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ABSTRACT 
 

The hot water extraction process was used to isolate the water soluble polysaccharides from raw (R-WSP) 
and sprouted (S-WSP) mung beans (Vigna radiata). The chemical characteristics of both the samples were analyzed 
by FT-IR spectrum. Further, several biochemical assays were carried out to evaluate the antioxidant activity of the 
samples. The extraction yield of R-WSP and S-WSP were 49.1 mg/g and 10.5 mg/g respectively. The presence of 
uronic acid was analyzed in both the samples. The raw mung bean polysaccharides (R-WSP) exhibited higher 
antioxidant ability than the sprouted mung polysaccharides (S-WSP). The results suggested that germination 
causes the change in polysaccharides content and the water soluble polysaccharides of raw mung beans can be 
further deduce to identify the principal component for its antioxidant potential. 
Keywords Water Soluble Polysaccharides, Mung Beans, Antioxidant Activity. 
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INTRODUCTION 
 

In recent years, some naturally occurring bioactive polysaccharides have attracted much 
attention in the field of biochemistry and pharmacology. As an example, polysaccharides or 
their glycoconjugates were shown to exhibit multiple biological activities including 
anticarcinogenic, anticoagulant, immunostimulating, antioxidant etc. The water-soluble 
polysaccharides have received great attention as free radical scavenger, inhibitors of lipid per 
oxidation and metal chelators [1,2]. These antioxidant polysaccharides are basically isolated 
from the plants, fungi, bacteria, animal sources and algae [3]. Legumes are among the three 
largest families of flowering plants and belong to the orders Gramineae (cereals and grasses) 
and Leguminosae (legumes or the bean family).  Since  legumes  seeds  are rich source of 
soluble and insoluble non starch polysaccharides (NSP),  there  has  been  a worldwide  interest  
in  searching  for  potential  utilization  of unconventional  legumes [4].  

 
Among the NSP, mixed linked β- glucans and pectic polysaccharides are the water 

soluble polysaccharides. The ubiquitous structural feature of β- glucans polysaccharides is well 
established. It consists of a linear chain of glucose units joined by both β-(13) and β-(14) 
linkages [5]. The term pectic polysaccharides refers to galacturonans or more commonly 
rhamnogalacturonans in which (14)-α-D-galacturonan chains are interrupted at intervals by 
insertion of (12)-α-L-rhamnose residues. Other constituent sugars attached as side chains 
include D galactose, L- arabinose, D- xylose, and less frequently L - fucose and D - glucuronic 
acid [6]. 

 
Mung bean (Vigna radiata) is the most important legume due to its high proteins and 

carbohydrates and its protein quality is similar to or better than other legumes such as 
chickpea, black gram, peas, pigeon-pea etc [7,8]. It is one of the most important pulse crops 
grown in Asia and used in different forms such as whole mung bean, mung bean dhal, sprouted 
mung bean and dehulled mung bean [9,10]. Mung bean was found to contain 60-65 percent 
carbohydrate by Paul et al [11] and Agugo et al [12]. Germination of beans enhances the 
nutritive value of legumes by inducing the formation of enzymes that eliminate or reduce the 
antinutritional and indigestible factors in legumes [13]. Today there is an increasing interest in 
Western countries in the sprouting of seeds as consumers demand minimally processed, 
additive-free, more natural, nutritional and healthy foods. Recently the antioxidant activity of 
water-soluble polysaccharide (WSP) from mung bean hull were reported to be as potential 
antioxidants [14] but no investigation has been reported so far on the WSP content extracted 
from sprouted mung bean. In the present study, the antioxidant potential of water soluble 
polysaccharides from raw and sprouted mung bean was evaluated.   

 
MATERIALS AND METHODS 

 
Materials 
 

Acetone, Chloroform, Distilled Water, Ethanol (Absolute), n-Butanol, Petroleum Ether, 
Ascorbic Acid, Ammonium Molybdate, di-amine tetra acetic acid-2Na salt, Ferric Chloride, 
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Ferrous Chloride, Ferrozine, Hydrogen Peroxide, Potassium Ferricyanide, Sodium Phosphate, 
Phosphate Buffer, Sulphuric Acid, Tricholoroacetic acid, Extract Samples. 

 
Processing and Sprouting of Mung Beans 
 

Mung beans were first washed by tap water and then twice by distilled water. The 
beans were air dried for three hours followed by grinding to fine powder and then placed in a 
sealed glass container for further use [15, 16]. 

 
Seeds of mung beans were imbibed for 24 hours at room temperature in distilled water. 

The seeds were then drained, rinsed twice with distilled water, and kept for germination on 
moist filter paper in the dark. The sprouted beans were air dried and sun dried respectively, 
than grinded to fine powder and placed in a sealed glass container. 

 
Extraction of Water Soluble Polysaccharides 
 

A modified method derived from Feng et al [17], Jin Zhe et al [18] and Luo et al [19] was 
used to extract the water soluble polysaccharides from the raw and sprouted mung beans. 50 g 
of raw and sprouted mung bean samples was added separately in 200 ml of distilled water. The 
mixture was heated at 70oC temperature on hot plate for about 2-3 hours, filtered and 
centrifuged at 5000 rpm for 20 minutes. The supernatant was collected, washed with 
petroleum ether by continuously stirring for about 5 minutes. 85% ethanol was added to the 
mixture, stirred for 30 minutes and left for overnight at temperature 4oC. Then, deproteination 
was carried out by the addition of sevag reagent following centrifugation for 15 minutes at 
8000 rpm. The precipitate was obtained and washed with acetone, ethanol and distilled water 
respectively.  

 
Infrared Spectroscopy 
 

FT-IR spectra were determined by Perkin Elmer Spectrum RX1 at the range of 400- 4000 
cm-1. The analysis was carried out at SAIF (Sophisticated Analysis Instrument Facility), Central 
Drug Research Institute (CDRI), Lucknow.  

 
Antioxidant Activities 
 
Total Antioxidant Activity (TAC) Assay 
 

The method described by Shirwaikar and Somashekar [20] was used. 0.1 ml extract was 
mixed with 1 ml of TAC reagent (0.6 M sulphuric acid, 28 mM sodium phosphate and 4 mM 
ammonium molybdate), incubated at 95oC for 90 min and cooled. The absorbance was 
measured at 695 nm against blank solution. 
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Reducing Power Assay 
 

The method of Oyaizu [21] was used with some modifications. 2.5 ml volumes of 
phosphate buffer (pH 6.6) and 1.5% potassium ferricyanide was mixed with 1 ml sample, 
incubated at 50oC for 20 min and cooled. Afterwards, 2.5 ml of 10% trichloroacetic acid was 
added and centrifuged at 3000 rpm for 10 min. The supernatant (2.5 ml) was mixed with 2.5 ml 
distilled water and 0.5 ml ferric chloride (0.1%) solution and the absorbance was taken at 700 
nm. Vitamin C (ascorbic acid) was used as standard.  
 
Hydrogen Peroxide Radical Scavenging Activity Assay 
 

The method of Ruch et al [22] was adopted. 1 ml of sample was dissolved in 0.6 ml of 40 
mM hydrogen peroxide, prepared in phosphate buffer (pH 7.4) and incubated at room 
temperature for 10 min. The absorbance at 230 nm of the reaction mixture was recorded at 0 
min and 10 min later against a blank solution. The percentage of hydrogen peroxide scavenging 
was calculated as- 

 
% Scavenged [H2O2] = [(Ao − A1)/Ao] x 100 

 
where Ao was the absorbance of the control and A1 was the absorbance in the presence 

of the sample of extract and standard. 
 
Metal Chelating Activity Assay 
 

The ability of samples to chelate the ferrous ions was estimated by method of Dinis et al 
[23].  1ml sample was mixed with 50 µl of 2 mM ferrous chloride and 0.2 ml of 5 mM ferrozine 
solution was added.  The mixture was vigorously shaken, incubated at room temperature for 10 
min and the absorbance was measured at 562 nm. The efficiency of samples was compared 
with ethylene di-amine tetra acetic acid-2Na salt (Na2EDTA), as a control. The percentage 
inhibition of ferrozine–Fe2+ complex formation was calculated as-   
 

[(A0- As)/ As] x 100 
 

where  A0  was  the  absorbance  of the  control,  and  As  was  the  absorbance  of  the  
extract or control. 
 
Superoxide Anion Scavenging Activity Assay 
 

The superoxide anion scavenging activity was estimated by the spectrophotometric 
monitoring on the inhibition of pyrogallol autooxidation. Pyrogallol has long been known to 
autoxidize rapidly which results in pH change and formation of several intermediate products. 
Thus the solution shows a wide spectrum between 325 - 425 nm [24,25]. An applied 
modification of this pyrogallol autooxidation is derived enabling the measurement of the 
antioxidative potential of the water soluble polysaccharides samples. For a proper 
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measurement of the antioxidative potential, a suitable wavelength was required to obtain. For 
choosing the suitable wavelength, wavelength scans for 300 to 750 nm were done for 
measuring and reference cuvette. The scans were run against phosphate buffer. After 
wavelength scans were done, 0.1 ml α tocopherol was added to both measuring and reference 
cuvette in order to achieve full reduction of pyrogallol radicals. Then the wavelength scans 
were repeated. This served to select an adequate wavelength which is influenced only by the 
pyrogallol radicals (here 400 nm). 
 

The modified method of Marklund and Marklund [24] was adopted for the testing. 0.3 
ml sample was mixed with 2.6 ml of 50 mM phosphate buffer (pH 8.2) and 0.1 ml of a 3mM 
solution of pyrogallol (prepared in 37.5% HCl) was added. The autooxidation reaction rate of 
pyrogallol was determined at 400 nm by monitoring the absorbance every 30 sec for a total 
time of 10 min, corresponding to the end of reaction.  

 
The percentage of scavenging by the extracts and a standard compound (ascorbic acid) 

was calculated as follows:  
 

% Scavenged = [(Ao − A1)/Ao] x 100 
 

Statistical Analysis 
 
 Data are reported as mean of three determinations. The results obtained were 
statistically analyzed with the Student’s t-test using a significance level of p < 0.05. Microsoft 
Office Excel 2007 was used for graph plotting. 
 

RESULTS AND DISCUSSION 
 

Polysaccharides modify and control the mobility of water, thus exhibit a profound effect 
on food properties [26]. 
 
Extraction 
 

The resultant crude hot water soluble polysaccharides were brown in colored powder 
without starch. Similar reports were given by Atkhamova et al [27] and Boual et al [28] for 
different plants. Siddhanta et al [29] showed that the hot water extraction gave higher yield in 
comparison to the cold water extraction. Some researchers also used microwave and ultrasonic 
assisted processes to extract water soluble polysaccharides [30, 31]. The protein content of 
samples were denatured by sevag reagent [32] and further washed with different solvents.  

 
The extraction yield of R-WSP (Raw Mung bean-water soluble polysaccharide) and S-

WSP (Sprouted Mung bean-water soluble polysaccharide) were 49.1 and 10.5 mg/g 
respectively. Earlier Lai et al [14] reported 6.04% extraction yield of water soluble 
polysaccharides from mung bean hull with mannose, galactose and rhamnose as its principal 
components. However it was earlier reported that soaking followed by germination leads to the 
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activation of some enzymes which reduces the higher polysaccharides [33]. Hooda  and  Jood 
[34]  also  reported  that  an enzyme  β-galactosidase  from  germinated  cereals  and  pulses  
attacks galactomannan to yield galactose. The decrease in the polysaccharide content may be 
attributed to their breakdown and utilization by the growing sprouts. 
 
IR Spectroscopy 
 

The FT-IR spectra of R-WSP and S-WSP were recorded at 4000-450 cm-1 to characterize 
the chemical constituents (figures 1-2). Both the samples showed absorption peak around 3430 
cm-1, which was due to the presence of alcohol and hydroxyl group with NH stretch. The 
absorption near 1400-1220 cm-1, in both the samples, were attributed to simple hydroxyl 
containing compound with alcohol function [35]. The bands around 2930-2855 cm-1 (methylene 
C-H asymmetric stretch) and 1735 cm-1(esterified carboxylic group) suggested the existence of 
uronic acid [36, 37]. The presence of uronic acid was also reported in the water soluble 
polysaccharides extracts by Lai et al [14] and Li et al [32]. Mung beans were observed to contain 
highly methylated soluble pectins [38]. 

 
The absorption band from 1300 cm-1 to 800 cm-1, called “finger print” region, was 

related to conformation and surface structure of molecule. Although these bands are hard to 
explain [36], it suggested the presence of aromatic ring and secondary amine in both the 
samples. The spectrum of R-WSP also signifies the existence of cyclic esters/alkyl substituted 
ether with C-O stretch (1095 cm-1), saturated aliphatic groups (1463 cm-1) and aromatic 
nitrogenous compound with XO2 stretch (1513cm-1). The spectrum of S-WSP indicated the 
presence of cyclohexane ring vibrations (1027 cm-1), transition metal carbonyls (2091 cm-1), 
alkyne/nitrile (2400 cm-1) and terminal olefinic  group (3020 cm-1) [35]. 

 

 
 

Figure 1: FTIR spectra of Raw-Water Soluble Polysaccharides (R-WSP) of Mung Beans 
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Figure 2: FTIR spectra of Sprouted-Water Soluble Polysaccharides (S-WSP) of Mung Beans 

 
Antioxidant Activity 
 
Total Antioxidant Capacity 
 

The reduction of Mo (VI) to Mo (V) by the extract and subsequent formation of green 
phospho-molybdenum complex serves the basis of the total antioxidant assay. The antioxidant 
activity was expressed as vitamin C equivalent [39].  The water soluble polysaccharides of raw 
and sprouted mung beans showed 5.5 and 2.7 mg vit C/100 ml of samples respectively. Earlier 
total antioxidant capacity of mung beans methanolic extracts of sprouts and seeds were 
reported to be 0.148 and 0.043 µg/mg ascorbic acid equivalent respectively [40]. 
 
Reducing Power 
 

It was reported that reducing power and antioxidant activity are directly correlated to 
each other [41, 42, 43]. Since antioxidants contain reductones which readily donate hydrogen 
atoms and break the free radical chain [44, 45], thus it can be concluded that the reduction 
potential of any compound may serve as a significant indicator of its potential antioxidant 
activity [46]. The reducing power capacity of R-WSP and S-WSP were evaluated and compared 
with vitamin C. As shown in figure 3, the samples exhibit reducing ability in a concentration 
dependent manner. The reducing power of R-WSP increased sharply with the increase in 
concentration whereas slower increase was observed in S-WSP. As compared to standard, R-
WSP was found to be more effective. At the concentration of 5mg/ml, R-WSP and S-WSP 
showed a reducing power of 2.31 and 1.87 respectively, which is higher than the water soluble 
polysaccharides extracts of mung bean hull [14]. The data suggests that both the samples 
exhibit strong reducing power but in comparison R-WSP demonstrates higher effect than S-
WSP.  
 



          ISSN: 0975-8585 
 

May-June    2014  RJPBCS 5(3)  Page No. 1052 

 
 

Figure 3: Reducing Power Assay of R-WSP and S-WSP. Vitamin C (Ascorbic Acid) was used as standard. Results 
are shown as mean ± standard deviation. 

 
Hydrogen Peroxide Radical Scavenging Activity 
 

Hydrogen peroxide can be formed by large number of reactions in our body and 
supposed to be less reactive. But it becomes harmful when it produces potent species such as 
hydroxyl radical which interrupts almost each biomacromolecules functioning in the living cell 
[47, 48, 49]. Figure 4 demonstrates the hydrogen peroxide radical scavenging ability of R-WSP 
and S-WSP. The samples were capable of scavenging hydrogen peroxide radical in dose 
dependent manner. At the concentration of 1.25 mg/ml, R-WSP and S-WSP exhibited 52 and 35 
percent scavenging respectively. R-WSP showed rapid increase in scavenging percentage upto 
3.75mg/ml but slightly slows at 5 mg/ml concentration. S-WSP was found to be less effective 
than R-WSP at each concentration. In comparison to vitamin C, R-WSP demonstrates significant 
scavenging effects. These results suggest that water soluble polysaccharides have strong 
hydrogen peroxide radical scavenging capacity and may be effective in reducing the associated 
harmful reactive species, for instance hydroxyl radical. Lai et al [14] reported that crude and 
purified water soluble polysaccharides extracts from mung bean hull efficiently reduce the 
hydroxyl radicals and also suggested that polysaccharide may have chelating ability. As 
suggested, metal chelating activity was assessed. 

 

 
 

Figure 4: Hydrogen Peroxide Radical Scavenging Assay of R-WSP and S-WSP. Vitamin C (Ascorbic Acid) was used 
as standard. Results are shown as mean ± standard deviation. 
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Metal Chelating Activity 
 

The transition metal ions easily transfer single electrons by virtue of which free radical 
reactions readily takes place [50]. In this assay, ferrozine quantitatively form complex with Fe2+ 
and the reduction in the complex directly signifies the chelating ability of the samples [51]. Thus 
the metal chelating activity can be correlated with the antioxidant activity of the test samples. 
Figure 5 illustrates the metal chelating ability of the polysaccharides. At the concentration of 
1.25 mg/ml, R-WSP and S-WSP showed 30 and 25 % chelating ability. With the increase in the 
concentration, the activity of samples was increased. At each concentration, R-WSP showed 
better results than S-WSP but was lower than Na2EDTA (control). A maximum of 62 % chelating 
capacity was observed by R-WSP at 5 mg/ml whereas 58% activity was exhibited by S-WSP at 
same concentration. The metal binding capacity of mung beans methanol extract was 
investigated by Duh et al [41], but no data has been reported for chelating capacity of mung 
bean polysaccharides. However it is often accepted that polysaccharides with particular spatial 
structure and functional group like hydroxyl and carboxyl may bind easily to the metal ions [52, 
53], which could interrupt the generation of free radicals. 

 

 
 

Figure 5: Metal Chelating Assay of R-WSP and S-WSP. Vitamin C (Ascorbic Acid) was used as standard. Results 
are shown as mean ± standard deviation. 

 
 
Superoxide Anion Scavenging Activity  
 

The auto-oxidation of pyrogallol (1,2,3 benezenetriol) generates superoxide anions (O2
-), 

which is considered as an initial free radical, formed from mitochondrial electron transport 
systems, to create other cell-damaging free radicals, such as hydrogen peroxide, hydroxyl 
radical, or singlet oxygen in living systems [54]. Earlier studies have reported different 
wavelengths to measure the pyrogallol auto-oxidation rate [55, 56]. Since the wavelength 
should be influenced only by the presence of free radicals in the sample [57], the wavelength 
scanning was carried out. The decrease in absorbance reflects the chemical state of superoxide 
anions, which was observed at 400 nm (λmax), thus selected.  
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The superoxide scavenging percentage of the sample R-WSP and S-WSP is given in figure 
6.   R-WSP exhibited stronger superoxide radical scavenging ability than S-WSP. At the 
concentration of 1.25 mg/ml, R-WSP and S-WSP showed 40 and 32% scavenging ability 
respectively. Gradual increase in the percentage activity with increase in concentration was 
observed for both the samples. The R-WSP sample illustrated 92% anion scavenging ability at 5 
mg/ml concentration which is similar to the report of Lai et al [14]. In comparison to the 
standard, R-WSP demonstrated slightly lower scavenging activity than the standard (vitamin C). 
Since superoxide anions produce harmful free radicals, which causes the damage to DNA and 
membrane of cell [58], its reduction by the samples show evidence of potential antioxidants.  
 

 
 

Figure 6: Superoxide Anion Scavenging Activity of R-WSP and S-WSP. Vitamin C (Ascorbic Acid) was used as 
standard. Results are shown as mean ± standard deviation. 

 
 

The entire antioxidant assay verified that the polysaccharides of raw mung beans 
strongly responds as antioxidants while lower activity was observed in the polysaccharides 
derived from sprouted mung bean. Finally, all the results conclude here that polysaccharides 
are also able to reduce the free radical reactions and can contribute as a natural source of 
effective antioxidants. There  is  a  strong  need  for  effective  antioxidants  from  natural 
sources in  order  to  prevent diseases,  maintenance and improvement of health and wellness. 
Mung beans polysaccharides indicate probable antioxidant compounds, and suggested to be 
developed as a novel medicine. 
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