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ABASTRACT 

The seeds of horsegram (Macrotyloma uniflorum (Lam.) Verdc) cv. Dapoli Kulthi- 1 

were subjected to gamma radiation (100, 200, 300 and 400Gy), EMS (0.2, 0.3, 0.4 and 0.5 %) 

and combination treatments. The mutations affecting antinutritional factors such as 

polyphenols , phytates and trypsin inhibitor in seeds were scored as qualitative characters. 

The seeds of all viable mutants showed reduced levels of polyphenols except, gigas and tall. 

Lowest level of polyphenols was recorded in the seeds of early mutants. The viable mutants, 

like tall, compact, high yielding, early, late and long pod had reduced polyphenols, which is a 

highly desirable nutritional factor. All the mutants except dwarf and compact were having 

very low level of phytates in seeds which is also a highly desirable nutritional factor in 

horsegram. Similarly almost all mutants have very low level of trypsin inhibitor in seeds. 

Lowest value of TI was also found in seeds of early mutants. Reduction in TI is highly 

important in legumes like horsegram from the point of nutrition quality. Almost all the 

antinutritional factors in horsegram seeds were reduced in the mutants, which it becomes 

more popular in vegetarian diet as a source of proteins.  
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INTRODUCTION 

The use of dry seeds of horsegram as human food is limited due to its poor cooking 

quality, presence of high level of enzyme inhibitors and heamagglutinin activities (Ray 

1969). The seeds are rich in tannins and polyphenols compared to the other legumes (Kadam 

and Salunkhe 1985). Antinutrients like phytates, tannins and oxalic acid reduce the 
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availability of iron. Oxalic acid combines with calcium and iron to form an insoluble salt and 

then both the essential elements become unavailable for absorption. During seed germination 

phytin is reduced and availability of Ca and Fe increases (Sudha et al., 1995). Bohn et al., 

(2008) also reported that during seed germination, phytate is hydrolyzed by endogenous 

phytase(s) and other phosphatases to release phosphate, inositol and various micronutrients.  

Several antinutritional factors like trypsin inhibitors (94.0 U/g flour), phytic acid 

(0.66%), polyphenols (1.6%), hemagglutin (2.6 U/g seeds x 10
3
) and oligosaccharides (5.8%) 

are present in horsegram seeds. The activities like dehulliing, cooking, sprouting, roasting 

and germination reduce the level of these factors and help for improving its digestibility. 

MATERIALS AND METHODS 

Seed material  

The authentic seeds of horsegram (Macrotyloma uniflorum (Lam.) Verdc) cultivar 

Dapoli Kulthi-1 were procured from Head, Department of Botany, College of Agriculture, 

Dr. Balasaheb Savant Konkan Krishi Vidyapeeth, Dapoli, Dist-Ratnagiri (M.S.).   

Mutagens used  

Gamma rays, ethyl methane sulphonate (EMS) and their combinations were employed 

in present study for the treatments of seeds of horsegram Dapoli Kulthi-1. 

Treatment details  

To begin with, pilot experiments were conducted to determine the lethal dose (LD50), 

suitable concentrations of EMS and duration of seed treatment. The doses of gamma rays, 

100 to 400Gy and EMS 0.2% to 0.5% were finally selected for the seed treatment and the 

duration fixed was four hours.  

Selected seeds were soaked in distilled water for 10 hours and the wet seeds were 

treated with different concentrations of EMS (such as 0.2, 0.3, 0.4 and 0.5% v/v) for four 

hours. For combination treatments the gamma irradiated seeds were treated with different 

concentrations of EMS. The untreated seeds served as control. For each treatment 675 seeds 

were used. 

Post- treatment handling 

The seeds treated with various concentrations of EMS were washed thoroughly with 

tap water for two hours to terminate the reaction of chemical mutagen and to leach out the 
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residual chemicals. The lot of treated seeds (675) from each treatment was used for raising 

M3 generation in field.  

Experimental design for field experiments 

The field experiments were conducted on the experimental field at Department of 

Botany, University of Pune, Pune 411 007 (M.S.). The crop of horsegram was grown in 

Kharif season under uniform conditions. All the experiments were carried out in triplicate 

following RBD design. The size of each (treatment) plot was 3.75m X 2.75m and each plot 

had 225 plants. The distance between two rows and two plants was 30 X 15 cm and the 

distance between two adjacent plots was one meter. Seeds of M2 mutants and control were 

sown in field in randomized block design replicated thrice. 675 seeds of each treatment were 

used to raise M3 generation.  

Nutritional quality of seeds  

Phenolics  

This was as per Saucier and Waterhouse (1999). 1.5 ml distilled water + 0.1ml of 

sample extract (0.1g/ 3ml of 70% acetone) + 0.1 ml of Folin- Ciocalteau reagent was added 

and after 30 sec, 0.3ml of NaHCO3 was added. Samples were incubated at room temperature 

in dark for two hours. The absorbance of the blue colour was read at 700nm using UV-visible 

spectrometer (Shimadzu-1601).   

Phytate  

 Powdered seed samples were extracted in 2.4% HCl for 3 hrs. 0.5 ml supernatant + 

0.5ml 2.4% HCl + 0.2ml FeCl3 were mixed and boiled for 15 min and immediately cooled. 

To 1ml of supernatant, 0.25 ml N/2 HCl + 0.5ml 10% KCNS + 2.5ml N/6 HCl were added to 

develop blood red colour which was read at 540nmusing UV-visible spectrometer (Leslie 

Young (1935). The standard phytate was run along with sample. The values expressed as 

mg/100g.   

Trypsin inhibitors 

The method of Hammerstrand et al., (1981) was employed for estimation of TI. To 

0.1ml Trypsin 0.5ml sample extract was added and incubated at 37
0
C and then 0.2ml 

BAPNA was added and incubated for 1hr. The yellow colour developed was read at 410nm 

using UV-visible spectrometer and the values were expressed as TIU. 
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Statistical analysis  

 The data were summarized as the means of three replicates with standard deviation 

as the measures of variability. One-way ANOVA test was performed to determine significant 

differences due to various treatments. Fisher’s LSD (Least significant difference) was used as 

post hoc test to as certain significant differences among treatments at p= 0.05. Statistical 

analysis and graphical data presentations were carried out by using Sigma stat (ver.3.5). 

RESULTS 

The food legumes like chickpea and horsegram possess some antinutritional factors, 

which hinder efficient absorption, digestion and utilization of nutrients and thus reduce the 

bioavailability of nutrient and nutritional quality (Sreerama, 2010). 

Table 1 :  Nutrient quality in seeds of M3 mutants of horsegram cv. Dapoli Kulthi 1   

Mutants 
Polyphenols 

(mg 100g
-1

) 

Phytate 

(mg 100g
-1

) 

Tripsin inhibitors 

(TIU) 

Control 442.25±17.69 2639.71±105.59 185.81±7.43 

Gigas 462.53±23.13 2454.39±122.72 181.8±9.09 

Tall 420.12±29.41 2565.51±179.59 110.43±7.73 

Dwarf 447.14±13.41 2647.94±79.44 104.19±3.13 

Compact 408.55±24.51 2643.83±158.63 120.71±7.24 

High yielding 402.26±24.14 2289.66±137.38 138.65±8.32 

Early 396.26±15.85 2425.56±97.02 98.75±3.95 

Late 412.21±28.85 2544.99±178.15 126.96±8.89 

Long pod 411.37±12.34 2372.45±71.17 136.32±4.09 

SEM± 17.87 107.16 5.71 

F-Value 3.23 2.96 60.61 

P-Value 0.02 0.03 0.01 

LSD0.05 37.54 225.14 12.00 

Data are means of three replicates ± standard deviation. Significant difference due     to treatments was assessed 

by Fisher’s LSD as a post-hoc test. 

Polyphenols  

 The seeds of all viable mutants showed decreased levels of polyphenols except gigas 

and dwarf as compared to control (Table-1). Lowest content of polyphenols was noted in 

early mutant (396mg/100g) as compared to control (442.25mg/100g). 
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In present study tall, compact, high yielding, early, late and long pod mutants showed 

reduced polyphenol contents, phytate and trypsin inhibitors (Table-1). The reduction in 

polyphenols in high yielding and early mutants of lentil was reported by (Gaikwad, 2002). 

Reduced phenolics in above mentioned mutants of horsegram may be of immense importance 

for the feature development of desirable varieties of horsegram with improved nutritional 

quality by involving them in conventional breeding programmes. Phenolic compounds, which 

are abundantly present in the seed coats of legumes, have antinutrient properties, hence if 

these compounds are reduced from seeds it will benefit the human beings (McDougall, 2005). 

Phytate  

  The results shown in Table-1 revealed that all the mutants except dwarf and compact 

showed decrease in phytate content. Maximum contents of phytate were recorded in dwarf 

(2647.94mg/100g) and minimum in high yielding (2289.66mg/100g) mutants over control 

(2639.71mg/100g). 

Phytic acid has nutritional importance as it decides the nutritional quality of cereal 

and legume seeds. It has a strong binding affinity towards calcium, magnesium, iron, and 

zinc. These nutritionally important elements bind to phytic acid and become unavailable to 

the consumers (Hurrell, 2003 and Landau-Ellis and Pantalone, 2009). Thus phytate is a strong 

antinutritional factor in legume seeds. It is also implicated in the “hard-to-cook” phenomenon 

of legumes (Stanley, 1985). Hence development of new cultivars with low phytate is the 

prime need of time. Wilcox, et al., (2000) isolated mutants with high inorganic phosphous 

and low phytic acid through the mutagenic treatments of EMS. Oltmans et al., (2004) 

explained that the inheritance of low-phytate phosphorous in soybean was controlled by 

recessive alleles with duplicate dominant epistasis, and hence both alleles must be present to 

obtain low-phytate seeds. Phytic acid and its synthetic pathways are central to a number of 

metabolic, developmental and signaling pathways, important to plant functions and 

productivity, hence low-phytate can translate into low-yield or stress susceptibility (Victor 

Raboy, 2009). Xu et al., (2009) developed the low phytic acid (LPA) rice mutant lines with 

the aim of increasing the nutritional quality.  

In present study gigas, tall, high yielding, early, late and long pod mutants showed 

reduced phytic acid contents. All such mutants can be exploited in future hybridization 

programme of horsegram aimed for improving nutrient quality. 

 

http://en.wikipedia.org/wiki/Calcium
http://en.wikipedia.org/wiki/Magnesium
http://en.wikipedia.org/wiki/Iron
http://en.wikipedia.org/wiki/Zinc
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Trypsin inhibitor  

 The seeds of horsegram showed considerable variation in trypsin inhibitor levels 

(Table-1). All the mutants showed decreased levels of trypsin inhibitor over control.  Lowest 

values of TI were found in early mutant (98.75 TIU). The values of TI in different mutants in 

order as given below dwarf > tall >compact >late >long pod >high yielding >gigas.  

The legume seeds like horsegram contain trypsin and chemotrypsin, which are the 

main anti-nutritional factors (Chavan and Hejgaard, 1981) as they decreases the digestibility 

of protein and cause pancreatic hypertrophy (Manjaya et al., 2007). The mutants like early, 

dwarf, tall, compact, late, long pod, high yielding and gigas showed lower TI levels. The 

decrease in the levels of trypsin inhibitor as a result of the treatments of mutagens was 

reported by Harsulkar (1994). The mutagenic treatments were found to be highly effective in 

reducing the levels of trypsin inhibitor in winged bean (Khandelwal, 1996). Kim et al., 

(2010) reported increase as well as decrease in trypsin inhibitor in mutants induced by 

gamma radiation. The mutants of horsegram with low TI have a great role in vegetarian diet 

of Indians. It will be a great value addition in horsegram and help to resolve the burning 

problem of protein malnutrition.   

CONCLUSION 

The seeds of all viable mutants showed reduced levels of polyphenols. All the mutants 

except dwarf and compact were having very low level of phytates in seeds which is also a 

highly desirable nutritional factor in horsegram. Similarly almost all mutants have very low 

level of trypsin inhibitor in seeds. 
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