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Abstract 

Horse gram (Spieces; Macrotyloma uniflorum) is an incredible food legume which has been underutilized due to the poor 

cooking qualities and unflavours compounds. The present study provides unexploited nutritional and functional properties of 

two horse gram varieties of Sri Lanka showing high content of protein (22.0 -24.2%), crude fiber (6.7- 6.9%) and minerals 

(3.6%) specially containing iron, zinc and Ca. Besides nutritional importance horse gram contained high content of Dietary 

Fiber (DF); 21.2% and Resistant Starch (RS); 10.5% leading to low Glycaemic Index (GI); 39.8. Anti-nutritional factors 

present in seeds of ANK brown and ANK black were phytic acid; 4.55± 0.55 mg/g, 2.60±0.26 mg/g, saponins;10.06±0.73 

mg/g, 11.52±0.78 mg/g and tripsin inhibitors 0.65± 0.02mg/g, 0.69± 0.01mg/g respectively and those contents significantly (p 

< 0.05) decreased with cooking. Total Polyphenolic Content (TPC) and Total Flavonoid Content (TFC) of seeds were 

3.09±0.11, 3.88±0.21 mg Gallic Acid Equivalent (GAE) /g and 1.40±0.04, 0.88±0.03mg Quercetin Equivalent (QCE) /g while 

in cooked form were 1.30±0.03, 1.68±0.12 mg (GAE) /g and 0.87±0.07, 1.35±0.13 (QCE) /g respectively. Antioxidant activity 

exhibited by DPPH, ABTS and FRAP significantly (p<0.05) decreased with respect to varieties and cooking process. 
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1. Introduction

Horse gram is an unexploited food legume of the family 

Fabaceae and grouped under the species; Macrotyloma 

uniflorum [1]. It is subdivided into two varieties namely 

ANK Black and ANK Brown which can be distinguished 

from one another by different physical characteristics, 

specially the seed coat colour. This plant is a herbaceous 

legume showing indeterminate growth pattern. It has a 

considerable adaptation to warm climates with adequate 

rainfall and wide range of temperature regimes [2]. Horse 

gram is cultivated across Southeast Asia, Africa, Australia, 

Burma and West India [3]. It is considered as a good source 

of protein, fiber, minerals, carbohydrates and energy [4].  

According to the recent estimates, more than one-third of all 

child deaths across the worldwide are affected from 

malnutrition while in developing countries 54% of child 

deaths were associated with child malnutrition [5, 6]. National 

Nutrition Surveillance System of Sri Lanka 2010 was 

reported, nearly 50% children are malnourished (22 % 

underweight, 16% wasted and 18 % stunting) and 30% of 

the children are iron deficient [7].  

Malnutrition and micro-nutrient deficiency are mainly a 

result of the consumption of highly refined cereal-based 

meal, which is bulky, high energy and less nutritious 

specially lack of protein and minerals [5, 6]. Horse gram is an 

excellent source of protein (17.9 - 25.3%), carbohydrates 

(51.9 - 60.9%), essential amino acids, low content of lipid 

(0.58-2.06%), source of iron, molybdenum [4], other 

minerals [8] and vitamins. The total protein content of 

legume is an approximately two to four-fold greater than 

cereals and tuber crops. Legumes along with cereals can be 

considered as main plant sources of energy and good quality 

proteins. Cereal proteins are deficient in certain essential 

amino acids, particularly in lysine whereas they are rich in 

cysteine. However, legume proteins are rich in lysine [9,10]. 

Therefore, the combined consumption of beans and cereals 

can ensure a balanced protein diet due to the nutritional 

complementation of essential amino acids. Further horse 

gram could be promoted as a high-quality protein 

constituent of the daily diet among economically depressed 

communities in developing countries and potential 

application in reducing the high prevalence of protein and 

energy malnutrition.  

Food legumes are considered as an incredible source of 

health-promoting functional components due to their soluble 

and insoluble dietary fiber, resistant starch, minerals, 

vitamins (e.g., vitamins B, D and E), phenolic compounds, 

phytoestrogens (lignans) and other phytochemicals [11, 12, 13]. 

These compounds may influence biological functions 

individually or synergistically. Further anti-nutrient bio 

active compounds exert wide range of biological actions in 

the human body. Those anti-nutrient components cause a 

number of health beneficial effects by reacting as a potential 

antioxidant (e.g. phytic acids, saponins, phenolic 

compounds [14]. 

Phytic acid (myo-inositol hexakisphosphate) is one of the 

major Anti-Nutritional Factors (ANFs) present in legumes. 

Phytic acid chelates divalent cations such as Ca2+, Zn2+, 

Mg2+, Mn2+, Fe2+/3+ and thereby reducing their 

bioavailability. Many phytate-mineral complexes are 

insoluble and therefore they may become unavailable for 

absorption under normal physiological condition [15]. On the 
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other hand it has potential activities of antioxidant and anti-

carcinogenic [16]. Certain evidences showed that saponins 

provide neuro protective effects on attenuation of central 

nervous system disorders, such as Parkinson’s disease, 

stroke, Huntington’s disease and Alzheimer’s disease, along 

some in-vivo studies showing saponins have tumor-

inhibitory effects and antifungal activity [17]. 

The excessive generation of free radicals in human body 

leads to a condition known as oxidative stress[18,19] and it is 

linked to the development and progression of several 

degenerative diseases such as intestinal diseases (colon 

cancer, constipation, gallstones, diverticulosis etc.), 

diabetes, heart diseases, neurological diseases, inflammatory 

diseases, blood pressure and aging [20]. Antioxidants are the 

compounds which have a capability to reduce the oxidative 

stress and thereby will decreases risk of getting such 

diseases [18, 19]. Therefore, diets rich in antioxidants play a 

vital role in the prevention and management of such 

diseases while performing as radical scavengers, reducing 

agents and chelator of metal ions [21, 22].  

Further, epidemiological evidence indicates that the 

consumption of horse gram exerts protective effects against 

the development of several chronic diseases, such as 

gastrointestinal disorders, cardiovascular diseases, 

hypercholesterolemia, obesity, diabetes and several types of 

cancer [3]. In addition, the literature also reports on 

functional ingredients in horse gram that aid in weight loss, 

improve digestion and strengthen blood circulation. The low 

glycaemic index of horse gram is attributed by the action of 

RS and DF [3]. 

 

2. Materials and Methods 

2.1 Preparation of sample  

Two horse gram (Macrotyloma uniflorum) varieties of 

locally grown ANK-Black and ANK-Brown were used in 

this study. They were obtained from the Grain Legumes and 

Oil Crops Research and Development Centre (GLOCRDC), 

Angunakolapellessa. Cleaned and dried horse gram seeds 

were ground to pass through a 0.5mm (500μm) sieve in a 

Hammer Mill (RETSCH S/S CROSS BEATER Sk1) prior 

to chemical analysis of raw sample.  

For the preparation of cooked sample autoclaving of seeds 

was performed. The seeds (25g) were soaked in distilled 

water (1:10; seeds: water; w/v) at overnight in room 

temperature (25 ± 2°C). After decanting water, the soaked 

seeds with water (1:5; seeds: water; w/v) were subject to 

autoclaving at 120°C for 10 min. Soon after decanting the 

liquid, the cooled autoclaved seeds were freeze-dried. The 

freeze-dried seed samples were ground to a fine powder to 

pass through a 0.5mm sieve and stored (4°C) untill analysis.  

 

2.2 Chemicals  

Standard stock solutions (calcium, potassium, iron and zinc 

1000 mg/L) for mineral analysis, Spectrosol standards were 

purchased from BDH, England to plot calibration curve of 

each analyzed minerals. 

Anion exchange Resin: AGI-X4, chloride form, 100-200 

mesh was purchased from Bio-Rad Company, USA and 

used for phytate analysis. 

Dialysis tubings of Spectro/Por MMCO 12,000 - 14,000 Da 

were obtained from Thomas Scientific, USA for dialysis.  

Benzoyl-DL-Arginine-p-Nitroanalide Hydrochloride 

(BAPA) purchased from Sigma-Aldrich, USA for tripsin 

inhibitor activity. 

Chemicals for antioxidant activity assay  

2,2ˈ-Azino-bis (3-ethylbenzothiazoline-6- sulfonic acid) 

diammonium salt (ABTS), 2,2′-Azobis(2-

methylpropionamidine) dihydrochloride (AAPH), 2,2-

diphenyl-2- picrylhydrazine (DPPH), 6-hydroxy2,5,7,8-

tetramethylchroman-2carboxylic acid (Trolox), gallic acid, 

Quercetin, 2,4,6-tripyridyls-triazine (TPTZ), potassium 

persulfate, ferric chloride and Folin Ciocalteu reagent were 

purchased from Sigma-Aldrich, USA. 

All the other chemicals used for the preparation of buffers 

and solvents were of analytical grade (Sigma, Aldrich).  

 

Enzymes  

Tripsin from bovine pancreas, Denmark, Alpha amylase 

from Bacillus sp. Novozymes A/S, Amyloglucosidase from 

aspergillus niger, Novozymes A/S were purchased from 

Denmark, Sigma Aldrich. 

 

Assay kits  

K-RSTAR, Megazyme international Ireland, Bray Business 

Park, Bray, Co. Wicklow, Ireland was used to determine 

Resistant Starch and Non-Resistant Starch. 

 

2.3 Compositional analysis of horse gram  

Horse gram samples were tested for proximate composition, 

major mineral content, dietary fibre content, starch 

fractions; soluble and resistant starch and Predicted 

Glycemic Index (pGI) with acceptable standard protocols. 

 

2.3.1 Proximate composition  

Proximate composition of horse gram seeds were carried out 

according to the methods described in AOAC, 2012 [23]. 

Each determination of composition value was performed in 

triplicates. Moisture content of the horse gram seed flour 

was determined according to the oven drying method as 

described in AOAC, 2012; 925.09B [23]. Crude protein 

content of the seed flour was determined by Kjeldahl 

method as specified in AOAC, 2012; 920.87 [23]. Crude fat 

content was determined by soxhlet extraction method 

according to AOAC, 2012; 920.39C [23]. Crude fibre content 

was determined according to the method described in 

AOAC, 2012; 962.09E [23]. Ash content was determined as 

specified in AOAC, 2012; 923.03 by dry ashing [23]. Total 

carbohydrate content was determined according to the by 

difference method.  

 

2.3.2 Mineral analysis  

Varian SpectrAA 220 Fast Sequential Atomic Absorption 

Spectrophotometer was used for the analysis of calcium, 

potassium, iron and zinc by following the method of 975.03 

as specified in AOAC, 2012 [23]. Phosphorous content was 

determined using sodium molybdate, according to the 

method 995.11 as specified in AOAC, 2000 [24]. 

 

2.3.3 Total DF content  

Total DF contents of horse gram seed flour were determined 

by the enzymatic gravimetric method as described by Asp et 

al. 1983 [25]. In this method, starch and protein are digested 

using enzymes into small fragments. Ethanol is added to the 

filtrate to precipitate the soluble fiber and total fiber (both 

soluble and insoluble) is recovered by filtration.  

 

2.3.4 Resistant Starch (RS) content  

The RS content of the samples were determined using an 
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enzymatic assay using megazyme assay kit. This method 

allows the measurement of RS, solubilized starch and total 

starch content of samples. The procedure has been subjected 

to inter laboratory evaluation under the auspices of AOAC 

International and AACC international and accepted by both 

associations of AOAC Official Method, 2002.02; AACC, 

2000 Method 32-40.01[26, 27]. 

 

2.3.5 Total sugar content 

Sugar content of samples was determined by 

spectrophotometrically using Phenol-Sulphuric method as 

described in Dubois et al. 1956 [28]. 

 

2.3.6 Predicted Glycaemic Index value  

In-vitro starch digestibility was determined using the 

method as described by Jenkins et al. 1987 [29].  

Available carbohydrate portions of each of the cooked horse 

gram samples (around 2 g) were digested using human 

saliva and digested samples were dialyzed at 37°C using a 

membrane. Sugar content of the dialysate was determined 

by DNS [30] reagent and hydrolysis index values were 

calculated from the starch digestibility curve. The predicted 

GI was calculated by using an equation [31].  

 

2.4 Anti-nutritional compounds  

2.4.1Phytate content  

Phytate content in horse gram varieties was determined on 

eluted acid extracted fraction from anion exchange 

chromatographic technique followed by wet digestion and 

quantification by spectrophotometrically, using ammonium 

molybdate (as a colour reagent) using AOAC, 2000; 

986.11[24].  

 

2.4.2 Saponin content  

Saponin content of horse gram varieties was determined 

using the double solvent extraction technique following 

gravimetric method as described by Cheok et al. 2014 [17]. 

2.00 g of sample was extracted twice using 20 ml of 20% 

ethanol aqueous and combined extraction which was 

reduced to 5 ml over a water bath at about 900C, was shaken 

with 10 ml of diethyl ether. Aqueous layer was recovered 

while ether layer was discarded. Extracts were twice washed 

with 6ml of n-butanol containing 1 ml of 5 % aqueous 

sodium chloride. The remaining solution was heated in 

water bath. After evaporation of water sample was dried in 

an oven at 1050C to a constant weight and Saponin content 

was calculated as a percentage.  

 

2.4.3 Tripsin inhibitors 

Trypsin inhibitor content of horse gram was determined 

according to the method described by Hamerstrand et al. 

2008[32] in accordance with AACC International method [33].  

Accurately weighed (around 1.000 g) the ground seed 

powder was extracted with 50 ml of 0.01M sodium 

hydroxide at room temperature for 3 hrs. pH of the extract 

was adjusted between 8.4 -10.0 and diluted to 100 ml with 

distilled water. 0.25 ml of the suspension was mixed with 

0.5 ml of trypsin solution and incubated for 10 minutes at 

room temperature. Then 1.25 ml of 0.04% Benzoyl-DL-

Arginine-p-Nitroanalide Hydrochloride (BAPA) was added 

and further incubated for 10 minutes at room temperature. 

Reaction was terminated by adding 0.25 ml of 30% acetic 

acid. Absorbance was measured at 410 nm using 96 well 

micro plate reader (SpectrMax Plus384, Molecular Devices, 

USA) and Tripsin Inhibitors Activity (TIA) was calculated 

(mg/g) using given equation.  

 

2.5 Total Polyphenolic Content (TPC) and Total 

Flavonoid Content (TFC) 

2.5.1 Extraction of sample  

The ground grain powder (2.5g) was shaken overnight at 

room temperature (25±2°C) with 20 times the sample 

weight of 70% Ethanol. Extracts were then centrifuged at 

3000g for 15 min, evaporated under vacuum in a rotary 

evaporator and resulted solution was freeze dried as 

described in Abesekara et al. 2017[22].  

 

2.5.2 Total Polyphenol Content (TPC) 

Total phenolic content of legume extract was determined 

using the Folin-Ciocalteu reagent (Sigma-Aldrich, USA) as 

described by Singleton, et al. 1999[34]. Each extract was 

diluted in distilled water (2 mg/mL) and 20µL of sample 

was mixed with 110µL of 10 times diluted Folin-Ciocalteu 

reagent and 70µL of 10% Sodium Carbonate (Na2CO3) 

solution. After incubating 30 min at room temperature 

(25±2°C), absorbance of the mixture was measured at 

765nm using a 96-well micro plate reader (SpectrMax Plus 
384, Molecular Devices, USA) using Gallic acid as the 

standard and TPC was expressed as mg Gallic acid 

equivalents (GAE)/g of the horse gram flour in dry weight 

basis. 

 

2.5.3 Total Flavonoid Content (TFC) 

Total Flavonoid content of legume extract was determined 

using the method as described by Pourmorad et al. 2006 [35].  

Total Flavonoid Content of horse gram extract was 

determined using a reaction volume of 200µL, containing 

100µL of 2% Aluminium Chloride solution and 100µL of 

(2mg/mL) sample. After incubating 10 min at room 

temperature (25±2°C), absorbance of the mixture was 

measured at 415nm using Quercetin as the standard and 

results was expressed as mg Quercetin equivalent (QCE)/g 

of the whole grain legume flour in dry weight basis. 

 

2.6 Antioxidant Activity  

2.6.1 DPPH Radical Scavenging Activity 

DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging 

activity of horse gram grain extract was determined as 

method described by Blois, 1958[36]. A reaction volume of 

200µL, containing 125 μL of DPPH radical and 50 µL (2 

mg/mL) of sample was incubated at 25±2°C for 10 min. The 

absorbance values were recorded at 517 nm using Trolox as 

the standard. DPPH radical scavenging activity of each 

horse gram flour extract was calculated and results were 

expressed as mg Trolox equivalent (TE)/ g of the horse 

gram flour on dry weight basis. 

 

2.6.2 Ferric Reducing Antioxidant Power (FRAP) Assay  

Ferric reducing antioxidant power (FRAP) of grain extracts 

was performed according to the method described by Benzie 

& Szeto, 1999[37]. The working FRAP reagent was prepared 

by mixing 300 mM of acetate buffer (pH 3.6), 10 mM 2,4,6-

tripyridyl-s-triaine (TPTZ) solution in 40 mM HCl and 20 

mM FeCl3.6H2O in a ratio of 10:1:1. The mixture was 

incubated at 37°C for 10 min. A reaction volume of 200 µL 

was prepared using 150µL of working FRAP reagent, 30 µL 

acetate buffer and 10 µL (2 mg/mL) of sample. The mixture 

was incubated at room temperature (25±2oC) for 8 min. 
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Absorbance was recorded at 600 nm using Trolox as the 

standard and results was expressed as mg Trolox equivalent 

(TE)/ g of the horse gram flour on dry weight basis. 

 

2.6.3 ABTS+ radical scavenging activity 

The ABTS+ radical scavenging activity of grain extracts 

were determined according to the method described by Re et 

al. 1999[38]. A stable stock solution of ABTS+ radical was 

produced by reacting 7.8 mM of ABTS in potassium 

persulphate at 37oC for 16 h in dark. A reaction volume of 

200 μL, containing 40 μL of seven times diluted ABTS 

stock solution, 150 μL phosphate buffer and 5 μL (2 

mg/mL) of sample was incubated at 25±2oC for 10 min. 

Absorbance values were recorded at 734 nm using Trolox as 

the standard and results was expressed as mg Trolox 

equivalent (TE)/100 g of the horse gram flour on dry weight 

basis. 

 

2.7 Statistical analysis 

Statistical analysis of data was done by one-way ANOVA to 

identify the significant differences among the samples at 

95% confidence interval using SPSS statistical software 

(IBM SPSS statistical version 20). Paired -T test was used to 

identify whether there is a significant difference among raw 

and cooked forms of each variety in antioxidant properties.  

 

3. Results & Discussion 

Physical and some nutritional properties of locally grown 

nine legume varieties of Sri Lanka were studied and this 

work has been reported by Herath et al. 2018[39]. Since the 

horse gram had identified as the best variety among other 

legume varieties, steps were taken to extensively investigate 

their functional properties and the overall data was compiled 

in present paper to access for the scientists, nutritionists and 

breeders to study properties of horse gram in one sight.  

 

3.1 Physical and morphological characteristics of horse 

gram varieties 

Among morphological characteristics, 100 seed mass, seed 

size, seed shape, seed coat color and seed coat texture have 

been observed in horse gram varieties were given in the 

Table 1. The distinctive fruit of horse gram principally 

grows into a pod that contains the seeds of the plant. 

Legume seeds have a characteristic structure consisting of 

three major parts, seed coat (hull), cotyledons and 

hypocotyl.  

 
Table 1: Morphological characteristics of horse gram varieties 

 

Variety 
Seed 

weight (g) 

Seed 

size 

Seed 

shape 

Seed coat 

color 

Seed coat 

texture 

ANK Brown 3.1 Small Rhomboid Light brown Smooth 

ANK Black 3.3 Small Rhomboid Jet black Smooth 

Seed weight refers to the weight (g) of 100 seeds. 

Seed size is defined as varieties with seed weight < 15 g as Small 

size; 15.1-20 g as Medium size; >20.1-25 g as Large. 

 

Horse gram had small size seed among varieties where 

ANK Black and ANK Brown had 3.3g/ in 100 seeds and 

3.1g/ in 100 seeds respectively. Seed weight of legume 

variety could be a useful criterion for determining suitability 

for a particular end-use application. Seed coat texture 

predominantly showed the smooth nature in horse gram 

varieties. Seeds with smooth seed coat texture tend to 

absorb less water than seeds with wrinkled seed coat [40]. 

Moreover, seed coat texture could be an important selection 

criterion when processing seeds into flour. Ease of soaking 

and dehulling characteristics in smooth seed coat are 

important to give light color to flour. Color of the horse 

gram varieties are varies and it influences consumer 

acceptance.  

 

3.2 Proximate composition of horse gram seeds  

Proximate composition of moisture, fat, protein, ash and 

fiber content of whole horse gram seed flour were 

determined by standard procedures [23] and carbohydrate 

content was calculated following ‘by difference’ method on 

dry weight basis. Proximate composition of selected horse 

gram varieties is given in Table 2. 

 
Table 2: Nutritional and functional properties of horse gram 

varieties 

 

Nutritional and functional 

parameters (on dry weight basis) 

Variety 

ANK brown ANK Black 

Caloric value (K cal) 363.2a 361.6b 

Protein (%) 24.2±0.25a 22.0±0.37b 

Carbohydrates (%) 64.6b 66.8a 

Dietary fibre (%) 21.2±1.30a 21.2±0.27a 

Nonresistant starch (%) 32.7±1.0 b 36.3±1.13a 

Total starch (%) 43.1±1.66b 46.9±1.29a 

Resistant Starch (%) 10.5±0.62a 10.5±0.28a 

Total sugars (%) 6.05±0.64 5.91±0.48 

Fat (%) 0.8±0.02a 0.8±0.12a 

Total mineral (%) 3.6±0.09a 3.6±0.02a 

Fe (mg/kg) 115.5±0.61a 104.0±1.75b 

Ca (mg/kg) 1571.6±2.00b 1286.8±3.00a 

Zn (mg/kg) 30.6±0.95a 30.6±0.81a 

K (%) 1.0±0.21a 1.0±0.12a 

P(mg/100g) PGI 
369.2a±1.73a 

39.8 ±0.64a 

361.0±3.00b 

39.8±0.25a 

Data presented as Mean ± SE (n=3). Mean values in a row 

superscripted by different letters are significantly different at p < 

0.05.  

pGI= Predicted Glycaemic Index 

 

The cotyledons part of horse gram seeds provide majority of 

the nutritional components, with the exception of fibre and 

Ca of which significant portion of those components are 

found in the seed coat [41]. However, legume seeds are 

varying greatly in their composition, depending on the type 

and variety of seed, soil conditions and environmental 

factors [42]. 

The crude protein content of the whole ground horse gram 

(undehulled) ranged between 22.0 ±0.37% (ANK Black) to 

24.2±0.25% (ANK Brown) on dry weight basis. In this 

context, significant difference (p <0.05) was observed 

between the protein content within two varieties of horse 

gram. The findings of Adam et al. 1989 were in conformity 

with these values which showed that crude protein content 

of the selected legumes ranged from 15- 45% [43]. In horse 

gram out of total protein content, albumin-globulin protein 

fractions contribute from 75.27% to 78.76% while glutenin 

and residual protein varies from 9.93%-17.52% to 6.56% -

11.0% respectively [44]. It was reported that horse gram had 

high lysine content (0.052g g-1) as an essential amino acid 
[45]. 

The variations in protein content have been observed owing 

to analytical methods, genotype, different environments and 

agricultural practices. Protein concentration is reported to be 

highest in the embryo, followed by cotyledons and least in 
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the seed coat (22.6, 18.6% and 9.1% on dry weight basis) 

respectively [3]. The low-fat content in horse gram is an 

advantage during processing it into flour, since there is no 

need for defatting step in seed flour production [3]. The 

significant difference (p >0.05) was not shown between the 

fat contents values among each other. Legumes contained 

high fibre content than any major food group comprising 

soluble and insoluble. In most legumes consumed by 

humans, the crude fibre content ranges from 8% to nearly 

28% [46]. The mean values for total ash contents between 

two varieties were similar values and there is no significant 

difference observed (p >0.05). Carbohydrate content of 

horse gram varieties ranged from 64.8 (ANK Brown) to 

66.7% (ANK Black) and values were significantly different 

(p <0.05).  

 

3.3 Carbohydrate; Dietary Fibre, Starch and Sugars 

In the most of legumes, the largest part of the carbohydrate 

fraction is starch, accounting around 35% – 45% of the seed 

weight depending on the legume species [47]. Starch which is 

not digestible at small intestine reaches large intestine where 

it is fermented by colonic micro flora is known as RS [20]. 

RS contents two horse gram varieties are the same 10.5% 

and it accounts around 15-16% of total carbohydrate. 

Fermented RS produces the butyrate which has a protective 

effect on colorectal cancer [48]). Further it was reported that 

resistant starch rich foods are beneficial for management of 

diabetic [49].  

Legumes are good source of DF of both soluble and 

insoluble fibre [50]. According to previous research studies, 

DF contents were high in legumes rather than cereals and 

rich in metabolically active soluble DF [51]. It was reported 

that the total amount of DF contained in different legumes 

varies between 3g and 6g/ 75g serve of cooked legume [52]. 

The DF content of horse gram varieties is shown in Table 2. 

DF contents of whole grains of both varieties had similar 

amounts (i.e. 21.1%). In this context, no significant 

difference (P> 0.05) showed between horse gram varieties. 

The mean values for DF fibre content of selected locally 

consume legume varieties were reported and ranged from 

the lowest of 13.07 ± 0.51% (cowpea-Bombay) to the 

highest of 21.38 ± 0.22% (horse gram-ANK Black) [39]. The 

main physiological functions of DF were reported to be 

beneficial in the reduction of constipation, blood glucose 

level, blood pressure, obesity, cholesterol level and increase 

in prebiotic effects and prevention of certain cancer [3]. The 

total soluble sugar content of horse gram varieties ranged 

from 5.91±0.48% to 6.05±0.64%.  

 

3.4 Mineral contents 

Results of the mineral analysis are presented in Table 2. 

Iqbal et al. 2006 indicated that potassium is the most 

abundant mineral among legume seeds [53]. It has been 

observed from the present study and similar values (i.e. 1.0 

%) were contained in both varieties. Phosphorous, copper, 

iron, calcium and magnesium are some of other important 

minerals found in legumes in significant amount [42]. 

Mineral contents will vary in response to both genetic and 

environmental factors. 

 

3.5 Anti nutritional Compounds 

The contents of phytic acid, saponin and tripsin inhibitors 

are tabulated in Table 3 (Figure 1). 

 
Table 3: Anti nutritional Compounds in raw and cooked seeds of horse gram 

 

Variety 
Phytic acid (mg/g) Saponins (mg/g) Tripsin Inhibitors (mg/g) 

Raw Cooked Raw Cooked Raw Cooked 

ANK brown 4.55± 0.55a 3.91± 0.08a 10.06±0.73b 3.05±0.52b 0.65± 0.02a 0.04±0.13b 

ANK Black 2.60±0.26b 1.82±0.02b 11.52±0.78a 3.22±0.30a 0.69± 0.01a 0.11± 0.01a 

Data presented as Mean ± SE (n=3).  

Mean values in a column superscripted by different letters are significantly different at p < 0.05.  

Anti-nutritional factors are expressed as (mg/g) in dry weight basis 

 

 
*Anti-nutritional compounds are expressed as (mg/g) in dry weight 

basis 
 

Fig 1: Anti nutritional compounds in raw and cooked seeds of 

horse gram 

 

The phytic acid contents in raw ANK brown and ANK 

Black were 4.55±0.55 mg/g and 2.60±0.26 mg/g where as in 

cooked form 3.91±0.08 mg/g and 1.82±0.02 mg/g 

respectively. In both raw and cooked form in two varieties 

phytic acid contents were significantly differed. Phytic acid 

contents in raw seeds were in accordance with the range 

stated by Deshpande et al. 1982 whereas the phytic acid 

content of legumes varies from 4.0 - 20.0 mg/g [54]. Phytic 

acid has been implicated in influencing the cooking quality 

of legumes. Phytic acid chelates divalent cations (Ca, Mg) 

and prevents their cross linking with pectin, thereby 

facilitating cell wall dissolution during the cooking process 
[55]. The saponin contents in raw ANK brown and ANK 

Black were 10.65±0.73 mg/g and 11.52±0.76 mg/g where as 

in cooked form 3.05±0.16 mg/g and 3.22±0.19 mg/g 

respectively. In both raw and cooked form in two varieties, 

saponin content were significantly (p<0.05) differed. The 

result of saponin reduction as a percentage after autoclaving 

is ~70%. The tripsin inhibitory compounds in raw ANK 

brown and ANK Black were 0.65±0.02 mg/g and 0.69±0.01 

mg/g where as in cooked form 0.04±0.13 mg/g and 

0.11±0.01 mg/g respectively. In the cooked form of two 

varieties, tripsin inhibitor contents were significantly 

(p<0.05) differed while in raw form a significant different 
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was not seen. It was observed that in the process of 

autoclaving the most of the tripsin inhibitory compounds 

were destroyed. 

 

3.6 Anti-oxidant properties  

Natural phenolic compounds exert their health beneficial 

effects mainly through their antioxidant activity by 

protecting against oxidative damage [56]. 

The widely accepted significant amount of antioxidant 

activity is present in the phenolic compounds. Those 

compounds are capable of scavenging initial free radicals, 

binding metal ions, decomposing primary products of 

oxidation to non-radical species and breaking chains to 

prevent continuous hydrogen abstraction from substances 

[57]. Different solvent extraction methods have been used to 

extract plant materials e.g. Water, acetone, methanol 

(absolute, 70%), ethanol (absolute, 70%), acetone (50%, 

80%) etc. However, completeness of extraction and 

subsequent effects of extraction on antioxidant activity are 

not fully understood. Generally, the chemical extractions 

methodologies depend on the type of solvent, pH, extraction 

time, temperature and physical characteristics of sample [58]. 

Antioxidant properties were determined as total reducing 

capacity by Ferric Reducing Antioxidant Power (FRAP), 

Oxygen Radical Absorbance Capacity (ORAC), DPPH 

Radical and ABTS Radical Scavenging capacity 

[59,60,61,62]. In the present study anti-oxidant properties of 

raw and cooked form of horse gram seeds were presented in 

Table 4 and Table 5 (Figure 2). 

 
Table 4: Anti-oxidant properties of raw seeds of horse gram varieties 

 

Variety 
Antioxidant Properties 

TPC TFC DPPH ABTS FRAP 

ANK brown (mg/g) 3.09±0.11b 1.40±0.04a 4.71±0.42 a 8.22±0.49b 0.27±0.08a 

ANK black (mg/g) 3.88±0.21a 0.88±0.03b 4.11±0.42 b 8.87±0.10a 0.24±0.08b 

 

Data presented as Mean ± SE (n=3). Mean values in a 

column superscripted by different letters are significantly 

different at p < 0.05.  

TPC: Total Polyphenolic Content TFC: Total Flavonoids 

Content  

TPC expressed as: mg Gallic acid equivalents / g, TFC 

expressed as mg Quercertin equivalents/ g of whole seed in 

flour in dry weight basis.  

Activity of DPPH, ABTS, FRAP are expressed as mg 

Trolox equivalents/ g whole seed flour in dry weight basis.  

 
Table 5: Anti-oxidant properties of cooked seeds of horse gram varieties 

 

Variety 
Antioxidant Properties 

TPC TFC DPPH ABTS FRAP 

ANK brown (mg/g) 1.30±0.03b 0.87±0.07 2.18b ±0.45 2.76±0.08b 0.11±0.00b 

ANK black(mg/g) 1.68±0.12a 1.35±0.13 3.17±0.60 b 3.38±0.45a 0.17±0.01b 

 

Data presented as Mean ± SE (n=3). Mean values in a 

column superscripted by different letters are significantly 

different at p < 0.05.  

TPC: Total Polyphenolic Content TFC: Total Flavonoids 

Content  

TPC expressed as mg Gallic acid equivalents/ g  TFC 

expressed as mg Quercertin equivalents/ g of whole grain 

flour in dry weight basis.  

Activity of DPPH, ABTS, FRAP are expressed as mg 

Trolox equivalents/ g whole grain flour in dry weight basis.  

 

 
 

Fig 2: Antioxidant properties in raw and cooked varieties of horse 

gram 

 

TPC: Total Polyphenolic Content TFC: Total Flavonoids 

Content  

*TPC: mg Gallic acid equivalents/ g and  TFC: mg 

Quercertin equivalents/ g of whole grain flour in dry weight 

basis.  

*Activity of DPPH, ABTS, FRAP are expressed as mg 

Trolox equivalents/ g whole grain flour in dry weight basis.  

The TPC of 70% ethanolic extracts of ANK-Brown and 

ANK-Black are 3.09 ±0.11 mg/g and 3.88 ± 0.21mg/g 

respectively and they are significantly (p < 0.05) varied. The 

previous study reported that the phenolic content of legumes 

varied in the range of 0.325 -6.378 mg GAE/g [63]. Further 

author had reported that horse gram is under the high 

phenolic acid group and it contained 3.58±0.072 mg GAE/g. 

Sreerama et al. 2010, reported that the polyphenolic content 

of Indian pulses and legumes ranged from 0.62-4.18 

mg/g[64]. Those results are already in agreement with the 

present results. The cooked horse gram seeds were shown 

around 2-fold reduction of total polyphenolic content (Table 

4). The order of potency of ethanolic extracts of horse gram 

for TPC were raw > cooked form. The principal phenolic 

compound of horse gram seeds is flavonoids (quercetin) and 

contents were given in Table 4. Flavonoids are widely 

spread secondary metabolites including flavones, flavanols 

etc. and which have shown the protective mechanism 

against oxidative stress [58]. Further they have analyzed the 

TFC in legume varieties including green pea, black bean, 

chickpea, lentil, soya beans and kidney beans which ranged 

from 0.08 - 3.21mg/g. Those results are already in 

agreement of the present study. It is seen that cooking 

reduced the TFC in ANK brown while in ANK black 
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reduction has not been shown. It may be due to the 

solubility of the compounds during the cooking process. 

 

3.7 Anti-oxidant activity  

The free radicals produced in the body are associated with 

the chronic diseases specially a certain type of cancers. The 

dietary antioxidants are capable of capturing free radicals 

and preventing risk of diseases. Therefore, it is important to 

study the radical scavenging activity in food. DPPH is a 

stable free radical which produces violet colour in ethanol. 

Reduction of DPPH radicals by antioxidants reflects by loss 

of absorbance. The radical scavenging activity of added 

substance correlates to the degree of discoloration and 

thereby measurements were interpreted by DPPH radical 

scavenging activity of raw and cooked (70% ethanolic 

extracts) form of horse gram in Table 4 and Table 5. The 

significant differences (p< 0.05) were observed between 

horse gram varieties as well as form of raw and cooked. 

Ethanolic extract of raw seeds exhibited significantly high 

(p < 0.05) DPPH radical scavenging activity compared to 

ethanolic extracts of cooked form. The order of potency of 

ethanolic extracts of horse gram for DPPH radical 

scavenging activity is raw > cooked form. DPPH activity of 

commonly consumed legumes varieties were reported by 

Sreerama et al. 2010 and results were varied from 0.26 - 

1.07 mg/g [64]. But horse gram was not included in their 

study.  

Ferric Reducing Antioxidant Power (FRAP) is basically 

depends on the reduction of ferric tripyridyltriazine (Fe 

(111)-TPTZ) complex to ferrous tripyridyltriazine (Fe (11)-

TPTZ) complex by a reduction of antioxidant at low pH. In 

comparison to other test of antioxidant power this assay 

produces simply, speedy, inexpensive and highly 

reproducible results [37]. FRAP of 70% ethanolic extracts of 

horse gram is given in Table 4 and Table 5. Results 

demonstrated the significant differences (p < 0.05) between 

horse gram varieties as well as form of raw and cooked. 

Raw form of seeds exhibited significantly high (p< 0.05) for 

FRAP. The order of potency of ethanolic extracts of horse 

gram for FRAP was raw> cooked.  

ABTS radical scavenging activity of 70% ethanolic extracts 

of raw and cooked horse gram varieties are presented in 

Table 4 and Table 5. ABTS radical scavenging activity 

showed a significant difference (p < 0.05) between varieties 

as well as forms of raw and cooked. Raw seeds showed the 

highest activities for ABTS. The order of potency of 

ethanolic extracts of horse gram for FRAP was raw> 

cooked.  

 

4. Conclusion  

According to the results obtained horse gram contained high 

content of protein (22.0 -24.2%), crude fiber (6.7- 6.9%) 

and minerals (3.6%) specially iron, zinc and Ca. Besides 

nutritional importance horse gram had high content of 

Dietary Fiber (DF); 21.2% and Resistant Starch (RS); 

10.5% leading to low Glycaemic Index (GI); 39.8. The 

antioxidant properties in seeds exhibited by TPC, TFC, 

DPPH, ABTS and FRAP were significantly (p<0.05) 

differed with respect to varieties and cooking. 

 

5. Acknowledgement 

Authors are acknowledged the financial support given by 

the Treasury Grant (TG18/147) which was given to ITI by 

Ministry of Science and Technology. 

6. References 

1. Reddy PCO, Sairanganayakulu G, Thippeswamy M, 

Sudhakar R, Reddy P, Sudhakar C, et al. Identification 

of stress-induced genes from the drought tolerant semi-

arid legume crop horsegram (Macrotyloma uniflorum 

(Lam.) Verdc.) through analysis of subtracted expressed 

sequence tags. Plant Sci, 2008; 175:372-384. 

2. Bhardwaj J, Yadav SK. Comparative study on 

biochemical and antioxidant enzymes in a drought 

tolerant and sensitive variety of horse gram 

(Macrotyloma uniflorum) under drought stress. Am J 

Plant Physiol, 2012; 7:17-29. 

3. Prasad SK. Singh MK. Review Horse gram-an 

underutilized pulse crop: Review. J Food Sci 

Technology, 2015; 52:2489-2499. 

4. Bravo L, Siddhuraju P, Saura-Calixto F. Composition 

of underexploited Indian pulses. Comparison with 

common legumes. Food Chem, 1999; 64:185-192. 

5. Okoth JK, Ochola SA, Gikonyo NK & Makokha A. 

Development of a nutrient-dense complementary food 

using amaranth-sorghum grains. Food Sci Nutr, 2017; 

5:86-93. 

6. Michaelsen KF, Camilla H, Nanna R, Pernille K, 

Stougaard M, Lauritzen L, et al. Choice of foods and 

ingredients for moderately malnourished children 6 

months to 5 years of age. Food Nutr Bull, 2009; 

30:S343-S404. 

7. Jayatissa R, Hossaine SMM. Report on Nutrition and 

Food Security Assessment in Sri Lanka, Medical 

Research Institute, Sri Lanka, 2010, 1-3.  

8. Sodani SN, Paliwal RV, Jain LK. Phenotypic stability 

for seed yield in rain fed Horsegram (Macrotyloma 

uniflorum [Lam.] Verdc). National Symposium on Arid 

Legumes for Sustainable Agriculture and Trade, 2004, 

5-7. 

9. Elhardallou SB, Khalid II, Gobouri AA, Abdel-Hafez 

SH. Amino acid composition of cowpea (Vigna 

ungiculata L. Walp) flour and its protein isolates. Food 

Nutr Sci, 2015; 6:790-797.  

10. Trehan I, Benzoni NS, Wang AZ, Bollinger LB, Ngoma 

TN, Chimimba UK, et al. Common beans and cowpeas 

as complementary foods to reduce environmental 

enteric dysfunction and stunting in Malawian children: 

study protocol for two randomized controlled trials. 

Trials, 2015, 16:520.  

11. Awoyinka OA, Ileola AO, Iimeoria CN, Asaolu MF. 

Comparision of Phtochemicals and Anti-Nutritional 

Factors in some selected Wild and Edible Bean in 

Nigeria. Food Nutr Sci, 2016; 7:102-111. 

12. Thompson LUP. Potential health benefits and problems 

associated with anti-nutrients in foods. Food Res Int, 

1993; 26:131-149.  

13. Okarter N, Liu RH. Health benefits of whole grain 

phytochemicals, Critical Reviews. Food Sci and Nutr, 

2010; 50:193-208. 

14. Shahldi F. Natural antioxidant; an over view. In; 

Natural Antioxidant- Chemistry, Health effects and 

Application (Eds. F. Shahidi), Champaign, 111, AOCS 

press, 1997, 1-11. 

15. Reddy NR, Sathe SK. Introduction. In Food phytates 

(Eds. Reddy NR, Sathe SK). CRC press, 2002. 

16. Turner BL, Paphazy JM, Haygarth MP, Mckelvie DI. 

Inositol phosphate in the environment. Online J R Soc, 

2002; 357:449-469.  

www.foodsciencejournal.com


International Journal of Food Science and Nutrition  www.foodsciencejournal.com 

100 

17. Cheok CY, Salman HAK, Sulaiman R. Extraction and 

quantification of saponins: A review. Food Research 

International, 2014; 59:16-40. 

18. Birben E, Sahiner UM, Sackesen C, Erzurum S, 

Kalayci O. Oxidative stress and antioxidant defence. 

World Allergy Organization Journal. 2012; 5(1):9 -19. 

19. Rahman T, Hosen I, Islam MMT, Shekhar HU. 

Oxidative stress and human health. Advances in 

Bioscience and Biotechnology, 2012; 3:1997-1019. 

20. Asp NG, Van Amelsvoort JMM, Hautvast JGAJ. 

Nutritional implications of resistant starch. Nutr Res 

Rev, 1996; 9:1-31. 

21. Zhou KQ, Yu LL. Effects of extraction solvents on 

wheat bran antioxidant activity estimation. Lebensm 

Wiss Technol, 2004; 37:717-721. 

22. Abeysekara WKSM, Jayawardana SAS, Abeysekara 

WPKM, Yathursan S, Premakumara GAS, Ranasinghe 

P, et al. Antioxidant potential of selected whole grain 

cereals consumed by Sri Lankans: A comparative in 

vitro study. Sri Lankan Journal of Biology. 2017; 

2(2):12-24.  

23. Official methods of analysis of AOAC International. 

(Eds. D.W. Horwitz). AOAC international, Suite 500, 

Maryland, USA, 2012. 

24. Official methods of analysis of AOAC International. 

17th Eds. AOAC International, Washington DC, 2000. 

25. Asp NG, Johansson CG, Hallmer H, Silijestrom M. 

Rapid enzymatic assay of insoluble and soluble dietary 

fiber. J. Agric. Food Chem, 1983; 31:476-482. 

26. Official Methods of Analysis of AOAC International. 

18th Eds. AOAC International USA, Gaithersburg, Md, 

2002.  

27. American Association of Cereal Chemists. Approved 

methods 32-40.01, 11th Eds. St. Paul, MN, USA, 2000. 

28. Dubois M, Gills KA, Hamilton JK, Rebers PA, Smith 

F. Colorimetric Method for Determination of sugars 

and related substances. Analytical Chemistry. 1956; 

28(3):350-356. 

29. Jenkins D, Wolever T, Thorne M, Rao A, Thompson L. 

Effect of Starch-Protein Interaction in Wheat on its 

Digestibility and Glycaemic Response. Canadian 

Institute of Food Science and Technology Journal. 

1987; 20(5):320. 

30. Saqib AAN, Whitney PJ. Differential behavior of the 

dinitrosalicylic acid (DNS) Reagent towards mono- and 

di-saccharide sugars. Biomas and bioenergy, 2011; 

11:4748-4750. 

31. Germaine KA, Saman S, Fryirs CG, Griffiths PJ, 

Johnson SK, Quail K, et al. Comparison of in vitro 

starch digestibility methods for predicting the 

glycaemic index of grain foods. Journal of the Science 

of Food and Agriculture, 2008; 88: 652-658. 

32. Hamerstrand GE, Black LT, Glover JD. Tripsin 

inhibitors in soy products: modification of the standard 

analytical procedure. Cereal Chem. 1981; 58(1):42. 

33. Kakade ML, Rackis JJ, Mcghee JE, Puski G. 

Determination of Tripsin Inhibitor Activity of Soy 

products: Collaborative Analysis of an Improved 

Procedure. American Association of Cereal Chemists. 

Inc. 3340, St. Paul, Minnesota, U.S.A, 1974; 51:376-

382. 

34. Singleton VL, Orthofer R, Lamuela-Raventos RM. 

Analysis of total phenols and other oxidation substrates 

and antioxidants by means of Folin-Ciocalteu reagent, 

Methods in Enzymology, 1999; 299:152- 178. 

35. Pourmorad F, Hosseinimehr SJ, Shahabimajd N. 

Antioxidant activity, Phenol and flavonoid contents of 

some selected Iranian medicinal plants. African Journal 

of Biotechnology, 2006; 5:1142-1145. 

36. Blois MS. Antioxidant determinations by the use of a 

stable free radical. Nature. 1958; 181:1199-1200. 

37. Benzie IFF, Szeto YT. Total antioxidant capacity of 

teas by the ferric reducing/antioxidant power assay. J 

Agric Food Chem, 1999; 47:633-636.  

38. Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, 

Rice-Evans C. Antioxidant activity applying an 

improved ABTS radical cation decolorization Assay, 

Free Radical Biology & Medicine, 1999; 26:1231-1237. 

39. Herath HMT, Gunathilake, KGT, Eashwarage IS, 

Keerthana Sivakumaran, Ranathunga RAA. Physico-

chemical and In-Vitro Glyemic Indices of Popular Pulse 

Varieties Grown in Sri Lanka. International Journal of 

Food Science and Nutrition, 2018; 3:137-143. 

40. Henshaw F. Varietal Differences in Physical 

Characteristics and Proximate Composition of Cowpea 

(Vigna unguiculata). World Journal of Agricultural 

Sciences. 2008; 4(3):302-306. 

41. Kadam SS, Deshpande S, Jambhale N. Handbook of 

world food legumes: Nutritional Chemistry, 

Processsing Technology and Utilization, Boca Raton: 

CRC press, 1989; 1:23-50.  

42. Eskin NAM, Shahidi F. Biochemistry of Foods. 

Academic Press, 2012, 584. ISBN: 978-0122423529. 

43. Adam S, Deshpande S, Jambhale N. Handbook of 

world food legumes: Nutritional Chemistry, 

Processsing Technology, and Utilization, Boca Raton: 

CRC press, 1989, 23-50. 

44. Yadav S, Negi KS, Mandal S. Protein and oil rich wild 

horsegram. Genet Resour Crop Env, 2004; 51:629-633. 

45. Gopalan C, Sastri B, Rama V, Balasubramanian SC. 

Nutritive value of Indian foods. ICMR. National 

Institute of Nutrition, Hyderabad, 1989, 110-125. 

46. McGreevy T. General Properties of Dry Peas, Lentils 

and Chickpeas. [online] [cit.2019-04-22] Available at: 

http://www.pealentil.com/core/files/pealentil/ 

uploads/files/ Ch apter2.pdf.  

47. Hedley C. Carbohydrates in grain legume seeds. UK: 

John Innes Centre, 11-13. ISBN: 0851994679. 

http://dx.doi.org/10.1079/9780851994673.0000. 

48. Scheppach W, Bartram HP, Richter F. Role of short-

chain fatty acids in the prevention of colorectal cancer. 

Eur J Cancer, 1995; 31A:1077-1088. 

49. Granfeldt Y, Liljeberg H, Drews A, Newman, Bjorck 

IM. Glucose and insulin responses to barley products. 

Influence of food structure and amylose-amylopectin 

ratio. Am J Clin Nutr, 1994; 59:1075-1082. 

50. Ramulu P, Udayasekhararao P. Effect of processing on 

dietary fiber content of cereals and pulses. Plant Food 

Hum Nutr, 1997; 50:249-257. 

51. Hughes JS, Swanson BG. Soluble and insoluble dietary 

fiber in cooked common beans (Phaseolus vulgaris) 

seeds. Food Microstruct, 1989; 8:15-21. 

52. Legumes and Fibre Grains & Legumes Nutrition 

Council. [online] Available at: 

http://www.glnc.org.au/legumes/legumes-

nutrition/legumes -fibre/ [Accessed 20 Nov. 2019]. 

53. Iqbal A, Khalil I, Ateeq N, Sayyar Khan M. Nutritional 

quality of important food legumes. Food Chem, 2006; 

www.foodsciencejournal.com


International Journal of Food Science and Nutrition  www.foodsciencejournal.com 

101 

97:331-335. 

54. Deshpande SS, Sathe SK, Salunkhe DK, Cornforth DK. 

Effects of dehulling on phytic acid, polyphenols, and 

enzyme inhibitors of dry beans (Phaseolus vulgaris L.). 

Journal of Food Science, 1982; 47:1846-1849. 

55. Moscoso W, Bourne MC, Hood LF. Relationships 

between the hard-to- cook phenomenon in red kidney 

beans and water absorption, puncture force, pectin, 

phytic acid and minerals. Journal of Food Science, 

1984; 49:1577-1583. 

56. Sundaram U, Marimuthu M, Anupama V, Gurumoorthi 

P. Comparative antioxidant quality evaluation of 

underutilized/less common south Indian legumes. Int J 

Pharm Bio Sci, 2013; 4:117-126. 

57. Fang YZ, Yang S, Wu G. Free radicals, Anti-oxidants 

and Nutrition. Nutrition, 2002; 18:872-879. 

58. Xu BJ, Chang SKCA. Comparative Study on Phenolic 

Profiles and Antioxidant Activities of Legumes as 

Affected by Extraction Solvents. Journal of Food 

Science, 2007; 72:S159-S166. 

59. Phipps ST, Sharaf MHM, Butterweck V. Assessing 

antioxidant activity in botanicals and other dietary 

supplements, Pharmacopeial Forum, 2007; 33:810-814. 

60. Muntana N, Prasong S. Study on total phenolic contents 

and their antioxidant activities of Thai white, red and 

black rice bran extracts, Pakistan Journal of Biological 

Sciences. 2010; 13(4):170-174. 

61. Zhang MW, Zhang RF, Zhang FX, Liu RH. Phenolic 

profiles and antioxidant activity of black rice bran of 

different commercially available varieties, J Agric Food 

Chem, 2010; 58:7580-7587. 

62. Sompong R, Siebenhandl-Ehn S, Linsberger-Martin G, 

Berghofer E. Physicochemical and antioxidative 

properties of red and black rice varieties from Thailand, 

China and Sri Lanka. Food Chem, 2011; 124:132-140. 

63. Marathe SA, Rajalakshmi V, Jamdar SN, Sharma A. 

Comparative study on antioxidant activity of different 

varieties of commonly consumed legumes in India. 

Food Chem Toxicol, 2011; 49:2005-2012. 

64. Sreerama YN, Vadakkoot BS, Vishwas MP. Variability 

in the distribution of phenolic compounds in milled 

fractions of chickpea and horse gram: evaluation of 

their antioxidant properties. J Agric Food Chem, 2010; 

58:8322-8330. 

www.foodsciencejournal.com

