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A B S T R A C T   

Seed color and size are the major traits influencing consumer’s acceptability and market class of lentils world
wide. In this paper we assessed the in vitro antioxidant capacity of whole seeds, hulls, and cotyledons of five 
lentil varieties in relation to their phenolic profile. The samples were evaluated for total polyphenol content and 
different phenolic classes, such as condensed tannin content, total monomeric anthocyanins, and phenolic acids. 
Individual phenolic compounds, including flavonols, flavanols, flavones, anthocyanins, and phenolic acids, were 
further quantitatively investigated by HPLC-DAD. Total antioxidant capacity was evaluated by ABTS and ORAC 
assays, and a direct measurement (ABTSdir) was used to evaluate the antioxidant capacity of the bioactive 
compounds present in the whole-meal flours without extraction. The five genotypes showed considerable vari
ations in their phenolic content and profile as well as antioxidant activities. The results showed a preferential 
accumulation of phenolic compounds with antioxidant activity in the hulls compared to cotyledons. Delphinidin 
and cyanidin were the most abundant flavonoids in the hulls, while epicatechin and catechin were the most 
concentrated in the cotyledons. A highly significant correlation was observed between ABTS, ORAC and ABTSdir 
and total polyphenols. The antioxidant capacities were highly correlated with several individual phenolics 
detected in hulls and cotyledons. The overall results showed that the lentil fractions and extracts with higher 
phenolics had also higher antiradical activity which was independent on seed size and color. Identifying lentil 
genotypes with diverse phenolic profile in cotyledons and whole seeds could meet diverse consumers preferences 
and health requirements.   

1. Introduction 

Lentil (Lens culinaris Medik) is one of the oldest cultivated species 
worldwide being adapted to a variety of soils and environments 
including semi-arid marginal areas (Kaale et al., 2022). The global 
cultivation of lentils has increased in the recent years especially in 
Canada (2.87 Mt), India (1.18 Mt) and Australia (0.53 Mt) (FAO, 2021). 
Compared to other legume crops, lentil has higher annual growth with 
an average progression of about 10% over the last 60 years. Among the 
reasons of the lentil success is the high grain protein content (about 
25%), that together with other grain macronutrients and micronutrients 
make this legume crop one of the most environmentally sustainable to 

meet food security (Kaale et al., 2022; Kiran et al., 2020). With respect to 
other pulses, lentils also contain a higher content of polyphenols espe
cially of flavan-3-ols, condensed tannins (proanthocyanidins), antho
cyanidins, flavonols, flavones, and phenolic acids (Dhull et al., 2022; Xu 
& Chang, 2007). These compounds, occurring in free, conjugated, and 
bound forms, are more concentrated in the peripheral layers of the seed 
(seed coat, or hull) than in cotyledons (Sun et al., 2020). A number of 
flavonoids and condensed tannins are the polyphenols that mostly 
contribute to grain color influencing also several organoleptic properties 
(Mirali et al., 2016, 2017). 

The antioxidant activity of lentil polyphenols has been evaluated in 
vitro with different assays, such as 2,2′-azino-bis (3- 
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ethylbenzothiazoline-6-sulfonic acid (ABTS) 2,2-diphenyl-1-picrylhy
drazyl radical scavenging (DPPH), ferrous reducing antioxidant power 
(FRAP), oxygen radical absorbance capacity (ORAC), and total radical- 
trapping antioxidant parameter (TRAP), among the most common (Xu 
& Chang, 2007). These methods are based on two main mechanisms, the 
hydrogen atom transfer (HAT) and the single electron transfer (SET). 
Indeed, due to the lack of standard methods for measuring the antioxi
dant capacity of food matrices, the use of different measurement 
methods is recommended (Zulueta et al., 2009). Polyphenols have other 
significant biological properties besides antioxidant activity, such as 
anti-inflammatory and anti-cancer properties associated to a reduced 
risk for cardiovascular diseases, diabetes, and neurodegenerative dis
eases (Calabriso et al., 2020; Ganesan & Xu, 2017; Jung et al., 2022; 
Peng et al., 2022). 

Lentils are a staple in Middle Eastern and Indian diets but are at the 
base also of many traditional dishes around the world (Kaale et al., 
2022). While lentils are mostly marketed as whole seed, a high per
centage are consumed as dehulled footballs or split forms (Muehlbauer 
et al., 2009). Lentils with red cotyledon and small seeds are mainly 
consumed as dehulled in South Asia and in the Middle East and red dyes 
can be used to paint shelled lentils despite their toxicity to humans 
(Erdoğan, 2015; Muehlbauer et al., 2009). The removal of the outer seed 
coat improves the lentil digestibility and palatability resulting in a 
reduction of polyphenols and anti-nutritional factors (ANFs) such as 
lectins, trypsin enzyme inhibitors, phytates, saponins (Patterson et al., 
2017; Romano et al., 2021). The seed coats derived from de-hulling are 
mostly used as animal feeding although they are rich in antioxidant 
bioactive phenolic compounds and have been used as food supplement 
(Dalgetty & Baik, 2006; Galgano et al., 2021; Portman et al., 2018). 

Lentil seeds may have different colors with seed coats varying from 
light green to deep purple, tan, grey, brown, black or mottled, and 
cotyledon colors that can be yellow, orange, red, or green depending on 
the genotype and on the polyphenol composition of the seed coats and 
cotyledons (Ganesan & Xu, 2017; Mirali et al., 2017). The market 
acceptability of lentils is highly dependent on seed color. Lentils with 
uniform and green color are preferred in the United States and Europe, 
brown seeds are more appreciated in Italy and other Mediterranean 
countries, and shelled seeds with intense bright red color are the most 
consumed in India, Pakistan, Nepal, and Middle East countries (Erdo
ğan, 2015; Fiocchetti et al., 2009). A large variability for seed coat 
patterns is present in the lentil germplasm which has not been fully 
investigated on biochemical and microscopic basis (AGPG, 1985; Irakli 
et al., 2021). 

In this paper we considered five varieties representative of the 
variability observed in a larger collection of pigmented lentils with 
yellow to orange cotyledons and seed coat background, and multiform 
seed coat pattern (Del Coco et al., 2022). The objectives were to char
acterize the seed fractions and whole seeds across the varieties to 
evaluate their in vitro antioxidant capacity in relation to the phenolic 
profile. The antioxidant capacity of the phenolic extracts was evaluated 
by ABTS and ORAC assays and by a direct ABTS assay (ABTSdir). The 
cuticle surface was studied by optical and confocal microscopy to 
inspect the preferential sites of pigments accumulation. 

2. Materials and methods 

2.1. Chemicals 

Authentic reference standards of phenolic compounds (caffeic acid, 
p-coumaric acid, gallic acid, p-hydroxybenzoic acid, protocatechuic 
acid, syringic acid, vanillic acid, sinapic acid and ferulic acid, 
(+)-catechin, (− )-epicatechin, kaempferol, luteolin, myricetin, delphi
nidin and cyanidin), ABTS (2,2′-Azino-bis(3-ethylbenzothiazoline-6- 
sulfonic acid), Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-car
boxylic acid), potassium persulfate, AAPH [2,2′-azobis (2-methyl-pro
pionamide)] were obtained from Sigma-Aldrich (Milan, Italy), and 

Folin-Ciocalteu reagent, sodium hydroxide, formic acid and HPLC 
(high performance liquid chromatography) grade solvents were ob
tained from Carlo Erba Reagent (Milan, Italy). 

2.2. Plant materials 

Five lentil varieties, namely IG2580, IG5769, IG69497, IG129136, 
IG143547, with different pedigree, year of release, country of origin, 
and seed morphology were received by ICARDA, Lebanon (Supple
mentary Table 1 and Fig. 1). These genotypes were chosen for being 
representative of the variability for hulls and cotyledons color, hull 
pattern and seed size observed in a larger collection of lentil varieties 
(Romano et al., 2022). The plants were grown in the 2018/19 season at 
Terbol, Lebanon (33.81◦ N, 35.98◦ E), at ICARDA experimental station 
according to randomized complete block design including three repli
cations (Shiv Kumar Shiv Kumar, ICARDA Lebanon, personal 
communication). 

2.3. Dehulling and milling 

Seeds (50 g) were soaked in distilled water 1:4 (seed:water,w/w) for 
4 h at room temperature, then the water was drained out and stored 
while the seeds were manually dehulled. The hulls plus the soaking 
water, and the cotyledons were lyophilized. Dried seed fractions and 
whole seed samples were milled using a laboratory Mixer Mill MM400 
(Reitsch, Düsseldorf, Germany) with a frequency of 30 Hz for 30 s. 

Fig. 1. Morphology and color of cotyledons (left) and hulls of five 
lentil varieties. 
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2.4. Morphological analyses 

Lentils seed coat color was assessed using a Minolta CR-400 model 
spectrophotometer (Minolta Camera Co, Osaka, Japan) according to the 
International Commission on Illumination (CIELab, 1978). Whole seeds 
were transferred into the Minolta collector, and lightness (L*) and color 
(a*, red index; b*: yellow, index) were assessed. Seed coat patterns and 
cotyledons colors were classified based the descriptors reported by 
AGPG (1985). 

Optical color pictures were acquired with the stereomicroscope 
Stemi 508 (Zeiss) connected to the axiocam ERc 5s camera. Microscopic 
optical analysis was performed with an optical microscope Orma Sci
entific OL201TL connected to a Camera Eurotek MDH5 (1080p). 
Confocal images were acquired with a laser scanning confocal micro
scope (LSM 710 Zeiss) using a λex:488 nm for excitation. Fluorescent 
emission was recorded combining 3 filters λem: 505–530; 560–615; 
>650 nm. Fluorescent emission was recorded combining 3 filters: 
505–530; 560–615; >650 nm. Confocal sections have a 2.5 μm section at 
low magnification (Fig. 4A–F) and 1.5 μm section at high magnification 
(Fig. 4G–I). The power of each laser line, the gain, and the offset were 
identical for each experiment so that the images were comparable. 

2.5. Extraction of total polyphenols and flavonoids analyses by HPLC 

Total polyphenols were extracted following Gerardi et al. (2022) 
with slight modifications. Briefly, 0.1 g of whole-meal flours was 
extracted by adding 1 mL of methanol/water/formic acid (80/15/5) at 
room temperature and incubating overnight. Samples were centrifuged 
at 4000×g for 10 min, and the slurry was re-extracted with an additional 
10 mL of solvent on a rotary shaker for 1 h, at room temperature. Sample 
extractions were performed in triplicate. 

Flavonoids were extracted from hull, cotyledon and whole-meal 
samples using two different procedures according to Lee et al. (2017). 
Flavonoid-enriched extracts were obtained adding 1.2 mL of 50% 
methanol containing 1.2 M HCl to 0.1 g of seed fraction powder (hull 
and cotyledon). The samples were heated in a water bath at 80 ◦C for 2 h 
and then centrifuged at 10,000×g at 4 ◦C for 5 min. 
Anthocyanin-enriched extracts were achieved from 0.1 g of lentil hull or 
cotyledon seed powder by adding 0.95 mL of acidified methanol (85 
methanol/15 HCl 1 N v/v) followed by sonication for 1 min. The sam
ples were incubated at 38 ◦C for 5 min with a mixing frequency of 300 
rpm, and subsequently hydrolyzed with 0.2 mL 6 N HCl at 90 ◦C for 2 h. 
The extracts were separated through centrifugation at 10,000×g at 4 ◦C 
for 5 min. All analyses were carried out in triplicate. 

For flavonoids analysis the conditions were those described by Ger
ardi et al. (2020). The identification and quantification of individual 
phenolic acids was carried out following the conditions described in 
Alzuwaid et al. (2020). 

2.6. Folin-Ciocalteu assay 

Total phenol contents were determined following the method by 
Magalhães et al. (2010) and using a microplate reader (Tecan, Infinite 
M200). Folin-Ciocalteu reagent diluted in water from Milli-Q system 
(1:5 v/v) (50 μL) was placed in each well of a microplate, and then 100 
μL of sodium hydroxide solution (0.35 M) was added. The absorbance 
value at 760 nm was recorder after 5 min of incubation. Gallic acid was 
used to obtain a calibration curve in the range from 2.5 to 40.0 mg/L. 
The total phenol content of each sample was expressed as gallic acid 
equivalents (GAE). The analyses were carried out in triplicate. 

2.7. Determination of total anthocyanidins and condensed tannins 

Total content of monomeric anthocyanidins (TACm) was determined 
on anthocyanin-enriched extracts using the pH differential method 
(Giusti & Wrolstad, 2001). The extracts were mixed using the 

appropriate dilution factor, with two different solutions at pH 1.0 pH 4.5 
(Lee et al., 2005). TACm was expressed as cyanidin equivalents, was 
calculated according to the formula described in Hooshmand et al. 
(2021). The analyses were carried out in triplicate. 

Condensed tannin content (CTC) was determined in the flavonoid- 
enriched extracts following the method used by Xu and Chang (2007). 
The amount of condensed tannin was calculated and expressed as mg 
catechin equivalents (mg of CAE/g sample) using the calibration curve 
of (+)-catechin. Linearity range of the calibration curve was 50–1000 
μg/mL. The analyses were carried out in triplicate. 

2.8. Phenolic acids extraction and analyses by HPLC 

Total phenolic acids (the sum of the soluble and insoluble fractions) 
were extracted from 0.25 mg of tissues powders (hulls, cotyledons, and 
whole meal flours) through alkaline hydrolyses according to Hernan
dez-Espinosa et al. (2020). The ethyl acetate extracts were dried under 
nitrogen flux and dissolved in methanol:water (80:20 v/v). The analyses 
were carried out in triplicate. 

A reversed phase-HPLC analytical method was used for the analysis 
of phenolic compounds. The apparatus was an Agilent-1100 liquid 
chromatograph (Agilent Technologies, Italy) equipped with a DAD de
tector (Agilent 1260 Infinity) and the separation was performed on a 
C18 column (5 μm UltraSphere 80 Å, 4.6 internal diameter x 250 mm 
length). 

2.9. Total antioxidant capacity assays 

ABTS assay was performed on total polyphenols extracts and 
flavonoid-enriched extracts according to Gerardi et al. (2021). The 
absorbance of samples was measured at 734 nm after 6 min using a plate 
reader (Infinite 200 Pro, Tecan, Männedorf, Switzerland). Antioxidant 
capacity values were expressed as Trolox equivalents (mmol Trolox 
Equivalent (TE)/g). Magellan v7.2 software (Tecan, Männedorf, 
Switzerland) was used to check the plate reader. The analyses were 
carried out in triplicate. 

ORAC assay was carried out on total polyphenols extracts following 
the procedure established by Dávalos et al. (2004), using 96-well plates 
and an Infinite 200 Pro plate reader. The antioxidant Trolox was used to 
make a standard curve and values were expressed as mmol Trolox 
equivalents (TE)/g. The analyses were carried out in triplicate. 

Total antioxidant capacity of whole-meal flours from the five lentil 
varieties were assessed following a direct procedure described in 
Romano et al. (2022) using the ABTS assay. The antioxidant capacity 
was expressed as mmol Trolox equivalent antioxidant capacity (ABTS
dir) per gram of whole-meal flour sample. The analyses were carried out 
in triplicate. 

In this manuscript, the total antioxidant capacity obtained with the 
three different assays (ABTS on extracts, direct ABTS and ORAC) will be 
referred to as ABTS, ORAC and ABTSdir. 

2.10. Statistical analysis 

Analysis of variance for each trait was performed by using the soft
ware CoStat v. 6.4 (Ing, 1987). Pairwise Pearson correlation coefficients 
were calculated among all traits, except for cotyledon color for which 
Sperman rank correlation coefficients were determined. Results are 
given as mean ± standard deviation. 

3. Results 

3.1. Morphological traits of seeds and seed fractions 

Lentil seed size and color are among the primary factors influencing 
consumer preferences (AGPG, 1985; Vandenberg & Slinkard, 1990). 
Different background color, pattern and cotyledon pigmentation 
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contribute to the overall grain color appearance (Xu & Chang, 2007). 
Based on seed diameter, lentil varieties have been classified into two 
main groups: microsperma (3–6 mm in diameter) and macrosperma 
(6–9 mm in diameter) (Barulina, 1930). Seed weight in lentil is generally 
expressed as hundred seed weight (HSW) and has been reported to in
fluence also seed quality besides yield (Abbo et al., 1991). 

In this study we considered five lentil varieties derived from breeding 
programs carried out in different countries which were released between 
1991 and 2007 (Supplementary Table 1). Seed morphology varied 
among the varieties for seed coat color and pattern, cotyledon color and 
seed size (Fig. 1, Table 1). All the varieties were microsperma, except for 
IG5769 which was macrosperma (Table 1). HSW ranged from 2.14 g to 
3.17 g among the microsperma varieties, while it was higher (5.54 g) in 
IG5769 (Table 1). Cotyledon color was brilliant orange for all the vari
eties except for IG5769 showing yellow cotyledon (Fig. 1). Based on 
lentil descriptors (AGPG, 1985), the seed coat patterns ranged from 
dotted (IG5769 and IG129136), spotted (IG69497), complex (IG2580) 
to marbled (IG143547) (Fig. 1). 

Color parameters L*, a* and b* measured on the whole seeds of the 
five varieties are shown in Table 1. L values were significantly different 
(p < 0.05) among the varieties, with IG5769 having the highest value 
(50.74). The a* and b* values differed among the samples varying from 
4.96 to 15.52 (a*) and 2.94 and 10.43 (b*), with IG5769 showing the 
highest values. 

3.2. Pigments distribution in the seed coat 

Seed coat (SC) optical imaging revealed that color was determined 
by different layers of cells. Similarly, to other microscopic description of 
Lens culinaris, the SC appeared to consist of multiple layers of cuticle 
cells, with a layer of sclereids underneath (Vohra et al., 2019). Darker 
thickening of the external cells surfaces characterized IG2580, 
IG129136 (Fig. 2A and E) and IG143547 (Fig. 3B). Additional colored 
metabolites were dispersed in the cell wall of deeper layers of SC. 
Non-dark areas of IG2580, IG5769 and IG69497 showed no dark 
thickening of superficial layers of SC (Fig. 2 A-B and C-D). In IG69497 
SC, red or brown color could not be easily distinguished at macroscopic 
level probably because the color was determined by different over
lapping of similar molecules. Darker areas in IG5769 (not shown) or 
IG129136 (Fig. 2E and F) showed again darker thickening of superficial 
layers of SC, but color could not be easily distinguished at macroscopic 
level from that of other varieties. Additional dark pigmentation was also 
due to dark aggregates inside the cell wall of deeper layers between 
cuticle and sclereids of SC (Fig. 2 G). Deeper in the SC, larger cells called 
sclereids were observed, deprived of evident pigmentation (Fig. 2G and 
H). 

The superficial darker thickening contributed to dark color but was 
not fluorescent (Fig. 3B and C). The fluorescence usually associated with 
phenolics and, in particular, the emission above 600 nm generated 

exciting at 488 nm, was distributed in the cell wall of SC external cells. 
Fluorescence was emitted also from dark deeper areas so that corre
spondence of fluorescence derived from microscopic observations could 
not be correlated with macroscopically observed color. Dark areas of the 
SC in IG5769 were both optically dense and fluorescent (Fig. 3 E), with 
fluorescence emission at different wavelengths. Also, dark areas of the 
SC in IG143547 were fluorescent (Fig. 3 H). Interestingly, fluorescence 
and color were due to granular structures incrustating the cell wall 
(Fig. 3H and I). These observations indicated that phenolics compounds 
were mostly accumulated in the cell walls. 

3.3. Phenolic contents and antioxidant activity of seed fractions and 
whole seeds 

Lentils are particularly rich in flavan-3-ol, flavonols, anthocyanidins, 
condensed tannins and phenolic acids, which can vary for their content 
and composition among different varieties (Ahmmed et al., 2020; 
Sharma & Giri, 2022; Xu & Chang, 2010). 

Total phenolic contents (TPC) of whole seeds from the five lentil 
varieties considered in this study are shown in Fig. 4. The values 
significantly varied among the varieties, with genotype IG5769 and 
IG2580 showing the highest (4.16 mg GAE/g and 4.13 mg GAE/g, 
respectively) and IG143547 the lowest values (2.20 mg GAE/g). Total 
antioxidant capacity of phenolic extracts from whole-meal flours varied 
across the varieties showing a similar trend to that of TPC (Fig. 4). 
Indeed, IG5769 and IG2580 had the highest ABTSdir, ORAC and ABTS 
values. Based on the different antioxidant assays, the resulting values 
showed a different magnitude with ABTSdir > ORAC > ABTS, except for 
IG129136 for which ABTSdir values did not vary significantly compared 
to the ORAC value suggesting that the bioactive molecules present in the 
whole-meal flour were the same reacting in the ORAC test. 

The total polyphenol content of flavonoid-enriched extracts (TPF), 
total monomeric anthocyanins (TACm), condensed tannin content 
(CTC), and total phenolic acids (TPA) of seed coats (hulls), dehulled 
seeds (cotyledons) and whole seeds of the five lentil varieties are shown 
in Table 2. 

TPF and TPA were 10-fold higher in the hulls than in cotyledons. The 
hulls also had 100-fold higher CTC than in the cotyledons and contained 
also TACm which being minor components could not be detected in 
cotyledons (Table 2). In general, the hulls of IG5769 contained higher 
TPF (57.17 mg GAE/g), CTC (397.56 mg CAE/g) and TPA (374.92 μg/g) 
compared to other varieties (p < 0.05). About cotyledons, again IG5769 
was the variety showing the highest contents of most phenolic classes (p 
< 0.05). Table 2 shows the ABTS values of all phenolic extracts. The 
results indicated that the fractions with higher phenolics also had higher 
antioxidant activity. 

3.4. Individual flavonoid and phenolic acids of seed coats and cotyledons 

Flavonoids are generally classified into flavanols, flavanones, fla
vones, isoflavones, flavonols, and anthocyanidins and chalcones based 
on the oxidation state of the heterocyclic pyran ring C (Welch et al., 
2008). Within each of these classes, individual compounds have 
different hydroxylation, and conjugation configurations (Beecher, 
2003). In addition, many compounds may occur as aglycones or glyco
sidic forms which contribute to the complexity and number of flavonoids 
molecules (Harborne & Williams, 2000). 

In this work, individual flavonoid aglycones were identified in the 
seeds and seed fractions of the five lentil varieties (Table 3). The results 
showed that delphinidin and cyanidin were the dominant compounds in 
the hulls. Second for abundance were the flavanol monomers catechin 
and epicatechin, followed by the flavonols kaempferol and myricetin, 
and the flavone luteolin. Among the cotyledons, the molecules that were 
most representative were epicatechin, followed by kaempferol and 
delphinidin. Myricetin was a minor compound which was detected only 
in the hulls. Significant variations (p < 0.05) for all the components were 

Table 1 
Morphological traits of the seeds of 5 lentil varieties.  

Variety Color parameters of whole seeds Cotyledon 
color 

HSW1 

(g) 
Size 
(mm) 

L* a* b* 

IG2580 45.68 
± 0.14d 

8.81 ±
0.11d 

6.1 ±
0.06c 

Orange 2.57 ±
0.02c 

4.1 ±
0.1c 

IG5769 50.74 
± 0.03a 

15.52 
± 0.03a 

10.43 
± 0.03a 

Yellow 5.54 ±
0.16a 

6.3 ±
0.1a 

IG69497 45.99 
± 0.08c 

9.85 ±
0.05c 

5.84 ±
0.01d 

Orange 2.14 ±
0.09d 

3.5 ±
0.1d 

IG129136 47.84 
± 0.04b 

10.46 
± 0.04b 

8.72 ±
0.04b 

Orange 3.17 ±
0.03b 

4.5 ±
0.1b 

IG143547 42.69 
± 0.02e 

4.96 ±
0.04e 

2.94 ±
0.04e 

Orange 3.09 ±
0.08b 

3.9 ±
0.1c 

Different letters within each column indicate significant differences (p < 0.05). 
1 HSW: hundred seed weight. 
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observed among the genotypes both in the hulls and cotyledons. The 
hulls of variety IG5769 showed higher contents of delphinidin (2365 μg/ 
g), catechin (1020 μg/g), epicatechin (456 μg/g), kaempferol (67.0 μg/ 
g), and myricetin (10.1 μg/g) compared to other genotypes. The coty
ledons were characterized by a different phenolic profile than the hulls, 
but IG5769 confirmed to be the variety with higher amounts of several 
compounds such as epicatechin (11,230 μg/g), kaempferol (215 μg/g) 
and delphinidin (38.0 μg/g) (Table 3). 

The variation for individual phenolic acids among the hulls, cotyle
dons and whole seeds of the five lentils was also investigated (Supple
mentary Table 2). Phenolic acids are among the most abundant and 
ubiquitous metabolites of whole grain species (Liu, 2007). A total of nine 
phenolic acids were identified and quantified through HPLC-DAD in this 
study. The major phenolic acids found in the hulls were gallic acid 
(ranging from 217.45 μg/g to 346.96 μg/g) and protocatechuic acid 
(with contents from 114.02 μg/g to 144.14 μg/g), followed by p-cou
maric acid > vanillic acid > syringic acid > ferulic acid > caffeic acid >
sinapic acid. The phenolic acid profile of cotyledons showed some dif
ferences as compared to that of the hulls for both the composition and 

contents of compounds (Supplementary Table 2). Gallic acid, p-cou
maric acid and p-hydroxybenzoic acid were the most represented 
phenolic acids in cotyledons, followed by syringic, ferulic and sinapic 
acids. 

3.5. Correlation between morphological traits and antioxidant activities 

Correlation analyses between morphological traits and antioxidant 
activities are shown in Supplementary Table 3. As expected, highly 
significant positive correlations were found between seed size and seed 
weight. Positive correlations were detected also between seed size and 
the antioxidant activity of whole seed (ws) phenolic extracts with cor
relation coefficients ranging from r = 0.54 (ABTSws), r = 0.76 (ORACws) 
and r = 0.54 (ABTSdir). All color parameters were strongly correlated 
between each other (data not shown). 

Fig. 2. Seed coat (SC) optical microscopy imaging. 
A) IG2580 SC surface; B) IG2580 SC surface with 
focusing on a deeper cell layer containing colored 
metabolites. C) non-dark areas of IG69497, with no 
dark thickening of the surface; D) IG69497 deeper 
cell layer containing colored metabolites. E) 
IG129136 darker thickening of superficial layers; F) 
IG129136 deeper cell layer containing colored me
tabolites. G) Additional dark pigmentation visible as 
dark aggregates inside the cell wall of deeper layers 
between cuticle and sclereids of SC. H) Deep sclereids 
of the SC.   
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3.6. Correlation between antioxidant activities, total polyphenols and 
individual phenolic compounds 

Correlation analyses between antioxidant activities evaluated using 
different assays are shown in Table 4. Highly significant positive cor
relations were found between ORACws and ABTSws, and between 
ORACws and ABTSdir. Moreover, the antioxidant activity of cotyledon 
(ABTSc) was correlated with ABTSdir (r = 0.55), ORACws (r = 0.65), and 
ABTSh (r = − 0.69). 

The correlations between total phenolic contents and antioxidant 
activities are summarized in Table 5. Among the phenolic extracts, 
TPCws, TPFh and TACmh showed strong correlations with the antioxi
dant capacity. In detail, positive correlations were found between 
TPCws, ABTSws, ABTSdir, ORACws and ABTSc. In addition, TPFh was 
positively correlated with ABTSdir and ORACws, while negative 

Fig. 3. Seed coat (SC) confocal imaging where it is evident that color do not correspond to fluorescence. A.1) Transmitted and fluorescent light imaging of the 
IG2580 line SC lateral section after separation from cotyledon, a multilayer seed coat can be visualized with wide spectrum fluorescent emissions (A.2) here detected 
at different wavelength: 505–530 (green), 560–615 nm (red), >650 nm (blue). B) Transmitted light image of dark areas of the IG143547 SC; C) fluorescence image of 
the same IG143547 SC frame, emission is limited to low wavelength (about 530 nm). D) Transmitted light image of dark areas of IG5769 SC; E) fluorescence image of 
the same IG5769 SC; F) combination of transmitted and fluorescent light imaging. G) Transmitted light image of dark areas of IG143547 SC; H) fluorescence image of 
the same IG143547 SC; I) combination of transmitted and fluorescent light imaging. Scale bar = 20 μm. 

Fig. 4. Total phenolic compounds (TPC), and antioxidant capacity (TEAC, 
ORAC and TEAC dir, assessed by a direct procedure) of the whole-meal flours of 
5 different lentil varieties. Error bars are standard deviations (SD) with n = 3. 
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correlation coefficients were observed between TACmh and antioxidant 
measurements. 

The correlation between individual phenolic compounds detected in 

the hulls and cotyledons and antioxidant activities were also considered 
(Table 6, Supplementary Table 4). Gallic acid from hulls was signifi
cantly correlated with ORACws, while kaempferol correlated with 
ABTSdir and ORACws. Highly significant but negative correlations were 
found between cyanidin and antioxidant activities assay with ABTSws 
and ORACws, and between luteolin and ABTSws and ORACws (Table 6). 
Among the phenolic compounds detected in cotyledons, again cyanidin 
was inversely correlated with all antioxidant capacity measurements 
(Supplementary Table 5). Similarly, p-hydroxybenzoic acid correlated 
with all antioxidant activity measurements but in a positive way. 

Table 2 
Total phenolic compounds (TPF), total monomeric anthocyanins (TACm), total 
condensed tannins (CTC), total phenolic acids (TPA) and antioxidant capacity 
(ABTS) of the hulls, cotyledons, and whole seeds of 5 different lentil varieties.  

Seed 
fraction 

TPF (mg 
GAE/g) 

TACm (mg 
CyaE/g) 

CTC mg 
CAE/g 

TPA (μg/g 
d.m.) 

ABTS (TE 
mmol/g) 

Hulls 
IG2580 52.50 ±

1.60b 
4.79 ±
0.38b 

302.36 ±
17.03c 

169.67 ±
19.37b 

0.59 ±
0.31c 

IG5769 57.17 ±
0.83a 

4.94 ±
0.12b 

397.56 ±
5.45a 

374.92 ±
2.81a 

0.79 ±
0.35a 

IG69497 48.27 ±
0.97b 

5.45 ± 0.0 
a 

344.96 ±
7.48b 

218.76 ±
52.38b 

0.73 ±
0.16b 

IG129136 48.38 ±
0.46b 

4.88 ± 0.1 
b 

343.63 ±
15.37b 

320.93 ±
9.57a 

0.69 ±
0.47b 

IG143547 50.92 ±
2.64b 

5.43 ±
0.13a 

346.44 ±
24.62b 

185.91 ±
5.78b 

0.81 ±
0.13a 

LSD 3.47 0.35 28.40 65.55 0.06 
Cotyledons 
IG2580 5.02 ±

0.41a 
n.d. 3.96 ±

0.66b 
14.63 ±
0.11c 

0.063 ±
0.002a 

IG5769 5.04 ±
0.07a 

n.d. 4.99 ±
0.97a 

40.36 ±
3.81a 

0.058 ±
0.002ab 

IG69497 4.87 ±
0.41a 

n.d. 3.44 ±
0.28b 

16.66 ±
1.01c 

0.052 ±
0.001ab 

IG129136 5.05 ±
0.47a 

n.d. 4.91 ±
2.32b 

24.73 ±
3.98b 

0.061 ±
0.012ab 

IG143547 5.77 ±
0.03a 

n.d. 4.32 ±
0.67b 

11.79 ±
2.50c 

0.051 ±
0.001b 

LSD 0.77  0.86 7.05 0.007 
Whole seeds 
IG2580 9.53 ±

0.44a 
0.47 ±
0.037b 

33.22 ±
2.18b 

29.84 ±
1.80c 

0.114 ±
0.001d 

IG5769 9.99 ±
0.14a 

0.47 ±
0.012b 

42.29 ±
0.55a 

78.14 ±
3.19a 

0.128 ±
0.002ab 

IG69497 8.02 ±
1.12a 

0.52 ±
0.002ab 

35.75 ±
0.62b 

35.78 ±
5.87c 

0.116 ±
0.002cd 

IG129136 10.46 ±
2.47a 

0.52 ±
0.012a 

41.15 ±
3.20a 

56.42 ±
2.53b 

0.126 ±
0.007ab 

IG143547 9.21 ±
1.24a 

0.50 ±
0.012ab 

35.74 ±
2.48b 

27.78 ±
2.80c 

0.121 ±
0.001cd 

LSD 2.46 0.035 3.80 9.06 0.006 

Different letters show significant differences between the lentil varieties (p <
0.05). LSD: Least significant difference at p < 0.05. 

Table 3 
Flavonoids (expresses as μg/g dry matter) identified and quantified in the flavonoid extract of hulls, cotyledons and whole seeds of five different lentil varieties.  

Variety Delphinidin Cyanidin Catechin Epicatechin Kaempferol Myricetin Luteolin 

Hulls 
IG2580 2343.27 ± 195.49a 1864.68 ± 159.28b 439.00 ± 21.14b 230.25 ± 4.41d 54.69 ± 4.12b 6.56 ± 0.46 c 58.99 ± 3.20d 

IG5769 2542.62 ± 336.61a 1780.02 ± 243.98b 1020.52 ± 63.50a 456.04 ± 23.24a 67.00 ± 2.59a 10.1 ± 0.18 a 68.44 ± 8.96c 

IG69497 2384.64 ± 35.77a 2083.81 ± 52.79b 266.70 ± 5.37c 215.08 ± 6.23d 43.44 ± 1.73c 7.13 ± 1.30 b 85.74 ± 0.97b 

IG129136 2063.89 ± 71.09a 1864.04 ± 66.04b 414.26 ± 1.55b 374.81 ± 16.84b 36.79 ± 2.40d 5.82 ± 0.42 c 44.51 ± 0.50a 

IG143547 2314.90 ± 45.78a 2355.59 ± 30.30a 342.73 ± 44.88bc 298.96 ± 26.13c 32.87 ± 3.89d 9.38 ± 1.60 a 180.32 ± 2.13a 

LSD 428.81 238.11 59.11 26.52 5.52 1.76 7.98 
Cotyledons 
IG2580 39.15 ± 0.55a 7.86 ± 0.23b 325.50 ± 14.54b 7897.38 ± 180.94c 140.01 ± 3.15c n.d. 2.66 ± 0.39b 

IG5769 37.97 ± 2.20a 8.19 ± 1.38b 284.83 ± 7.42c 11232.45 ± 47.97a 215.45 ± 17.17a n.d. 4.10 ± 0.47b 

IG69497 36.71 ± 0.99ab 10.92 ± 0.86a 242.72 ± 22.91d 8817.29 ± 253.78b 150.99 ± 16.43bc n.d. 6.58 ± 0.99a 

IG129136 33.49 ± 0.37b 7.12 ± 0.92b 450.20 ± 6.13a 8524.01 ± 64.75b 165.97 ± 4.62bc n.d. 4.21 ± 0.08b 

IG143547 36.34 ± 1.28ab 12.37 ± 0.49a 266.75 ± 8.61cd 7606.83 ± 215.68c 180.59 ± 16.80b n.d. 4.05 ± 0.04b 

LSD 3.19 2.10 23.94 352.64 19.97  0.92 
Whole Seeds 
IG2580 265.12 ± 19.67a 189.96 ± 15.83ab 336.63 ± 12.97b 7145.45 ± 162.98d 131.64 ± 3.23c 0.64 ± 0.05b 8.18 ± 0.09d 

IG5769 275.93 ± 31.04a 176.53 ± 22.34b 354.73 ± 9.74b 10209.75 ± 42.09a 201.35 ± 15.63a 0.95 ± 0.02a 10.04 ± 1.27c 

IG69497 258.86 ± 4.12a 207.04 ± 5.43ab 244.99 ± 21.06d 8003.21 ± 230.06b 140.81 ± 10.57c 0.67 ± 0.12b 14.07 ± 0.95b 

IG129136 250.71 ± 7.28a 205.78 ± 6.24ab 446.35 ± 5.55a 7652.18 ± 56.55c 152.15 ± 4.05bc 0.62 ± 0.04b 8.52 ± 0.09d 

IG143547 245.62 ± 3.70a 227.59 ± 2.49a 273.72 ± 2.61c 6935.62 ± 139.36d 167.02 ± 10.60b 0.86 ± 0.15a 20.24 ± 0.16a 

LSD 40.18 30.05 22.2 318.97 18.10 0.17 1.30 

Different letters show significant differences between the lentil varieties (p < 0.05). 

Table 4 
Correlation coefficients among total antioxidant activities evaluated by ABTS or 
ORAC assays on whole seeds (ws), hulls (h), and cotyledons (c) phenolic extracts. 
ABTSdir, antioxidant activity measured directly on whole-meal flour samples.  

Variables ABTSws ABTSdir ORACws ABTSh ABTSc 

ABTSws 1     
ABTSdir 0.48 1    
ORACws 0.81*** 0.79*** 1   
ABTSh − 0.49 − 0.40 − 0.29 1  
ABTSc 0.79 0.55* 0.65** − 0.69** 1 

*, **, *** Significant differences at p ≤ 0.05, p ≤ 0.01 and p ≤ 0.001 respectively. 
n = 15. 

Table 5 
Correlation coefficients among whole seed (ws), hulls (h) and cotyledons (c) total 
phenolics and the antioxidant capacity evaluated by ABTS or ORAC assays. 
ABTSdir, antioxidant activity measured directly on whole-meal flour samples.  

Variables ABTSws ABTSdir ORACws ABTSh ABTSc 

TPCws 0.87*** 0.76** 0.94*** − 0.50 0.73** 
TPFh 0.27 0.64** 0.65** 0.24 0.25 
TPFc 0.45 − 0.16 0.06 − 0.16 0.54* 
CTCh 0.05 0.09 0.28 0.70** − 0.11 
CTCc 0.22 − 0.03 0.21 0.19 0.11 
TACmh − 0.82*** − 0.53* − 0.72** 0.47 − 0.70** 
TPAh − 0.47 − 0.11 − 0.19 0.56* − 0.54* 
TPAc − 0.16 − 0.38 − 0.23 0.24 − 0.30 

TPC, Total phenolic content; TPF, Total polyphenols of flavonoid enriched 
extract; CTC, Condensed Tannin Content; TACm, Total monomeric Anthocya
nins Content; TPA, Total Phenolic Acids. 
*, **, *** Significant differences at p < 0.05, p < 0.01 and p < 0.001 respectively. 
n = 15. 
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4. Discussion 

Polyphenol content in lentils has been estimated to range from 1.02 
to 24.34 mg GAE/g. Genotype and environmental factors can influence 
both the polyphenol content and composition (Ahmmed et al., 2020; 
Irakli et al., 2021; Sharma & Giri, 2022; Xu & Chang, 2010), but a large 
quote of variation depend also on different extraction methods (Galgano 
et al., 2021, 2023; Xu & Chang, 2007). Amarowicz et al. (2005) found 
differences for total polyphenol content when ethanol 95% or acetone: 
water solvents were used, the former extracting preferentially low mo
lecular weight phenolics, the latter tannins and high molecular weight 
polyphenols. Acidified water-acetone, ethanol or methanol mixtures are 
among the best solvent to extract anthocyanins, flavonols, and hydrox
ycinnamic acid derivatives (Stanoeva et al., 2020; Xu & Chang, 2007). 
Thermal extraction can be used also to further enhance the yield of 
phenolics, however extraction time and temperature are critical to avoid 
decomposition and loss of bioactivity of flavonoids (Lee et al., 2017; 
Stanoeva et al., 2020). 

In this study, we considered five lentil varieties with different seed 
size, seed coat background color and pattern, and cotyledon color which 
were representative of the variation observed in a larger lentil collection 
(Del Coco et al., 2022). The results showed that TPC ranged from 2.25 to 
4.41 mg GAE/g (Fig. 2), while TPF (i.e. total polyphenols of flavonoid 
enriched extracts), were comprised between 8.02 and 10.46 mg GAE/g 
(Table 1). TPC were higher but comparable to the amounts found in 
fifteen lentil accessions analyzed by De Angelis et al. (2021). We also 
quantified the major classes of polyphenols in TPF extracts, such as CTC 
and total monomeric anthocyanins (TACm). Overall, all phenolic classes 
were more concentrated in the hulls, with CTC being 100-fold and TPF 
10-fold higher than in cotyledons. Due to a dilution effect, whole seeds 
contained less polyphenols than the hulls, whereas compared to coty
ledons they contained 2-fold more TPF and TPA, and 10-fold more CTC 
(Table 2), confirming previous literature findings (Dueñas et al., 2002; 
Mirali et al., 2014; Mishra et al., 2022). 

Condensed tannins are among the major phenolics compounds in 
lentils (Amarowicz et al., 2005). Besides acting as antioxidants, they 
have been reported to exert adverse nutritional effects in humans being 
responsible of proteins precipitation, the inhibition of digestive en
zymes, and complexing vitamins and minerals (Xu & Chang, 2007). CTC 
in lentils has been estimated to vary in a range of 0.12 and 16 mg CAE/g 
(Irakli et al., 2021; Menga et al., 2014; Xu & Chang, 2007). In this study 

we found higher values comprised between 33.22 and 42.49 mg CAE/g 
(Table 2) which could be explained by the different genotypes tested and 
environmental conditions (Irakli et al., 2021). 

Analyzing the five lentil genotypes for total monomeric anthocyanins 
(TACm) we found a variation comprised between 0.47 and 0.52 mg/g in 
whole seeds which was higher compared to the results of previous works 
(Mishra et al., 2022; Xia et al., 2023). 

Phenolic acids were less represented across the lentil varieties 
compared to flavonoids with contents ranging between 27.78 and 78.14 
μg/g (Table 2). Overall, TPA resulted about 10-fold lower in cotyledons 
than in hulls. In fact, most individual phenolic acids were not detected in 
cotyledons or had lower contents than in hulls (Supplementary Table 2) 
in agreement with previous findings (Amarowicz et al., 2005; Dueñas 
et al., 2002; Mirali et al., 2014). Indeed, Xu and Chang (2010) found two 
times higher TPA compared to our results which could be explained by 
genotypic or environmental factors (Laddomada et al., 2021). 

A total of seven individual flavonoid aglycone compounds were 
identified in the present study (Table 3, Supplementary Fig. 1). 
Compared to the molecules identified in the study of Lee et al. (2017), 
we detected and quantified also catechin and epicatechin both in the 
hulls and cotyledons. In this study, delphinidin and cyanidin were the 
most represented flavonoids in the hulls, while epicatechin and catechin 
were the most concentrated in the cotyledons (Table 3). Four individual 
flavonoids (i.e. delphinidin, cyanidin, myricetin and luteolin) were more 
abundant in whole seeds compared to cotyledons, while catechin, epi
catechin and kaempferol had similar amounts between whole seeds and 
cotyledons (Table 2). These results suggested that the consumption of 
whole seeds results in a higher dietary intake of polyphenols. 

All the antioxidant activity assays considered in the present study 
(ABTS, ORAC and ABTSdir) showed significant correlations with TPC, 
suggesting that they were reliable and effective to test the antioxidant 
activity of most polyphenols (Table 5). However, when flavonoid 
enriched extracts, only two out of four antioxidant capacity assays (i.e. 
ABTSdir and ORACws) significantly correlated with TPFh while no sig
nificant correlations were found between antioxidant measurements and 
TPFc (Table 5). That could be explained by the effect of the extraction 
procedure used for TPF that could had modified the bioactivity of 
phenolic compounds (Zulueta et al., 2009). 

Many of the identified individual phenolic compounds contributed 
significantly to the antioxidant activities of phenolic extracts (Table 6 
and Supplementary Table 4). This was supported by previous works 
showing that phenolics act as reducing agents, hydrogen donating an
tioxidants, mineral chelators, and singlet oxygen quenchers (Rudrapal 
et al., 2022; Scarano et al., 2023). In this study, the antioxidant activities 
of phenolic extracts were evaluated as radical scavenging capacity 
(ABTS), and oxygen radical absorbance capacity (ORAC). In addition, 
the antioxidant activity (ABTSdir) of the overall bioactive compounds 
bound to cell walls was tested without extraction but directly on the 
whole meal flours (Romano et al., 2022; Serpen et al., 2008). In fact, 
multiple methods of measurements are recommended to evaluate the 
antioxidant capacity of food’s extracts or matrices (Zulueta et al., 2009). 
As a result, gallic acid and kaempferol quantified in the hulls were 
positively correlated with total antioxidant activities, while cyanidin 
and luteolin were negatively correlated (Table 6). The positive and 
negative correlation could be due to molecule concentration; in fact it is 
well known that based on their concentration, polyphenols can have 
antioxidant or prooxidant activity (Farhan & Rizvi, 2022). 

The antioxidant activities assayed on TPC extracts differed largely 
among the varieties with IG280 and IG5769 having the highest values 
for all assays (Fig. 4). Overall, ABTSdir was higher compared to ORAC 
and ABTS, except for IG129136 (Fig. 4). This suggested that a different 
composition in phenolic compounds could result in different antioxidant 
mechanisms that are better evaluated using different assays. In previous 
studies, the ORAC value of lentil extracts was significantly influenced by 
the extraction solvents and genotypes (Khatun & Kim, 2021; Zou et al., 
2011). ABTS and ORAC assays confirmed that lentil fractions and 

Table 6 
Correlation coefficients among individual phenolic compounds from the hulls 
(h) of five lentil varieties and total antioxidant activities (ABTS, ABTSdir, ORAC) 
of whole seeds (ws) phenolic extracts.  

Variables ABTSws ABTSdir ORACws 

DELh − 0.59* 0.08 − 0.20 
CYAh − 0.79*** − 0.81*** − 0.97*** 
GALh 0.71** 0.61* 0.85*** 
CATh 0.48 0.63* 0.76*** 
EPIh 0.52* 0.15 0.54* 
LUTh − 0.81*** − 0.58* − 0.78*** 
KAEh 0.46 0.85*** 0.84*** 
MYRh − 0.30 0.08 − 0.02 
SYRh 0.03 − 0.07 − 0.02 
PRCh − 0.35 − 0.59* − 0.47 
VANh 0.34 − 0.33 0.06 
CAFh 0.00 0.18 − 0.04 
COUh 0.65* 0.38 0.75** 
FERh 0.06 0.10 0.25 
SINh − 0.89*** − 0.44 − 0.77** 

DEL, delphinidin; CYA, cyanidin; GAL, gallic acid; CAT, catechin content; EPI, 
epicatechin content; LUT, luteolin; KAE, kaempferol; MYR, myricetin; SYR, 
syringic acid; PRC, protocatecuic acid; VAN, vanillic acid; CAF, caffeic acid; 
COU, p-coumaric acid; FER ferulic acid; SIN, sinapic acid. 
*, **, *** Significant differences at p ≤ 0.05, p ≤ 0.01 and p ≤ 0.001 respectively; 
n = 15. 
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extracts with higher phenolic and flavonoid contents have stronger 
antiradical action (Alshikh et al., 2015; Dueñas et al., 2006). 

The specific histological localization of phenolic pigments was 
investigated partly supporting the biochemical analyses since auto- 
fluorescence provides a convenient approach with limited sample 
preparation (Albersheim et al., 2010; Fernández et al., 1999). Fluores
cence may be predictive of characteristics depending on phenolics 
(Quintanilla-Casas et al., 2022). Unfortunately the λex:488 nm is not 
ideal for phenolics analysis but it excites mainly chlorophylls and phenol 
compounds related to lignins emitting from red to far red fluorescence 
and possibly hydroxycinnamic acids with a green fluorescence emission 
(Albersheim et al., 2010). We experienced that also several forms of 
flavonoids are excited by the λex:488 nm and emit red fluorescence 
(Faraco et al., 2017). 

Flavonoids are mainly accumulated in epidermal tissues, in cell 
walls, vacuoles and nucleus but were also found in xylem vessel (Chen 
et al., 2017) and in cutin walls too (Bishnu & Moritz, 2017) so it was not 
surprising to find most of fluorescent compounds in cuticular layers of 
SC. Fluorescence emitted from cells of the cuticle may indicate the 
possible accumulation of flavonoids for UV-protection. The accumula
tion in the cell wall made their presence stable also during seed 
dehydration. 

5. Conclusions 

The seed coats, dehulled seeds, and whole grains of five pigmented 
lentil varieties were evaluated for the antioxidant capacity in relation to 
their phenolic profile. A preferential accumulation of phenolic com
pounds with antioxidant activity was observed in the hulls with respect 
to cotyledons. Indeed, whole grains contained 2-fold TPF and TPA, and 
10-fold CTC than cotyledons. Among the individual phenolic com
pounds, delphinidin and cyanidin were the most abundant in the hulls, 
while epicatechin and catechin were the most concentrated in the cot
yledons. ABTS, ORAC and ABTSdir were highly correlated with the 
phenolic composition of the hulls, especially with cyanidin, kaempferol, 
luteolin and gallic acid. In cotyledons, the antioxidant activities were 
highly correlated with cyanidin and p-hydroxybenzoic acid. Fluores
cence with high λem, emitted from cells of the seed coat indicated the 
possible accumulation of flavonoids. 

The results showed that independently on seed sizes and cotyledon 
color, seed coat background color and seed coat pattern, the genotypes 
IG2580 and IG5769 had the highest phenolic content and antioxidant 
activity both in the hulls and cotyledons. So far, identifying lentil ge
notypes with diverse phenolic profile in cotyledons and whole seeds is 
possible and could meet different consumers preferences and need for 
healthier lentils. In this framework, the use of hulls in human nutrition 
as food supplement could be enhanced considering their high phenolic 
contents, and antioxidant activity. Work is in progress in our labora
tories to investigate on the genetic variability for phenolics in larger 
lentil collections across multiple environments and years to consider the 
huge variability for seed morphology in lentils. 
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