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Abstract

A single-laboratory validation study was conducted on an HPLC method for the detection and
quantification of cyanidin-3-O-galactoside (C3Ga), cyanidin-3-O-glucoside (C3Gl), cyanidin-3-O-
arabinoside (C3Ar), peonidin-3-O-galactoside (P3Ga), and peonidin-3-O-arabinoside (P3Ar) in
cranberry fruit (Vaccinium macrocarpon Aiton) raw material and finished products. An extraction
procedure using a combination of sonication and shaking with acidified methanol was optimized
for all five anthocyanins in freeze-dried cranberry fruit and finished products (commercial extract
powder, juice, and juice cocktail). Final extract solutions were analyzed by HPLC using a C18 RP
column. Calibration curves for all anthocyanin concentrations had correlation coefficients (r2) of
>99.8%. The method detection limits for C3Ga, C3Gl, C3Ar, P3Ga, and P3Ar were estimated to
be 0.018, 0.016, 0.006, 0.013, and 0.011 pg/mL, respectively. Separation was achieved with a
chromatographic run time of 35 min using a binary mobile phase with gradient elution.
Quantitative determination performed in triplicate on four test materials on each of 3 days (n = 12)
resulted in RSD, from 1.77 to 3.31%. Analytical range, as defined by the calibration curves, was
0.57-36.53 pg/mL for C3Ga, 0.15-9.83 pug/mL for C3Gl, 0.28-17.67 pg/mL for C3Ar, 1.01-64.71
ng/mL for P3Ga, and 0.42-27.14 ug/mL for P3Ar. For solid materials prepared by the described
method, this translates to 0.06-3.65 mg/g for C3Ga, 0.02-0.98 mg/g for C3Gl, 0.03-1.77 mg/g for
C3Ar, 0.10-6.47 mg/g for P3Ga, and 0.04-2.71 mg/g for P3Ar.

The cranberry (Vaccinium macrocarpon Aiton), native only to the United States and
Canada, is commonly consumed as juice cocktail, juice, and other product forms (capsules,
tablets, etc.) to treat and prevent urinary tract infection (1-6). Research suggests
proanthocyanidins (PACs), phytochemical constituents of cranberry, act to inhibit a variety
of Escherichia coli strains from adhering to uroepithelial cells in the urinary tract (5, 7-9).
Despite this, the PAC concentration in cranberry products necessary to obtain the desired
effect remains unknown, and the complex, polymeric nature of PACs has made development
of analytical methods and reference materials to support quantitative measurement a
challenge. In addition, it is likely that other phytochemicals along with proanthocyanidins
contribute to the overall biological activity of the products (10-14). Among the chemical
constituents of interest in cranberry are a series of organic acids (B-hydroxybutyric, citric,
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malic, quinic, benzoic, and ellagic) and flavonoids, including flavonols, flavan-3-ols
(catechins), and flavonals (anthocyanidins and anthocyanins; 11-13).

Commonly, the quinic acid content and ratio of quinic to malic acid are used to calculate the
percentage of cranberry juice content in beverages and assess cranberry juice authenticity
(15, 16). However, these acids are not unique to cranberries, and using these measurements
to determine quality will not preclude the possibility of adulteration. Although the
anthocyanin content of cranberry can change and degrade with processing and storage, the
anthocyanin profile is unique to cranberry, and its qualitative pattern is characteristic (16).
According to Prior et al. (17), cranberry primarily contains the anthocyanins peonidin-3-O-
galactoside (P3Ga), cyanidin-3-O-galactoside (C3Ga), cyanidin-3-O-arabinoside (C3Ar),
peonidin-3-O-arabinoside (P3Ar), and smaller amounts of cyanidin-3-O-glucoside (C3Gl)
and petunidin-3-O-galactoside.

Spectrophotometry and HPLC analysis of the anthocyanidins (aglycones) post-hydrolysis
can provide an estimate of total anthocyanin content in cases where the identity and purity of
the test substance is known. This nonspecific approach is susceptible to interferences caused
by adulteration with other anthocyanin-rich berries; as such, methods to directly measure
intact anthocyanins are preferred (18). When measuring intact anthocyanins, it is common
industry practice to use a high-purity C3GlI standard to make an external calibration curve,
and then use total peak areas detected at 520 nm to calculate total anthocyanin content in
mg/g (19-25). This process is called normalization; the validity of this approach is based on
the assumption that all anthocyanins have the same UV response to that of C3GI. With all
five major anthocyanins currently commercially available, individual reference standards for
each analyte of interest were used here, rather than using only C3Gl.

The HPLC-UV method described for quantification of the five predominant cranberry
anthocyanins was adapted from published methods (19, 25-27) and validated for use as a QC
tool in analysis of commercial cranberry fruit products. The method described quantifies the
five major anthocyanins in raw cranberry, cranberry juice, cranberry juice cocktail, and
cranberry extract powder by using a seven-point standard curve generated from mixed
standard solutions containing C3Ga, C3Ar, C3Gl, P3Ga, and P3Ar.

This method is suitable for the determination of C3Ga, C3Ar, C3G1, P3Ga, and P3Ar in
freeze-dried raw cranberry, cranberry juice, cranberry juice cocktail, and cranberry extract
powder.

Test Samples

Chemicals

a. Raw cranberries (freeze-dried).
b. Cranberry juice.

c. Cranberry juice cocktail.

d. Cranberry powdered extracts.

All test samples were stored at 4°C. The same lot of each material was used throughout the
validation studies.

a. Acetonitrile (CH3CN).—Purity >99.8% (GC), HPLC grade or equivalent.
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b. Methanol (CH30H).—Purity 99.97%, HPLC grade or equivalent.
c. Water (H,0).—Purity submicron-filtered, HPLC grade or equivalent.
d. Hydrochloric acid (HCI in H,O; 33-40%).—Purity HPLC grade or equivalent.

®

Glacial acetic acid (CH3COOH).—Purity HPLC grade or equivalent.
f.  Phosphoric acid (H3PO4 in H,O; 55-95%).—Purity HPLC grade or equivalent.

a. Reference standard diluent.—Methanol (33-40%)-HCI (98 + 2, v/v).
b. Extraction solvent.—Methanol (33-40%)-HCI (98 + 2, v/v).

c. HPLC mobile phases.—Mobile phase A (MPA): water—phosphoric acid (99.5 +
0.5, v/v); mobile phase B (MPB): water—acetonitrile—glacial acetic acid—phosphoric
acid (50.0 + 48.5 + 1.0 + 0.5, vIVIVIV).

Reference Standards

Apparatus

Reference standards for each of the five anthocyanins of interest were obtained from
Cerilliant Corp. (Round Rock, TX). Individual 1000 pg/mL stock solutions of each
anthocyanin standard were prepared by weighing 10.0 + 1.0 mg of each standard into
separate amber 10 mL volumetric flasks. Approximately 5 mL 2% (v/v) HCI in methanol
solution was added to each flask and sonicated until all solid material dissolved. The flasks
were then brought to volume with the addition of 2% (v/v) HCI in methanol solution.
Solutions were stored at —20°C when not in use. A mixed anthocyanin reference standard
solution was prepared by transferring 400 uL. C3Ga stock solution, 100 uL C3GlI stock
solution, 400 puL. C3Ar stock solution, 70 uL. P3Ga stock solution, 30 uL P3Ar stock
solution, and 8100 pL 2% (v/v) HCI in methanol solution into a test tube. The tube was
vortexed for 30 s to produce a mixed standard solution with the concentrations shown in
Table 1. The purity of each individual chemical standard was determined
chromatographically. The actual concentration of each anthocyanin in the stock solution was
then calculated after purity corrections were applied. We observed good agreement between
the reported and observed purities of most of the standards, but noted a significant disparity
in the reported and measured purity of C3Ar. The mixed anthocyanin reference solution was
stored at —20°C.

a. Analytical balance.—Mettler-Toledo (Columbia, MD) AE 260 analytical delta
range (0.1 mg) or equivalent, calibrated with National Institute of Standards and
Technology (NIST; Gaithersburg, MD) traceable calibration weights.

b. Centrifuge—Eppendorf 5804 tabletop centrifuge or equivalent (Hauppauge, NY).
c. Syringes.—3 mL Luer-lok® or equivalent (Fisher Scientific, Ottawa, ON, Canada).

d. Syringe filters.—PTFE and nylon, 0.45 um pore size, 25 mm id or equivalent
(VRW, Mississauga, ON, Canada).

e. Vortex mixer.—Thermolyne Maxi Mix 1 or equivalent (Thermo Scientific,
Asheville, NC).

f.  Micropipets.—Eppendorf Reference Series, 100, 200, and 1000 puL or equivalent.

g. HPLC system.—Agilent (Santa Clara, CA) 1100 Series liquid chromatograph
equipped with a quaternary pump and degasser (G1354A); temperature-controlled
column compartment (G1316A); temperature-controlled autosampler (G1327A);
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standard flowcell, 10 mm, 13 puL, 120 bar (G1315-60012); diode-array detector
(G1315B); HPLC 2D ChemStation Software (G2175AA); and online degasser
(1322A) or equivalent.

Ultrasonic water bath.—Bransonic Ultrasonic Corp. (Danbury, CT) 3510 or
equivalent.

HPLC column.—Cosmosil 5C18-PAQ, 4.6 x150 mm, 5 um particle size (Nacalai
USA, Inc., San Diego, CA) or equivalent.

Wrist action shaker.—Burrell Scientific Inc., Model 75 or equivalent (Pittsburgh,
PA).

Coffee grinder—Black and Decker Smart Grind, or equivalent.
Graduated cylinders.—10, 50, 100, and 500 mL.

Reagent bottles.—1.0 and 2.0 L.

Polypropylene centrifuge tubes.—50 mL.

Amber HPLC injection vials.—1 mL, with Tefloncoated caps (VWR).

Instrument.—Agilent HP1100 series equipped with diode array detector or
equivalent.

Autosampler temperature.—4°C.

Analytical column.—Cosmosil 5C18-PAQ waters type, 4.6 x 150 mm, 5 um.
Column temperature.—25°C.

Detector conditions.—520 nm (8 nm bandwidth), no reference.

Flow rate.—0.9 mL/min.

Run time.—35 min with 5 min post-time for column equilibration.

Injection volume.—10 pL.

Gradient conditions.—Time, min/% MPB: 1, 10; 28, 50; 32, 75; 32.1/10; 35/10.

The order of elution was C3Ga (15.8-15.9 min), C3Gl (16.7-16.9 min), C3Ar (17.7-17.9
min), P3Ga (18.3-18.5 min), and P3Ar (20.2-20.4 min); see Figure 1.

Calculations

Individual anthocyanins from solid samples were quantified in % (w/w) using the following
equation:

Py — by « \% D
myg W 100

where Py = peak area of target analyte in sample chromatogram, by = y-intercept of
calibration curve for the target analyte, mg = slope of calibration curve for the target analyte,
V = volume of test solution in mL, W = dry weight of sample in g, and D = dilution factor =

1.

Individual anthocyanins from liquid samples were quantified in ug/mL using the following
equation:
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Py — by
— X
mo

D

where Py = peak area of target analyte in sample chromatogram, bg = y-intercept of
calibration curve for the target analyte, mg = slope of calibration curve for the target analyte,
and D = dilution factor = 1. The calculations used to determine the Horwitz Ratio (HorRat),
a normalized performance parameter used to evaluate overall method precision, are provided
below:

SD(r)

mean

RSD; (found, %):RSD,= x 100

where SD(r) = the population standard deviation.

PRSD; (RSD; calculated, %):PRSD,=2C~*1

where C = the concentration of the analyte expressed as a mass fraction.

RSD,
PRSD,

HorRat value: HorRat=

Preparation of Test Samples

a. Freeze-dried raw material and powdered extract.—Grind freeze-dried cranberries
and cranberry extract powder to <60 mesh (250 um) powder. Weigh 0.250 g
(£0.025 g) test sample into a 50 mL conical tube, add 20 mL extraction solvent
using a graduated cylinder, vortex for 10 s, sonicate for 15 min, and shake on an
angle at 180 rpm for 30 min. Vortex test solutions for 10 s and centrifuge at 5000
rpm for 5 min. Decant the supernatant into a 25 mL volumetric flask and bring to
volume with extraction solvent. Invert the flask 20 times to mix, and filter
approximately 1 mL solution through a 0.45 um Teflon filter into an amber HPLC
vial for analysis.

b. Juice—Thoroughly mix the juice by inverting the container approximately 20
times, or until no sediment is visible. Centrifuge 10 mL juice at 5000 rpm for 10
min. Dilute 1000 pL with 500 pL extraction solvent, and filter approximately 1 mL
solution through a 0.45 um nylon filter into an amber HPLC vial.

c. Juice cocktail.—Thoroughly mix the juice cocktail by inverting the container
approximately 20 times or until no sediment is visible. Centrifuge 10 mL cocktail
at 5000 rpm, and filter approximately 1 mL solution through a 0.45 um nylon filter
into an amber HPLC vials.

Preparation of Calibration Solutions

The mixed anthocyanin reference solution (as described above) is diluted with a solution of
2% (v/v) concentrated HCI in methanol, as per the dilution scheme presented below, mixed
well, and stored at —20°C when not in use. The final concentrations of the calibration
standards are presented in Table 2.
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Linearity 7.—Pipet 500 pL mixed anthocyanin reference solution.

Linearity 6.—Dilute 500 pL linearity 7 solution with 500 uL reference solution
diluent.

Linearity 5.—Dilute 500 pL linearity 6 solution with 500 uL reference solution
diluent.

Linearity 4.—Dilute 500 pL linearity 5 solution with 500 uL reference solution
diluent.

Linearity 3.—Dilute 500 pL linearity 4 solution with 500 uL reference solution
diluent.

Linearity 2.—Dilute 500 pL linearity 3 solution with 500 uL reference solution
diluent.

Linearity 1.—Dilute 500 pL linearity 2 solution with 500 uL reference solution
diluent.

Single-Laboratory Validation Parameters

This method described was validated according to AOAC INTERNATIONAL guidelines
for conducting a single-laboratory validation (SLV; 28).

a.

Selectivity.—Selectivity was demonstrated by injecting each of the reference
analytes and showing that all anthocyanins to be quantified were well resolved
from potential matrix interferences with detection at 520 nm, as confirmed by a
lack of signals from the matrix blanks. Resolution was considered adequate if
baseline separation was observed between the analyte peaks and any other peaks in
the chromatogram.

Linearity.—The linearity of each analyte was demonstrated for a seven-point
calibration standard curve, prepared as described above. The calibration curves for
each anthocyanin were plotted, and linear regression was used to determine the
slope and y-intercept. Each calibration curve was visually inspected to confirm
linearity. The correlation coefficient (r2) of the regression lines were calculated
using linear regression for each quantified anthocyanin. An r2 of >99.5% was
considered linear and, thus, acceptable for quantifying the anthocyanins in the
different matrixes.

Method detection level (MDL) and LOQ.—The absence of a suitable sample blank
precluded the use of the International Union of Pure and Applied Chemistry
method for determination of detection limits for the analytes. As an alternative, the
LOD for each analyte was determined using the U.S. Environmental Protection
Agency MDL (29). The MDL is defined as the minimum concentration of
substance that can be measured and reported with 99% confidence that the analyte
concentration is greater than zero. A first set of nine replicate standard solutions
containing a very low concentration of each of the analytes was used to determine
the MDL. The concentration of each of the replicates was calculated. The
calculation of the MDL was as follows:

MDL=s X t0.01,n-1)

where s = the sample SD of the replicates and t (o o1, n—1) = the t statistic with o =
0.01 and n — 1 degrees of freedom.
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A second set of seven replicate standard solutions containing another very low
level of each of the analytes was also prepared and analyzed. The variances for
each analyte at the two low levels were compared using variance ratio tests to
ensure the assumption of the MDL method that the variances at low levels were
equal was valid.

The LOQ was calculated as 10 times the sample SD of the results for the replicates
used to determine the MDL.

d. Precision (repeatability).—Precision was evaluated by analyzing multiple
replicates of each test sample. Four replicate preparations of each material were
prepared and analyzed on each of 3 separate days. In total, 12 replicates of each
material were prepared. The within-day, between-day, and total SD values were
calculated for each of the individual anthocyanins, in each of the four materials.
The HorRat value for each analyte in each material was also calculated to assess the
overall precision of the method as described by Horwitz (30).

e. Accuracy.—Dried elderberry was used as the matrix blank and considered
representative of dietary supplement finished products. The matrix blank was
spiked with C3Ga at three spiking levels, corresponding to approximately 200, 100,
and 50% of the expected concentrations in actual sample preparations. Each level
was prepared in quadruplicate, and analyzed on 3 separate days, along with
unfortified controls.

Stability Study: Reference Standard and Test Material Solutions

A freeze-dried cranberry sample and a mid-range mixed anthocyanin reference standard
solution prepared on the first day of the precision analysis were used to assess the stability
of the analytes in solution. Both samples were stored in the freezer at —25°C for 13 days.
Each sample was analyzed by the described method at 7 and 13 days. Total anthocyanin
concentration in the test solutions was quantified using standard curves generated from
freshly prepared standards, and the results obtained at the three different time points were
compared.

Youden Ruggedness Trial: A Factorial Study

A factorial study was performed to determine whether deviations in selected factors would
affect the method performance. The trial used for this test was described by Youden and
Steiner (31), further detailed by Wernimont (32), and examines seven factors at two levels in
eight experiments. The seven factors examined were sample mass, sonication time,
extraction solvent concentration, shaking time, sonicator bath temperature, injection volume,
and centrifugation time. The parameter levels are designated in Table 3. Both freeze-dried
cranberries and a cranberry extract powder were used as sample matrixes for the factorial
study. Two-tailed variance ratio tests were used to compare the variances for each analyte
observed from the eight experiments. These variances were also compared to the variance
obtained for each of the analytes for the cranberry extract powder for the precision analysis
described above.

Results and Discussion

Method Validation Results: Performance Characteristics

Identification of C3Ga, C3Gl, C3Ar, P3Ga, and P3Ar in validation test samples was possible
by comparing retention times and UV profiles to those of the mixed anthocyanin reference
standard. Quantification of analytes was conducted using linear regression analysis from
triplicate standard curves prepared on 3 separate days. Quadruplicate samples were also
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prepared on each of these days. Test sample matrixes included freeze-dried cranberry,
cranberry extract powder, cranberry juice, and cranberry juice cocktail.

Selectivity.—C3Ga, C3Gl, C3Ar, P3Ga, and P3Ar were well resolved from potential
matrix interferences with detection at 520 nm.

Linearity and analytical range.—All of the standard curves produced over the course of
the study appeared linear upon visual inspection with all calculated r? values above
99.5%. These results confirm the linearity of the analytical range studied. The analytical
range was approximately 0.57-36.53 ug/mL for C3Ga, 0.15-9.83 pg/mL for C3Gl,
0.28-17.67 pg/mL for C3Ar, 1.01-64.71 pg/mL for P3Ga, and 0.42-27.14 png/mL for
P3Ar. For solid materials prepared by the described method, this translates to 0.06-3.65
mg/g for C3Ga, 0.02-0.98 mg/g for C3Gl, 0.03-1.77 mg/g for C3Ar, 0.10-6.47 mg/g
for P3Ga, and 0.04-2.71 mg/g for P3Ar.

MDL and LOQ.—Variance checks showed that the method used was applicable for the
analytes. The MDL and LOQ for each of the analytes are reported in Table 4.

Precision (repeatability).—Results from the precision analysis indicated that all
analytes were determined with adequate precision in each of the matrixes. HorRat
values were also acceptable for the anthocyanins, ranging from 0.18 to 1.06. AOAC
guidelines describe the acceptable range of HorRat values to be 0.3-1.3. The low
HorRat values (<0.3) were considered acceptable, as the analysis was performed by a
well-trained analyst under tightly controlled conditions (28). Table 5 summarizes the
precision results obtained over the course of the 3 days.

Accuracy.—A recovery study based on spiking C3Ga into negative control material
(freeze-dried elderberry) at 200, 100, and 50% of expected levels was completed. The
average recovery over these three levels was 99.79% with an RSD of 4.59%. Spike
recovery results are given in Table 6.

Stability Study: Reference Standard and Test Material Solutions

No significant deviation in the total anthocyanin content was observed in the mixed standard
and extracted solution of freeze-dried cranberry fruit when determined at 7 and 13 days,
compared to t = 0. These results suggest that the anthocyanins are stable in solution when
stored at —25°C for at least 13 days.

Youden Ruggedness Trial: A Factorial Study

The calculated effects of varying the various parameters did not appear to have a significant
effect on the total percentage of anthocyanins extracted and determined. F-ratio variance
tests indicated that none of the calculated variances for each of the analytes for each of the
factors analyzed was significantly different from the variances calculated for the analytes in
the cranberry extract powder sample during precision testing. This is illustrated graphically
in Figure 2, whereby each calculated effect (J-P, Table 3) is plotted with the axis limits set
as the overall method precision. Results of the Youden factorial study indicated that the
optimized method is not significantly affected by changes to those specific factors.

Conclusions

With the prevalence of cranberry products in the marketplace and ongoing interest in the
scientific community on the potential health benefits of cranberry fruit, it is important that
methods are validated to ensure confidence in analytical data. The HPLC method described
here for the determination of the five major anthocyanins in raw materials and select
finished products containing cranberry (V. macrocarpon) was subjected to an SLV
according to AOAC guidelines (28), a stability study, and a Youden ruggedness trial. The
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results of these studies demonstrate that the method described is fit for the purpose of
determining C3Ga, C3G1, C3Ar, P3Ga, and 3PAr in cranberry fruit and finished products
(dried extracts, juice, and juice cocktail). It is recommended that the method be further
evaluated for reproducibility and a composite measure of variation that includes between-
and within-laboratory variation through a collaborative study. The paucity of information
concerning purity and stability of commercially available calibration standards for
anthocyanins makes it difficult to determine whether the process of normalization to C3Gl is
valid for determination of all anthocyanins. Efforts should be made to independently
confirm the purity of chemical reference materials prior to use as calibration standards for
quantification.
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Figure 1.
The order of anthocyanin elution in a mixed anthocyanin reference standard chromatogram.
Elution profile in absorbance units (y axis) per minute (x axis).
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Calculated Effects from Factorial Study
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Figure 2.
Calculated effect of factors on total anthocyanins (%, w/w)
powder.
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Parameters used in the factorial study

Table 3

Factor High value Lowvalue Factor effect Effect
Sample mass, mg A =275 a=175 Aanda J
Sonication time, min B=20 b=10 Bandb K
HCI in solvent, % Cc=25 c=15 Candc L
Shaking time, min D =40 d=20 Dandd M
Sonicator temperature, °C E=40 e = Ice bath Eande N
Injection volume, pL F=15 f=10 Fand f (0]
Centrifugation time, min G=10 g=5 Gandg P
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Table 4

The MDL and LOQ calculated for each of the analytes used in this study

Analyte  MDL, pg/mL  LOQ, pg/mL
C3Ga 0.02 0.06
C3aGl 0.02 0.05
C3Ar 0.01 0.02
P3Ga 0.01 0.04
P3Ar 0.01 0.03
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Table 6

Negative control spike recovery results

C3Ga spike level  Recovery,% RSD, %

Level 1 (50%) 98.24 518
Level 2 (100%) 99.43 4.95
Level 3 (200%) 101.69 2.89
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