
Abstract The phenolic composition of the seed coat and
the cotyledon of two varieties of lentils, Pardina and
Castellana have been investigated by HPLC-photodiode
array detection (PAD) and HPLC-MS. Large quantitative
and qualitative differences have been found in the phe-
nolic composition of the two seed parts. In both varieties
of lentils the seed coat is very rich in catechins, procy-
anidins dimers and trimers, and in minor concentration it
contains glycosides of quercetin, myricetin, luteolin and
apigenin. The cotyledon contains mainly hydroxybenzo-
ic and hydroxycinnamic acids in low concentration. Two
esters of the trans-p-coumaric acid, p-coumaroylmalic
acid and p-coumaroylglycolic acid have been identified
in the cotyledon, and the stilbene trans-resveratrol-5-
glucoside in the seed coat. These compounds had not
previously been reported in lentils. Results presented 
allow an overview of the distribution of the phenolic
compounds in the seed lentils, and contribute to knowl-
edge of the implications in dietary intake of these com-
pounds.
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Introduction

Polyphenols constitute a group of compounds from the
secondary plants metabolism. Between them hydroxy-
benzoic and hydroxycinnamic compounds and flavono-
ids are widely distributed in plants and food of plant origin.

Legumes are one of the most important foodstuffs.
They supply both, micro and macronutients and have a
high content of proteins, carbohydrates, vitamins and
minerals unevenly distributed in the seed. Three different
parts are recognized in the legume seed: the seed coat or

testa, the cotyledon, and the embryonic axe which, in 
average, represent 10%, 89% and 1%, respectively, of
the seed content. The cotyledon contains the main 
reserve substances, basically proteins and carbohydrates.
In the testa, which acts as a protective barrier for the cot-
yledon, are located the majority of phenolic compounds
reported in legumes.

Among legumes, lentils (Lens culinaris) constitute an
important source of food for humans in many countries.
They contain phenolic compounds, but as in other 
legumes, best reported are total condensed tannins in 
relation to the nutritional properties of lentils [1, 2, 3, 4,
5]. Other phenolic compounds, flavonoid and non-flavo-
noid, are not as well characterized in lentils. After 
hydrolysis of lentil flours the phenolic acids, ferulic, 
p-coumaric and p-hydroxybenzoic [6], and the flavono-
ids, quercetin and apigenin [7] have been identified. In
non-hydrolyzed lentil flour were found different contents
of protocatechuic, p-hydroxybenzoic, vanillic, p-coumar-
ic and ferulic acids and p-hydroxybenzoic aldehyde, and
higher quantities of catechin and several procyanidins,
dimers and trimers [8, 9, 10, 11]. The presence of 
kaempferol, 4’-methoxykaempferol and 8-hydroxy-
kaempferol, and some benzoic acids was also reported
[12]. Also (+)-catechin-3-glucose, (+)-catechin, procy-
anidin B3 and gallocatechin have been found [13].

Little is known of the distribution of phenolic com-
pounds in lentil seeds, only the prevalence of condensed
tannins in the outside, or seed coat has been reported
[14]. Compared with other legumes the seed coat must
keep the majority of flavonoid compounds [15, 16, 17,
18].

In order to elucidate the specific phenolic compounds
of the seed coat and the cotyledon of lentils and their
contribution to the complete phenolic composition, in
this work we have investigated the phenolic composition
of two different varieties of lentils by different tech-
niques of analysis (HPLC-photodiode array detection
(PAD), HPLC-MS and selective cleaveage).M. Dueñas · T. Hernández · I. Estrella (✉)
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Materials and methods

Samples

Two varieties of commercial lentils (Lens culinaris L.) were used,
Pardina and Castellana, and two samples of both varieties, from
different areas of the central region of Spain, were analyzed: 
Pardina 1 (Palencia), Pardina 2 (Salamanca), Castellana 1 
(Salamanca) and Castellana 2 (León). The four samples of seeds
were harvested in 1998. The cotyledon was manually separated
from the seed coat, and both were ground separately.

Sample extraction

Extractions of phenolic compounds from the cotyledon and from
the seed coat, were performed as follows [19]: 1.5 g of seed coat
and 10 g of cotyledon were macerated separately (3×10 h) with
80 mL of a solution of methanol-HCl (10/000)–water (80:20 v/v), in
a bath at room temperature and stirring. The supernatant was 
separated by centrifugation. In both cases the three combined 
supernatants were taken to a fixed volume (240 mL) with metha-
nol-HCl (10/000)–water (80:20 v/v). An aliquot of this solution
(100 mL) was extracted four times with diethyl ether and four
times with ethyl acetate, to more purify phenolic compounds, and
the organic fractions combined and dried with anhydrous Na2SO4.
This extract was evaporated to dryness under vacuum and the resi-
due, redissolved in methanol–water (1:1, v/v), was analysed by
high-performance liquid chromatography with photodiode array
detection (HPLC-PAD).

HPLC-PAD analysis

The chromatographic system consisted of a photodiode array 
detector 2001 (Waters, Milford. Mass, USA). The column was a
Nova Pack C18 (300×3.9 mm I.D., 4 µm particle size). Two mobile
phases were employed for elution, A: water–acetic acid (98:2, v/v)
and B: water–acetonitrile–acetic acid (78:20:2, v/v/v). The gradi-
ent profile was 0–55 min, 100%–20% A; 55–70 min, 20%–10%
A; 70–80 min, 10%–5 % A; 80–90 min, 100% B, with a flow rate
of 1 mL/min. Detection was performed by scanning from 210 to
400 nm with an acquisition speed of 1 s. Samples were analysed in
triplicate.

Alkaline hydrolysis

The hydrolysis was used as a method of cleavage of esters of 
phenolic compounds, to remove an organic acid from the mole-
cule. The method used was based on that of Markham [20]. The
sample dissolved in 2 M NaOH on a steam bath for 2 h. Neutral-
ized with 1 M HCl and extracted with diethyl ether and ethyl 
acetate, following the method described above. The organic 
fractions were chromatographed by HPLC-PAD to identify the
phenolic compounds.

Identification and quantification of compounds

Chromatographic peaks were identified by comparing retention
times, UV spectra and data of UV spectral parameters [21, 22], 
recorded with the photodiode array detector (PAD), with those of
standards. The standards (+)-catechin, (–)-epicatechin, the benzoic
acids, gallic, protocatechuic, p-hydroxybenzoic, the cinnamic 
acids, trans-p-hydroxycinnamic, trans-ferulic, trans-cinnamic and
the trans-resveratrol are from Aldrich Chimie (Germany); the 
procyanidins B1, B2 and B3, and the flavonols (myricetin-3-ramno-
side and quercetin-3-ramnoside) and flavones (luteolin-7-gluco-
side, luteolin, apigenin-7-apioglucoside and apigenin-7-glucoside)
are from Extrasynthèse (France).

Compounds with the UV spectra corresponding to that of the
procyanidins, for which standards were not available, were identi-
fied as procyanidins, dimers and trimers, based on the study of 
data of UV spectral parameters, for the analysis of procyanidins
by HPLC-PAD [22].

Compounds with the same shape and wavelength maxima of
the UV spectrum of cinnamic acids, but with different retention
times were identified as derivatives, esters or glicosydes of these
free acids [23].

Quantifications were made using the external standard method,
with commercial standards. The calibration curves were obtained
by injection of different volumes of the standard solution under
the same conditions as for the samples analyzed. Hydroxycinnam-
ic acid derivatives were quantified using the calibration curves of
the corresponding free acid, and procyanidins with the calibration
curve of (+)-catechin. The unknown flavonoid glycosides were
quantified with the calibration curves of the corresponding agly-
cones.

HPLC-MS analysis

Mass spectra were obtained using a Hewlett-Packard 110MS
system equipped with an API source, working in negative mode.
The interface settings were: nebulizer pressure, 40 psi; drying gas
temperature and flow rate, 320 °C and 10 L/min respectively; 
voltage at capillary entrance, 4000 V; fragmentation voltage, vari-
able. A Nova-pak column (3.9×150 mm, 4 µm) was used. The
sample, diluted in acetonitrile–water (4:1 v/v) was injected, with a
flow rate of 0.5 mL/min, using as eluent a 50:50 (v/v) mixture of
1% acetic acid in acetonitrile and 1% acetic acid in water. The 
injection volume was 25 µL. The scan range was set at m/z
100–3000. Data were collected using software MHP-1100.

Results

Figures 1 and 2 show the chromatograms of the cotyle-
don and the seed coat of one of the lentil samples (Pardi-
na 2). In the investigated samples there are important
qualitative and quantitative differences in the phenolic
composition of the seed coat and the cotyledon. 

In the cotyledon the acids, protocatechuic, p-hydroxy-
benzoic, trans-ferulic, and cis and trans-p-coumaric, in
addition to (+)-catechin have been identified (Fig. 1).

Peaks 4 and 5 (Fig. 1) with UV spectra similar to that
of p-coumaric acid, under HPLC-PAD conditions, were
collected separately from the HPLC column.

The isolated peaks were hydrolysed by 2 M NaOH, as
explained above. The organic fractions from the hydroly-
sis were chromatographed by HPLC-PAD in the condi-
tions of analysis of phenolic compounds. In both cases
free trans-p-coumaric acid is identified, therefore the
peaks 4 and 5 should be derivatives of this acid.

These peaks were also submitted to the analysis by
HPLC-MS. From the electrospray mass spectra of the
peak 4, the main ion observed, in the negative ion mode,
is [M–H]– at m/z 278.1, corresponding to trans-p-couma-
roylmalic acid (Fig 3). In the case of peak 5 the main ion
observed is [M–H]– at m/z 220.1, corresponding to trans-
p-coumaroylglycolic acid (Fig 3).

By that way we have identified the two esters in the
cotyledon of the four samples of lentils. We have not
found references about the presence of p-coumaroylmal-
ic acid and p-coumaroylglycolic acid in lentils. The pres-
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Fig. 1 Chromatogram at 280 nm of the cotyledon (Pardina 2). 1,
protocatechuic acid; 2, p-hydroxybenzoic acid; 3, (+)-catechin; 4,

trans-p-coumaroylmalic acid; 5, trans-p-coumaroylglycolic acid;
6, trans p-coumaric acid; 7, trans-ferulic acid

Fig. 2 Chromatogram at
280 nm of the seed coat 
(Pardina 2). 1, gallic acid; 2,
3,4,5-trihydroxybenzaldehyde;
3, 4, 5, 6, 9, 11, 12, 19, 20, 21,
procyanidin dimers; 14, 15, 16,
procyanidin trimers; 7, B3; 8,
B1; 10, (+)-catechin; 13, B2;
17, (–)-epicatechin; 18, trans-
p-coumaric acid; 22, trans-
resveratrol-5-glucoside; 23,
myricetin-3-ramnoside; 24,
luteolin-7-glucoside; 25, apige-
nin-7-apioglucoside; 26, apige-
nin-7-glucoside; 27, 29, lute-
olin glycosides; 28, quercetin-
3-ramnoside; 30, apigenin gly-
coside; 31, luteolin
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ence of these conjugate cinnamates has been reported in
leaves of Faba (Phaseolus spp.) [24].

In the seed coat (Fig 2) the acids, gallic, protocate-
chuic, trans-p-coumaric; the aldehyde, 3,4,5, trihydroxy-
benzoic; (+)-catechin and (–)-epicatechin; the procyanidin
dimers, B3 [(+)-catechin-(4β→8)-(+)-catechin], B1 [(–)-
epicatechin-(4β→8)-(+)-catechin] and B2 [(–)-epicate-
chin-(4β→8)-(–)-epicatechin]; the flavonols, myricetin-
3-ramnoside, quercetin-3-ramnoside and the flavones,
luteolin-7-glucoside, apigenin–7-glucoside, apigenin-
7-apioglucoside and luteolin, have been identified by
comparison of their retention time, UV spectra and data
of UV spectral parameters with those of standards. Addi-
tional compounds with the same shape and wavelength
maxima of UV spectrum to the procyanidins have been
characterized, as procyanidin dimers (peaks 3, 4, 5, 6, 9,
11, 12, 19, 20 and 21) and trimers (peaks 14, 15 and 16)
based on the data of their UV spectral parameters [21].
Peaks 24, 27, 29 and 30 have been characterized as lute-
olin or apigenin glycosides by their maxima in the UV
spectra, which spectral characteristics are similar to that
of corresponding aglycons, but different retention times.

Under HPLC-PAD conditions, the retention time and
the UV spectrum of peak 22 (Fig 2) corresponds to
trans-resveratrol-5-glucoside [25]. The presence of this
compound in the samples has been confirmed by HPLC-
MS. From the electrospray mass spectra of this peak, the
main ions observed in the negative ion mode are [M–H]–

at m/z 227 and [M–H]– at m/z 389, corresponding to 
resveratrol and resveratrol glucoside. The trans-res-
veratrol-5-glucoside is found in the seed coat of every

lentil samples. To our knowledge the stilbene, trans-
resveratrol-5-glucoside, has not yet been identified in
lentils. Compounds belonging to this family of stilbenes
are present mainly in grape skins and wine [25, 26].

In the cotyledon (Table 1) we have found mainly 
hydroxybenzoic and hydroxycinnamic compounds, the
latter in greater concentration than the former. However
there are few data about the phenolic composition of 
legumes, López-Amorós [11] and Bartolomé [9] have
been observed similar relation in the whole seed of peas
and lentils.

The concentration of the hydroxybenzoic compounds
is not too different between both varieties (Table 1), but
the percentages of total phenolics are different, in Pardina
lentils are 8.64% and 8.60%, while in the Castellana
these percentages are larger, 34.89% and 20.18%, 
respectively. In both varieties p-hydroxybenzoic acid is
the main benzoic component.

On the other hand, the hydroxycinnamic compounds
of the cotyledon show different concentrations in the
Pardina and Castellana lentils analysed. The major 
compound in Pardina is trans-p-coumaroylmalic acid,
followed by trans-p-coumaric acid and trans-p-couma-
roylglycolic acid. In Castellana lentils the major com-
pound is trans-p-coumaric acid. Considering the percent-
ages of hydroxycinnamic compounds with respect to the
total phenolics of the cotyledon, the differences between
the varieties are small, 78.81% and 87.10% in Pardina
samples and 61.90% and 68.65%, in Castellana.

As would be expected, the seed coat is richer in 
phenolic compounds than the cotyledon, and they are
mainly flavonoid compounds. It is remarkable (Table 2),
the high concentration of flavonoid compounds, cate-
chins (917.55–1530.11 µg/g), procyanidin dimers and 
trimers (1281.21–2386.04 µg/g), flavonols glycosides
(9.60–323.83 µg/g) and flavone glycosides
(33.12–224.83 µg/g), in comparison to the non-flavono-
ids, hydroxybenzoic (28.39–37.70 µg/g) and hydroxycin-
namic (11.78–29.45 µg/g) compounds.

The trans-p-coumaric acid, which is also detected in
the cotyledon, is the only phenolic acid detected in the
testa. The main component of the seed coat in both vari-

Table 1 Concentration of phenolic compounds (µg/g) in the cotyledon of two varieties of lentils Pardina and Castellana

Peak no. Compounds Pardina 1 Pardina 2 Castellana 1 Castellana 2

1 Protocatechuic acid 0.76±0.01 0.81±0.02 0.73±0.01 0.84±0.03
2 p-Hydroxybenzoic acid 1.16±0.04 1.03±0.03 1.43±0.04 0.93±0.02
3 (+)-Catechin 2.89±0.05 0.92±0.01 0.24±0.01 0.98±0.03
4 trans-p-Coumaroylmalic acid 8.71±0.02 9.22±0.33 0.36±0.02 0.62±0.04
5 trans-p-Coumaroylglycolic acid 2.84±0.03 2.82±0.15 1.03±0.11 1.14±0.10
6 trans-p-Coumaric acid 4.55±0.03 3.25±0.02 2.65±0.01 3.44±0.02

cis-p-Coumaric acid 0.49±0.01 nd nd 0.31±0.01
7 trans-Ferulic acid 0.69±0.00 0.90±0.01 0.59±0.02 0.51±0.01

Total benzoics /(%) 1.92/(8.64) 1.84/(8.60) 2.66/(34.89) 1.77/(20.18)
Total cinnamics /(%) 17.89/(78.81) 18.62/(87.10) 4.63(61.90) 6.02/(68.65)
% (+)-Catechin 12.73 4.30 3.21 11.17

nd, Not detected; (%), the percentage of the total of phenolics. The numbers of compounds correspond to those of the peak chromato-
gram.

Fig. 3 A trans-p-coumaroylmalic acid; B trans-p-coumaroygly-
colic acid
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eties is (+)-catechin, present in much larger concentra-
tion than (–)-epicatechin.

In relation to the major procyanidins, we can remark
on the high concentration of the B3 in all the samples, 
together with smaller amounts of B1, B2 and a procyani-
din dimer (peak 3). The greatest differences between
both varieties are observed with B1. As to the total con-
tent of dimers and trimers, some differences are 
observed between the Castellana and the Pardina, the
procyanidin concentrations are greater in the Pardina
(2249.12 and 2386.04 µg/g) than in the Castellana
(1281.21 and 1685.27 µg/g), although there are similar
percentages of dimers.

The greatest differences observed between the Pardina
and the Castellana are related to the flavonol and flavone
glycosides content (Table 2). The samples from the
Castellana variety are the poorer in this type of com-
pounds. Concentrations of the flavonol glycosides, and
flavone glycosides are higher in the Pardina than the

Castellana variety. There are a higher percentage of these
compounds in the Pardina (7% and 11%) than in the
Castellana (~2%), in relation to total of the phenolics of
the seed coat.

The proportion of the seed coat and the cotyledon in
the weight of the whole seed are shown in Table 3. The
cotyledon represents between 88.6 to 91.8% of the seed.
Little differences are found between Castellana lentils. In

Table 2 Concentration of phenolic compounds (µg/g) in the seed coat of two varieties of lentils Pardina and Castellana

Peak no. Compounds Pardina 1 Pardina 2 Castellana 1 Castellana 2

1 Gallic acid 4.49±0.44 3.34±0.92 4.94±1.00 1.22±0.64
Protocatechuic acid nd nd 11.11±1.50 10.53±0.97

2 3,4,5-Trihydroxybenzaldehyde 23.90±0.58 29.58±1.30 18.65±0.99 25.78±2.59
3 Procyanidin D 507.30±4.16 372.49±5.45 223.36±4.15 282.39±6.10
4 Procyanidin D 121.15±1.41 106.39±2.97 55.32±0.89 74.38±3.25
5 Procyanidin D 102.11±4.73 62.47±1.00 47.84±2.85 59.45±5.20
6 Procyanidin D 76.53±5.55 41.89±0.93 85.97±3.87 29.01±2.15
7 Procyanidin B3 745.25±7.04 869.88±23.07 754.42±11.53 445.31±10.50
8 Procyanidin B1 305.94±5.06 324.65±12.75 88.34±3.18 89.60±7.81
9 Procyanidin D 65.11±2.15 45.15±3.43 38.77±3.52 41.73±5.65

10 (+)-Catechin 1475.65±7.07 1471.04±33.55 1281.27±26.44 899.31±24.84
11 Procyanidin D 25.82±0.70 103.64±7.47 8.74±2.00 1.88±0.20
12 Procyanidin D 74.98±1.80 108.56±9.43 78.83±5.33 58.61±4.04
13 Procyanidin B2 158.04±3.72 191.34±8.45 209.68±14.46 131.67±5.80
14 Procyanidin T 13.80±1.28 14.69±2.55 12.74±2.37 8.27±1.37
15 Procyanidin T 5.18±0.32 45.51±2.09 27.30±1.63 19.06±1.77
16 Procyanidin T 7.95±0.30 20.17±1.20 9.54±1.61 14.83±0.81
17 (–)-Epicatechin 21.99±0.83 59.07±0.48 19.72±1.87 18.25±1.59
18 trans-p-Coumaric acid 19.51±1.22 11.78±0.71 20.29±2.45 29.45±2.87
19 Procyanidin D 28.64±0.62 49.48±1.07 20.12±1.42 14.16±1.32
20 Procyanidin D 11.32±1.49 14.00±1.45 24.38±2.57 10.86±1.13
21 Procyanidin D t 15.73±1.79 t t
22 trans-Resveratrol-5-glucoside 9.34±0.40 6.39±0.01 5.75±0.64 5.50±1.00
23 Myricetin 3- ramnoside 57.91±1.72 120.53±4.66 13.36±0.85 9.60±1.21
24 Luteolin 7-glucoside 10.47±1.08 3.95±0.20 5.25±0.68 5.18±1.13
25 Apigenin 7-apioglucoside 75.50±1.28 94.20±2.51 13.68±0.45 5.58±0.65
26 Apigenin 7-glucoside 17.53±1.58 4.07±0.12 6.44±0.85 11.45±0.29
27 Luteolin glycoside 11.66±1.54 39.90±1.50 t 11.68±1.38
28 Quercetin 3-ramnoside 59.77±1.32 203.30±4.15 9.67±1.93 t
29 Luteolin glycoside 18.00±1.08 33.94±1.82 4.14±0.55 4.15±1.12
30 Apigenin glycoside t 39.51±2.44 t t
31 Luteolin 3.47±0.78 9.26±0.39 3.61±0.44 3.25±0.58

Total benzoic acids/(%) 28.39/(0.70) 32.92/(0.73) 34.70/(1.12) 37.53/(1.62)
Total cinnamic acids /(%) 19.51/(0.48) 11.78/(0.26) 20.29/(0.66) 29.45/(1.27)
Total catechins /(%) 1497.64/(36.98) 1530.11/(33.93) 1300.99/(42.00) 917.55/(39.61)
Total procyanidin dimers /(%) 2222.19/(54.88) 2305.67/(51.13) 1635.77/(52.81) 1239.05/(53.49)
Total procyanidin trimers /(%) 26.93/(0.66) 80.37/(1.78) 49.50/(1.60) 42.16/(1.82)
Total flavonols /(%) 117.68/(2.91) 323.83/(7.18) 23.03/(0.74) 9.60/ (0.41)
Total flavones/(%) 136.63/(3.37) 224.83/(4.90) 33.12/(1.07) 41.29/(1.78)
% Glucoside resveratrol 0.23 0.14 0.19 0.24

nd, Not detected; t, traces; %, the percentage of the total of phenolics. The numbers of compounds correspond to those of the peak chro-
matogram.

Table 3 Proportions (%) of cotyledon and seed coat of the weight
of different lentils

Samples Cotyledon Seed coat

Pardina 1 88.6 11.4
Pardina 2 90.3 9.7
Castellana 1 91.8 8.2
Castellana 2 91.7 8.3
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Pardina the higher weight of seed coat of Pardina 1 could
be atributted to the size of the seed, which was smaller
than Pardina 2.

From the results tabulated in Tables 1, 2 and 3 it can
also be deduced that although the seed coat represents
only from 8.2% to 11.4% of the total weight of these 
lentils, the seed coat catechins and procyanidins and, in a
smaller proportion, flavonols and flavones are the main
contributors to the total content of phenolic compounds
in the lentil seeds of the samples investigated. The coty-
ledon, representing from 88.6%–91.8% of the total
weight, would provide a very low concentration of phe-
nolic compounds, mainly cinnamic and benzoic com-
pounds.

Conclusions

Altogether, from these results, we can conclude that 
hydroxycinnamic and hydroxybenzoic compounds can
be found in the external or the internal tissue of the
seed lentils, albeit in different concentrations. Flavonol
and flavone glycosides were found in the outside of the
seed and they are in different concentrations in the
samples from the different varieties analyzed. Cate-
chins and procyanidins are also much more abundant in
the external tissues (catechins, 34%–42% and procyani-
dins, 53%–56%). In short, the flavonoid compounds are
found almost exclusively in the lentil seed coat while
the non-flavonoid can be found in the seed coat and 
the cotyledon. A similar distribution has been previous-
ly reported for fruits between the skin and the pulp 
[27, 28].

The present study is a part of extensive research about
phenolic composition of lentils being developed in our
laboratory.
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