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Abstract The present study was aimed to evaluate the

differences among anti-nutritional factors in relation to

mineral absorption and protein digestibility of Easy-to-

cook (ETC) and Hard-to-cook (HTC) grains from different

kidney bean (KB) accessions.HTC grains showed lower a*

(redness to yellowness) and b* (greenness to blueness)

values and L* value than ETC grains. HTC grains had

significantly higher Ca and Zn and lower Cu, Mn and Fe

than ETC grains. ETC and HTC grains showed significant

variation in mineral, total phenolic content (TPC), tannin

and phytic acid content. TPC and tannin content were

significantly higher for HTC grains, on the contrary phytic

acid content was lower than counterpart ETC grains. Pro-

tein and in vitro protein digestibility (IVPD) also varied

significantly between HTC and ETC grains and was found

to be lower for HTC grains. Majority of phenolic com-

pounds (PCs) were present in bound state in both ETC and

HTC grains. Moreover, HTC grains showed higher amount

of chlorogenic acid and catechin content than ETC grains

in bound form. ETC and HTC grains from dark color

accessions showed higher catechin content.

Keywords Hard-to-cook � Protein digestibility � Minerals �
Antinutritional factors � HPLC

Introduction

Pulse grains are mainly composed of carbohydrates, pro-

teins, lipids, mineral matter and water. In addition to these,

the grains contain small quantities of vitamins, enzymes

and phytochemicals, which are important for human health

(Tiwari and Singh 2012). Pulses are the main source of

protein in a primarily vegetarian Indian diet. Pulses uti-

lization in human diets is considered benificial as the pulse

intake is believed to play central role in reducing the risk of

certain diseases, like, prostate and colon cancers (Mathers

2002). The presence of potentially bioactive constituents

like phenolic acids, flavanols, isoflavones, condensed tan-

nins and anthocyanins in pulses has been reported to

exhibit antioxidant and anticarcinogenic characteristics

(Tiwari and Singh 2012; Dinelli et al. 2006; Champ 2002).

Hard-to-cook (HTC) defect is the major factor which

limits the consumption of pulses and is illustrated by pro-

longed cooking time succeeding high humidity and high

temperature storage conditions along with incorrect han-

dling (Garcia et al. 1998; Reyes-Moreno et al. 1993). The

inappropriate storage conditions caused adverse changes in

nutritional, functional and physicochemical properties of

chickpea seeds (Reyes-Moreno et al. 2001). HTC grains do

not absorb sufficient water and require longer time to

soften under normal cooking conditions (Tiwari and Singh,

2012) and characterized to have limited cell separation as

well as starch gelatinization during cooking (Liu and

Bourne 1995). Various factors contributing to HTC defect

include seed size, ripening degree, genetic factor and

environmental factors, while the most important is the

storage of the grains in adverse conditions post-harvest

(Jackson and Varriano-Marston 1981). Both enzymatic as

well as non-enzymatic reactions contribute towards this

defect, simultaneously, leading to the toughness in grains.
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Reports have also been found which includes the protein

denaturation and pectin insolubilization leading to the

inability of grains to soften during cooking. Limited inter

as well as intra-cellular water availability is attributive of

this defect (Hincks and Stanley 1987). b-eliminative

degradation of pectin is also an important factor which

resulted in the HTC defect. The reduction in antioxidant

activity and free and acid hydrolyzed phenolics due to HTC

phenomenon was reported by Machado et al. (2008) that

affected the nutritional properties of beans. The different

genotypes were reported to vary in susceptibility to the

development of HTC and this change was dependent upon

the environmental factors. The genetic variability amongst

common beans in tannins and phytate content is well

reported (Wassimi et al. 1988; Wang and Daun 2004).

The limited information on the differences in chemical

constituents and protein digestibility of easy-to-cook

(ETC) and hard-to-cook (HTC) grains in beans was

available. Therefore, the present study was designed to

compare the color, anti-nutritional constituents, mineral,

phenolics and protein digestibility of HTC and ETC grains

from different kidney bean (KB) accessions.

Materials and methods

Materials

Eleven accessions of KB namely EC500655, EC500661,

EC500347, EC500522, EC500256, EC530916, EC500634,

EC500669, PLB14-1, EC-400396, EC398520, EC398525

and EC398513were procured from National Bureau of

Plant Genetic Research (NBPGR), Shimla, Himachal Pra-

desh, for the present study. KB grains were soaked over-

night at room temperature. Swollen grains were separated

from the rest and considered as ETC while the other grains

were termed as HTC. Both were freeze dried and analyzed

for different properties. HTC phenomenon is also related to

the poor quality of legume seeds.

Preparation of pulse flour

Both ETC and HTC grains (50 g) from different KB

accessions after freeze drying were ground to pass through

72 mesh sieve to obtain the flour of uniform particle size,

which was then packed in airtight containers for further

analysis.

Color characteristics

Color characteristics (L*, a* and b*) of cleaned grains from

different KB accessions were determined by using a Ultra

Scan VIS Hunter Lab (Hunter Associates Laboratory Inc.,

Reston, VA, U.S.A.). The L* value indicates the lightness,

0–100 representing dark to light. The a* value determines

the degree of red-green color, with a higher positive a*
value indicating more red. The b* value indicates the

degree of yellow–blue color, with a higher positive b*

value indicating more yellow.

Total phenolic content

Total phenolic content (TPC) content of legume flour was

determined using the method of Yu et al. (2002) with

certain modifications. The sample (500 mg) was weighed

and PCs were extracted in methanol (80%) for 2 h, fol-

lowed by centrifugation (3000 rpm, 10 min). The super-

natant (100 ll) was mixed with 900 ll distilled water and

0.5 mL Folin–Ciocalteu reagent. The mixture was allowed

to equilibrate (5 min) followed by addition of 1.5 mL of

sodium carbonate (20%) and incubated for 2 h at room

temperature in dark. The volume was made up to 10 mL

and absorbance was measured at 765 nm. Gallic acid was

used as a standard and the total phenolics were expressed

as mg gallic acid equivalents (GAE)/g. Standard curve was

plotted between absorbance and gallic acid equivalents.

The equation for TPC estimation was y = 0.0012x–0.0079

with r2 value of 0.998.

Tannin content

Tannin content was measured according to the method

described by Schanderl (1970). Ground sample was

weighed (0.5 g) and transferred to a 250 mL conical flask

which was heated for 30 min after adding 75 mL of dis-

tilled water. The solution was centrifuged at 2000 rpm for

20 min and the supernatant was collected and the volume

was made to 100 mL. Sample extract (1 mL) was trans-

ferred to 100 mL volumetric flask containing 75 mL water

to which 5 mL of Folin-Denis reagent, 10 mL of sodium

carbonate solution was added and the volume was made to

100 mL with distilled water. Absorbance was measured at

700 nm after 30 min interval.

Phytic acid content

Phytic acid content was quantified using spectrophoto-

metric method (Haug and Lantzsch 1983). The decrease in

iron content (determined calorimetrically with 2, 20-bipyr-
idine) in the supernatant was measured. Ferric (III) chloride

solution (1 mL) was added to 0.5 mL extract. The solution

was heated for 30 min in a boiling water bath. After being

cooled to room temperature, the solution was centrifuged

for 30 min at 4500 rpm. Then, 1 mL of the supernatant

was transferred to another test tube and mixed with 1.5 mL

of 2, 20-bipyridine (0.1 g 2, 20-bipyridine dissolved in 1 mL
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of thioglycolic acid and the volume was made to 100 mL

with distilled water. The absorbance of the reaction mix-

ture was measured at 519 nm against distilled water. The

method was calibrated with standard phytic acid solutions

for each set of analysis and expressed as mg of phytic acid

equivalent/g of sample. The amount of ferric ions precip-

itated the quantity of phytic acid P was obtained by the

standard graph. Phytic acid concentration was quantified by

multiplying phytic acid P with the factor 3.55.

Mineral composition

Mineral composition was determined by using Atomic

Absorption Spectrophotometer (Agilent Technologies) as

described earlier (Parmar et al. 2014).

Protein content and in vitro protein digestibility

Protein content (%) was determined in triplicate by fol-

lowing AACC International Approved Method 46-13.01.

In-vitro protein digestibility (IVPD) was determined by

using the method of Akeson and Stahmanna (1964).

Sample (250 g) in 0.1 mol/L HCl-pepsin solution was

incubated at 37 �C for 3 h followed by neutralization and

treatment with pancreatin in 0.2 mol/L phosphate buffer

(pH 8.0) for 24 h. After incubation, the sample was treated

with 10 g/100 g TCA and centrifuged at 10,0009g for

20 min. Protein digestibility (g/100 g) was calculated by

the ratio of protein in supernatant to protein in sample as

equation:

Protein digestibility ¼ Protein content in supernatant=

Protein content in sample

Extraction of soluble phenolic compounds

Extraction of PCs from ground samples was done using the

method of Luthria and Pastor-Corrales (2006) with slight

modifications. The ground samples were treated with

methanol containing 10% acetic acid. The mixture was

sonicated for 30 min and the volume was adjusted to

10 mL with distilled water. Aliquot (1 mL) of extract

was filtered and analyzed for free phenolics. The

remaining 9 mL of the extract was used for sequential

hydrolysis with base followed by an acid. 10 mL of dis-

tilled water and 5 mL of 10 M NaOH with 2% ascorbic

acid were added to the extract. The mixture was stirred

overnight and then pHwas adjusted to 2 by using 6 NHCl.

The liberated phenolic acids were extracted with 15 mL of

diethyl ether-ethyl acetate (DE/EA). The DE/EA organic

layer containing the phenolic acids liberated from base

hydrolysis was collected and evaporated to dryness under

rotary vacuum. The residue was re-dissolved in methanol

(80%). The samples were then filtered and analyzed for

base hydrolysed PCs.

All extracts were quantified using high performance

liquid chromatogram (HPLC) (1260 infinity, Agilent

technollogies, USA) equipped with diode array detector

(DAD), quadratic pump & auto-sampler at wavelength of

280 nm. The separation was carried out by using zorbax

300SB C18 reverse phase column (4.6 mm 9 150 mm,

5 lm particle size) at 35 �C. A 5 ll of pre-filtered sample

volume was injected into HPLC system. The mobile phase

was consisted of two solvents: HPLC grade water acidified

with 0.1% acetic acid (A) and 100% HPLC grade ace-

tonitrile (B). The solvent gradient in volume ratios was as

follows: 98% (A), 2% (B) for 0–20 min, it was increased to

40% B at 20 min, then it was increased to 100% (B) at

25 min and decreased to 5% (B) at 30 min. Identification

of the PCs was achieved by comparing retention times of

the unknowns with the standards.

Statistical analysis

The statistical analysis of data was carried out using

‘MINITAB’ (Statistical software; State College, PA).

Pearson correlation was used to determine the relationship

between different constituents. Analysis of variance

(ANOVA) was also used to determine the statistical sig-

nificance of data.

Results and discussion

Color characteristics

Color characteristics of HTC grains were significantly

different from that of ETC grains (Table 1). Among

ETC grains, L*, a* and b*ranged from 32.82 to 48.78,

0.28 to 11.23 and 1.48 to 10.83, respectively, while for

HTC grains these ranged from 29.57 to 44.39, 0.01 to

8.17 and -0.79 to 5.75 (Table 1). Average L*, a* and

b*values were higher for ETC grains than their corre-

sponding HTC grains. This implies that dark color

accessions had more HTC grains. The highest L* value

was shown by EC500916 among ETC grains, on the

contrary, EC398520 showed the highest L* value among

HTC grains. The highest values of a* and b* were

shown by EC398513 and EC500256, respectively, for

both ETC and HTC grains. During the development of

HTC defect, low molecular weight PCs polymerized to

dark colored high molecular weight tannins (Nozzolillo

and De Bezada 1984). This may have contributed to the

dark color of HTC grains.
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Total phenolic content

TPC varied significantly among ETC and HTC grains.

HTC grains showed higher average phenolic content (1.58

mgGAE/g) than that of ETC grains (1.43 mgGAE/g)

(Table 2).TPC content varied from 1.00 to 2.29 mgGAE/g

and 1.18 to 2.87 mgGAE/g, respectively for ETC and HTC

grains. ETC grains from different accessions with high a*

and b* showed high TPC (Table 7). Whereas HTC grains

from different accessions with higher a* showed high TPC

(Table 8). This implies that the accessions with more

redness tend to have more TPC, which was consistent with

earlier results (Oomah et al. 2008). TPC varied signifi-

cantly among ETC and HTC grains from different

accessions (Table 10). Phenolic content of seed coats and

cotyledons was reported to be changed during development

for HTC defect (Jones and Boulter 1983). HTC grains cell

wall reported to have smaller intercellular spaces (Gracia

et al. 1993) which attributed to the changes occurred in cell

wall components during hardening (Hincks and Stanley

1987; Liu and Bourne 1995). This led to decrease in

leaching of phenolic content during soaking among hard

grains as compared to ETC grains (Xu and Chang 2008).

Srisuma et al. (1989) revealed the fact that during the bean

hardening, phenolic derivatives released from their bound

form and resulted in the increase in free phenolic content in

HTC grains.

Table 1 Hunter color parameters of ETC and HTC grains from different kidney bean accessions

Accessions L* A* B*

ETC HTC ETC HTC ETC HTC

EC 500661 35.09 ± 0.18b 34.28 ± 0.11d 4.72 ± 0.09c 3.59 ± 0.34c 2.86 ± 0.14b 1.30 ± 0.23bc

EC 500522 48.78 ± 1.02f 38.57 ± 0.93e 6.34 ± 0.114de 6.54 ± 0.27g 6.95 ± 0.30e 3.99 ± 0.14e

EC 500256 37.54 ± 0.52c 29.57 ± 0.17a 0.28 ± 0.29a 0.02 ± 0.01a 1.48 ± 0.14a -0.79 ± 0.02a

EC 530916 32.82 ± 0.48a 31.23 ± 0.13b 6.23 ± 0.22d 4.35 ± 0.33d 2.02 ± 0.25ab 0.76 ± 0.17bc

EC 500634 41.48 ± 1.21d 33.30 ± 0.43cd 6.55 ± 0.36e 7.44 ± 0.11e 5.69 ± 0.65d 2.71 ± 0.24d

EC 500669 47.15 ± 0.86e 33.89 ± 1.24c 2.28 ± 0.14b 2.20 ± 0.40b 3.77 ± 0.14c 1.46 ± 1.01c

PLB 14-1 39.03 ± 0.75cd 41.56 ± 0.02f 10.61 ± 0.06h 5.77 ± 0.32h 10.83 ± 0.58g 5.75 ± 0.19f

EC 400396 35.91 ± 1.23bc 34.32 ± 0.28d 8.82 ± 0.42g 4.63 ± 0.11g 4.07 ± 0.62cd 1.31 ± 0.30bc

EC 398520 46.78 ± 2.11e 44.39 ± 0.17g 7.73 ± 0.38f 4.40 ± 0.13f 9.01 ± 0.58f 5.59 ± 0.42f

EC 398525 33.88 ± 0.37ab 32.27 ± 0.35bc 8.56 ± 0.08g 5.18 ± 0.32g 2.39 ± 0.11ab 0.51 ± 0.06b

EC 398513 40.54 ± 0.83d 32.27 ± 0.43bc 11.23 ± 0.05i 8.17 ± 0.10i 7.16 ± 0.15e 3.61 ± 0.22e

ETC easy-to-cook; HTC harder-to-cook

* Mean with similar superscript in a column do not differ significantly (p B 0.05)

Table 2 Anti-nutritional factors present in flour from ETC and HTC grains of different kidney bean accessions

Accessions TPC (mgGAE/g) Tannin (mg/g) Phytic acid (mg/g)

ETC HTC ETC HTC ETC HTC

EC 500661 1.19 ± 0.03b 1.18 ± 0.005a 0.58 ± 0.00f 0.37 ± 0.026d 2.07 ± 0.069bc 2.03 ± 1.98e

EC500522 1.34 ± 0.06bc 1.43 ± 0.031ab 0.34 ± 0.01d 0.18 ± 0.009b 2.21 ± 0.013e 1.76 ± 1.76b

EC 500256 1.24 ± 0.03bc 1.32 ± 0.137ab 0.41 ± 0.02e 0.26 ± 0.014c 2.02 ± 0.002ab 1.95 ± 0.25cd

EC 530916 1.47 ± 0.04cd 1.56 ± 0.003b 1.26 ± 0.00i 0.86 ± 0.036g 2.11 ± 0.011c 1.98 ± 4.58d

EC 500634 1.31 ± 0.03bc 1.40 ± 0.007ab 0.42 ± 0.00e 1.18 ± 0.014h 2.15 ± 0.003d 2.01 ± 3.09d

EC 500669 1.00 ± 0.02a 1.24 ± 0.162ab 0.14 ± 0.01b 0. 27 ± 0.064c 2.14 ± 0.006cd 2.08 ± 1.19e

PLB 14-1 2.29 ± 0.01e 2.07 ± 0.450bc 0.10 ± 0.01h 0.16 ± 0.001b 2.19 ± 0.004e 2.11 ± 0.10f

EC400396 1.47 ± 0.06cd 1.64 ± 0.035bc 0.24 ± 0.01c 0.07 ± 0.028a 2.08 ± 0.028bc 2.13 ± 1.57g

EC 398520 1.42 ± 0.04c 1.42 ± 0.153ab 0.03 ± 0.006a 0.03 ± 0.043a 2.05 ± 0.016b 1.80 ± 1.00a

EC 398525 1.59 ± 0.11d 2.87 ± 0.067d 0.97 ± 0.01h 0.61 ± 0.017f 2.05 ± 0.019b 2.02 ± 2.00d

EC 398513 1.42 ± 0.11c 1.86 ± 0.022c 0.68 ± 0.02g 0.54 ± 0.052e 1.99 ± 0.016a 1.96 ± 1.94c

ETC easy-to-cook; HTC harder-to-cook

* Mean with similar superscript in a column do not differ significantly (p B 0.05)
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Tannin content

ETC grains had higher tannin content than HTC grains

(Table 2). ETC grains from different accessions had tannin

content ranged from 0.03 to 1.26 mg/g and from 0.03 to

1.18 mg/g for HTC grains (Table 2). EC398520 had the

lowest while EC530916 had the highest tannin content

amongst ETC grains. EC398520 had the lowest while

EC500634 had the highest tannin content amongst HTC

grains. ETC and HTC grains from different accessions

showed positive correlation of tannin content with a* and

TPC (Table 4a, b). However, tannin content had negative

correlation with L* (Tables 7, 8). Tannin content varied

with the color of seed coat or testa (Reddy et al. 1985).

Lower amount of tannins was found in white than in black,

red and bronze colored varieties of common beans (Bres-

sani and Elias 1980). Reddy et al. (1985) reported that

tannin content varied with color of grains and species of

Phaseolus v. A negative correlation between the develop-

ment of HTC defect and tannins was found in previous

studies, accessions having low susceptibility to develop

HTC defect were reported to have lower tannin content in

common beans (Reyes-Moreno et al. 2000). Tannin

crosslinked with the proteins and caused a reduction in

in vitro protein digestion of beans (Gupta and Haslam

1980; Bressani and Elias1980). Despite having deleterious

effect on digestibility, tannins also resulted in the inhibition

of digestive enzymes, increased excretion of endogenous

protein and effect on digestive tract.

Phytic acid content

Phytate is known to be the anti-nutritional factor as it acts

as a potent metal chelator of mineral cations. HTC grains

from different accessions had lower phytic acid content as

compared to ETC grains (Table 2). ETC and HTC grains

from different KB accessions showed an average phytic

acid content of 2.09 and 1.89 mg/g, respectively. Phytic

acid content varied significantly among ETC and HTC

grains (Table 10). Phytic acid content of ETC grains was

highly positively correlated to tannin content, b* and L*

(Table 7), while for HTC grains, phytic acid content was

positively correlated to L* (Table 8). This can be inferred

that phytic acid content decreased with the increase in HTC

defect. During the development of HTC defect, phytase

acted upon phytin which resulted into the hydrolysis of the

substrate and release of inorganic phosphorus content

(Jones and Boulter 1983). HTC defect has been correlated

with the decrease in phytic acid content (Sievwright and

Shipe 1986; Reyes-Moreno et al. 2000). Liu and Bourne

(1995) reported that storage of grains in adverse conditions

activated the enzyme phytase, which further produced an

insoluble pectate complex during cooking by attaching to

the free carboxyl groups of pectin in middle lamella, hence

increased the cooking time of the grains.

Mineral composition

Mineral content varied significantly amongst ETC and

HTC grains (Table 9). Mean values of Cu, Mn, Fe, Zn and

Ca were found to be 0.081, 0.14, 0.74, 0.91 and 42.09 ppm,

respectively, for ETC grains against 0.07, 0.11, 0.53, 1.04

and 79.27 ppm, respectively, for HTC grains (Table 3).

HTC grains had significantly higher Ca and Zn while Cu,

Mn and Fe were lower than ETC grains. Majority of

minerals were correlated with the color of the grains.HTC

grains from accessions having light color had lower Zn

content (Table 8). White varieties of common beans had

low accumulation of Zn and Fe and higher of Ca and Mg

(Akond et al. 2011). Accessions having higher amount of

tannin content was found to have lower Zn content among

ETC grains and low Cu content among HTC grains. Same

results were reported in common beans by Beebe et al.

(2000). ETC grains from different accessions showed

negative correlation of phytic acid with Ca and Fe while

negative correlation of phytic acid with Fe was observed

among HTC grains. Akond et al. (2011) reported that

higher level of phytic acid led to the low accumulation of

Fe, Ca and Mg in common beans. Among HTC grains,

TPC was negatively correlated to Zn. Earlier, it has been

reported that Fe and Zn bio-availability was negatively

affected by the presence of PCs in Phaseolus v. (Donangelo

et al. 2003). Bean grains were considered to be the best

inexpensive source of minerals but their bioavailability was

reported to constrain by the presence of anti-nutritional

constituents like phytic acid and PCs (Nyombaire et al.

2007). Phytic acid was reported to chelate several elements

such as Zn, Fe, Ca and Mg in its dephosphorylated form

(Feil 2001) by interfering with their absorption (Ologhobo

1980). The divalent minerals were reported to move to

middle lamella of cell wall after getting released from

phytate-mineral complex (Phillips et al. 2003), and form

insoluble pectate complex by replacing monovalent min-

erals (Mattson 1948). This may prevent cell separation

during cooking, hence contributing towards the HTC

defect.

Protein content and In-vitro protein digestibility

HTC grains from different accessions had lower protein

content as compared to their counterpart ETC grains

(Table 4). Protein content of HTC grains from different

accessions ranged from 19.06 to 28.89% and for ETC

grains, it ranged from 21.01 to 29.24%. HTC grains

showed similar average protein content (25.64%) as

reported by Tuan and Phillip (1991). It was observed that
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protein content of HTC grains was lower than that from

ETC grains which was in consistence with the earlier

research (Ruiz–Ruiz et al. 2012). Hardened grains may be

used as a good source of protein because of their less

suitability for the consumption and low cost (Morales-De

Leon et al. 2007). Segura-Campos et al. (2014) reported

that protein isolates from hardened grains can be used in

different functional foods.

HTC grains from different accessions had lower in vitro

protein digestibility (IVPD) than ETC grains (Table 4).

IVPD of ETC and HTC grains from different KB acces-

sions ranged from 37.50 to 55.17% and 20.49 to 57.02%,

respectively. The lowest value was observed for HTC

grains from EC398525 and the highest for ETC grains from

EC398513. The changes in the complexes of protein with

other biomolecules during storage and in protein structure

Fig. 1 HPLC chromatograms of base hydrolysed fraction from

(a) ETC (easy-to-cook) and (b) HTC (harder-to-cook) grains from

different kidney bean accessions. 1 Gallic acid, 2 Catechin, 3

Chlorogenic acid, 4 Protocatechuic acid, 5 p-Caumaric acid, 6 Ferulic

acid, 7 Sinapic acid, 8 Quercitin
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influenced in vitro digestibility in grains (Segura-Campos

et al. 2014). Tuan and Phillip (1991) and Reyes-Moreno

et al. (2000) reported the same results when the storage

conditions of grains favored the development of HTC

defect. Mbofung et al. (1991) demonstrated that

digestibility of kokis was decreased with the increase in the

percentage of HTC grains. High level of tannin and PCs

present in HTC grains interacted with proteins, hence,

lowered its digestibility (Segura-Campos et al. 2014). The

protein digestibility seemed to be governed majorly by the

genetic makeup of the grains (Table 10). Higher accumu-

lation of 27 kDa polypeptide in protein isolated from HTC

grains might also contribute towards the lower digestibility

of HTC grains as compared to ETC grains (Parmar et al.

2017).

Phenolic profile

HTC and ETC grains from different pulse accessions

showed the presence of both free and bound PCs (Fig. 1).

PCs in ETC and HTC grains from different KB accessions

in free and bound form are given in Tables 5, 6. Phenolics

were observed to bind with cell wall structural proteins and

carbohydrates. Bound PCs were released by dismantling

the cell wall during the extraction by changing the pH

(Shibuya 1984).

Base hydrolysis of grains from different KB accessions

showed the presence of catechin, chlorogenic acid, proto-

catechuic acid and p-caumaric acid in both ETC and HTC

grains. Gallic acid was observed only in EC500522,

EC530196 and EC398525 KB accessions where ETC

grains showed a higher amount than HTC grains. Chloro-

genic acid was observed in higher amount in HTC grains

than that from ETC grains. Non-significant difference was

observed for p-caumaric acid, resveratrol and ferulic acid

between ETC and HTC grains of KB accessions.

ETC grains from EC530916, EC400396 and EC398525;

and HTC grains from EC530916, EC500256, EC500669,

EC400396 and EC398525 being darker in color, showed

high catechin content. It has been reported earlier that

colored beans were a major source of PCs when compared

with the white beans (Madhujith et al. 2004). High accu-

mulation of catechin in HTC grains than their corre-

sponding ETC grains could be a reason for darker color of

colored beans. Khanbabaee and Van Ree (2001) also

reported that catechin was colorless belonging to the class

of condensed tannins, contributing towards the color of

beans. The presence of these phenolics was also governed

by a group of genes which also contributed to dark color to

beans (Beninger and Hosfield 2003). Singh et al. (2016b)

also concluded that polyphenols were highly accumulated

in hull portion than the cotyledon part. Singh et al. (2016a)

reported that seed coat color resulted from variation inT
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flavonol glycosides, tannins and anthocyanins. Changes in

the phenolic composition were also reported to occur due

to the activation of phenolic metabolism (Khandelwal et al.

2010). These changes were dependent on pulse type and

germination duration (Lopez-Amoros et al. 2006).

Conclusion

HTC grains had low L* value and phytic acid content,

while, had high tannin content and TPC than ETC grains.

This reflected that dark colored accessions had greater

Table 5 Phenolic content of flour from ETC and HTC grains of different kidney bean accessions present in free form (mg/g)

Accessions Gallic Catechin Chlorogenic Protocatechuic P-Caumaric Ferulic Quercitin

ETC EC500661 ND ND ND 0.05 ± 0.009a 0.10 ± 0.006a 0.01 ± 0.002a ND

EC500522 ND 0.01 ± 0.003a ND ND ND 0.01 ± 0.012a ND

EC500256 ND ND 0.02 ± 0.019a 0.06 ± 0.014a 0.10 ± 0.019a ND ND

EC530916 0.01 ± 0.002a 0.01 ± 0.003a ND 0.14 ± 0.006b 0.10 ± 0.000a 0.01 ± 0.009a 0.02 ± 0.009a

EC500634 ND 0.01 ± 0.008a ND ND 0.11 ± 0.005a ND ND

EC500669 ND 0.02 ± 0.003a ND ND 0.10 ± 0.003a ND ND

PLB14-1 ND ND ND ND 0.10 ± 0.006a ND ND

EC400396 ND ND ND ND 0.10 ± 0.005a ND ND

EC398520 ND 0.01 ± 0.008a ND ND 0.10 ± 0.009a 0.01 ± 0.007a 0.02 ± 0.011a

EC398525 ND 0.02 ± 0.009a ND ND 0.10 ± 0.008a 0.01 ± 0.011a 0.02 ± 0.00a

EC398513 0.06 ± 0.014b 0.03 ± 0.013b ND ND ND 0.01 ± 0.001a 0.02 ± 0.008a

HTC EC500661 ND 0.01 ± 0.007a 0.02 ± 0.008a ND 0.11 ± 0.007a ND ND

EC500522 ND ND 0.02 ± 0.010a ND 0.10 ± 0.005a ND ND

EC500256 ND ND ND ND 0.10 ± 0.029a ND ND

EC530916 ND 0.03 ± 0.005b ND ND 0.10 ± 0.009a 0.01 ± 0.007a 0.02 ± 0.001a

EC500634 ND ND 0.02 ± 0.008a ND 0.11 ± 0.012a 0.01 ± 0.022a ND

EC500669 ND 0.01 ± 0.006a 0.02 ± 0.08a ND 0.11 ± 0.024a ND ND

PLB14-1 ND ND ND ND ND ND ND

EC400396 0.01 ± 0.001a 0.01 ± 0.014a ND ND 0.11 ± 0.001a 0.01 ± 0.000a ND

EC398520 ND ND ND ND ND ND ND

EC398525 ND 0.02 ± 0.006a ND ND 0.10 ± 0.009a 0.01 ± 0.003a 0.02 ± 0.00a

EC398513 ND ND ND ND 0.10 ± 0.011a 0.01 ± 0.000a ND

ETC easy-to-cook; HTC harder-to-cook

* Mean with similar superscript in a column do not differ significantly (p B 0.05)

Table 4 Protein content and

in vitro protein digestibility of

flour from ETC and HTC grains

of different kidney bean

accessions

Accessions Protein content (%) In-vitro protein digestibility (%)

ETC HTC ETC HTC

EC 500661 25.48 ± 0.08bc 23.64 ± 1.57b 41.24 ± 0.23e 35.35 ± 0.22c

EC500522 27.23 ± 0.43d 27.14 ± 0.35d 39.23 ± 0.20c 35.01 ± 0.11c

EC 500256 22.24 ± 1.75ab 20.22 ± 0.61a 44.09 ± 0.52f 40.69 ± 0.22d

EC 530916 29.24 ± 0.35e 28.89 ± 0.70d 38.92 ± 0.64c 35.76 ± 0.34c

EC 500634 28.01 ± 0.70de 25.91 ± 0.87c 40.27 ± 0.44d 35.00 ± 0.09c

EC 500669 25.39 ± 0.52bc 24.77 ± 0.79bc 39.87 ± 0.48cd 32.63 ± 0.40b

PLB 14-1 27.05 ± 0.43d 25.48 ± 0.61c 46.05 ± 0.33a 32.36 ± 0.44b

EC-400396 25.48 ± 0.61c 21.27 ± 0.79a 51.03 ± 0.01cd 39.18 ± 0.18d

EC 398520 23.55 ± 0.78b 19.96 ± 0.70a 54.28 ± 0.30h 55.17 ± 0.44f

EC 398525 21.01 ± 0.35a 19.06 ± 0.52a 37.50 ± 0.13b 20.49 ± 0.24a

EC 398513 22.06 ± 0.00ab 20.31 ± 0.70a 57.02 ± 0.29g 51.59 ± 0.42e

ETC easy-to-cook; HTC harder-to-cook

* Mean with similar superscript in a column do not differ significantly (p B 0.05)
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Table 10 F values from ANOVA analysis of the data (variety versus ETC and HTC grains of kidney bean accessions) reported in Tables 1, 2,

and 4

DF TPC Tannin Phytic acid L* A* B* Protein IVPD

Varieties 10 47.26** 336.40** 500.35** 172.35** 699.58** 262.68** 82.70** 3114.06**

Treatment 2 96.65** 278.43** 1248.01** 563.55** 939.54** 771.23** 75.34** 233.90**

Interaction 10 21.66** 332.72** 445.78** 58.17** 83.12** 12.23** 5.22** 1007.6**

DF degree of freedom; TPC total phenolic content; IVPD in vitro protein digestibility; ETC easy-to-cook; HTC harder-to-cook

** p B 0.005

Table 7 Pearson correlation coefficients between the various properties of ETC grains from different kidney bean accessions

Copper Manganese Iron Zinc Calcium TPC Tannin L* A* B*

Manganese

Iron

Zinc -0.622** -0.293*

Calcium 0.554**

TPC 0.365*

Tannin 0.45** -0.411* 0.656**

L* -0.37**

a* 0.298* 0.533** 0.616** 0.663** 0.389*

b* 0.598** 0.587** 0.509** 0.622**

Phytic acid -0.413* -0.336* 0.376* 0.369* 0.354*

TPC total phenolic content, ETC easy-to-cook

* p B 0.05; ** p B 0.005

Table 8 Pearson correlation coefficients between the various properties of HTC grains from different kidney bean accessions

Copper Manganese Iron Zinc Calcium TPC Tannin L* A* B*

Manganese

Iron

Zinc 0.565**

Calcium -0.384* -0.520**

TPC 0.525** -0.501** 0.386*

Tannin -0.416* 0.452** 0.328*

L* -0.565** -0.414* -0.460**

a* 0.311* 0.385* 0.345*

b* -0.564** -0.314* 0.881** 0.581**

Phytic acid -0.500** 0.365*

TPC total phenolic content; HTC harder-to-cook

* p B 0.05; ** p B 0.005

Table 9 F values from

ANOVA analysis of the data

(variety versus ETC and HTC

grains of kidney bean

accessions) reported in Table 3

DF Copper Manganese Iron Zinc Calcium

Varieties 10 366.30** 5.63** 9622.57** 246.86** 4098.98**

Treatment 2 49.34** 12.78** 9713.47** 160.70** 9383.39**

Interaction 10 215.13** 2.14* 7614.10** 205.98** 2034**

DF degree of freedom; ETC easy-to-cook; HTC harder-to-cook

** p B 0.005
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tendency to develop HTC defect. High TPC and tannin

content in HTC grains resulted in the decrease in IVPD

may be due to the binding to the protein and digestive

enzymes.HTC grains had high chlorogenic and catechin

content than ETC grains. Colored accessions showed high

accumulation of catechin.
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