powder of authenticated botanical tissue of
bilberry and elderberry fruit. The tissues were each
spread on a separate microscope slide containing two
drops of Visikol™ clearing solution (Phytosys LLC,
New Brunswick, NJ) and a cover slip. The slides with
the authenticated botanical tissues were subsequently
placed on a hot plate and heated for 30-
60 seconds as previously described (Villani et al.,
2013). Microscopic images of the tissue were made
using a Nikon Eclipse 80i microscope, equipped with
a NIS-Elements D 3.00 SP7 imaging software
(Nikon, Tokyo, Japan). Differences and similarities
in diagnostic features for each tissue sample and control
were recorded.

Chemical analysis. Chemical analysis was
done using 50 mg bilberry fruit powder extracted by
sonication in 10 mL 60% (v/v) ethanol in water with
1% (v/v) HCI. The acidic ethanolic extract was then
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passed through 0.45 um Nylon syringe filter and placed
in an amber autosampler vial for HPLC analysis. HPLC
separation was done on a Polaris amide-C18 column,
250 x 4.6 mm, 5 um (Varian Inc., Palo Alto, CA). For
LC-MS analysis, a Hewlett Packard Agilent 1100
Series LC/MS (Agilent Technologies, Waldbronn,
Germany) equipped with autosampler, quaternary
pump system, DAD detector, degasser, MSD trap with
an electrospray ion source (ESI) was applied, and
software for data processing was HP ChemStation,
Bruker Daltonics 4.2 and Data Analysis 4.2.

HPLC separation was done with the mobile
phase containing solvent A (2% formic acid in water)
and B (2% formic acid in acetonitrile) in gradient: 0-
20 min, linear gradient from 10 % to 20 % B; 20-30
min, linear gradient from 20% to 30% B; 30-40 min,
isocratic elution at 30% B; 40-50 min, linear gradient
from 30% to 50%; 50-60 min, linear gradient from
50% to 60%. The flow rate was set at 1.0 mL/min
with a 1:10 splitter after the output of the UV detector
(set at 254, 280, 370, 520 nm) leading ~100 pL/min
to the ESI-MS.

The eluent was monitored by electrospray ion
mass spectrometer (ESI-MS) scanned from m/z 100
to 1200. ESI was done using a needle voltage of £3.5
KV (positive and negative mode). High purity
nitrogen (99.999%) was used as dry gas at a flow rate
of 8 L/min and capillary temperature was at 350°C.
Nitrogen was used as the nebulizer at 45 psi, and
helium as the collision gas. Compounds were
tentatively identified by their mass spectra and UV-
Vis spectra when compared with reported data
(Zhang, et al., 2004).

RESULTS

The microscopic analyses used to assess the
taxonomic identity of bilberry fruit and elderberry
fruit was used to develop criteria to distinguish samples
of bilberry fruit from adulterants and to determine the
content of foreign materials in bilberry fruit samples.
Samples of the authenticated bilberry were a violet-
brown color and showed characteristic anatomical
features when viewed microscopically (Figure 1).

The dry colored bilberry fruit consisted of a

10

reddish-brown epicarp having polygonal cells with
thickened walls (Fig. 1A), violet pink elongated
sclereids with thick cell walls from the endocarp
(usually observed in groups) (Fig. 1B), and solitary
mesocarp sclereids (Fig. 1C). In addition, char-
acteristic brownish—yellow testa-seed fragments with
elongated cells having U-shaped thickened walls
(Fig. 1 D). The elderberry fruit were characterized by
fragments of sclerenchyma fiber layers arranged
perpendicular to each other (Fig. 1 E and F).

The chemical analysis of bilberry extracts by
HPLC/UV/MS focused on the anthocyanins in the
bilberry fruit. The UV detector was set to 520 nm for
the detection of anthocyanins, and a positive ion source
was selected for ionization. A total of five major
compounds and several minor compounds were
detected (Figure 2a). The UV-Vis spectrum of these
compounds was consistent with the spectrum of known
anthocyanin compounds.

A tentative identification of the major
compounds was assigned to each constituent using
the mass spectrum (Figure 2). The most abundant
compound was cyanidin-3-glucoside (Figure 2B),
with the characteristic mass spectrum at 449 m/z
(Figure 3A). The delphinidin-3-glucoside mass
spectrum (Figures 2C & 3B) and the mass spectrums
for malvidin-3-glucoside (Figures 2D & 3C),
peonidin (Figures 2E & 3D), and petunidin (Figures
2F & 3E) were detected, but at lower concentrations
as compared with the predominant cyanidin-3-
glucoside.

No discernable chemical differences between
the authentic bilberry fruit and bilberry adulterated
with elderberry could be detected by the use of
HPLC/UV/MS. Being identical, the chemical pro-
files of bilberry and elderberry using the described
chemical analysis could not be used to ascertain
adulteration of bilberry fruit with elderberry (Figure
4).

DISCUSSION

Plant species are typically identified by a
specific combination of morphological and chemical
characteristics. ~ The described microscopic obser-
vations of bilberry and elderberry fruit in the present
study are in agreement with earlier diagnostic
identifications of dry samples of bilberry (Upton et
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al., 2011) and elderberry (AHPA, 2015). Morpho-  and rigorous means of confirming the taxonomic
logical identification constituted the most accurate jdentity of a specimen (Applequist and Miller, 2013).

Figure 1. Light micrographs of dry and powdered botanical specimens cleared.
A-D = bilberry fruit (Vaccinium myrtillus); E-F = elderberry fruit (Sambucus nigra).
A. Epicarp tissue with characteristic polygonal cells.
B. Group of elongated sclereids from the endocarp.
C. Isolated mesocarp sclereids.
D. Testa epidermis with elongated cells with thick cell walls.
E. Elderberry fruit with intersecting sclerenchyma fibers.
F. Close-up details of elderberry fruit tissue.
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Figure 2. HPLC/UV/MS chromatograms of authentic bilberry fruit (Vaccinium myrtillus).
A. 520 nm chromatogram.
C. EIC Delphinidin-3-glucoside (465 m/z). D. EIC Malvidin-glucoside (493 m/z).
E. EIC Peonidin-glucoside (463 m/z). F. EIC Petunidin-glucoside (479 m/z);

B. Extracted ion chromatogram (EIC) Cyanidin-3-glucoside (449 m/z).
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Figure 3. Mass spectra depicting compounds in bilberry extract.
A. Cyanidin-glucoside B. Delphinidin-glucoside C. Malvidin-glucoside
D. Peonidin-glucoside E. Petunidin-glucoside

. —
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Figure 4. Comparison of 520 nm chromatogram of extracts.
A. Authentic bilberry fruit (Vaccinium myrtillus).
B. Bilberry fruit (V. myrtillus) adulterated with elderberry (Sambucus nigra).
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For an accurate microscopic identification and
authentication, the microscopist must ensure that the
expected characteristic anatomical features are
present, and importantly, the unexpected ones are
absent (Applequist and Miller, 2013). Bilberry fruit
samples adulterated with elderberry will contain
characteristic layers of sclerenchyma fibers arranged
in a perpendicular formation (Fig 1 E and F).

The lack of distinguishing chemical char-
acteristics between chromatograms (bilberry sample
and bilberry adulterated with elderberry) demonstrates
the shortcoming in utilization of HPLC/UV/MS to
detect adulteration with foreign plant matter. Chromato-
graphic techniques are only capable of detecting adultera-
tion when evidenced by differences in chemistry.

If adulteration is due to plant material with a
low content of extractable and/or detectable chemical
constituents, then HPLC/UV/MS cannot easily
discern adulterated material from authentic material.
While HPLC-based methods can provide detailed
access to chemical composition, the procedures
require experience, skill, and expensive equipment, and
thus are only available to dedicated analytical
laboratories with specialized technicians. In addition,
chromatographic techniques are limited to the
identification of known adulterants with a unique and
previously characterized chemical signature.

As such, contamination or adulteration of a plant
product with unknown materials or species cannot be
reliably determined by chromatographic techniques.
Thus, in the current study the pharmacopeial protocols
for identification of anthocyanins in commercial bil-
berry extracts by HPLC were not sufficient to separate
the bilberry extract from the bilberry adulterated by an
extract from elderberry. The data indicate that current
chemical analyses are not useful enough for the
commercial marketplace (Govindaraghavan, 2014).

Due to the increase in the demand for botanical

Macroscopic

Examination

Microscopic
Examination

products and corresponding increase in the number of
entities involved in the botanical marketplace, rapid
screening techniques are needed for the reliable
determination of contaminants and adulterants in
bilberry products. Our observations with adulteration
of bilberry demonstrated the importance of botanical
microscopy. Once an integral part of pharmacognosy
training, microscopy is now in rapid decline due to
the over-reliance on chemistry (Upton, 2006). Micro-
scopy can easily detect foreign matter, such as dirt,
sand, fungus, and insect-parts, in a product at a low
level that would be easily missed by other techniques.
In our study, microscopy proved to be the fastest,
simplest, and least expensive method for a quality
assessment of bilberry, suggesting that microscopy
should always be used as a first-screen for contaminants
before any subsequent chemical screens.

Ensuring the quality of bilberry remains a key
step in the commercialization of this fruit. Taking
into consideration the various aspects described
above, a stepwise quality assessment process is
recommended for the assessment of bilberry and
other botanical products (Figure 5). First, a
macroscopic examination (when available) should be
done to evaluate that the proper part of the plant is
sampled, possesses the proper color, and checked for
any obvious signs of mold, insects, dirt, or spoilage.
Secondly, a microscopic analysis should be made in
which characteristic anatomical features specific for
the fruit are identified and in which the absence of other
organ parts or other plants, fungi or animal species and
inorganic matter is confirmed.

Finally, chemical analyses could be used to confirm
the presence of active ingredients at relevant con-
centrations. Assessments on the quality of bilberry and
other botanicals are necessary to determine the efficacy
and safety of the plant material, and thus is a critical aspect
for the industry of medicinally active plants.

Chemical
Analysis

ePart of plant

eColor
eTaxonomicidentification
«Dirt, sand, soil, mold, insects

eBotanical authentication
eldentify characteristic features
«Dirt, sand, soil, mold, insect parts
eForeign plant matter

eChemical profile (contains
characteristicanthocyanins)

*Screen for chemical
adulterants (e.g. amaranth
dye, synthetic anthocyanins)

*Quantity of active ingredients

Figure 5. Recommended stepwise process for quality assessment of bilberry fruit.
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CONCLUSION

Chromatographic techniques are expensive and
require substantial technical expertise to develop and
perform methodologies. Microscopy, in contrast,
excels in the detection of non-chemical contaminants
and a skilled microscopist can easily use taxonomical
features to identify the species of material, but cannot
elucidate the identity and content of medicinally
active compounds. Microscopy is a rapid, inexpen-
sive technique, and can be utilized with little
technical experience. Ample resources are available
in botanical monograph that can be used to verify the
taxonomical identity of plant materials. As such,
microscopy works complementary to chromatographic
techniques, and should always be done in addition,
not as a substitute for chromatographic techniques.
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