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 A B S T R A C T  
 

Moth bean is an important legume and consumed widely in India. The present investigation deals with the study of effect of various 
concentrations of salicylic acid (SA) on phenolic composition and bioactivity of Moth bean. The germination was done by priming the moth 
beans in varying concentrations of SA (0 ppm / L, 50 ppm L, 100 ppm / L, 150 ppm / L and 200 ppm / L).The results showed that the total 
phenolics, flavonoid and proline levels were increased significantly (p ≤ 0.05) in the germinated samples compared to raw moth beans. The 
FRAP and DPPH-RSA also increased in germinated moth beans. The carbohydrate digestive enzymes (α-amylase and α-glucosidase) activity 
was inhibited significantly in germinated moth beans. The carbohydrate digestive enzymes (α-amylase and α-glucosidase) activity was 
inhibited significantly in germinated moth beans. The person correlation showed a significant relation between total phenolics and TAC. The 
results suggested that the seeds priming with SA have increased antioxidant potential and enzyme inhibitory effect to improve the health 
benefits through diet.  
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INTRODUCTION 

Legumes have a great nutritional composition, as well as a number of phenolic chemicals linked to human health benefits 

(Duranti, 2006). Phenolic compounds are the primary antioxidants found in legumes and they play an important role in 

minimising the impacts of cellular and molecular damage by lowering reactive oxygen species which are involved in the 
development of many diseases ( Theriaut et al., 2006). Eliciation is a technique in which elicitors are utilised to boost the 

metabolite production and antioxidant potential in plants (Baneas et al., 2014). Several studies have found the elevated 

phenlolic metabolites in legumes as a result of elicitor administration, as well as germination via a PPP-associated 
endogenous defence response (Shetty et al., 2009). Natural elicitors include oregano extract, folic acid, and chitosan. Salicylic 

acid, as an elicitor has been demonstrated to be a very good signal molecule for regulating plant responses in a number of 
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experiments (Breusegem et al. 2001; Ahmad et al., 2018). SA is vital in the control of the redox balance across membranes. It 
reduced the harmful effects of reactive oxygen species (ROS) caused by oxidative stress by enhancing the activity of 

antioxidant enzymes like superoxide dismutase (Yang et al. 2004; Singh and Usha, 2003).  

Phenolic chemicals also aid in the management of the postprandial glycemic response by inhibiting the activity of lipase, α-

amylase, and α-glucosidase ( Balasubramaniam et al., 2013).Germination is a low-cost, home-scale procedure that boosts 
bean antioxidant potential and inhibits enzyme activity. 

MATERIALS AND METHODS 

Chemicals 

Salicylic acid ( S 6271) , DPPH (2,2-Diphenyl – 1-picrylhydrazyl) ( D 9132), Gallic acid ( G 7384),N-(1-napthyl ethylene di 

amine di hydrochloride ) ( N 9125), Rutin hydrate ( R 5143), TPTZ ( 2,4,6- Tris ( 2-pyridal ) -s- triazine ) ( T 1253) , PPA ( 

porcine pancreatic alpha amylase type VI-B) ( A 3176), Acarbose ( A 8980), pNPG ( 4-p nitrophenyl – α- glucosidase ( Type I 
from baker’s yeast) ( G 5003), were purchased from Sigma Aldrich Company ( St. Louis, MO, USA). Soluble starch purchased 

from SRL Mumbai, India. All other chemicals were purchased from local manufacturer and were AR grade. 

Seed treatment and germination 

Seeds of moth beans (Vigna aconitifolia) were obtained from the D- mart store of Vallabh Vidyanagar, Gujarat. Seeds were 

cleaned and stored in plastic container till further use. Experiments were conducted in the P.G. Department of Home Science, 
V. V. Nagar. In this study 100 gm. of seeds were soaked in varying concentration of SA solution (0 ppm/L , 50 ppm/L , 100 

ppm/L, 150ppm/L and 200 ppm/L for ) 12 hours . Then seeds were washed with distilled water and taken between two layers 

of filter papers. The pre-soaked seeds were put into incubator at 37 ° C temperature and water was sprinkled at regular 

interval to avoid moisture loss. Seeds were allowed to germinate for 24 hrs. At the end germination seedling weight was taken 
and dries in an oven at 60 ° C for two days and three constant weight was taken. After dehydration, these sprouts were dried, 

powdered and stored at – 20 ° C till analysis. 

The known amount of (3 gm.) of powder was extracted using 15 ml of methanol: water (80:20) solvent with P H 2. The dried 

powder along with raw moth beans was crushed in a motor and pestle. The mixture was kept in shaker for 30 minutes. The 
content were centrifuged for 10 minutes at 6000 rpm. The supernatant was collected in a sugar tube. To the residue 10 ml of 

methanol: water was added and process was repeated. The supernatant was pooled and made the volume to 50 ml with the 

solvent. There extracts were analysed for biochemical and enzymatic assay.  

Total Phenolics assay 

Total Phenolics were measured as Gallic acid and equivalents (GAE) / 100 gm (Singleton et al., 1999). In the extracted 
sample of moth (raw and sprouts), 5 ml of distilled water and 0.5 ml of Folin –Ciocalteu phenol reagent were added. After an 

incubation period of 5 min, 1 ml of 5 % Na2CO3 was added mixed well and kept in the dark for 30 minutes. Then the samples 

were vortexed and the absorbance was measured at 750nm using UV spectrometer. 
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Flavonoid 

Flavonoid content from the samples was determined using aluminium chloride colorimetric technique (Zhishen et al., 2000) 
and the results were expressed as rutin equivalents (mg RE) / 100 gm. of dry weight. 

Antioxidant assay 

The antioxidant activity of the moth bean sprouts was determined by ABTS radical scavenging activity assay ( ABTS- RSA ), 

1- 1- di phenyl - 2 – picryl hydrazyl ( DPPH – RSA) and Ferric Reducing Anti - oxidant Power assay ( FRAP) inhibition.  

In the ABTS-RSA , the free radical – scavenging activity was determined by ABTS ( 2,2- - Azino-bis, 3- - ethyl benzo 

thiazoline- 6- sulfonic acid diammonium salt) radical cation colourization assay described by Pellegrini et al., 1999 and 
modified by Parikh et al., 2018. The results were calculated using the formula (1) and the results were expressed as % of 

TEAC of dry weight basis. 

The DPPH-RSA was determined the method described by Bran- Williams et al., 1995 and modified by Parikh et. al., 2018 was 

followed for determining the anti - oxidant activity of the methanolic extract of moth, on the basis of the scavenging activity of 
the stable 2-2—di phenyl – 1 picryl hydrazyl ( DPPH) free radicals. Extract was added to methanolic solution of DPPH and 

absorbance at 517 nm was recorded after 20 minutes. Percentage inhibitions were calculated using the formula (1) : 

( A Control- A sample/ A control) * 100 and the results were expressed as mg TEAC/ 100 g of moth beans. 

The FRAP assay was carried out by method developed by Benzie and Strain 1996 and modified by Parikh et al., 2018. Trolox 

standard curve was developed using different aliquots and results were expressed in mg Trolox Equivalent Antioxidant 

capacity (TEAC) / 100 gm. of moth. 

Alpha amylase Inhibition assay 

α-amylase inhibition activity was determined by the slightly modified starch – iodine colour change method by Kotowaroo et al. 
2006 ; Mahomoodaly et al., 2012. Here, 300 µl of α-amylase solution from porcine origin was added to 1 ml of soluble starch 

solution starch solution and 100 µl of sodium acetate buffer ( 0. 1 M, P H 7.2). The reaction mixture was incubated for 37 ° C 

for 1 hr. Then 100 µl from the reaction mixture was discharged into 3 ml of distilled water and 100 µl of iodine solution. The 
absorbance of the starch – iodine solution was measured at 565 nm. For assess in the potential inhibitory activity of graded 

concentrations of elements of moth extracts. 100 to 400 µl extract was pre incubated with 300 µl enzyme solution at 37 ° C for 

30 min. Acarbose solution was used as a positive control. Along with raw and sprouts samples similar treatment given to only 
starch, only Enzyme and substrate (i.e. enzyme and starch). The results were expressed as % inhibition of enzyme activity 

and calculated with the following equation: 

% inhibition of α-amylase activity = (A ex - A e)/ (As- A e)*100 

 Where , A ex is the absorbance of extract, A e is the absorbance of the enzyme and As is the absorbance of the starch.  
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Alpha glucosidase inhibition assay 

The yeast α- glucosidase was dissolved in 100 mM phosphate buffer having P H – 6.8 and was used as an enzymes extract. 
Moth extracts were used in the concentration ranging from 75-150 µl and mixed with 0.1 M Phosphate buffer at 37 ° C for 10 

minutes. 5 µl of p-Nitrophenyl – α – D - glucosidase (pNPG) was used as the substrate and incubated for 75 min. at 37 ° C. It 

hydrolysed by α- glucosidase and releases p- nitro phenol. To stop the reaction 0.1 M Sodium carbonate (0.4 ml) was added 
to the mixture and the colour intensity measure at 405 nm (Wang et al. 2015; Penas et al., 2015). The control samples were 

prepared without moth extract. The glucosidase inhibitory activity was expressed as percentage inhibition.  

 
The % inhibition was calculated according to the formula: (2) 

% Inhibition = ( A control- A sample) / A control *100 

 
Statistical analysis 

Each experiment was performed in duplicate and expressed as mean ± SD. Statistical analysis were performed using SPSS 

20. Analysis of Variance were performed using ANOVA. Significant difference (p ≤ 0.05) between the means were determined 

using Duncan’s test. Pearson’s co efficient (r) were also calculated to establish the relationship among various parameters.  

RESULT AND DISCUSSION 

As an elicitor, salicylic acid has demonstrated to be a well-known signal molecule for influencing plant responses as well as a 

possible antioxidant. As a result, the effect of different salicylic acid concentrations on antioxidant potential as well as α- 
amylase and α- glucosidase inhibition in Moth beans was investigated in this work. SA is an excellent inducer of plant defence 

systems, accumulating quickly at the site of infection and causing a hypertensive reaction that spreads throughout the body, 

inducing a wide spectrum of defence responses. In plants, SA also stimulates gene expression related to biosynthesis and 
secondary metabolite production. 

The phenolic chemicals produced through the shikimate Pathway, pentose phosphate, and phenyl propanoid pathways are 

broadly dispersed in all plants (Balasundaram et al., 2006). Previous research has revealed that the main phenolic chemicals 

found in beans with potential anti-oxidant activity are phenolic acids and flavonoids (Amarowicz and Peeg, 2008 ; Telles et al., 
2017).  

The total phenolics (TP) content was 21.43 mg% in raw moth beans and was increased significantly (p ≤ 0.05) when moth 

beans were germinated with (T-3 to T-6) or without (T-2) salicylic acid elicitation (table-1). The increase in TP in control 

germinated moth beans ( T-2) was approximately 4 times and ranged from 5.5 to 8 times in T-3 to T-6. Varying concentration 
of salicylic acid had a positive and linear effect on the TP in moth beans germinated with salicylic acid elicitation. From there 

results, it can be said that salicylic acid does induced a stress like stimuli, which increased the TP in moth beans. Our findings 

are in accordance to previous studies on sprouted moong beans with lactoferrin, fish protein hydrolyzates, oregano extract and 
chickpea with salicylic acid (Randhir et al. 2004; War et al., 2011). 
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Table 1:   The total phenolics and Flavonoid content of the raw, and germinated moth beans with salicylic acid elicitor 

 

 Total Phenols Flavonoid 

T-1 21.43±0.28 a 47.68 ± 2.01 a 

T-2 89.15± 0.57 b 107.37 ± 4.71 b 

T-3 119.19 ± 6.91 c 136.22 ± 6.27 d 

T-4 134.70 ± 4.50 d 115.79 ± 3.30 c 

T-5 148.25 ± 6.65 e 131.41  ±2.926d 

T-6 169.67 ± 7.51 f 162.26 ± 4.78 e 

F Value 394.29 334.24 

 
Values are mean of ± S.D. of four observations.  

Mean value of different superscripts within a column are significantly different from each other ( p ≤ 0.05). GAE-Gallic acid equivalent, TE- 
Trolox – equivalent 

 

Phenols and flavonoids are an excellent antioxidant and prevent the oxidative disease Flavonoids protects against oxidative 
stress by scavenging free radical or chelating process. Some findings coincides that during germination some secondary plant 

metabolites such as anthocyanin and flavonoids might be produce due to biochemical metabolism (Randhir et al., 2004). 

The Flavonoid present in moth beans is calculated by using a standard curve prepared with Rutin. A significantly higher (p ≤ 

0.05) flavonoid content was found in moth beans germinated with salicylic acid i.e. T-6 and lowest value was obtained in raw 
i.e. 47.68 mg%. The results showed the positive and linear effect on flavonoid content in moth beans germinated with salicylic 

acid.  

The total antioxidant capacity (TAC) is the ability of an antioxidant chemical to neutralize free radicals by scavenging and 

chelating them. To evaluate TAC in plant foods, a variety of in vitro methods based on diverse concepts have been developed. 
In this study FRAP, DPPH-RSA and ABTS-RSA were used to measure TAC of control and germinated moth beans. As many 

studies reported a positive and a significant correlation among these three different in vitro total antioxidant capacity method 

(Randhir et al. 2009; Burguieres et al., 2007).   

The FRAP assay analyses any elicitor's antioxidant effect in terms of its reducing ability in the reaction media, and it reflects 
total antioxidant power via a single electron transfer reaction. Antioxidant potential of methanolic extract of moth beans was 

estimated from their ability to reduce TPTZ- (Fe-III) complex to TPTZ (Fe-II).  The FRAP was increased in germinated moth 

beans (T-2) and germinated moth beans with elicitation (T-3 to T-6) compared to T–1. The elicitation of moth beans with 

salicylic acid showed a significant effect on the FRAP. The FRAP was increased approximately 8.5 to 9 times in T-2 to T-6 
than the raw moth beans. 
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The organic free radical DPPH (2, 2- Diphenyl – 1- picrylhydrazyl) is a persistent organic free radical whose absorption is 
reduced by an antioxidant. The presence of a hydrogen-donating antioxidant chemical and the reduction of methanolic DPPH 

solution results in the formation of a non-radical form (DPPH- H). At 517nm, DPPH achieves maximum adsorption by 

absorbing an electron (Burguieres et al., 2007). The methanolic extract of moth beans may contain some substances that 
function as electron donors, converting free radicals into more stable products and interrupting radical chain processes. The 

DPPH- RSA of methanolic extract of moth bean were ranged from 10.32 to 30.49 %. The highest activity was found in T-6 and 

lowest was found in T-1.  

The ABTS/ K2 S2O8 system produces the blue radical cation ABTS. The ABTS assay has been compared to standard Trolox. 
The antioxidant capacity of the moth beans extract was assessed by examining decolourization in the reaction medium. The 

raw Moth beans (T-1) showed minimum i.e. 10.49 % of ABTS – RSA. The germinated moth beans with SA elicitation (T-4 and 

T-5) showed the similar ABTS–RSA. The T-3 to T–6 showed a significantly higher ABTS- RSA and a linear response of SA 
concentration on ABTS-RSA. 

The results of FRAP, DPPH-RSA and ABTS- RSA are graphically presented in Figure 1. The increased total antioxidant in 

response of salicylic acid elicitation is probably due to stimulation of PPP in legume (Shetty et al., 2002; Randhir et al., 2007). 

As mentioned earlier salicylic acid is a potential antioxidant which might be a second possible cause of increased TAC in 
germinated moth beans. In response to salicylic acid eliciation, antioxidant activity was raised in germinated fava bean 

sprouts, and the increased TAC was linked to increase SOD and catalase activity (Ahmad et al., 2012). Antioxidant activity 

was increased in dark germinated fava beans sprouts in response of ascorbic acid eliciation and correlated the increased TAC 

with increased SOD and catalase activity. Studies (Wang et al. 2015; Randhir et al., 2007) reported increase in TAC in lentils, 
Fava beans and other legumes.   

 

Figure: 1 FRAP, DPPH –RSA and ABTS -RSA content of the Raw and germinated Moth beans 
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Besides antioxidant activity phenolic compounds also plays an important role in inhibition of α – amylase and α – glucosidase 
activity in Vitro (Zhang et al., 2004). These days, research efforts are more focused on Type – II Diabetes care through dietary 

practises. Consumption of foods high in α- amylase and α- glucosidase inhibitors is classified as hypoglycemic. Both enzyme 

inhibitors are important in the treatment of hyperglycemia associated with type 2 diabetes (Known et al., 2006).  Natural source 
of this enzyme is an alternative for dietary control for the prevention of numerous side effects of clinical treatment through 

commercially supplied enzyme inhibitors (Cheplik et al., 2008).  As α- amylase inhibitors are starch brokers that bind to 

amylase enzymes' reactive sites and lower blood sugar levels through their catalytic action. The inhibitory effect of α-amylase 
and α- glucosidase in moth beans sprouts are graphically presented in Figure.2.  

 

Figure: 2     Inhibitory effects of α- amylase and α- glucosidase in moth beans sprouts 

 

The methanolic extract of moth beans (T-6) showed increase inhibitory activity i.e. 25.51 % whereas T-1 showed 13.46 % 
inhibition (Figure 2). There was no effect of salicylic acid elicitation on α-amylase inhibition in moth beans. There results 

revealed that germination had a good impact on α- amylase inhibition and methanolic extract showed a comparable results 

with acarbose. 

α- glucosidase converts di and oligosaccharide to glucose, which is then released from the small intestine's cell lining. The 

postprandial blood sugar level is managed by inhibiting intestinal α-glucosidase enzymes in a competitive and reversible 
manner, which delays glucose absorption in the intestine. The α-glucosidase inhibition in moth beans (T-6) was 89.39 %. 

Germination with (T-3 to T-5) and without (T-2) SA elicitation did not showed any significant effect on α- glucosidase inhibition 
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(table-2). The germinated legumes contains TP and Flavonoid which showed inhibition effect on α - amylase and α- 
glucosidase enzymes.  

Table: 2 Pearson correlation among various parameters 

 Total Phenolic Flavonoids FRAP DPPH- 
RSA 

ABTS- 
RSA α -  glucosidase α- amylase 

Total Phenolic 1 .943** .945** .704 -.681 -.630** .898** 

Flavonoids .943** 1 .815** .786** -.557** -.644 .905** 

FRAP .945** .815** 1 .505** -.689** -.470** .848 

DPPH- 
RSA .704** .786** .505** 1 -.293 --.785** .577** 

ABTS- 
RSA .681** -.557** -.689** -.293 1 .421** -.543** 

Proline -.980** -.904** -.955** -.691** .695** .622** -.861** 

α -  glucosidase -.630** -.644** -.470* -.785** .421 1** -.421* 

α- amylase .898** .905** .848** .577** -.543 -.421** 1** 
 

**correlation significant at the 0.01 level (1- tailed) 

*Correlation is significant at the 0.05 level (1- tailed) 

In this study Pearson’s correlation was studied to evaluate a relationship between various biochemical parameters. The results 

obtained are shown in table 2. The total phenolics had a positive and a significant correlation with Flavonoid, Total antioxidant 

capacity and α- amylase inhibition. It had a negative and significant correlation with α- glucosidase inhibition. The correlation 
between three different methods of Total anti-oxidant capacity was found to be positive and significant.  

CONCLUSION 

Seed priming with salicylic acid has been found to influence the antioxidant capacity as well as α- amylase and α- glucosidase 

inhibition of Moth beans. Therefore it is suggested to prim the Moth beans before germination and could be used as Moth 

bean sprouts in daily diet to have various health benefits. 
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