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A high-performance liquid chromatography method was developed to obtain fingerprints of second-

ary metabolites of 12 lentil cultivars grown under the same environmental condition. Extracts (100%

methanol and methanol-water (1:1)) were analyzed by RP-HPLC. Full photodiode array (191-360

nm) data were collected and used for cluster analysis. Methanol and methanol-water extracts

showed slightly different clustering patterns. In the dendogram of methanol extracts, CDC Richlea

appeared as an isolated group, whereas Indianhead was the isolated group in methanol-water

extracts. The cultivar CDC Milestone was selected for further evaluation because of the presence of

three peaks (8.9, 16.7, and 32.7 min) that were absent in other cultivars or present in very small

amounts. Chromatographic separations of the methanol extract afforded several compounds

including the novel 4-chloro-1H-indole-3-N-methylacetamide (13) as well as itaconic acid (3), arbutin

(5), gentisic acid 5-O-[β-D-apiofuranosyl-(1f2)-β-D-xylopyranoside] (9), and (6S,7Z,9R)-9-hydroxy-

megastigma-4,7-dien-3-one-9-O-β-D-apiofuranosyl-(1f2)-β-D-glucopyranoside (14), which are des-

cribed for the first time from lentils. Structures were determined by high-resolution NMR experiments.
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INTRODUCTION

Plants and crops produce a vast number of secondary meta-
bolites to overcome environmental stress and protect themselves
from their natural enemies. Humans use some of these com-
pounds for nutraceutical or pharmaceutical purposes. In recent
years, there has been an increased interest in the comprehensive
analysis of these secondary metabolites prior to lengthy and
costly preparative separation procedures (1). Such approaches
are termed “fingerprinting”, as they emphasize the pattern
recognition ofmetabolites after chromatographic profiling rather
than the cataloging of specific compounds (2). The chemical
compositions of foods sold at restaurantswere analyzedusing this
technique (3). It was also used to identify novel natural com-
pounds (4), to evaluate themode of action of various herbicides in
plants (5), and to determine metabolic changes in transgenic
crops (6). The fingerprinting requires the development of a
method (often HPLC, LC-MS, GC-MS, or NMR) that encom-
passes the diversity of phytochemicals of which more than
200,000 have been estimated to occur in the plant kingdom
while achieving a sufficiently high analytical throughput to
make the experimentation feasible (7 ). Data generated are
often complex and required chemometric methods for their
interpretation.

Lentil (Lens culinaris Medik.) is a common legume known
since biblical times. Bahl et al. (8) said that it is probably the first
of the grain legumes to be domesticated. InNorth America much

of the acreage is in western Canada, eastern Washington, and
northern Idaho, where dry growing season conditions prevail (9).
Lentils are usually placed in two groups of subspecific rank (10).
The first group Lens culinaris ssp. macrosperma (Baumb.)
Barulina have large flattened seeds (6-9mmdiameter) and white
or blue large flowers while the second group L. culinaris ssp.
microsperma (Baumb.) Barulina possess small seeds (2-6 mm
diameter) and flowers that are violet-blue to white or pink. The
macrosperma types are important in the northern hemisphere,
whereas the microsperma are principally found in southwestern
and western Asia and Africa (10).

L. culinaris is known to contain large amounts of the oligo-
saccharides raffinose, stachyose, and verbascose (11) as well as
the sugar alcohols cyclotol D-pinitol, galactopinitol, and cicer-
itol (12). It is also contains antinutritional factors such as trypsin
inhibitors and hemagglutinins (13). Concentrations of simple
phenolic components have been reported (14, 15), and recently
flavonol glycosides were reported from seeds (16).

The aim of this work was to apply the fingerprinting technique
to lentil cultivars grownunder the same environmental conditions
in Saskatchewan, Canada, and to identify specific constituents
that can be used to improve breeding or to develop novel
functional foods or nutraceuticals.

EXPERIMENTAL PROCEDURES

Chemicals and Reagents. HPLC-grade water was obtained by
passing RO-treated water through a Super Q water system (Millipore
Canada, Mississauga, Canada) prior to use. HPLC-grade acetonitrile,
methanol, hexane, and trifluoroacetic acid (TFA) were obtained from
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VWR Canada. The internal standards ferulic acid and flavone (2-phenyl-
4H-1-benzylpyran-4-one) were obtained from Sigma-Aldrich Canada and
used without any further purification.

Plant Material. The seeds of the lentil cultivars were obtained from
different distributors (Table 1) and were all grown in the same plot in
summer 2007 in Saskatoon (SK, Canada). For cluster analysis experi-
ments, 1 g of seeds from each cultivar was pulverized and extracted with
hexane (25 mL) in a Swedish tube for 3 h. After vacuum filtration, each
meal sample (500mg) was extractedwith 5mLofMeOH followedby5mL
of MeOH/H2O (1:1) for 2 h in a water bath at 60 �C. The combined
extracts were centrifuged and filtered through a 0.45 μm nylon syringe
filter for RP-HPLC analysis.

HPLC Conditions. LC-DAD (diode array detection) studies were
performed on an Alliance 2690 separation module equipped with vacuum
solvent degassing (Waters Canada, Mississauga, Canada) and a Waters
996 photodiode array detector. Instrument control, data collection, and
analysis were undertaken using Empower 2 software (Waters). Samples
were analyzed on a Symmetry C18 column (3.0� 150 mm, 5 μm,Waters).
The mobile phases were (A) 0.05% TFA in water and (B) 0.05% TFA in
acetonitrile. The injection was 10 μL for all samples and standards. The
column was eluted (0.4 μL min-1) with the following gradient: 0 min, 2%
B; 5 min, 2% B; 25 min, 25% B, 30 min, 40% B; 40 min, 95% B; 45 min,
95% B; 55 min, 2% B; and 65 min, 2% B. Preparative HPLC was carried
out on aWaters DeltaPrep 4000 system equipped with a 486 UV detector.

Initial Fractionation. Whole seeds of CDC Milestone (LMI) lentil
cultivar were ground with a Wiley mill equipped with a 40 mesh screen.
The flour (2.6 kg) was defatted in a Soxhlet with 8 L of hexane for 4 h, and
the hexane extract was obtained by rotary evaporation (59.3 g). The
defatted flour collected by Buchner filtration was extracted with 100%
methanol (12 L) at 60 �C for 5 h, and the filtrate was concentrated by
rotary evaporation on Buchi R220 (bath temperature<40 �C) to yield
150.4 g of extract. The concentrated extractwas dilutedwithwater (1000mL)
and subjected to liquid-liquid extraction with ethyl acetate (3� 600 mL)
and then n-butanol (3� 600mL). Only the remaining aqueous extract was
concentrated and used for preparative separation. Initial separation was
performed on a DeltaPrep 4000 system, and the eluent was a linear
gradient of 2-98%of solvent B (100%methanol) in solvent A (1%Acetic
acid in water) at a flow rate 50 mL/min over 90 min. The UV detector was
set 280 nm, and a total of 10 fractions, F1-F10, were collected.

Purification of Constituents. All Sephadex LH-20 gel permeation
separations were performed on a 4.9 � 60 cm (i.d. � L) open column.
Fractions F1 and F2 from DeltaPrep separation were combined and
separated by gel permeation on Sephadex LH-20 that had been soaked for
3 h in a mixture of methanol/water (1:1). Fractions from the column were
monitored by TLC on precoated silica gel 60 (CHCl3/MeOH/H2O 9:7:1)
and the plates visualized under aUV lamp at 280 nmor by sprayingwith a
solution of 10% sulfuric acid followed by heating with a heat gun. NMR
analysis showed that these fractions contained stachyose (1), 4-O-methyl-
pinitol-2-R-D-galactoside (2) as well as raffinose, sucrose, and D-glucose.
Fraction F3 was fractionated on Sephadex LH-20 (H2O/MeOH 4:6) and
then by open column chromatography (2.5� 30 cm) on silica gel with
CHCl3/MeOH (8:2) to afford itaconic acid or methylenebutanedioic acid
(3). Gel permeation (MeOH/H2O 6:4) separation of fraction 4 afforded a

mixture of two glycoside compounds as observed on NMR spectra. The
mixture (60 mg) was then treated with 10 mL of a pyridine/acetic
anhydride (1:1) solution and stirred at room temperature for 2 h. The
reaction mixture was dried by rotary evaporation and loaded onto a silica
gel column (1.5 � 50 cm). Elution with CHCl3/MeOH (98:2) yield two
compounds identified as acetylated derivatives of uridine (4) and arbutin
(5). Fraction 5 was gel permeated on Sephadex LH-20 in 100%methanol,
and the following compounds were obtained: trigonelline (6), epi-dihy-
drophaseic acid 40-O-β-D-glucopyranoside (7), hypaphorine (8), and
gentisic acid 5-O-[β-D-apiofuranosyl-(1f2)-β-D-xylopyranoside] (9). Re-
peated gel permeation separation of fraction F6 withMeOH/H2O (8:2) as
eluent yielded kaempferol 3-O-β-D-glucopyranosyl(1f2)-O-[R-L-rhamno-
pyranosyl(1f6)]-β-D-glucopyranoside-7-O-R-L-rhamnopyranoside (10),
kaempferol 3-O-β-D-glucopyranosyl(1f2)-O-[R-L-rhamnopyranosyl(1f6)]-
β-D-galactopyranoside-7-O-R-L-rhamnopyranoside (11), and kaempferol
3-O-β-D-glucopyranosyl(1f2)-O-β-D-galactopyranoside-7-O-R-L-rhamno-
pyranoside (12). Fraction 7 was subjected to Sephadex LH-20 gel permea-
tion with MeOH/H2O (9:1) to afford a subfraction. This was further
purified on a silica gel column (2.5 � 30 cm) with mixtures of CHCl3/
MeOH/H2O 10:5:0.5 and 10:7:1 to yield 4-chloro-1H-indole-3-N-methy-
lacetamide (13), (6S,7Z,9R)-9-hydroxymegastigma-4,7-dien-3-one-9-O-β-
D-apiofuranosyl-(1f2)-β-D-glucopyranoside (14) and astragalin-7-O-R-L-
rhamnopyranoside (15). Fractions 8-10 were combined and purified on a
silica gel column (2.5� 30 cm) elutedwithCHCl3/MeOHmixtures 9:1 and
8:2, and the monoglycoside 7-O-R-L-rhamnopyranosyloxy-3,40,5-trihy-
droxyflavone (16) was obtained.

Mass Spectrometry. Positive ion electrospray ionization (ESI) mass
spectra were obtained with a benchtop tandem quadrupole mass spectro-
meter (QuattromicroAPI 2000, Micromass Ltd., U.K.) equipped with an
atmospheric pressure ESI source interfaced directly connected to aWaters
Alliance 2690 separations module. MS parameters were as follows:
capillary voltage, 3.2 kV; source temperature, 80 �C; desolvation tem-
perature, 200 �C; cone gas (nitrogen), 50 L/h; desolvation gas (nitrogen),
500 L/h; and electron multiplier, 650 V. The instrument was controlled by
Micromass MassLynx software version 4.0. A C18 Symmetry column
(2.1 mm � 150 mm, 5 μm) was used for all analyses. The mobile phase
(0.2mL/min) consisted of 0.1% formic acid inwater (solventA) and 100%
acetonitrile (solvent B). The gradient programwas 98% solvent A and 2%
solvent B up to 2%Aand 98%B in 65min.Collision-induced dissociation
(CID) experiments were conducted in the positive ion mode with argon
and collision energies of 30-35 eV. Quasimolecular ions (MHþ) were used
to generate the daughters’ ion spectra.

NMR Spectroscopy. Spectra were obtained at room temperature for
all samples in methanol-d4, dimethyl sulfoxide-d6, or a mixture of these
containing about 5% deuterated water (D2O) with a Bruker AVANCE
500 spectrometer (TopSpin 1.3 software) equipped with a Bruker BioSpin
5 mm CryoProbe with z-gradient. Chemical shifts (δ in ppm) were
referenced to solvent resonances at 3.31 and 49.0 ppm for 1H and 13C,
respectively, for samples run inmethanol-d4 or 2.50 (

1H) and 39.5 (13C) for
samples in DMSO-d6.

ClusterAnalysis of Samples.TheHPLCdata (retentions time, areas)
were exported into Microsoft Excel program and the retention times
aligned. Each peak was assigned a score of 1, and any missing peak

Table 1. Twelve Lentil Cultivars Included in the Cluster Analysis

name code description cultivar name source PGRCa accession no.

LGL large green CDC Glamis Bailey Bro Seeds, Milden, SK CN 105577

LGR large green CDC Grandora Bailey Bro Seeds, Milden, SK CN 105957

LSO large green CDC Sovereign Bailey Bro Seeds, Milden, SK CN 105960

LLA large green Laird Simpson Seeds, Pasqua, SK CN 3541

LVA medium green CDC Vantage Bailey Bro Seeds, Milden, SK CN 105575

LES Persian green Eston Simpson Seeds, Pasqua, SK CN 40010

LIH black Indian Head Farley Seeds, Regina, SK CN 105579

LMI small green CDC Milestone Sunset Farms, Pennant, SK CN 105576

LRC small red CDC Redcap FarmPure Seeds, Moose Jaw, SK CN 105958

LRB small red CDC Robin Ardell Seeds, Vanscoy, SK CN 105959

LRW small red CDC Redwing PGRC CN 105582

LRL small green CDC Richlea PGRC CN 105583

aPGRC, Plant Gene Resources of Canada.
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(present in one chromatogrambutmissing in another)was assigneda score
of 0. The Excel data table was imported into NTSYSpc Software version
2.1 (Numerical Taxonomy SYStem for pc) and the SIMQUAL (SIMilarity
for QUALitative) module applied. The final clustering was performed
using the SAHN (sequential agglomerative hierarchical nested) module
(17). The results are represented graphically in Figures 2 and 3.

RESULTS AND DISCUSSION

Chemical Profiling Using HPLCAnalysis.The usefulness of the
cluster analysis depends upon the reproducibility and consistency
of the data that are used. We evaluated a number of compounds
as suitable internal standards to be used to normalize the
chromatographic data, and ferulic acidwas chosen. The retention
time of ferulic acid in all chromatograms was calibrated to 24.4
min. The HPLC gradient we used gave a relatively good separa-
tion of peaks present in extracts of the cultivars.We recorded full
photodiode array spectral profiles and analyzed for the best
wavelength for routine data collection. Many of the compounds
in extracts did not have significant absorption above 220 nm;
therefore, it was determined that a Maxplot would have to be
used in analysis. In theMaxPlot the chromatogram is a composite
of the maximum absorption at any given point in time within the
specified wavelength range, which in this case was 191-360 nm.

Several extractions were made to determine the best method of
screening for most of the compounds present in cultivars. These
included 40, 50, and 60 �C, as well as room temperature, and five
solvents, 100 and 50% of methanol and ethanol and then 100%
water. All samples were run and UV chromatograms (191-
360 nm) compared. Extracts that displayed most of the peaks
were obtained with MeOH and MeOH/H2O (1:1) at 60 �C.

Twelve commercial cultivars (Table 1) were subjected to extrac-
tions, and the 100 methanol and 50% methanol extracts were
analyzed by reverse phase chromatography. TheHPLCdata for all
12 sampleswere then imported intoMicrosoftExcel 2003, and each
peak was assigned a score of 1. The retention times were then
aligned, and any missing peak (i.e., a peak present in one chroma-
togrambutmissing in another) was assigned a score of 0. TheExcel
data table was then imported into NTSYSpc 2.1, and cluster
analysis was performed using the similarity (qualitative) matrix
SIMQUAL. The output is in the form of a tree-matrix called a
dendogram. This tree matrix is an efficient method for describing a
system of nested clusters in which each one has a corresponding
level (3). A sample UV chromatogram is shown in Figure 1.

The dendogram of the 100% MeOH extracts is shown in
Figure 2 (see also the Supporting Information). Group A ap-
peared isolated and composed of only one green lentil cultivar,
CDC Richlea. Group B can be broken down into subgroups,
D and C. The only cultivar present in subgroup C was CDC
Milestone, another green lentil. SubgroupDcanbe further broken
down into subgroup E, composed of two red (CDC Redwing,
CDCRobin) and one green (CDC Vantage) lentil, and subgroup
F, comprising five green (CDC Glamis, CDC Sovereign, Laird,
CDC Grandora, Eston), one red (CDC Redcap), and one black
(Indianhead) lentil.Although the red, green, andblack lentils have
different pigments, the clustering obtained appeared to reflect
more than the simple seed coat color as the cultivars did not cluster
according to seed coat color. Among the green lentils there was
also a clear difference between the two small green (CDCRichlea,
CDC Milestone) and the remaining five green lentils.

Analysis of the dendogram of the MeOH/H2O extracts
(Figure 3) showed as in the case of MeOH extracts an isolated
group A composed this time of the black lentil, Indianhead.
Group B may further be divided into different subgroups as
shown in Figure 3. Again, the clustering was not related solely to
the seed coat.

Identification of Compounds from CDC Milestone. Cluster
analysis and evaluation of LC chromatograms showed that the
cultivar CDC Milestone (LMI) had three peaks in its HPLC
chromatogram at retention times of 8.9, 16.7, and 32.7 min that
were absent in other cultivars or present in very small amounts.
We then selectedLMI for large-scale extraction and identification
of its chemical constituents. Sixteen compounds (Figure 4) were
obtained and characterized from100%methanol extract that had
been treated as described under Experimental Procedures on the
basis of interpretation of NMR and MS spectra.

Themost abundant fractionswere eluted early from the reverse
phase preparative column, and following gel permeation and
NMR analysis stachyose (1) and pinitol 2-O-R-D-galactoside (2),
raffinose, sucrose, and D-glucose were identified. There are well-
characterized constituents of lentils andother dried legumes (18-20).
Compound 3 was obtained as an amorphous powder. It was
identified on the basis 1H and 13C NMR data as itaconic acid (3).
This compound is often obtained by fermentation of carbohy-
drates and is used in the preparation of acrylic fibers and rubbers,
toreinforceglass fiber,and inartificialdiamondsand lenses (21,22).
Compounds 4 and 5 were identified as uridine and arbutin,

Figure 1. HPLC-DAD chromatogram of 100% LMI (CDC Milestone) lentil cultivar. Numbers correspond to compounds identified after separation and NMR
analysis.



8718 J. Agric. Food Chem., Vol. 58, No. 15, 2010 Tsopmo and Muir

respectively, on the basis of interpretation of MS and NMR
spectra of their acetylated derivatives. Uridine (4) is a nucleoside
formed by reaction between uracil and ribose, and it is widely
distributed in nature (23). Arbutin (5) has been isolated from
many plants but not from lentils. Its hydrolysis and oxidation of
the resultant 1,4-benzenediol are responsible for leaf blackening
in many dead plants (24, 25).

Several flavonol glycosides were isolated and characterized.
Compounds 10 ([MþH]þ,m/z 903]), 11 ([MþH]þ,m/z 903]), 12
([MþH]þ,m/z 759]), 15 ([MþH]þ,m/z 597]), and 16 ([MþH]þ,
m/z 435]) were O-glycosides of kaempferol according to analysis
of the daughters’ scan (MS/MS) spectra that showed a peak at
m/z 287 corresponding to the ([MþH]þ of kaempferol as sequen-
tially hexose (M- 162) and deoxyhexose (M- 146) were lost.
NMR data showed that two of them were the tetraglycosides

kaempferol 3-O-β-D-glucopyranosyl(1f2)-O-[R-L-rhamnopyra-
nosyl(1f6)]-β-D-glucopyranoside-7-O-R-L-rhamnopyranoside (10)
and kaempferol 3-O-β-D-glucopyranosyl(1f2)-O-[R-L-rhamno-
pyranosyl(1f6)]-β-D-galactopyranoside-7-O-R-L-rhamnopyrano-
side (11). These tetraglycosides were recently obtained from
lentils by Taylor et al. (16) as an unresolved mixture. In this
study we successfully separated them by repeated gel permeation
on Sephadex LH-20 in 100% MeOH. The other glycosides were
identified as kaempferol 3-O-β-D-glucopyranosyl(1f2)-O-β-D-
galactopyranoside-7-O-R-L-rhamnopyranoside (12) (26), kaemp-
ferol 3-O-β-D-glucopyranosyl-7-O-R-L-rhamnopyranoside (15) (27),
and kaempferol 7-O-R-L-rhamnopyranoside (16) (28). They have
been found in lentils and other plants.

Two compounds containing quaternary nitrogen were iso-
lated. The first was identified as trigonelline (6), a plant hormone

Figure 2. Dendogram of the methanol extracts of the12 commercial lentil cultivars. LGL, Glamis; LGR, Grandora; LSO, Sovereign; LLA, Laird; LVA, Vantage;
LES, Eston; LIH, Indian Head; LMI, Milestone; LRC, Redcap; LRB, Robin; LRW, Redwing; LRL, Richlea.

Figure 3. Dendogram of the methanol/water extracts of the12 commercial lentil cultivars. LGL, Glamis; LGR, Grandora; LSO, Sovereign; LLA, Laird; LVA,
Vantage; LES, Eston; LIH, Indian Head; LMI, Milestone; LRC, Redcap; LRB, Robin; LRW, Redwing; LRL, Richlea.
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that hadbeen shown topossess antihyperglycaemic, antibacterial,
and antifungal properties (29, 30); the second was identified as
hypaphorine (8), a feeding deterrent for a seed-eating rodent
previously identified in the seeds of lentils and other species
(31, 32). Compound 7 was found to be epi-dihydrophaseic acid
β-D-glucoside, a chemical derived from the plant hormone abscinic
acid (33, 34).

Compound 9 was obtained as a colorless powder. Its MS
spectra showed pseudomoleuclar ions atm/z 440 [MþNaþH]þ

and 417 [M - H]-. The molecular formula C17H22O12 was
deduced from analysis of 13C and HMQC spectra. Further inter-
pretation of 13C NMR and HMQC spectra of 9 showed the
presence of oneCOOH, threeCH2, nineCH, and four quaternary
C atoms. 1H and 13C NMR data (Table 2) of the aglycones were
similar to those reported for gentisic acid 2-O-β-D-glucopyra-
nose (35) and other gentisic glycosides (36,37). TheNMR spectra
showed that 9 contained two sugarmoietieswith anomeric signals

appearing at δH 5.45 (d, J=1.2Hz), 4.79 (d, J=7.2Hz), and δC
110.8 and 101.2.HMBCcorrelations showed that the sugars were
xylose and apiose. The xylose residue was attached to the
aglycone at C-5, as confirmed by the HMBC cross-correlation
peak betweenH-10 (δ 4.79) and carbonC-5 (δ 150.7). Other cross-
correlation peaks showed that apiose was attached to C-20 of the
xylose moiety. Therefore, compound 9 was identified as 5-O-[β-
apiosyl-(1f2)-O-β-xylopyranosyl]gentisic acid. This compound
is described for the first time in lentil, although it has just been
found recently in Sapatholbus suberectus (38).

Compound 14 was isolated as a colorless powder. 1H and 13C
NMR (Table 2) showed the presence of two sugar moieties. One
was identified as apiose (δH-1 5.36, d J = 1.4 Hz, δC-1 110.7) by
comparison with data of compound 9, whereas the other was
identified as glucose on the basis of characteristic chemical shifts.
The aglycone was found to be a megastigmane derivative with
double bonds at C-4 and C-7 positions. 1H NMR data showed

Figure 4. Chemical structures of constituents obtained from CDC Milestone cultivar.
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that the C-7 had a cis conformation: H-7 (δ 5.83), H-8 (δ 5.82),
and JH-7/H-8 = 4.2 Hz. Analysis of other spectra showed that 14
was (6S,7Z,9R)-9-hydroxymegastigma-4,7-dien-3-one-9-O-β-D-
apiofuranosyl-(1f2)-β-D-glucopyranoside, a substance reported
in the literature (39) but isolatedhere for the first time from lentils.

The ESI-MS spectrum of compound 13 showed two proto-
nated ions peaks atm/z 255 and 227 with a ratio of 3:1 indicating
the presence of a chloride group. The 13C NMR spectrum
(Table 3) displayed the presence of 11 carbon atoms, and the
HMQC direct correlation spectra showed that there were one
carbonyl, one methyl, one methylene, four sp2 methine groups,
and four quaternary carbons. In the HMBC spectrum, important
correlations were observed from the methylene groups δH 3.82/
3.37 (d, J = 11.7 Hz) and the carbonyl at δC 171.1 and C-2

(δ 128.0), C-3 (δ 108.2), and C-3a (δ 124.8) as well as from H-7
(δ 7.29) to C-3a, C-5, C-6, and C-7a. This compound was there-
fore characterized as 4-chloro-1H-indole-3-N-methylacetamide
(13), which is a novel compound.

Cluster analysis was used to classify the lentil cultivars on the
basis of peaks detected on HPLC chromatograms. One cultivar
that appeared to have some distinct peaks was selected for large-
scale extraction and separation of its constituents. Using mass
spectrometry and NMR, 16 compounds were identified. One is
novel, and three are isolated for the first time in lentils. Two of the
compounds specific to the CDC Milestone cultivar were identi-
fied as itaconic acid (3) at a retention time (RT) of 8.9 min and
kaempferol monoglycoside (16) at RT 32.7 min. Cluster analysis
may effectively be used for metabolic profiling of crop or food
components before separation is attempted.

Supporting Information Available: Additional tables. This

material is available free of charge via the Internet at http://pubs.

acs.org.
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