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Abstract The changes in chemical composition, antioxi-

dant activity and fatty acid composition of lentil flour after

dehulling, germination and cooking of seeds were inves-

tigated. Dehulling showed no significant effect on protein

content, however, protein content decreased in most of the

varieties after germination and cooking. Total soluble

sugars (TSS) content increased significantly after dehulling

(2.0–41.64 %) and cooking (2.08–31.07 %) whereas, ger-

mination had no significant effect on TSS content. Total

lipids increased significantly after dehulling

(21.56–42.86 %) whereas, it decreased significantly after

germination (2.97–26.52 %) and cooking

(23.05–58.63 %). Cooking was more effective than other

methods in reducing trypsin inhibitors (80.51–85.41 %).

Dehulling was most effective in reducing tannins

(89.46–92.99 %) and phytic acid (52.63–60.00 %) content

over raw seed. Myristic, palmitic, stearic, oleic and linoleic

acid content decreased while linolenic acid content

increased after dehulling. Dehulling, germination and

cooking decreased the content of antioxidant metabolite

(gallic acid, catechin and quercetin) and also antioxidant

activities. Raw samples followed by germinated samples

showed the highest concentrations of phytochemicals

responsible for antioxidant activity and also the antioxidant

capacities. Present study showed germination and cooking

would be useful in formulation and development of lentil

based functional foods for human health benefits.
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Introduction

Pilses are major source of dietary nutrients. Among pulses,

lentil (Lens culinaris L.), a widely grown grain and dietary

staple in many Middle Eastern, European, South American,

African and Asian countries like India has been found good

in nutritional quality as well as an excellent dietary source of

phytochemicals (including lipophilic and hydrophilic com-

pounds) possessing high antioxidant capacity (Aguilera et al.

2010). Although lentil has excellent nutritional quality,

however it also contains certain anti-nutritional constituents

such as trypsin inhibitors, phytic acid, tannins that could

limit their protein and carbohydrate utilization. Trypsin

inhibitors are low molecular weight proteins capable of

binding to and inactivating the digestive enzyme, trypsin

while phytic acid lowers the bioavailability of minerals

(Reddy et al. 1984). Tannins are known to form complexes

with proteins, which are reported to be responsible for low

protein digestibility and decreased amino acid availability

(Adsule and Kadam 1989). Traditional processing methods

of pulses such as soaking, dehulling and germination are

sometimes used to reduce or eliminate the anti-nutrients

those affect protein absorption. The seed coat (hull) of pulses

is often indigestible and may have a bitter taste. Dehulling

has been reported to improve the palatability and taste of

chickpea, pigeon-pea and lentil and reduce polyphenols or

tannins, mostly present in the seed coat of pulses (Wang

2008). Germination is one of the most simple, common and

effective processes for improving the nutritional quality of

pulses by the reduction of anti-nutritive compounds and

augmenting the levels of free amino acids, available
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carbohydrates, dietary fiber, and other components (Vidal-

Valverde et al. 2002). Lentils are usually cooked by a

domestic boiling process before consumption. The cooking

process not only improves the flavor and palatability of

lentils but also affects the bio-accessibility and bio-avail-

ability of nutrients (Xu and Chang 2008).

There are many studies that reported bioactive compo-

nents in raw lentils and attributed potential health benefits

to the antioxidant activities of hydrophilic phytochemicals

such as phenolics (Xu and Chang 2008). Literature is

available on processing techniques which improves the

palatability and bio-availability of nutrients but available

information on dehulling, germination, cooking and their

effects on phytochemicals (nutritional and antinutritional),

antioxidant properties and fatty acid composition of lentil

is rather scarce. Therefore, the current investigation aimed

of determining how dehulling, germination as well as

cooking affect the nutritional composition (total protein,

total soluble sugars, total lipids and starch), anti-nutrients

(tannins, phytic acid and trypsin inhibitor), antioxidant

metabolites along with antioxidant activities and fatty acid

composition of five varieties of lentil. These findings are

expected to give insight into the possible utilization of

lentil as new functional food.

Materials and methods

Plant materials

The experimental materials consisted of five varieties (VL

Masoor 125, VL Masoor 133, VL 142, VL Masoor 507,

VL Masoor 514) of lentil. Among these varieties, varieties

VL Masoor 125, VL Masoor 133, VL 142 were micros-

perma type whereas, VL Masoor 507, VL Masoor 514

were macrosperma type. Samples were cleaned to remove

foreign material and damaged seeds prior to processing.

Methods

Processing of lentil samples

Processing of samples was done in one batch and processed

samples were dried in an oven at 50 ± 5 �C for 16–18 h.

Processed samples along with raw (undehulled) seeds were

ground into flour and were stored in airtight containers for

further analysis.

Germination

Seeds were cleaned, washed and soaked in 4–5 volumes of

water (22–25 �C) for 12 h at room temperature. Then water

was drained out and seeds were allowed to germinate under

a wet muslin cloth for 48 h.

Cooking

Seed (50 g) were soaked in distilled water 1:4 (seed:water,

w/v) for 12 h at room temperature. After draining the

water, seed were transferred to a perforated container and

cooked in a boiling water bath. From the cooked samples,

water was drained and seeds were dried.

Dehulling

Seeds (50 g) were soaked in distilled water 1:4 (seed:water,

w/w) for 12 h at room temperature. At the end of the

period, water was drained out and the seed were manually

dehulled.

Chemical analysis

The nitrogen content was estimated by Kjeldhal method

(AOAC 2005) based on the assumption that plant proteins

contain 16 g/100 g nitrogen. Protein content was calcu-

lated using the formula, protein = nitrogen 9 6.25. Total

sugar content (TSS) was determined colorimetrically by

the anthrone method (Hedge and Hofreiter 1962). Gravi-

metric method by Bligh and Dyer (1959) was used for

determination of total fat content. Tannin was determined

colorimetrically following the AOAC method (AOAC

2005). Phytic acid (PA) contents of defatted flours were

determined by the method of Haug and Lantzsch (1983).

The phytic acid content was calculated from a calibration

curve using phytate phosphorus salt in the range of

10–50 lg. Trypsin inhibitor activity (TIA) was determined

colorimetrically using a spectrophotometer at 410 nm

(Smith et al. 1980).

Fatty acid profile

Oil from samples was extracted in hexane by soxhlet

apparatus (Extraction unit, E-816, Buchi). Methyl esters

were obtained by a two-step catalytic process according to

the method of Ghadge and Raheman (2005). Fatty acid

composition was determined using an Agilent 7860A gas

chromatograph (GC) equipped with a flame ionization

detector (FID) and an auto sampler. Peak separation was

performed on a DB-225 capillary column (diameter—

250 lm, length—30 m, film thickness—0.25 lm) from

Agilent Technologies. The carrier gas was nitrogen set to a

constant gas flow of 1.2 ml/min at 160 �C initial temper-

ature. 1 ll of sample was injected at a 20:1 split ratio into

the column with the following temperature conditions:

160 �C for 2 min; raised from 150 to 220 �C at 6 �C/min.
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Both inlet and detector were set to 230 �C. Fatty acid

composition was determined by identifying and calculating

relative peak area per cent by GC post run analysis

EZChrom elite compact software.

HPLC-PAD analysis

Fine powders of raw and processed samples (1.0 g) were

extracted in 85 % methanol at 35 �C for 12 h and filtered

through Whatman filter paper No. 1. The extract solutions

stored in amber bottles at 4 �C served as the working

solution (10 mg/ml) for determination of gallic acid, cat-

echin di-hydrate, quercetin and antioxidant activities. All

samples were filtered through a 0.22 lm cellulose acetate

filter before injection. The standards: Gallic acid, Catechins

di-hydrate and Quercetin were procured from Sigma, USA.

Methanol, Acetonitrile and water were HPLC grade.

The chromatographic system is provided by a 996

photodiode-array detector (Waters, Milford, MA, USA)

and a column Spherisorb ODS2 C18 (300 9 3.9 mm). The

mobile phase was methanol:acetonitrile:water (60:20:20

v/v/v). The mobile phase was filtered through a 0.22 lm
membrane filter. Then deaerated ultrasonically prior to use.

Best resolution and sensitivity of RP-HPLC separation was

obtained for Gallic acid, Catechins di-hydrate and Quer-

cetin at 290 nm. Flow rate and injection volume were

1.0 ml/min and 10 ll. The chromatographic peaks of the

analytes were confirmed by comparing their retention time

and UV spectra with those of the reference standards.

Determination of anti-oxidative properties

The total antioxidant activity (TA) of lentil methanolic

extract was estimated using the phosphomolybdenum

method of Prieto et al. (1999) based on the reduction of Mo

(VI) to Mo (V) by the sample analyte and subsequent

formation of specific green phosphate/Mo (V) compounds.

The ferric reducing antioxidant power (FRAP) was assayed

following the method of Benzie and Strain (1996). A

standard curve of trolox (10–100 lM) was prepared. Total

antioxidant activity and ferric reducing antioxidant power

were expressed as lM trolox equivalent/gram dry weight

(lM TE/g DW). The reducing power was determined

according to the method of Huda-Faujan et al. (2009).

Statistical analysis

The analysis was carried out in three replicates for all

determinations. The statistical analyses were performed

using the statistical package SPSS (Version No 10).

Analyses of variance (ANOVA) were performed and sig-

nificance of each group was verified with one-way analysis

of variance followed by Duncan’s multiple range test

(p\ 0.05). For multifactorial comparison, principal com-

ponent analysis (PCA) was used to display the correlation

among the various parameters and their relationship with

the different lentil varieties. Varimax rotation was per-

formed to produce orthogonal transformations to the

reduced factors to identify the high and low correlations

better. Multifactorial analysis was carried out using the

XLStat-Pro 7.5 (Addinsoft, New York, USA).

Results and discussion

Effect of dehulling, germination and cooking

on nutritive properties

Table 1 shows that total protein content in raw samples

ranged from 19.08 (VL 142) to 25.46 (VL Masoor 133) g/

100 g. The results were comparable with findings of Kaur

and Sandhu (2010) for lentil. Seed processing had no sig-

nificant effect on protein content. After dehulling, the total

protein content ranged from 18.53 (VL 142) to 24.19 (VL

Masoor 133) g/100 g. Most of the varieties showed a

decrease in protein content after germination and cooking.

Decrease in protein content after germination and cooking

could be due to the increase in level of protease during

germination (Torres et al. 2007). In contrast, some studies

(Ghumman et al. 2016; Vasishtha et al. 2014) reported

increase in soluble protein content on germination and on

cooking respectively, as compared to unprocessed grain for

chickpea. Total soluble sugars (TSS) content increased

significantly (p\ 0.05) after dehulling and cooking

(Table 1) whereas, germination has no significant effect on

TSS content. TSS content in raw samples ranged from

15.51 g/100 g in VL Masoor 507 to 19.47 g/100 g in VL

Masoor 125. In dehulled samples, it ranged from 19.86 g/

100 g (VL Masoor 125) to 26.26 g/100 g (VL 142). In

cooked samples, the highest content of TSS (25.52 g/

100 g) was found for VL Masoor 125 whereas; the lowest

(18.62 g/100 g) was recorded for VL Masoor 514.

Dehulling resulted in 2.0–41.64 % increase in total soluble

sugars content whereas cooking caused a 3.0–6.7 %

increase in TSS content. TSS level improved significantly

after dehulling which could be due to removal of hull

portion that have less content of soluble sugars. A previous

study in horse gram showed a significant increase in sugars

content after germination (Pal et al. 2016).

Total lipid in lentil was affected by dehulling, germi-

nation and cooking (Table 1). Lipid content increased

significantly (p\ 0.05) after dehulling whereas, it

decreased significantly (p\ 0.05) after germination and

cooking. This could be due to total solid loss during

soaking prior to germination or use of fat as an energy

source in sprouting process (Wang et al. 1997). Cooking
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significantly decreased fat content for all lentil varieties

(1.31–2.07 %) as compared to the raw seeds

(2.58–3.58 %). The total lipids in germinated samples

varied from 2.50 (VL Masoor 133) to 3.23 (VL 142) per-

cent of dry matter, whereas after dehulling, lowest

(3.27 %) was in the VL Masoor 125 and the highest

(4.80 %) VL Masoor 507. Total lipid levels improved

significantly after dehulling due to removal of hull portion

and concentration of endosperm. The results were com-

parable with findings of Ghavidel and Prakash (2007) for

lentils.

Starch content increased significantly (p\ 0.05) after

dehulling (Table 1) whereas it decreased after germination

and cooking. Starch content in raw samples ranged from

21.53 g/100 g for VL 142 to 29.01 g/100 g for VL Masoor

125. Dehulling resulted in 15.25–42.64 % increase in

starch content whereas germination and cooking caused

9.93–35.56 and 10.53–44.16 % decrease. Starch level

improved significantly after dehulling which could be due

to removal of hull portion that have less content of starch

confirming results reported by Wang (2008). A previous

study in lentil showed a significant decrease in starch

content after germination (Frias et al. 1998).

Effect of dehulling and germination on anti-nutritive

properties

The results on antinutritional quantitative analysis for the

raw, dehulled, germinated and cooked lentil samples are

presented in Table 2. The concentration of tannins in raw,

dehulled, germinated and cooked samples ranged from

5.13 to 9.38, 0.39 to 0.87, 1.19 to 3.1 and 1.01 to 2.25 g/kg,

respectively. Significant differences among all treatments

viz., control, dehulled, germinated and cooked seeds were

observed. Germination and dehulling significantly

(p\ 0.05) reduced tannin content of lentil as previously

observed by Ghavidel and Prakash (2007) in cowpea,

chickpea, green gram and lentil. Germination resulted in a

decrease of 58.57–66.52 % tannins whereas cooking

caused a 68.57–84.63 % reduction in tannin content for the

five lentil varieties. After dehulling, there was a little tan-

nin detectable in cotyledons, indicating that most of the

tannin are present in seed coat. Pal et al. (2016) also

reported similar results for horse gram.

The amount of phytic acid in raw sample was found

significantly higher than dehulled, germinated and cooked

samples (Table 2). In raw samples, phytic acid varied from

0.25 (VL Masoor 125) to 0.38 (VL 142) mg/100 mg

whereas in dehulled samples it varied from 0.11 (VL Ma-

soor 125) to 0.18 (VL 142) mg/100 mg. This result cor-

relates well with an earlier report on wheat, that dehulling

to get refined flours considerably reduced phytate content

(Ghavidel and Prakash 2007). In germinated samples,

phytic acid varied from 0.13 (VL Masoor 133, VL Masoor

507) to 0.17 (VL 142) mg/100 mg. Dehulling resulted in a

decrease of 52.63–56.00 % of phytic acid content whereas

germination caused a 40.00–59.38 % reduction in phytic

acid content in all lentil varieties used in the study. In

cooked samples, VL 142 contained the highest (0.21 mg/

100 mg) whereas, VL Masoor 514 contained the lowest

(0.16 mg/100 mg) amount of phytic acid. Decrease in

phytic acid content during germination could be due to

increase in phytase activity as reported in horse gram

(Borhade et al. 1984). Previous report showed that phytate

phosphorus significantly decreased with germination and it

accounted for only 20 % in horse gram and 26 % in moth

bean, of the total phosphorus in the germinating seeds after

48 h (Borhade et al. 1984). High level of phytic acid is of

nutritional significance as not only is the phytate phos-

phorus unavailable to humans, but it also lowers the

availability of many other essential minerals (Ghavidel and

Prakash 2007). Trypsin inhibitors from lentil seeds in the

raw, dehulled, germinated and cooked samples had an

average content of 2.96, 1.76, 0.98 and 0.48 mg/g dry

matter; raw samples contained significantly higher amount

of trypsin inhibitors than all other processed samples. In

raw samples, trypsin inhibitor varied from 2.20 (VL Ma-

soor 514) to 4.25 (VL Masoor 507) mg/g, whereas in

dehulled samples it varied from 1.17 (VL Masoor 514) to

4.25 (VL Masoor 507) mg/g. Amongst germinated and

cooked samples, VL Masoor 507 contained the highest

(1.22 and 0.62 mg/g, respectively) whereas, VL Masoor

514 in germinated and VL Masoor 142 in cooked samples

contained the lowest amount (0.83 and 0.39 mg/g,

respectively) of trypsin inhibitors. Dehulling, germination

and cooking resulted in 31.38–46.82, 61.86–71.29,

81.36–85.41 % reduction, respectively, in trypsin inhibi-

tors content for the five lentil varieties. Wang et al. (1997)

reported that trypsin inhibitors decreased during germina-

tion and increased slightly as the length of germination

increased. Sangronis and Machado (2007) found a signifi-

cant decrease of trypsin inhibitor activity (TIA) in pigeon

pea, white beans and black beans after 5 days of germi-

nation. Cooking has been reported to be effective in inac-

tivating protease inhibitors in pulses (Wang 2008). Data

from this study indicated that cooking reduced TIA more

effectively than dehulling, confirming the finding of Wang

et al. (2009).

Effect of dehulling and germination on antioxidative

metabolites

Concentrations of the individual phenolic compounds in

raw and cooked lentils are summarized in Table 3. Results

showed that dehulling, germination and cooking signifi-

cantly (p\ 0.05) decreased the gallic acid, catechins di-
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hydrate, and quercetin contents in lentil flours. Gallic acid

in raw samples varied from 195.59 lg/g (VL 142) to

236.99 lg/g (VL Masoor 125) whereas after dehulling, VL

Masoor 507 recorded the highest (149.89 lg/g) and VL

Masoor 125 recorded the lowest (117.84 lg/g) gallic acid.

Dehulling resulted in a decrease of 25.11–50.28 % dry

matter in dehulled seeds. This indicated that gallic acid is

present mainly in seed coats, which was in agreement with

the results reported by Xu and Chang (2008). The mean

gallic acid content in germinated seeds flour was

160.07 lg/g dry matter (Table 3), which was in the range

reported by Xu and Chang (2008). Germination signifi-

cantly (p\ 0.05) reduced gallic acid content in the lentil

varieties (Table 3). The results are in agreement with that

reported in other pulses (Rao and Prabhavathi 1982).

Gallic acid content in the cooked samples were varied

from 149.65 (VL Masoor 133) to 200.04 (VL Masoor

507) lg/g, which were significantly lower than in the raw

but higher than germinated seeds. The reduction may be

due to heat-induced breakdown of cellular constituents and

cell walls which can lead to enhanced release of certain

food bioactives (Randhir et al. 2008). Dehulling, germi-

nation and cooking resulted in 25.11–50.28, 13.67–40.41

and 0.05–29.10 % reduction respectively in gallic acid

content in the five lentil varieties.

Catechins di-hydrate (CDH) content in raw samples

varied from 126.56 (VL Masoor 507) to 166.63 (VL Ma-

soor 125) lg/g in lentil varieties with a mean of 144.56 lg/
g dry matter (Table 3), which was comparable with that

reported by Randhir et al. (2008). Dehulling resulted in a

decrease of 36.43–67.11 % CDH in dehulled seeds

whereas germination caused a significant reduction

(38.99–58.32 %) in CDH content. Similar result was

reported by Randhir et al. (2008) in lentil. CDH content in

the cooked samples ranged from 74.75 (VLMasoor 133) to

111.30 (VL Masoor 125) lg/g which showed is a signifi-

cant reduction (22.44–45.04 %) from raw samples. Quer-

cetin (Q) content in raw samples varied from 63.35 (VL

Masoor 507) to 100.09 (VL Masoor 125) lg/g in lentil

varieties with a mean of 78.78 lg/g dry matter (Table 3),

which was comparable with that earlier report by Wang

and Daun (2004). Dehulling resulted in a decrease of

4.69–68.04 %, Q content in dehulled seeds whereas ger-

mination caused a significant reduction (3.17–51.76 %) in

Q content. Quercetin content in the cooked samples were

from 39.23 (VL Masoor 133) to 60.88 (VL Masoor

507) lg/g which showed significant reduction

(3.90–48.32 %) from raw samples. Xu and Chang (2008)

observed that about 30–40 % of phenolics could be

removed from common beans by cooking and discarding

the cooking water. In the present study, it was found that on

an average about 33.63–55.27 % of catechins di-hydrate

and 24.76–46.15 % quercetin, the major flavonoids were

reduced in lentil due to processing, and 13.13–37.10 % of

gallic acid, a major polyphenol in lentil were reduced due

to different processing methods.

Effect of dehulling and germination on antioxidant

activities

As shown in Table 4, the total antioxidant activity (TA) by

phosphomolybdate method of lentil was affected by the

Table 2 Effect of dehulling, germination and cooking on tannins, phytic acid and trypsin inhibitor activity (TIA) contents of lentil flours (on dry

weight basis)

Variety Tannins (g/kg dry matter) Phytic acid (%) TIA (mg/g dry matter)

R DH G C R DH G C R DH G C

VL 125 9.38a 0.87a

(-90.72)

3.14a

(-66.52)

2.25a

(-76.01)

0.25d 0.11b

(-56.00)

0.15a,b

(-40.00)

0.17b,c

(-32.00)

2.36b 1.33d

(-43.64)

0.90b

(-61.86)

0.46a,b

(-80.51)

VL 133 6.83b,c 0.72b

(-89.46)

2.83a,b

(-58.57)

1.05c

(-84.63)

0.32b 0.13b

(-59.38)

0.13b

(-59.38)

0.18a,b,c

(-43.75)

3.62a 2.13b

(-41.16)

1.09a

(-69.89)

0.53a,b

(-85.36)

VL 142 5.95c,d 0.44c

(-92.61)

2.46b

(-58.56)

1.87b

(-68.57)

0.38a 0.18a

(-52.63)

0.17a

(-55.26)

0.21a

(-44.74)

2.39b 1.64c

(-31.38)

0.88b

(-63.18)

0.39b

(-83.68)

VL 507 7.28b 0.51c

(-92.99)

2.84a,b

(-60.99)

2.07a,b

(-71.57)

0.30b,c 0.12b

(-60.00)

0.13b

(-56.67)

0.19a,b

(-36.67)

4.25a 2.55a

(-40.00)

1.22a

(-71.29)

0.62a

(-85.41)

VL 514 5.13d 0.39c

(-92.40)

1.91c

(-62.77)

1.01c

(-80.31)

0.27c,d 0.12b

(-55.56)

0.15a,b

(-44.44)

0.16c

(-40.74)

2.20b 1.17d

(-46.82)

0.83b

(-62.27)

0.41b

(-81.36)

Average 6.91A 0.59D 2.64B 1.65C 0.30A 0.13C 0.15C 0.18B 2.96A 1.76B 0.98C 0.48D

Values in parentheses indicate % increase or % decrease (negative sign) over raw values

a, b, c and d superscript are significantly (p\ 0.05) different cultivar within a column

A, B, C and D superscript are significantly (p\ 0.05) different treatment within a row

R raw, DH dehulled, G germinated, C cooked
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dehulling, germination and cooking. The phosphomolyb-

denum method usually detects antioxidants such as ascor-

bic acid, some phenolics, a-tocopherol, and carotenoids

(Prieto et al. 1999). The results showed that the overall, TA

decreased significantly (p\ 0.05) after dehulling and

cooking whereas the total antioxidant activity decreased

non significantly by germination. Total antioxidant activity

in raw samples varied from 7.12 (VL Masoor 507) to

8.19 lM TE/g DW (VL Masoor 125) whereas after

dehulling, a significant decrease (10.70–38.95 %) in

amount of total antioxidant activity was found and the

lowest was recorded (5.00 lM TE/g DW) in VL Masoor

125 and the highest in VL Masoor 514 (6.93 lM TE/g

DW). In cooked samples, the highest TA (6.94 lM TE/g

DW) was found in VL Masoor 514 whereas the lowest

(4.39 lM TE/g DW) was recorded in VL Masoor 125

which showed a significant reduction in TA

(7.58–46.40 %) from raw samples. Ferric reducing

antioxidant power (FRAP) assay is a colorimetric method

based on the reduction of a ferrictripyridyltriazine (TPTZ)

complex to its ferrous form. This reduction creates an

intense blue complex with an absorption maximum at

593 nm (Benzie and Strain 1996). FRAP value of the

studied lentil samples were affected by processing (de-

hulling, germination and cooking). The results showed that

the FRAP value decreased significantly (p\ 0.05) after

dehulling, germination and cooking. Dehulled samples

showed the lowest FRAP value among all treatments. In

raw samples the FRAP value varied from 24.72 (VL

Masoor 125) to 37.64 lM TE/g DW (VL Masoor 507)

whereas after dehulling, a significant decrease

(50.29–62.08 %) in amount of FRAP value was recorded

and it was the lowest in VL 142 (11.16 lM TE/g DW) and

the highest in VL Masoor 507 (18.71 lM TE/g DW). In

germinated samples, the highest content of FRAP value

with 15.33 % decrease from raw (20.93 lM TE/g DW)

was found in VLMasoor 125 whereas the lowest content of

FRAP value with 61.01 % decrease from raw was recorded

in VL Masoor 514 (13.51 lM TE/g DW). FRAP value in

the cooked samples varied from 14.39 (VL Masoor 125) to

31.63 lM TE/g DW (VL Masoor 507) which showed is

significant reduction (8.68–41.79 %) from raw samples.

The high reducing power exhibited by the extracts might be

indicative of the hydrogen donating ability of the active

species present in the extracts. The results showed that the

reducing power decreased significantly (p\ 0.05) after

dehulling, germination and cooking. Dehulled samples

showed the lowest reducing power among all treatments. In

raw samples the reducing power varied from 0.14 (VL

Masoor 507) to 0.23 Abs unit at 700 nm (VL Masoor 514)

whereas after dehulling, a significant decrease

(57.89–85.71 %) in the reducing power was recorded

which lowest was (0.02) in VL Masoor 507 and the highest

(0.09) in VL Masoor 514. In germinated samples, the

highest reducing power with 30.43 % decrease over raw

sample was found in VL Masoor 514 (0.16) whereas the

lowest amount of reducing power with 50.0 % decrease

over raw was recorded in VL Masoor 507 (0.07). The

Table 4 Effect of dehulling, germination and cooking on total antioxidant activity, FRAP value, and reducing power of different varieties lentil

Variety Total antioxidant activity (lM TE/g DW) FRAP value (lM TE/g DW) Reducing power (Abs 700 nm)

R DH G C R DH G C R DH G C

VL 125 8.19a 5.00c

(-38.95)

8.57a

(4.64)

4.39d

(-46.40)

24.72b 11.58c

(-53.16)

20.93a

(-15.33)

14.39c

(-41.79)

0.20a,b 0.06b

(-70.00)

0.10b

(-50.00)

0.08b

(-60.00)

VL 133 7.48b,c 5.89b

(-21.26)

7.77b

(3.88)

5.94c

(-20.59)

29.39b 12.82b,c

(-56.38)

14.71a,b

(-49.95)

26.84a,b

(-8.68)

0.19b 0.08a

(-57.89)

0.12b

(-36.84)

0.11a

(-42.11)

VL 142 7.80a,b 5.69b,c

(-27.05)

6.85d

(-12.18)

6.05c

(-22.44)

29.43b 11.16c

(-62.08)

13.83a,b

(-53.01)

26.16b

(-11.11)

0.20a,b 0.04c

(-80.00)

0.12b

(-40.00)

0.09b

(-55.00)

VL 507 7.12c 6.34a,b

(-10.96)

7.66b,c

(7.58)

6.58b

(-7.58)

37.64a 18.71a

(-50.29)

16.15a,b

(-57.09)

31.63a

(-15.97)

0.14c 0.02c

(-85.71)

0.07c

(-50.00)

0.05c

(-64.29)

VL 514 7.76b 6.93a

(-10.70)

7.22c

(-6.96)

6.94a

(-10.57)

34.65a 15.30b

(-55.84)

13.51b

(-61.01)

31.57a

(-8.89)

0.23a 0.09a

(-60.87)

0.16a

(-30.43)

0.13a

(-43.48)

Average 7.67A 5.97B 7.61A 5.98B 31.17A 13.91C 15.83C 26.12B 0.19A 0.06B 0.11A,B 0.09B

Values in parentheses indicate % increase or % decrease (negative sign) over raw values

a, b, c and d superscript are significantly (p\ 0.05) different cultivar within a column

A, B, C and D superscript are significantly (p\ 0.05) different treatment within a row

R raw, DH dehulled, G germinated, C cooked
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results are in agreement with the study conducted in horse

gram by Pal et al. (2016). Reducing power in the cooked

samples varied from 0.05 (VL Masoor 507) to 0.11 (VL

Masoor 133) Abs unit at 700 nm which showed a signifi-

cant reduction (42.11–64.29 %) over raw samples.

Effect of dehulling and germination on fatty acid

profile

Although lentils contain only 2.58–3.58 % oil, its fatty acid

composition had a very favorable omega-3 to omega-6

ratio (1:4) (Zhang et al. 2014). The effect of dehulling,

germination and cooking on the fatty acid composition of

lentils was investigated, and the results are summarized in

Table 5. In all lentil cultivars, linoleic acid was the dom-

inant fatty acid ranging from 32.35 to 39.19 %, followed

by oleic acid (27.00–33.85 %), palmitic acid

(15.48–17.15 %) and linolenic acid (10.34–11.51 %).

These results are in agreement with those reported by

Zhang et al. (2014), in their study on 20 Canadian lentil

cultivars. The high levels of unsaturated fatty acids make

lentil a suitable legume for nutritional applications. The

potential benefits of PUFA include prevention of cardio-

vascular diseases and other health problems (Ajayi and

Ajayi 2009). Myristic acid content in raw samples varied

from 0.30 (VL Masoor 514) to 0.80 % (VL Masoor 507)

whereas after dehulling, a significant decrease

(10.00–34.48 %) in amount of myristic acid was found and

was recorded the lowest (0.27 mg/100 mg) in VL Masoor

514 and the highest (0.38 mg/100 mg) in VL Masoor 133

and VL 142. It was found that in general, germination and

cooking significantly (p\ 0.05) reduced the myristic acid

over raw samples; which was in line with an earlier report

on lentil (Zhang et al. 2014). Dehulling caused a significant

decrease (6.59–10.82 %) in amount of palmitic acid

whereas cooking did not have any significant effect on the

palmitic acid content. Stearic acid content was significantly

decreased by dehulling and cooking whereas germination

did not have significant effect on the stearic acid content.

The oleic acid content in raw samples varied from 27.00

(VL 142) to 33.85 % (VL Masoor 507). Dehulling caused

no significant decrease (1.09–8.74 %) in the amount of

oleic acid which was the lowest (25.59 %) in VL Masoor

125 and the highest (33.48 %) in the VL Masoor 507.

Germinated samples showed increase (0.36–25.53 %) in

the oleic acid content over the raw samples. In germinated

samples, the highest content of oleic acid (35.38 %) was

found for VL Masoor 507 whereas the lowest (29.72 %)

was recorded for VL 142. Cooked samples showed

increase (2.04–9.06 %) in the oleic acid content over the

raw samples. Decline in oleic acid may be due to presence

of this fatty acid in hull portion. The results are in the

accordance with an earlier report in pearl millet (Zhang

et al. 2014).

The linoleic acid content varied from 32.35 to

39.19 mg/100 mg in the different raw samples of lentil.

Overall, linoleic acid content increased significantly after

the dehulling whereas, germination and cooking, non-

significantly decreased the content based on mean of

varieties. Dehulled samples showed increase

(3.55–10.33 %) whereas germinated (0.03–15.31 %) and

cooked samples (0.86–13.58 %) showed decrease in the

content of linoleic acid content over the raw samples.

The linolenic acid content varied from 10.34 to 11.51 %

in the different raw samples of lentil. No significant

difference among varieties in all treatments were found.

Overall, linoleic acid content decreased significantly after

germination while after dehulling and cooking, non-sig-

nificant increase was seen. The decrease in fatty acid

could be due to hydrolysis during germination and used

to produce the necessary energy for the biochemical and

physicochemical modifications, which occurred in the

seed (Moongngarm and Saetung 2010).

Principal component analysis (PCA)

Principal component analysis (PCA) is a useful statistical

technique, which has found applications in finding out

interrelationships between the different variables (Mishra

et al. 2013). The projections of varieties and traits are

shown in PC1 and PC2 biplot (Fig. 1a–d). In PCA the

length, direction and the angles between the lines indicate

correlation between the variables or between variables and

principal component axes (e.g., a = 0� and/or 180� and

r = 1; a = 90� and r = 0). The longer the line, the higher

is the variance. The cosine of the angle between the lines

approximates the correlation between the variables they

represent. The closer the angle is to 90� or 270�, the

smaller the correlation. An angle of 0� or 180� reflects a

correlation of 1 or -1, respectively (Lopez et al. 2006).

In present study, multifactorial comparisons using

principal component analysis clearly indicated correlation

between various nutritive, anti-nutritive, fatty acids,

antioxidant parameters and their relationship under raw,

dehulled, germinated and cooked lentil samples. The

principal component analysis (PCA) and their correlation

are shown in raw, dehulled, germinated and cooked sam-

ples (Fig. 1a–d). Among the data, first component 1 rep-

resented 55.60 % of variability, whereas the component 2

represented 22.70 % of variability in case of raw samples

whereas in case of dehulled, germinated and cooked sam-

ples component 1 represented 44.40, 38.00 and 39.60 % of

variability and the component 2 represented 26.10, 25.50

and 29.50 % variability, respectively. In case of raw
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samples, most of the parameters (TN—starch, GA—gallic

acid, TN—tannins, Q—quarcitin, RP—reducing power,

CDH—catechins di-hydrate, TSS—total soluble sugars,

TAA—total antioxidant activity, Pal—palmitic acid, DPPH

radical inhibition, ABTS radical inhibition, ST—stearic

acid) were occupied on the right side of the biplot. This

suggested that these parameters had positive correlation

among themselves and these parameters have negative

correlation with the parameters occupying on the left side

of the biplot. In case of dehulled, germinated and cooked

samples, some of the parameters showed change in their

positions from one bi-plot to another bi-plot. Based on this

mathematical rule, uncorrelated variables occur at right

angles to one another because the cosine of the angle

between them is cosine 90� = 0, or not correlated. Simi-

larly, the cosine of 0 is 1, which denotes a positive corre-

lation between the variables (Lopez et al. 2006).

Conclusion

The variety and processing (cooking and dehulling)

affected the composition, minerals and anti-nutritional

factors in lentils. Significant differences in proximate

composition, antioxidant metabolites, antioxidant activi-

ties, trypsin inhibitor activity (TIA), phytic acid and

tannin content were found among different treatments

based on average of studied varieties. The antioxidant

Table 5 Effect of dehulling, germination and cooking on fatty acids (% dry weight basis) of different blentils varieties

Variety Myristic acid (14:0) Palmitic acid (16:0) Stearic acid (18:0)

R DH G C R DH G C R DH G C

VL 125 0.53c 0.37a

(-30.19)

0.36b

(-32.08)

0.35c

(-33.96)

16.70a 15.41a

(-7.72)

16.29a

(-2.46)

16.33a

(-2.22)

3.54b 2.07c

(-41.53)

3.16b,c

(-10.73)

2.40a,b

(-32.20)

VL 133 0.58b 0.38a

(-34.48)

0.49a

(-15.52)

0.38b

(-34.48)

17.15a 15.42a

(-10.09)

16.70a

(-2.62)

16.35a

(-4.66)

3.43b,c 2.15c

(-37.32)

3.26b

(-4.96)

2.18b

(-36.44)

VL 142 0.46d 0.38a

(-17.39)

0.38b

(-17.39)

0.43a

(-6.52)

16.44a 15.29a

(-7.00)

15.34a

(-6.69)

16.76a

(1.95)

4.90a 3.28a

(-33.06)

4.75a

(-3.06)

2.24b

(-54.2)9

VL 507 0.80a 0.36a

(-55.00)

0.52a

(-35.00)

0.37b

(-53.75)

15.48a 14.46a

(-6.59)

15.40a

(-0.52)

15.50a

(0.13)

3.25b,c 2.65b

(-18.46)

2.64c

(-18.77)

1.74c

(-46.46)

VL 514 0.30e 0.27b

(-10.00)

0.27c

(-10.00)

0.29c

(-3.33)

16.55a 14.76a

(-10.82)

15.48a

(-6.47)

16.28a

(-1.63)

3.01c 2.58b

(-14.29)

2.95b,c

(-1.99)

2.64a

(-12.29)

Average 0.53A 0.35B 0.40B 0.37B 16.46A 15.07B 15.84A,B 16.24A 3.63A 2.55B 3.35A 2.24B

Variety Oleic acid (18:1) Linoleic acid (18:2) Linolenic acid (18:3)

VL 125 28.04b 25.59b

(-8.74)

35.20a

(25.53)

28.87b

(2.96)

39.19a 40.58a,b

(3.55)

33.19b

(-15.31)

37.66a

(-3.90)

10.34a 11.33a

(9.57)

8.91a

(-13.83)

10.71a

(3.58)

VL 133 28.05b 26.63b

(-5.06)

30.51b

(8.77)

30.59b

(9.06)

35.65a,b 40.67a

(14.08)

31.28c

(-12.26)

30.81b

(-13.58)

11.51a 12.05a

(4.69)

9.67a

(-15.99)

10.56a

(8.25)

VL 142 27.00b 26.53b

(-1.74)

29.72b

(10.07)

27.67b

(2.48)

38.20a 41.77a

(9.32)

32.80b

(-14.16)

37.88a

(-0.86)

11.03a 11.69a

(5.98)

9.15a

(-17.04)

11.67a

(5.80)

VL 507 33.85a 33.48a

(-1.09)

35.38a

(4.52)

36.35a

(7.39)

32.35b 34.48b

(6.58)

31.26c

(-3.37)

31.43b

(-2.84)

10.70a 11.59a

(8.32)

9.02a

(-15.70)

10.53a

(-1.59)

VL 514 30.39a,b 28.28b

(-6.94)

30.50b

(0.36)

31.01b

(2.04)

35.93a,b 39.64a

(10.33)

35.92a

(-0.03)

34.33a,b

(-4.45)

10.90a 12.04a

(10.46)

9.67a

(-11.28)

11.34a

(4.04)

Average 29.47A 28.10A 32.26A 30.90A 36.27B 39.43A 32.89B 34.42A,B 10.90A 11.74A 9.28B 10.96A

Values in parentheses indicate % increase or % decrease (negative sign) over raw values

a, b, c and d superscript are significantly (p\ 0.05) different cultivar within a column

A, B, C and D superscript are significantly (p\ 0.05) different treatment within a row

R raw, DH dehulled, G germinated, C cooked
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compound (GA, CDH and Q), antioxidant capacities

(total antioxidant activity and ferric reducing antioxidant

power) and free radical scavenging activity against

DPPH and ABTS were significantly decreased after

dehulling and germination. Present study also suggest

that germination and cooking would be useful in for-

mulation of foods where lentil oil is an important

consideration.

Fig. 1 Multifactorial comparison and correlation matrix of studied

parameters (TN-starch, GA-gallic acid, TN-tannins, Q-quarcitin, TL-

total lipid, PA-phytic acid, TIA-trypsin inhibitor activity, C-catechins,

Q-quercetin, Myr-myristic acid, RP-reducing power, CDH-catechins

di-hydrate, TSS-total soluble sugars, TAA-total antioxidant activity,

Pal-palmitic acid, FRAP- ferric reducing antioxidant power, ST-

stearic acid, Pal-palmitic acid, O-oleic acid, L-linoleic acid, Ln-

linolenic acid) obtained from lentil varieties using principal compo-

nent analysis (PCA) in raw (A), dehulled (B), germinated (C) and

cooked lentils (D)
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