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ABSTRACT: Phytonutrients are gaining importance due to their contribution towards healthy nutrition to eliminate the 
risk of cancer and heart diseases. Food legumes were one of the richest sources of these compounds. Tepary bean is 
drought tolerant food legume native to USA preferred by various native and international communities and not explored 
to date for its seed quality traits. Twelve drought responsive cultivars were evaluated to know the content of anti-
nutrients and antioxidants and their interaction with seed coat color (cultivar). The cultivars with brown and black 
colored seed coats showing high antioxidant activity compared to those with white color. The cultivars showed 
significant (p<0.0001) variation for total phenolic content (0-6.59 mg of tannic acid equivalent/g), condensed tannins (0-
12.54 % leucocyanad in equivalent), total tannins (0-6.48 mg of tannic acid equivalent/g) and antioxidant activity (0.56-
19.72µmol/Trolox Equivalent/ g).Significant variation among the seed components and the cultivars was observed with 
high contents in seed coat followed by whole ground soaked seed, bean without seed coat and whole ground dry seed. 
The cultivars TB 4,7,18, 24, 29 were observed with high contents of phenols, tannins and antioxidant activity. The 
cultivars with high phenolic content are positively associated with high antioxidant activity and drought tolerance. The 
contents were high in seed coat compared to bean and whole seed due to accumulation of pigments and phenolic 
compounds in the seed coat and testa. The significant variation observed among cultivars indicated the genetic control 
of the trait to utilize in breeding new tepary varieties for these traits to produce healthy food grain by studying the nature 
of inheritance and heritability. 
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INTRODUCTION 
Drought tolerant food legume, native to USA and suitable for cultivation in southern Virginia is dire need. Tepary is one 
among these [10] with an average yield of 2239 kg/ha [5]. Limited studies were conducted on seed quality traits of 
teparybeans [6,7]. The tepary bean seeds are of various size and color which might influence the quality of seed used for 
both animal and human consumption [3]. Phenols and antioxidants are the bioactive compounds and Condensed tannins 
are anti-nutrients contributing extra nutritional value to human health protecting from cancers, hyper tensions and 
cardiovascular diseases. Legumes were historically known for their high antioxidant activity and phenolic contents [11]. 
Nutritional and anti-nutritional activity of tannins can be reduced or balanced by various processing techniques like 
soaking, de-hulling, cooking and germination [17]. Soaking significantly reduced the bioavailability of tannins [14], 
total phenols and DPPH radical scavenging activity in dry common bean [2], eclipse blackbean [18]. Tannins are one of 
the anti-nutritional compounds biologically available in seed coat or testa ranging from 0-2% depending on the species 
and seed coat color of various beans [14]. Genetic selection of the cultivars with low tannin content high antioxidant 
activity would help the plant breeders, growers, food scientists to develop, grow and use the selections respectively. 
Therefore, we analyzed the tepary seed quality of various cultivars for anti-nutrient and bioactive compounds to study 
the variation among the various seed components like seed coat (vary incolor), bean and whole seed dry and soaked 
overnight. We used twelve drought responsive native tepary cultivars to screen desirable seed quality traits for crop 
improvement and identify QTLs for the stability of these compounds for enhanced seed quality. 
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MATERIALS AND METHODS 
Seed material: We analyzed the seed from twelve cultivars selected based on drought tolerance evaluations for further 
evaluation of seed quality traits. The whole seed was ground and sieved to pass through #40 mesh and used for analysis. 
Besides dried whole ground seed, we also analyzed seed coats, bean and whole seed soaked overnight to study the 
variability for composition of condensed tannins, phenolics and antioxidants. The seed coat was separated manually 
after soaking seeds over night before freeze drying [4]. The bean, whole seed (dry and soaked), and seed coat were 
freeze dried, ground to extract bioactive compounds, tannins and for their quantification. 
Extraction Procedure:  250 mg of ground powder of each sample type, 80% acetone and diethyl ether were used for 
extractions [7] and the supernatants of the extractions after centrifugation were stored at -200C. The condensed tannins 
were measured by butanol-HCl method [13]. The total and simple phenols were measured by Folin - Ciocalteu reagent 
[16]. Calibration curves used for data transformation from absorbance to actual quantities in percentages was on dry 
matter basis as tannic acid equivalent (TAE) for total and simple phenols and total tannins, leucocyanidin equivalent 
(LE) for condensed tannins as percent in dry matter content (mg/100ml of extraction (from 2000mg dry matter)). 

ABTS radical assay was done as per the previously discussed method [15] by measuring the absorbance at 734 nm at 
half minute of the reaction and percent inhibition as trolox (6-hydroxy-2,5,7,8-tetramethylchromam-2-carboxylic 
acid)equivalent was calculated for triplicate samples twice using the standard curve [9]. DPPH radical scavenging 
capacity was measured as absorbance at 517nm for 1ml of fresh extract with 1ml of DPPH for 10minute reaction for 
EC50 values following the method described by Parry and Lu [12].  All the chemicals used in the present investigation 
were purchased from Fisher scientific (Pittsburg, PA, USA) while DPPH (2, 2-diphenyl-1-picrlhydrazyl) from Sigma 
Aldrich (St. Louis, MO, USA) and ABTS (2, 2’-azinobis (3-ethylbenzothiazoline-6-sulfonic acid)) from Wako 
chemicals USA (Richmond,VA) and all the data was analyzed statistically using SAS 9.3 version. 

RESULTS 
Phenolic Compounds 
Total phenolic content was analyzed for four extractions made (seedcoat, bean without seed coat, whole ground seed 
dry and soaked) from twelve cultivars (Table1). Three compounds analyzed (total and simple phenols, total tannins 
were expressed as percentage of tannic acid equivalent on a dry matter basis. The highest contents in seed coat were 
observed in TB15 (14.25 mg/g) and lowest were in TB 18 (0.77mg/g). The meanphenolic contents of whole seed soaked 
was ranging from <0 (TB 3) to 6.59 mg/g (TB29). The mean contents in bean (cotyledons without seed coat) were high 
in TB15 (5.56mg/g) and were very low in TB (0.68mg/g). The whole ground seed dry seed had lowest values in TB1 
(0.50) and highest in TB15 (1.88mg/g) and Tb3 (1.87mg/g). Similar pattern was observed for simple phenols (Table 2) 
and total tannins (Table 3) which were analyzed after removing the bind tannins in extracts using PVPP (polyvinyl 
polypyrrolidone). Total tannins were measured by subtracting simple phenols from total phenols. The phenolic 
compounds and tannins were high in colored seed coat types and low or no content in white seed coat types. All the 
variations observed were highly significant (p<0.0001). 
Condensed tannins 
Significant variation observed among the twelve cultivars for the condensed tannins in seed coats (p<0.0001). 
Condensed tannins were high in black (TB18, 19.72%LE) and brown (TB 24, 14.74%LE) seed coated cultivars and 
were significantly low or no tannins in white seed coated cultivars. 
Antioxidants 
Significant differences observed for antioxidant activity (ABTS and DPPH radical assays) except for antioxidant 
content of whole ground dry seed (Table 5) and measured antioxidant activity was expressed as µmol / Trolox 
Equivalent/ g. The results of DPPH assay and ABTS were observed to be similar and hence we reported only results 
obtained from ABTS assay. The ABTS values were high in seed coats followed by whole ground seed (soaked) 
followed by beans and whole ground seed (dry) with significant differences (p<0.0001) among cultivars. The highest 
contents in seed coat were observed in TB4 (113.79µmol) and TB29 (86.85µmol) while no antioxidant activity was 
observed in all white seed coated types except TB 2 and 3. The mean antioxidant activity of whole ground seed (soaked) 
was ranging from <0.56 (TB 2) to 16.2µmol (TB7).The Mean contents in bean (cotyledons without seed coat) were high 
in TB 7 (14.51µmol) and no content in TB23 and TB4. The whole ground seed (dry) has very undetectable quantities in 
all the cultivars ranging from 0.0 (TB2) to 0.042 (TB3 and TB 23). The cultivars with color seed coat types had high 
antioxidant activity compared to speckled or light or white color types. 
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Table 1: Total phenols (mg/g) in various components of seed from 12 droughts responsive 
Native tepary bean cultivars 

Cultivar Color Whole seed Seed coat Bean 
Dry Soaked 

TB1 White 0.50±0.22c 1.08±0.11j 2.88±0.04e 5.74±0.09a 
TB2 White 0.60±0.26bc 0.01±0.03k 5.25±0.41d 3.88±3.31abc 
TB3 White 1.87±0.39a -0.26±0.02l 8.05±0.13c 0.68±0.25 
TB4 Brown 0.95±0.23bc 2.14±0.01h 10.24±0.15b 5.39±0.46ab 
TB7 Speckled tan 0.85±0.11bc 3.16±0.02f 5.21±0.03d 3.60±3.43abcd
TB15 Brown 1.88±1.31a 3.97±0.18de 14.25±2.45a 5.56±0.62a 
TB18 Black 0.88±0.08bc 2.66±0.10g 0.77±0.02f 1.00±0.13e 
TB23 White 1.03±0.61bc 3.50±0.08 5.92±0.11d 3.30±2.48bcd 
TB24 Brown 0.82±0.43bc 5.77±0.03b 2.55±0.02e 2.17±0.25cde 
TB29 Brown 1.29±0.64ab 6.59±0.36a 10.02±0.04b 3.35±0.36bcd 
TB30 White 0.94±0.43bc 4.6±0.01c 2.75±0.04e 1.55±0.99de 
TB31 White 0.38±0.27c 1.34±0.15i 1.46±0.11f 1.88±1.50cde 

The means (±sd) of different alphabet (a, b, c) indicates significance (p<0.0001) with in the same column between 
the varieties. 

Table2: Simple phenols in various components of seed from 12 drought responsive native 
tepary bean cultivars 

Cultivar Color Whole seed Seed coat Bean 
Dry Soaked 

TB1 White 0.05±0.0h 0.04±0.00d 0.49±0.03e 0.07±0.00f 
TB2 White 0.06±0.0f 0.003±0.00f 0.42±0.10fg 0.04±0.02g 
TB3 White 0.07±0.0e -0.01±0.00g 0.22±0.03h 0.21±0.00c 
TB4 Brown 0.07±0.0e 0.06±0.00c 2.28±0.02a 0.28±0.00ab 
TB7 Speckled tan 0.10±0.0c 0.06±0.00c 1.51±0.02b 0.07±0.00f 
TB15 Brown 0.22±0.0a 0.001±0.00f 1.27±0.12c 0.17±0.03d 
TB18 Black 0.09±0.0d 0.99±0.00a 0.47±0.00ef 0.28±0.01ab 
TB23 White 0.06±0.0f 0.002±0.00e -0.06±0.01j 0.29±0.00a 
TB24 Brown 0.06±0.0f 0.11±0.00b 0.60±0.01d 0.01±0.00h 
TB29 Brown 0.09±0.0d 0.11±0.00b 1.45±0.04b 0.12±0.00e 
TB30 White 0.05±0.0g 0.03±0.00e 0.36±0.04g 0.11±0.00e 
TB31 White 0.14±0.0b 0.12±0.01b 0.08±0.0i 0.27±0.00b 

The means (±sd) of different alphabet (a, b, c) indicates significance (p<0.0001) with in the same column between 
the varieties. 

Table 3: Total tannins (mg/g) in various components of seed from 12 drought responsive nativetepary bean 
cultivars 

Cultivar Color Whole seed Seed coat Bean 
Dry Soaked 

TB1 White 0.45±0.23cd 1.05±0.10j 2.39±0.04f 5.67±0.09a 
TB2 White 0.55±0.26bcd 0.004±0.04k 4.84±0.33d 3.84±3.31abcd 
TB3 White 1.80±0.39a -0.24±0.03l 7.83±0.14b 0.48±0.26f 
TB4 Brown 0.88±0.23bcd 2.07±0.01g 7.97±0.13b 5.12±0.46abc 
TB7 Speckled tan 0.75±0.10bcd 3.09±0.02f 3.70±0.03e 3.53±3.43abcde 
TB15 Brown 1.67±1.30a 3.97±0.19d 12.98±2.42a 5.39±0.63ab 
TB18 Black 0.79±0.09bcd 1.66±0.10h 0.30±0.02h 0.72±0.14f 
TB23 White 0.97±0.61bc 3.48±0.09e 5.99±0.12c 3.01±2.48cde 
TB24 Brown 0.76±0.43bcd 5.66±0.03b 1.95±0.01fg 2.17±0.25def 
TB29 Brown 1.19±0.64ab 6.48±0.36a 8.57±0.03b 3.23±0.36bcde 
TB30 White 0.89±0.44bcd 4.58±0.02c 2.39±0.04f 1.44±0.99ef 
TB31 White 0.24±0.27d 1.23±0.16i 1.38±0.13g 1.60±1.49ef 

The means (±sd) of different alphabet (a, b, c) indicates significance (p<0.0001) with in the same column between 
the varieties. 
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Table 4: Total condensed tannins (%) as leucocyanadin equivalent from seed coat of 12 drought responsive 
native tepary bean cultivars 

Cultivar Color Condensed 
Tannins (%) 

TB1 White 0.03±0.02c 
TB2 White 0.04±0.00c 
TB3 White 0.35±0.00c 
TB4 Brown 11.90±0.13b 
TB7 Speckled tan 12.54±0.07b 

TB15 Brown 8.50±8.62b 
TB18 Black 19.72±9.74a 
TB23 White 0.0±0.0c 
TB24 Brown 14.74±4.08ab 
TB29 Brown 11.83±2.75b 
TB30 White 0.34±0.10c 
TB31 White 0.57±0.16c 

The means (±sd) of different alphabet (a, b, c) indicates significance (p<0.0001) with in the same column between 
the varieties. 

 
Table 5: ABTS values (µmol / Trolox Equivalent/ g) in various components of seed from 

12 drought responsive native tepary bean cultivars 
Cultivar Color Whole seed Seed coat Bean 

Dry Soaked 
TB1 White 0.005±0.0a 10.36±0.14d 2.78±0.22ef 3.95±1.03c 
TB2 White 0.00±0.16a 0.56±0.82g 0.65±0.67ef 2.11±0.41e 
TB3 White 0.04±0.02a 1.23±0.79f -0.05±0.13ef 0.38±0.33f 
TB4 Brown 0.003±0.00a 15.65±1.52ab 113.79±5.64a -0.05±0.01f 
TB7 Speckled tan 0.002±0.00a 16.2±0.06a 64.15±31.11c 14.51±0.55a 
TB15 Brown 0.00±0.00a 10.88±0.50d 12.37±8.91e 4.6±0.44c 
TB18 Black 0.002±0.00a 13.85±0.32c 4±13.16ef 6.11±0.51b 
TB23 White 0.042±0.01a 1.29±0.39f -0.88±0.63ef -0.23±1.68f 
TB24 Brown 0.00±0.00a 15.46±0.12bc 33.49±3.43d 6.38±0.45b 
TB29 Brown 0.002±0.00a 16.02±0.08ab 86.85±3.62b 4.23±0.24c 
TB30 White 0.02±0.00a 3.59±0.64e -0.88±1.55ef 3.03±0.49d 
TB31 White 0.002±0.00a 3.72±0.68e -5.53±0.70f 4.32±0.29c 

The means (±sd) of different alphabet (a, b, c) indicates significance (p<0.0001) with in the same column between 
the varieties. 

 

DISCUSSION 

The variability observed for condensed tannin content was similar to the first attempt made by Blair et. al., [8] 
supporting the low and undetectable levels of condensed tannins in white seed coated cultivars of tepary bean and high 
levels in cultivars with colored seed coats. High qunatities of phenolics were positively associated with high contents of 
antioxidants. The cultivar TB 18 with black color seed coat was observed with high contents in whole seed soaked 
compared to seed coat (Table1). The reason could be due to loss of some phenolic compounds (pigments) during 
soaking time and absorption of the same by bean (cotyledons) which resulted in high values in bean. The black color 
seed coat types were tolerant to drought based on chlorophyll florescence studies in greenhouse (Narina et. al., 2013, 
article under review for publication) followed by brown and white seed coat types. The total tannins were within the 
range (0-12mg/g seed coat sample) of tepary bean values observed by Blair et.al., [8]. The amount of seed coat obtained 
from 100 g seed was 8.78g on dry weight basis.  
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Therefore 100 g seed will provide optimal quantities, approximately 40-50mg to protect human and animal from health 
disorders. The condensed tannin content was high in black seed coated type followed by brown seed coat types and 
were positively associated with phenolic content though genetically controlled as we observed some white seed coated 
types (TB 3) with very low values of condensed tannins. Reduction in phenolic and condensed tannin contents was 
observed in soaked white seed from dry white seed types compared to those values in brown seed types (Tables 1-3). 
Condensed tannins are relatively high in cultivar TB18 (Table 4), as these were anti-nutrients if consumed in high 
quantities will prevent the absorption of iron, a non-nutritive trait which negatively effects health (Blair et.al, 2013). 

It was first time to report antioxidant activity of tepary bean seed and it was observed that the antioxidant activity in 
brown seed coat types was superior and comparable to those values (17.09-36.96%) in common bean [3].  Our 
observations were supported by previous studies in phaseolus vulgaris [1] that the genotypes with high phenolics 
produced high antioxidant activity due to presence of anthocyanins and flavonoids in black (colored ) seed coat types. 
TB4 has high values (113.79) of ABTS followed by TB29 (86.85),7(64.15),24(33.49) which can be used for improving 
other cultivated high yielding cultivars of tepary crop to transfer this trait contributing anti-cancerous activity. The anti-
nutrient and antioxidant levels were undetectable in drought susceptible cultivars (23, 30, 31) compared to drought 
tolerant cultivars (4, 7, 18, 29). The moderately tolerant cultivar TB 15 has optimal resistant (14%) starch compared to 
tolerant types TB 29 (22%), and TB 4 (14%) (unpublished data), but all these cultivars had equally comparable 
antioxidant activities which indicate that the starch contents are independent of anti-nutrient or antioxidant contents of a 
cultivar, but dependent on genotype and its interaction with environment during seed development. Through the present 
investigation, plant breeders has the choice to select the level of anti-nutrient content required for breeding bio-fortified 
tepary bean with high quality nutrition. Though the cultivar TB 18 was drought tolerant, but has reduced contents of 
phenolic compounds due to soaking and increased contents of condensed tannins which helps us to understand the 
changes occurring within the seed due to soaking and lay the foundation for furture studies to identify the stable 
genotypes with high low contents by exposing to different processing techniques for use in food industry. 

The leaching losses observed in black color and mottled seed coat types would need to be studied and quantified. The 
QTL identified for seed coat and cotyledonary traits for iron in common bean by Blair et.al. [8] Would benefit the 
tepary crop to identify the cultivars with this trait and correlate with drought tolerance and other mineral (Fe and Zn) 
and nutritional traits.  Further, the size of the white tepary seed is small compared to brown, mottled and black seed 
coated cultivars. As the size also one of the important factors controlling the quality and quantity of protein, it would be 
helpful if we can transfer the size and quality traits from dark seeded cultivars into widely cultivated white seed coat 
cultivars for balanced nutrition and health. There is need to analyze other compounds like phytates, folic acid, minerals 
of these cultivars to select cultivars with good quality bean besides seed coat traits for phenolic compounds and drought 
tolerance.  
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