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Bilberry Adulteration Using the Food Dye Amaranth
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Vaccinium myrtillus or bilberry fruit is a commonly used herbal product. The usual method of
determining the anthocyanin content is a single-wavelength spectrophotometric assay. Using this
method, anthocyanin levels of two extracts were found to be 25% as claimed by the manufacturers.
When high-performance liquid chromatography (HPLC) was used, however, one extract was found
to contain 9% anthocyanins probably not derived from V. myrtillus but from an adulterant. This
adulterant was subsequently identified, using HPLC, mass spectroscopy, and nuclear magnetic
resonance, as amaranth, that is, 3-hydroxy-4-[(4-sulfo-1-naphthalenyl)azo]-2,7-naphthalenedisulfonic
acid trisodium salt—a synthetic dark red sulfonic acid based naphthylazo dye. As described in this
study, if deliberate adulteration occurs in an extract, a single-wavelength spectrophotometric assay
is inadequate to accurately determine the levels of compounds such as anthocyanins. Detection of
deliberate adulteration in commercial samples thus requires the use of alternative, more sophisticated,
methods of analysis such as HPLC with photodiode array detection as a minimum.
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INTRODUCTION spectrophotometric assay with the percentage anthocyanin
content calculated using cyanidin-3-glucoside chloride specific

Vaccinium myrtillus_. or bilberry fruit is a commonly used . ) .
herbal product. Clinical trials have demonstrated the benefits gbsorbance valueg, If there is no aduilteration, this method

of bilberry in the management of visual disorders such as is adequate to determine thellevels of anthocyanins in a given
retinopathy and vascular conditions such as venous insufficiencyeXtraCt' I;dehbera_\te adlliltzrat]l?n_ hﬁs t?klen p'a‘?‘?v howe\ller,_t}?e
and capillary fragility {, 2). These trials were conducted using Sk? eCtéOFl) otometric met %. Wi yleh a aﬁe-posmve rssr_twn
bilberry preparations with a standardized anthocyanin contentt.e adulterant masquerading as the anthocyanins. Reliance on
as the quality marker of the herbal product. Anthocyanins are S|mple. deFectlon methods can thereby be dlsadvgntageous, as
highly colored natural pigments that are responsible for the red- V&S hlgnhghted l_)y gur Iev_alulatllon |°f al co][nmehrmal b|_|ber2/
blue-purple color of ripe bilberries. These anthocyanins in gxtraqgt daF corrll_tamedrec?nvey ow fe(;/el_séo ant gc%/anln_s. S
bilberry have been shown to be bioavailabl@) @nd are escribed in this study, detection of deliberate adulteration in

considered to be the main contributors to its therapeutic activity. cornlmgrual samples requires more sophisticated methods of
Traditionally, herbs were harvested and processed by theanay5|s.

herbalist. Now, product manufacturers often purchase extracts

which have been prepared from the herb in a way that should

prevent degradation of the therapeutic components. Unfortu- Chemicals. The adulterated standardized dry extract powder was

nately, this lends itself to the possibility of deliberate adulteration obtained from China through an Australian distributor. The authentic

that can be detected only if rigorous testing/analysis is under- bilberry standardized dry extract powder from the fruit was of European
taken. origin (Indena, Italy). Both extracts are claimed to be standardized to

h 3
For bilberry, the pharmacopoeial method for determination 25% anthocyanins by the manufacturer. Amaranth was purchased from

. . . Sigma (Sydney, Australia). Cyanidin chloride was purchased from
of the anthocyanin content is by a single-wavelength (528 nm) Extrasynthase (Genay, France). Solvents of high-performance liquid

chromatography (HPLC) grade or better were purchased from Merck.
* Corresponding author (telephoriesl 7 3423 6521; fax+-61 7 3423 All other reagents were of analytical reagent grade and purchased from
6599; e-mail reg@mediherb.com.au). Merck, BDH, or Scharlau.
lhuﬂr?i(\j/'e":girtt;, Efe\s/\?:;:ethzék;%rﬁgyles. Spectrophotometry. Spectrophotometric measurements and scans
8 University of Queensland. were acquired at room temperature on a Varian Cary-50 spectropho-
#University of New England. tometer controlled by Cary WinUV software.
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Figure 1. HPLC traces at 540 nm for two purported bilberry extracts: (A) bilberry extract; (B) adulterated extract; (C) comparison of percent of total for
each anthocyanin present in both extracts calculated from peak areas. Peaks: 1, delphinidin 3-O-galactoside; 2, delphinidin 3-O-glucoside; 3, cyanidin
3-O-galactoside; 4, delphinidin 3-O-arabinoside; 5, cyanidin 3-O-glucoside; 6, petunidin 3-O-galactoside; 7, cyanidin 3-O-arabinoside; 8, petunidin 3-O-
glucoside; 9, peonidin 3-O-galactoside; 10, petunidin 3-O-arabinoside; 11, peonidin 3-O-glucoside; 12, malvidin 3-O-galactoside; 13, peonidin 3-O-
arabinoside; 14, malvidin 3-O-glucoside; 15, malvidin 3-O-arabinoside. Peaks have been identified by comparison with previously published HPLC profiles
(11).

A modification of the British Pharmacopoeia methdd was used. [(As10,p11.9 — (Az00,011.9) — (As10,prad — (Azgoprad)] X MW x
Essentially, samples were dissolved in methanol and then diluted using DF x V x 100/ex L x m
a methanol/0.1% hydrochloric acid mixture, and absorbance was
measured at 528 nm. The percentage anthocyanins was determineqhere A = absorbance, MW= molecular weight of cyanidin 3-glu-

according to the equation coside (449.2), DR= dilution factor,V = final volume (mL),e =
extinction coefficient of cyanidin 3-glucoside (2690Q)= cell path
(A X V)/(SA x m) length, andm = mass of sample being examined (g).

whereA = absorbance at 528 nd,= final volume (mL), SA= 718, Chromatographic Analysis. Extracts (0.1 g) were dissolved in 25

which is the specific absorbance of cyanidin 3-glucoside at 528 nm, Mk of 100% methanol and sonicated. Hydrolyzed samples were
andm = mass of sample being examined (g). prepared by refluxing the extract (0.1 g) with 40 mL of 100% methanol,
The Institute for Nutraceutical Advancement (INA) method (5) was /> ML of concentrated HCI, and 2.5 mL of water. All samples were
also used to calculate the anthocyanin content in bilberry extracts. filtéred using 0.45m hydrophobic fluoropore membranes prior to
Basically, concentrated stock solutions of the extracts in water were HPLC analysis.
prepared. These were then diluted 1:25 in buffers with pH ranging from  Anthocyanin concentrations in samples were determined by peak
1 to 13. For the INA method, the pH 1 buffer consists of potassium area using a gradient HPLC system (Shimadzu LC10AT) equipped with
chloride and hydrochloric acid (HCI), whereas the pH 4.5 buffer is a a photodiode array detector (PDA). Ten microliter samples were injected
sodium acetate solution adjusted with HCI. Buffers at pH 3, 5, and 7 onto an Alltech Alltima C18 (5m) 150 x 4.6 mm i.d. column. The
consisted of a mixture of 0.1 M citric acid and 0.1 M sodium citrate mobile phase was a mixture of 50 mM phosphoric acid and acetonitrile
combined to give the correct pH, whereas pH 9, 11, and 13 buffers at a flow rate of 0.8 mL/min. The gradient increased from 10 to 35%
were a combination of hydrochloric acid and sodium hydroxide. The acetonitrile over the first 30 min and then to 100% over the next 7
percentage of anthocyanins was determined according to the equatiormin, where it remained for the next 5 min. The acetonitrile content
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Figure 2. HPLC traces at 540 nm for two hydrolyzed bilberry extracts: (A) bilberry extract; (B) adulterated extract. Peaks: 1, delphinidin; 2, cyanidin;
3, petunidin; 4, peonidin; 5, malvidin. Peaks have been identified using a cyanidin standard and by comparison with previously published HPLC profiles

(12).

was then returned to 10% over the next 5 min, and this was followed to be bilberry with an anthocyanin content of 24% (bilberry
by a 5 min re-equilibration period at 10% acetonitrile prior to the next extract), whereas the other was found to contain only 9%
Injection. anthocyanins (adulterated extract) and an adulterant that was

o zlg;g%r“f;;gsr:]sa!’sazp‘l%?;:qzitne% ?S%E;ngrz‘; "('g';'éc Sys;;‘etmgci(r’]”pled subsequently identified as amaranth. Furthermore, the difference
both positive and negative ion modes using an atmospheric pressuremdﬂ;te r(?flaglve tamf[)unts of tf(lje a}g[fl(r)]cyan'lnsthobsert\r/]ed t!n the
chemical ionization (APCI) interface. Samples were analyzed on a adulierated extract compared wi 0se In e authentc one

Phenomenex Luna C18 ¢an) 100 x 2.00 mm column. The mobile suggested that they were possibly not even derived from bilberry
phase was a mixture of water and acetonitrile at a flow rate of 0.3 (V. myrtillus).
mL/min with a gradient profile similar to that used for the HPLC. Both samples displayed similar chromatographic profiles
Adulterant Isolation. The adglterant in the sample was isolated by (Figure 1) with a good correlation for both spectra and retention
gﬁlrléwqr;tghrrc;mﬁto%?_pgéoon s'“ﬁaAgeTll\fo' thmz :ni“ for Cor']”m” Thelimes for most of the 15 anthocyanins, although those in the
graphy ( mes ) as the stationary phase. € adulterated extracEH{gure 1B) were present at lower concentra-

silica gel (50 g) was slurry packed using chloroform and then T . .
conditioned with methanol. The extract (0.5 g) was dissolved in tions. On further examination, it was realized that the antho-

methanol (5 mL) and applied to the column. Five 50 mL fractions (three Cyanin profile of the two extracts differed markedly in the
with 100% methanol followed by two with 50% methanol) were relative ratios of the individual components as emphasized when
collected. Fraction 2 (in 100% methanol) was concentrated by evapora-each anthocyanin was expressed as a percentage of the total
tion and then further fractionated on a second column prepared similarly present Figure 1C). Whereas the relative profile of these peaks

as above, and four 50 mL fractions were collected (one with 100% in the bilberry extract was similar to previously published
methanol followeq by two with 50% methanol'and one with water). profiles (6,7), that for the adulterated extract was not. This
The second fraction isolated off this column yielded8 mg of the 1,5y oq alteration in the proportions of the anthocyanins in the

pure adulterant as determined by HPLC. . .
NMR Analysis. 'H NMR spectra were acquired on a Bruker AV500 HPLC profile suggests that the adulterated extract does not in

(txi 5 mm probe) instrument, adC NMR spectra were recorded on ~ fact contain any bilberry\(. myrtillus). Different anthocyanin

a Bruker AV400 (BBO 5 mm probe) instrument. Samples were prepared Profiles have been reported for othéacciniumspecies (8and

in CDsOD or in a CROD/D,0 50:50 solvent mixture. Spectra were  for unrelated species such as red kidney be@nst none of
calibrated using the signals of the residual methanol in theGID these match the profile found in this adulterated bilberry extract.

(*H, 0 3.30;%C, 6 49.0) as internal reference. In addition to these differences in the anthocyanins, the
adulterated extract also contained a broad, early eluting, poorly
RESULTS AND DISCUSSION shaped peakHgure 1B at a retention time of 68 min).
When two commercial bilberry extracts were initially ana- Routine HPLC quantification methods for bilberry use an acid
lyzed using the simple spectrophotometric specified in the hydrolysis step that removes the sugar units and converts the
British PharmacopoeigBP; 4), the total measured anthocyanin anthocyanins to the corresponding anthocyanidin aglycone
content of both was found to be 24%. This is very similar to species. The unknown peak in the adulterated extract remained
that claimed by the manufacturers (25%). Upon further analysis unchanged by this acid hydrolysis stepigure 2). After
using more complex spectrophotometric as well as chromato- isolation of the corresponding compound using column chro-
graphic methods, differences in the total anthocyanin content matography, data that identified structural features of this
of the two extracts were found. One extract was authenticated unknown material were obtained. LC-MS indicated a molecule
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$0sNa Table 1. Comparison of Anthocyanin Content of the Two Bilberry
A o B Extracts Using Different Analysis Methods?
o OO % anthocyanins (w/w)
sample BP HPLC INA
N unadulterated bilberry 24 24 25
N adulterated bilberry 24 9 7
OH 2BP, British Pharmacopoeia single-wavelength spectroscopic method (3); HPLC,
high-performance liquid chromatography method; INA, INA dual-wavelength
spectroscopic method (4).
NaO3S SO4Na
Ho HO 0.3 4 —m— Bilberry extract
Figure 3. Representative structures of the anthocyanin cyanidin 3-glu- —g— Adulterated extract
coside (A) and amaranth (B). “g’, —o—Amaranth
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Figure 5. Differential absorbance for the three preparations at the different
054 B pH values. From the spectrum obtained for the bilberry extract (see Figure
3A), two wavelengths were chosen (a minimum of 410 and a maximum
of 587), and the difference in absorbance between the two wavelengths
4 06 was plotted for each preparation at the different pH values.
g . . .
the safety profile that has been established for bilberry over
sl years of traditional use cannot be relied upon in this instance.

When the simple BP spectrophotometric method is used,
amaranth has U¥visible spectral characteristics similar to those
found for anthocyanins. This results in the false 24% antho-
0.5 cyanin content result obtained for the adulterated extract. The
significant absorbance of amaranth at a pH dffg(re 4) over

s the range of the detection wavelengths used in different analysis
™ methods contributes to the total absorbance and, hence, antho-
< cyanin content, measured for the adulterated extract. One method

024 of analysis, from the INA §), targets the known color and

absorbance differences found for anthocyanins at different pH

0.1 values. At pH 1.0, anthocyanins exist as the intensely colored

o g R 00 oxonium or flavylium forms, whereas at pH 4.5, they exist as
Wavelength {nm) colorless carbinolsl(). Using the INA pH differential method,

total anthocyanin content is proportional to the difference in
absorbance at 510 nm from the same sample prepared at both
pH 1.0 and 4.5. An anthocyanin content of 7% was found for
the adulterated extract, which is close to that calculated using
HPLC (9% anthocyanins in the adulterated extratghle 1).
®rhese values are far less than the value of 24% obtained when
the pharmacopoeial single-wavelength spectrophotometric method
was used.

Measurement of the absorbance of bilberry anthocyanins over
'a range of pH values (a modification of the INA method)

Figure 4. Wavelength spectrum of the different preparations at a pH of
5. (A) bilberry extract; (B) adulterated extract; (C) amaranth.

in the range of 506550 atomic mass units, and various
observed ions indicated losses compatible with sulfonates (se
Supporting Information). NMR suggested the presence of
aromatic systems, most likely naphthyl-like structures that are
not found in anthocyanins. Careful analysis of theand3C
NMR data suggested that the adulterant may be amaranth
[3-hydroxy-4-[(4-sulfo-1-naphthalenyl)azo]-2,7-naphthalenedi- yispjaved marked differences depending on the pH of the
sulfonic acid trisodium salt]. Subsequent comparison of the ¢, tion as would be expected. The differences between the
isolated adulterant with authentic amaranth yielded identical bilberry pH dependence and the lack of change with pH for
chromatographic and spectral data (see Supporting Information).poth the adulterated bilberry extract and amaranth have been
Amaranth is a sulfonic acid based naphthylazo dye used asdepicted in Figure 5, where for each pH the change in
a coloring agent, FD&C Red No. 2, and is very different absorbance between 587 and 410 nm has been graphed. These
structurally from the anthocyanin&igure 3). It was banned two wavelengths were chosen frdfigure 4, where at a pH of
by the U.S. Food and Drug Administration in 1976 for use in 5 bilberry has maximum at 587 nm and a minimum at 410 nm.
foods, drugs, and cosmetics due to suspected carcinogenicThis results in the marked differences seen over the pH range
activity. The presence of amaranth in this extract implies that for each of the samples examined.
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This work has demonstrated the necessity for more than a (6) Baj, A.; Bombardelli, E.; Gabetta, B.; Martinelli, E. M. Qualita-
simple one-wavelength spectroscopic assay to assess the com-

ponents present in a herbal extract. Adulteration is far too easily
achieved when such an assay is relied upon to analyze marker
compound levels such as the anthocyanin levels in purported
bilberry extracts.

Supporting Information Available: Mass spectral data and
figure showing the total ion spectra for the isolated adulterant
and amaranth; NMR data with figures showiHg and 13C
spectra and a table comparing tH€ chemical shifts for the
isolated adulterant and amaranth. This material is available free
of charge via the Internet at http://pubs.acs.org.
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