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ABSTRACT 

Introduction: Phaseolus vulgaris L also known as common beans or black turtle beans are known worldwide as 

the most important legume for direct human consumption. Many parts of the plant are known to have important 

pharmacological potential against many diseases including diabetes. Despite the importance of this legume, P. 

vulgaris remains an underutilized and under-researched legume in Nigeria. Its therapeutic potential is being 

overlooked and undermined due to insufficient data on its bioactivity. These bioactive compounds present in 

some plant derived foods are found as fraction, crude extract, and isolated bioactive compounds that have been 

screened for antioxidative and antidiabetic potential.  Several plant-derived foods and isolated bioactive 

compounds with potential antidiabetic properties are very limited. 

Objective: To investigate and estimate the antioxidative and antidiabetic effect of the different solvent extracts 

of P. vulgaris seed in vitro. 

Methods: Samples were subjected to antioxidant assays using 1,1-diphenyl-2-picryl-hydrazyl (DPPH) radical 

scavenging activity, ferric reducing power and 2,2-azino-bis (3-ethylbenzothiazoline)-6-sulfonic acid (ABTS) Anti-

diabetic potential in vitro was estimated by evaluating various solvent extracts on α-amylase and α-glucosidase 

for any inhibitory effects at doses ranging from (100-500μg/ml). Characterization of possible bioactive constituent 

in the different solvent extract was done using FTIR spectroscopy. 

Results: Aqueous extract showed a higher number of total polyphenol (11.3 ± 0.01mg/gGAE) and anthocyanin 

content of 76.34 ± 1.12 mg/g when compared with the other solvent extract. This was followed closely by the 
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ethanol extract with a value of 7.3±0.01Mg and 74.53 ± 0.24 Mg/g. Ascorbic acid had a significantly higher 

(P<0.05) activity in the antioxidant assays used. However, among the solvent extracts tested, ethanol extract 

displayed highest (P<0.05) for ferric reducing power activity, (80.78±0.6mg/ml), ethyl acetate, aqueous and 

ethanol extracts had similar DPPH activities (12.92±2.30 mg/ml, 12.59±2.33 mg/ml and 12.54±2.30mg/ml) 

respectively. Dichloromethane, hexane, ethanol and ethyl acetate had similar ABTS activities. (5.69±2.86 mg/ml; 

6.92±0.14 mg/ml; 10.10±1.11 mg/ml; 10.76±2.98 mg/ml) respectively. All solvent extracts displayed similar 

inhibitory activities against α amylase. However, ethyl acetate, aqueous and ethanol extracts showed significantly 

(P<0.05) higher values for α-glucosidase (3.07±0.61mg/ml; 2.82±0.14mg/ml; 2.60±0.61mg/ml). The Fourier 

Transform infra-red spectrophotometer (FTIR) of the extracts disclosed that the presence of polyphenol and 

flavonoids were due to the OH stretching and the terpenes were due to the C-H group. 

Conclusion: In conclusion, different solvent extracts from the seed of Phaseolus vulgaris have demonstrated low 

antioxidative but very promising anti –diabetic activities in vitro. The ethanol extract however displayed higher 

activity than other solvent extracts, FT-IR results of ethanol extracts revealed the presence of flavonoids, 

anthocyanins and phenolics. This study may further suggest that seeds of Phaseolus vulgaris signify a functional 

food as well as a nutraceutical in terms of managing of Type 2 diabetes. 

Keyword: Phaseolus vulgaris, α amylase, α glucosidase, antioxidative 

©FFC 2021.  This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0 

License (http://creativecommons.org/licenses/by/4.0) 

https://ffhdj.com/index.php/FunctionalFoodScience
http://creativecommons.org/licenses/by/4.0


 FFS Page 25 of 38 Functional Food Science 2021; 1(9): 23-38 

INTRODUCTION
The long history of researching medicinal properties 

of plants and the identification of the chemical 

components that are responsible for their 

activity have justified healing wisdoms and the 

enduring healing potential of many plant medicines 

[1]. Plants have long provided mankind with herbal 

remedies for many diseases, and they continue to 

play a major role in the field of primary health care 

as new therapeutic remedies in developing countries 

[2]. Phytochemicals have become great interest in 

the last few years as they have been increasingly 

found in plants food as bioactive compounds. The 

interest peaked because they have been linked to 

the reduced progression   or prevention of chronic 

diseases such as cancer, heart disease, and 

degenerative diseases.  Promotion of healthy 

diets, nutrition, and lifestyles to reduce the global 

burden of these diseases is continually being 

advocated for, and a possible way out is the copious 

consumption of functional foods, nutraceuticals, and 

value-added food products, due to their 

ready availability and diseases preventing 

characteristics [3]. 

Diabetes mellitus is a chronic metabolic 

disorder that is of great public health concern. It can 

occur two ways, either as a result of pancreatic 

defect in secreting insulin or in the failure of 

one’s receptor cells to effectively use secreted 

insulin, or both.  

Globally, diabetes mellitus is 

growing exponentially with 463 million adults 

presently living with the disease. This defect causes 

high increase in blood sugar, which can eventually 

lead to significant damage to kidney, eyes, heart, 

blood vessels and nerves. [4, 5]. Nigeria is ranked 

highest in Africa. More than 95% of cases of 

diabetes in Nigeria are Type 2 diabetes [6]. 

Development of diabetes complication is mainly 

caused by hyperglycemia. Hyperglycemia 

damage occurs in cells in which glucose uptake 

is independent of insulin, which is similar to 

what happens in beta-cells, it has been reported 

that the 

cause of the complications resides inside the cells [7]. 

Factors that contribute to the development of 

diabetes complication include hypertension and 

dyslipidemia. The development and progression of 

damage is directly linked to hyperglycemia; hence the 

lowering of glucose levels is the most important 

strategy for preventing complications and treating 

diabetes [8]. An antioxidant is any substance that can 

slow down or prevent the oxidation of a particular 

substrate [9]. There is a growing interest for the use 

of natural antioxidants and antidiabetic due to the 

less perceived side effects and its low cost. Currently, 

modern synthetic antidiabetic drugs are used to 

control diabetes; however, there are rarely any of 

these drugs without disadvantage. Studies have 

shown that certain bioactive compounds in foods 

have various disease fighting properties [10]. Some 

plant derived foods that are in the form of crude 

extract fractions and have isolated bioactive have 

been screened to find any antioxidative and 

antidiabetic potential [11-12]. A number of plant-

derived foods and isolated bioactive compounds with 

potential antidiabetic properties are very limited. 

Phaseolus vulgaris L also known as common 

beans or black turtle beans is the most important 

legume worldwide for direct human consumption 

[13]. Various parts of the plant have been shown to 

have important pharmacological potential against 

many diseases [14]. Black bean's seed has been used 

by some families in Western Cameroon in the 

management of sickle cell disease. Consumption of 

the cooked black bean seed weekly significantly 

reduced the frequency of the crises in sickle cell 

patients [15]. The mature bean pods have been 

reported to have weak antidiuretic effect [16]. It has 

also been documented to have been use in tradition 

medicine for various ailments. Previous studies have 

reported antioxidative, anticancer, antidiabetic of P. 

vulgaris [17-19]. Most of the studies carried out on 
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the legume focused on its seed coat. Moreover, P. 

vulgaris is an underutilized and under-researched 

legume in Nigeria [20]. Its therapeutic potential is 

being overlooked and undermined due to insufficient 

data on its bioactivity, and the bioactive compounds 

present therein. This research work was designed to 

investigate and evaluate the potential antioxidative 

and antidiabetic effect of the different solvent 

extract of P. vulgaris seed grown in Nigeria. 

Furthermore, characterization of the possible 

bioactive compounds was carried out using FTIR. 

MATERIALS AND METHODS 

Chemicals and reagents: Pancreatic alpha amylase, 

human salivary amylase 3, 5-dinitrosalicylic acid 

(DNSA), starch soluble, Streptozotocin, yeast α-

glucosidase p-nitrophenyl-α-D-glucopyranoside 

(pNPG), p-nitrophenol, acarbose, 1,1-diphenyl-2-

picrylhydrazyl radical (DPPH) maltose, absolute 

ethanol, ethyl acetate, trichloroacetic acid, hydrogen 

peroxide, ferric chloride, Griess reagent, sodium 

nitroprusside, thiobarbituric acid, reduced 

glutathione, Folin ciocalteau reagent and other 

reagents used for this research were of analytical 

grade and were purchased from Sigma-Aldrich Co 

(St.Louis,USA) 

Plant material: Seed of Phaseolus vulgaris was 

purchased from Maikatako market in Mangu local 

government of Plateau state in November 2018. It 

was identified and authenticated appropriately at 

Botany Department Bayero University Kano and was 

allocated a voucher specimen number of BUKHAN 

613. Thereafter, the seeds were handpicked to

remove stones and defected seeds. It was then 

milled to a fine powder and stored in a sealed 

container until it was required for extraction. 

Preparation of the plant extract: Two hundred grams 

of the finely ground seed was dissolved in 200ml of 

various solvent (Hexane, dichloromethane, ethyl 

acetate, ethanol, and water) and were separately 

extracted by soaking in the solvent for 72 hours and 

occasional shaking using the hand. Filtration was 

carried out using Whatmann filter paper (No 1). Then 

the solvents were subjected to evaporation at 

reduced pressure using a rotary evaporator to obtain 

the extracts. However, the aqueous solvent was 

allowed to dry in a water bath at 50⁰C. The extracts 

that were realized were weighed and stored in a 

refrigerator at 4⁰C until they were needed for 

analysis. 

Estimation of total phenol content: The method 

described by Escribano-Bailon and Santos-Buelga [21] 

was used for the determination of total phenol 

content. Briefly, Folin-Coicalteu method using gallic 

acid as a standard compound. Then 0.5mL of the 

sample extract was mixed with 25 mL of deionized 

water, 2 mL of 7% Na₂CO₃, 0.5 mL of the Folin-

ciocalteu reagent. At 735 nm, against the blank 

sample, containing no sample mixture, the reaction 

mixtures absorbance was measured. Using a five-

point calibration curve (20-100 mg/L), the total 

phenols were determined by a comparison of the 

values obtained with the calibration curve of gallic 

acid. All of measurements were conducted in the 

triplicate. 

Determination of flavonoids: The flavonoid content 

was determined by Quvettier et al., [22]. Briefly, the 

samples were treated with 1mL of 5% NaNO₂, then 

1mL of 10% of Al (NO₃)₂ including 10mL of 4% NaOH 

solution was added. The mixtures were allowed to 

stand at room temperature for 60 minutes. The 

absorbance values were taken from a 

spectrophotometer when it read 500nm. The content 
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of flavonoids in extracts was reported as rutin 

equivalent in mg/g. 

Anthocyanin content: Anthocyanin in all extracts was 

determined by methods previously described by [23]. 

Briefly, 0.5mL of each sample was pipetted with a 

volumetric pipette into a 50mL beaker; 2mL of 

0.025M KCl was added, plus 2mL of 0.4M CH₃CO₂Na. 

3H₂O. The PH of the mixture was maintained at 4.5 at 

room temperature for 10 minutes with some 

occasional shaking. The diluted portion of each 

sample was turbid and cloudy. The contents were 

centrifuged at 200 r.p.m for 5 minutes. The 

centrifuged contents were read at 520 nm in a 

UV/visible spectrophotometer within 20-25 minutes 

of preparation. The standard solution was prepared 

at (20 – 100 mg/L). The calibration curve of the 

cyanidin– 3–glucoside was read along with the 

sample solutions. 

1-1-dipheny l–2 picrylhydrazyl free radical

scavenging activity (DPPH): The free radical 

scavenging ability of the extracts against DPPH (1, 1-

diphenyl–2 picrylhydrazyl) free radical was evaluated 

by what Tuba and Gulcin (2008) called a slighty 

modified method. Briefly, 0.3 mM solution of DPPH 

was prepared in methanol and 500 µL of the DPPH 

solution was added to 1 mL of the extracts at various 

concentrations (15–240 µg/mL). These solutions were 

mixed and incubated in the dark for 30 minutes at 

room temperature. The absorbance was read at 517 

nm against blank samples lacking scavenger. 

Ferric cyanide (Fe3+) reducing antioxidant power 

(FRAP) assay: The total reducing power of the 

extracts was determined using the FRAP method of 

Oyaizu [25] with slight modifications. To perform this 

assay, 1 mL of each extract (15–240 µg/mL) was 

incubated with 1 mL of sodium phosphate buffer (0.2 

M, pH 6.6) and 1% potassium ferricyanide at 50⁰C for 

30 minutes. Then, 1 mL of 10% trichloroacetic acid 

was used to acidify the reaction mixtures. After the 

acidification, 1 mL of the sample was mixed with 1 mL 

of distilled water and 200 µL of 0.1% FeCl₃. The 

absorbance of the resulting solution was read at 700 

nm in a spectrophotometer. The absorbance of the 

samples is proportional to the reduction capability of 

the extracts. The results were expressed as a 

percentage of the absorbance of the sample to the 

absorbance of Gallic acid. Ferric reducing antioxidant 

power % = Absorbance of sample/ Absorbance of 

Gallic acid X 100 

-2, 2’-azino-bis (3-ethylbenzothiazoline-6-sulphonic

acid) (ABTS) scavenging activity of ABTS scavenging 

activity: The ABTS scavenging activity of the plant 

extract was determined using the method of Re et al., 

[26] Analysis was carried out in a triplicate.

Alpha amylase inhibitory activity: The α-amylase 

inhibitory activity was measured according to Shai et 

al., [27] with slight modifications was used. A volume 

of 250 µL of each extract or acarbose at different 

concentrations (100-500µg/mL) was incubated with 

500 µL of porcine pancreatic amylase (2µ/mL) in 

phosphate buffer (100 mM, pH 6.8) at 37 °C for 20 

minutes. Then, 250 µL of 1% starch was dissolved in 

100 mM phosphate buffer (pH 6.8) was further added 

to the reaction mixture and then incubated at 37° C 

for 1 hour. Then dinitro salicylate color reagent (1 mL) 

was added then left to boil for 10 minutes. The 

mixture resulted in an absorbance that read at 

540nm, and the inhibitory activity was expressed 

without the inhibitors as a percentage of control.  

Alpha glucosidase inhibitory activity: The α-

glucosidase inhibitory activity was determined by the 

method described by [10] with slight modifications. 
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Briefly, 250 µL of each extract or acarbose at different 

concentrations (30-240 µg/mL) was incubated with 

500 µL of 1.0 U/mL α-glucosidase solution in 100 mM 

phosphate buffer (100mM, pH 6.8) at 37 °C for 15 

minutes. Then, 250 µL of pNPG solution (5 mM) in 

phosphate buffer (100 mM, pH 6.8) was added and 

the reaction mixture was further incubated at 

37^(o)C for 20 minutes. The absorbance of the 

released p-nitro phenol was measured at 405 nm and 

the inhibitory activity was expressed as a percentage 

of the control without the inhibition. All assays were 

carried out in a triplicate. The inhibitory activities of 

the extracts on the α-glucosidase and α-amylase were 

calculated by using the following formula:  

Inhibitory activity % = (1− As/Ac) x 100 

Where As: is the absorbance in the presence of the 

sample and Ac: is the absorbance of the control. 

The concentration resulting in inhibition of 50% 

enzyme activity and scavenging activities (IC50) were 

obtained by calculating from the plot of percentage 

inhibition against log (concentration of the samples) 

Fourier Transform Infrared Analysis (FTIR): The FTIR 

analysis was carried out for the extracts of the using 

the software and FTIR spectroscope and scan range of 

650-4000cm⁻¹ and a resolution of 8cm⁻¹.

Statistical Analysis: Data from this study were 

analyzed using statistical package software (SPSS for 

windows version 18) using Tukey’s HSD multiple pos 

hoc test. The value of statistical significance was 

considered at p<0.05. 

RESULTS 

The present study revealed that the various solvent 

extract showed a variable amount of polyphenol, 

flavonoid, and anthocyanin content. From the results, 

significantly (p<0.05) higher amounts of total 

polyphenol and anthocyanin were detected in the 

aqueous extract compared to other solvent extracts. 

(Table 1) The ethanol extract however showed a 

much higher (p<0.05) total flavonoids content in 

comparison to the other solvents. 

Table 1:  Total polyphenol, and anthocyanin and flavonoid contents of various solvent extracts of P.vulgaris 

seeds 

Samples Total polyphenols 
content (mg/g GAE) 

Total flavonoids 

content (mg/g QE) 
Anthocyanin content 
(mg/g QE) 

Ethyl acetate 4.91±0.02a 0.49±0.01a 28.83±0.34a

Hexane 3.07±0.01b 0.37±0.01b 36.49±0.32b

Dichloromethane 6.6±0.00c 1.27±0.02c 65.56±0.09c

Aqueous 13.9±0.01d 1.14±0.03d 76.34±1.12d

Ethanol 7.3±0.01e 1.89±0.05e 74.53±0.24e

Data are presented as mean ± SD values of a triplicate determinations. Values within a column with different 

superscripts are significantly different from each other (Tukey’s-HSD multiple range post hoc test, p < 0.05) 

In vitro assay antioxidant assay: The in vitro antioxidant activities of the various solvent extract of seeds of 

P.vulgaris are displayed in figure 1-3 
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Figure 1: DPPH radical scavenging activities of seed extracts of P.vulgaris in different solvents. Values with different 

letters for each extract at a given concentration are significantly different from each other  

Figure 2: ABTS radical scavenging activities of seed extracts of P.vulgaris in different solvent. Values with different 

letters for each extract at a given concentration are significantly different from each other  
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Figure 3: Ferric reducing antioxidant potential of seed extracts of P.vulgaris in different solvents. Data are 

presented as mean ± SD of triplicate determinations. 

The percentage inhibition of aqueous and ethanol 

extract was significantly higher (p<0.05) than those of 

hexane, dichloromethane, and ethyl acetate extract 

for DPPH radical scavenging activity. (Figure1.) 

However, percentage inhibition of the standard was 

significantly higher than solvent extracts that varied 

in concentrations (10-150μg/ml) used. The result of 

ABTS of extracts from P. vulgaris seeds showed that 

at 10-100 μg/ml there was no significant difference 

amongst the extracts. However, at the highest 

concentration (150μg/ml), extracts of 

dichloromethane had significantly higher percentage 

inhibition than ethyl acetate. Dichloromethane, 

hexane, ethanol, and aqueous extracts showed no 

significant difference between each other. (Figure 2). 

The standard had a significantly higher percentage 

activity (p<0.05) than all extract at all concentrations. 

Figure 3 shows the percentage inhibition of Ferric 

reducing power. Results revealed a weak activity of all 

the solvent extracts which was observed to decrease 

as concentration increases. There was no significant 

difference amongst all the extracts however the 

ascorbic acid significantly had a higher percentage 

inhibition activity than all the extracts. Table 2 shows 

the calculated IC₅₀ of different solvent extract of 

Phaseolus vulgaris seed in antioxidative model used. 

The calculated IC₅₀ indicated that the extracts of the 

various solvents did not vary significantly from each 

other but were significantly (p<0.05) different from 

ascorbic acid. (Table 2). The result of DPPH showed 

the IC₅₀ value of ascorbic acid (1.35± 0.006 mgml) to 

be significantly (p<0.05) lower than all the solvent 

extracts. Ethanol extract had the lowest IC₅₀ value 

(12.54±2.30mg/ml) among the solvent extracts 

though not significantly different from the other 

extracts. The IC₅₀ values recorded were 12.59±2.33, 

12.92±2.30, 20.45±6.49 and 26.12±4.94 mg/ml for 

aqueous, ethyl acetate, hexane and dichloromethane 

extract respectively. (Table 2) For ABTS, the IC₅₀ value 

of ascorbic acid (0.96±0.111 mgml) was also 

significantly higher (p<0.05) than all the tested 

solvent extracts, with the exception of 

dichloromethane (5.69±2.886 mgml) which did not 

vary significantly from ascorbic acid. There was no 
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significant difference between the IC₅₀ values of 

hexane (6.92±0.114 mgml) and dichloromethane. 

Ethanol (10.10±1.110 mgml), ethyl acetate 

(10.76±2.998 mgml) and aqueous 13.24±3.6mg/ml 

had IC₅₀ values that did not significantly differ from 

each other. For FRAP, IC₅₀ values indicated that the 

solvents' extracts significantly differed from each 

other. Ascorbic acid possessed IC₅₀ value (1.59±0.003 

mgml) which was significantly lower than all solvent 

extracts. Ethanol extract had the least IC₅₀ value of 

80.78±0.6mg/ml when compared with other solvent 

extracts. 

Table 2:IC50 of different solvent extract of Phaseolus vulgaris seed in antioxidative model used. 

IC50 (mg/ml) 

SAMPLES DPPH scavenging activity ABTS Ferric  reducing antioxidant 

potential 

Ethyl Acetate 12.92±2.30b 10.76±2.98bc 125.53±3.59c

Hexane 20.45± 6.49c 6.92±0.14b 112.45±5.6c

Dichloromethane 26.12±4.94c 5.69±2.86ab 541.95±3.3d

Aqueous 12.59±2.33b 13.24±3.6c 789.87±4.3e

Ethanol 12.54±2.30b 10.10±1.11bc 80.78±0.6b

Vitamin C 1.35± 0.06a 0.96±0.11a 1.59±0.03a

Data are presented as mean ± SD values of triplicate determinations. Values within a column with different 

superscripts are significantly different from each other (Tukey’s-HSD multiple range post hoc test, p < 0.05) 

Table 3:  Values of IC50 of different solvent extracts of P.vulgaris seeds in the anti-oxidative and anti-diabetic 

models. 

IC50 (μg/ml) 

SAMPLES α amylase inhibition glucosidase inhibition 

Ethyl acetate 4.19±1.17b 3.07±0.61abc

Hexane 2.87±0.11ab 3.44±0.46c

Dichloromethane 2.81±0.12ab 3.22±0.11bc 

Aqueous 3.15±0.18ab 2.82±0.14ab

Ethanol 3.72±0.40ab 2.60±0.61a

Acarbose 2.49±0.53a 2.54±0.01a

Data are presented as the mean ± SD the values of a triplicate determinations. Values within a column with different 

superscripts are significantly different from each other (Tukey’s-HSD multiple range post hoc test, p < 0.05) 

The FTIR analysis (Figure 4) of ethanol extract showed 

characteristic's absorption bands at 3378cm⁻¹ and 

1052cm⁻¹ (C-O) for hydroxyl (OH) group. The peaks 

obtained at 1745cm⁻¹ represents a carbonyl group 
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(C=O) and 1640cm⁻¹ for C=C group. C=O stretching at 

1745 cm⁻¹ could be aldehyde or ketone functional 

group. The C=C stretching is an aromatic bending, 

1052cm⁻¹ is for aromatic and alkane bending. 

Figure 4: Fourier Transformation infra red (FTIR) spectra of Ethanol extract of P.vulgaris seeds 

Invitro antidiabetic activity: Antidiabetic activities 

were determined by calculating the percentage 

inhibition of the extracts on two key enzymes of 

carbohydrate metabolism. The data of α Glucosidase 

α amylase and inhibition of the different solvent 

extracts are shown in Table 3. From the results, all the 

extracts showed α amylase and α glucosidase 

inhibitory action in a dose dependent manner. The 

percentage inhibition of the standard antidiabetic 

drug was significantly (P<0.05) higher than all other 

extracts at concentrations of 400 and 500μg/ml. 

However, at lower concentrations (100-300 μg/ml) 

ethyl acetate, hexane, aqueous and dichloromethane 

extracts were not significantly different from the 

standard. Ethanol extract had the least percentage 

inhibition activity against α amylase. The α 

Glucosidase percentage inhibitory activity, results 

show that both aqueous and ethanol extracts were 

significantly higher than other extracts but did not 

vary significantly from the standard drug, acarbose at 

all the tested concentrations. For α amylase inhibition 

ethyl acetate had the highest (4.19±1.17) IC₅₀ value. 

(Table 3) and it was significantly (p<0.05) different 

from the other solvent extracts and Acarbose. All 

other solvent extracts were comparable with 

acarbose (2.49±0.53 mg/ml). Ethanol extracts 

displayed significantly p (<0.05) lower IC₅₀ (2.60±0.61) 

when compared with other solvent extracts. IC₅₀ 

values of ethyl acetate and aqueous (3.07±0.61 and 

2.8±0.61) including that of ethanol extract did not 

differ significantly from that of the Acarbose. 

DISCUSSION 

Research has shown that phytochemicals such as 

carotenoids, minerals, polyphenols, and vitamins 

found in multiple forms of food can exhibit 

antioxidant properties [28-29]. Previous work has 

shown that different extracts of Phaseolus vulgaris 

seed are rich in both polyphenols, flavonoids and in 

anthocyanin. [30-32]. Maria et al. reported that the 

black variety of Phaseolus vulgaris [32]. Anthocyanin 

content was higher in our samples as compared to 
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those reported by other researchers, wide 

differences could arise due to different cultivation 

techniques, extraction methods, environmental 

factors, storage conditions and quantification 

procedures in Phaseolus vulgaris species [33-34]. 

Other researchers have reported that large amount of 

anthocyanin, polyphenol, and flavonoids. Our present 

research further corroborates the fact that ethanol 

being a polar solvent is the superior choice for 

extraction of the polyphenols and flavonoids. The 

high amount of anthocyanin found in this legume 

further suggests that it could serve as a useful source 

of not only anthocyanin but also polyphenols and 

flavonoids. 

To assess the antioxidant activity of the extracts, 

various in vitro antioxidant models were utilized. All 

solvents' extracts displayed antioxidant activity 

though it was observed the extracts had a 

significantly lower antioxidant activity when 

compared with the standard this could be because of 

the fact that the seed coat of the Phaseolus vulgaris 

has been reported to be the reason for high 

antioxidant activity, however the whole bean seed 

was used in the present study. Antioxidants are 

compounds that are able to either inhibit or delay the 

oxidation processes 35]. This occurs under when it is 

under the influence of phenolic compounds, as they 

are linked to their ability to scavenge free radicals [8, 

36]. DPPH is a popular method for assessing the 

antioxidant activity of extracts, fractions, or pure 

compounds. It is often employed as a substrate 

because of its ability to accept electrons or hydrogen 

ion from antioxidants thus becomes a stable molecule 

that can then be used to assess the in vitro free radical 

scavenging antioxidative ability of compounds [37]. In 

this model that was used, the extracts showed free 

radical scavenging activities though the calculated 

IC₅₀ were higher than that of the ascorbic acid, the 

ethanol extract however had the least IC₅₀ when 

compared with the other solvent extract. 

The ABTS radical measures the antioxidant 

activities of plant extracts. The radical absorbs at 743 

nm to give a bluish green color, an electron is lost by 

the nitrogen atom of ABTS, which causes formation. 

The various solvent extract and standard scavenged 

the ABTS radical in a concentration dependent 

manner. The dichloromethane and hexane extract 

had the higher radical scavenging activity in 

comparison to the other solvent extract. The 

differences that were observed in the activity of the 

plant extracts may be because of the different 

solvent, the process by which free radical scavenging 

activity occurs, and their solubility in various testing 

models [38]. The ability of plant extracts to reduce 

compounds can be measured by the FRAP in which Fe 

³⁺ is converted to Fe^(2+.) All solvents extract showed 

antioxidant activity even though had a lower activity 

when compared to ascorbic acid. The observed 

decrease in antioxidant FRAP activity with increase in 

concentration, underscores the importance of 

employing different antioxidant assays in research. 

The result is an indication that the legume extract 

may possess ability to lessen oxidative damage. 

The hallmark of diabetes mellitus is 

uncontrolled blood glucose level which leads to 

hyperglycemia; therefore, control of postprandial 

hyperglycemia is very critical in the management and 

in preventing complications at an early stage of the 

disease [39]. A strategy that can be used in achieving 

this is by the delay of glucose absorption by inhibiting 

α amylase and α -glucosidase, which are key enzymes 

in carbohydrate metabolism. Disaccharides and 

oligosaccharides are released by the action of α 

amylase, which catalyzes the endo hydrolysis of α I, 4- 

glycosidic linkage, α –glucosidase further hydrolyses 

the disaccharides to glucose at the small intestinal 
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brush border [40-41]. Research has shown that 

consumption of varieties of legumes including beans 

may be crucial in managing diabetes and in the 

control of blood glucose. Bean consumption has been 

shown to regulate blood glucose and insulin levels 

[42-43] Tan et al., had previously reported α amylase 

and glucosidase inhibitory of the fraction of black 

turtle bean extract [44]. They reported IC₅₀ values of 

0.25 mg/ml and 0.67 mg/ml against α glucosidase and 

amylase respectively. Ombra et al reported that 

extracts of red and speckled varieties of Phaseolus 

vulgaris showed inhibitory enzyme activities with IC₅₀ 

values ranging from 39.3 ±4.4 to 79.13± 6.9μg/ml for 

α amylase and from 51±7.7 to 122.1±5.2μg/ml for α 

glucosidase [32]. However, our results recorded 

lower IC₅₀ values of 3.72±0.40mg/ml for α amylase 

and 2.60±0.61mg/ml for α glucosidase for ethanol 

extract, which had the lowest IC₅₀ value for α 

glucosidase than the other solvent extracts, for the 

alpha amylase the ethanol extract had the least 

inhibitory activity after ethyl acetate. This is however 

desirable as it has been shown that plants that exhibit 

mild inhibitory action on alpha amylase but potent 

activity on α –glucosidase are good candidates for 

antidiabetic drugs as they are able to reduce the side 

effects, such as flatulence, indigestion, and diarrhea 

accompanied with the use of synthetic α glucosidase 

inhibitor drugs [45-46]. Our findings also support 

earlier reports that plant extracts show higher 

inhibitory activities on α- glucosidase than α –amylase 

[47]. Hence, it can be suggested that the presence of 

metabolites that serve as bioactive inhibitors are 

more in the ethanol extract than the other solvent 

extracts. 

           Various plants constituents like terpenes, 

alkanes, phenols, amino acids are responsible for the 

medicinal properties of plants; hence, the biological 

activities can be understood by the analysis of these 

chemical constituents [48]. The presence of a 

functional group in a phytochemical can be identified 

by the Fourier- Transform Infrared 

spectrophotometer. It is an important technique used 

to establish the identity of the chemical bond and 

functional groups found in plants. FT-IR analysis of the 

ethanol extract showed the presence of polyphenol 

and flavonoids to OH stretching, terpenes due to C-H 

group. Secondary metabolites that may be present in 

the ethanol extracts are flavonoids, anthocyanins, 

coumarins, and phenolics. The presence of functional 

groups like alcohol, aldehyde and ketone functional 

group may be responsible for the antioxidative and 

antidiabetic properties that the extract may display. 

Various types of legumes are consumed globally; 

recently Phaseolus vulgaris species have received 

growing attention due to its possession of abundant 

nutrients and healthy giving additives like dietary 

antioxidants, polyphenols, and fiber [49]. In previous 

studies researchers have found there to be a positive 

correlation between ones consumption of legumes 

and their risk of chronic disease decreasing [50-51]. 

Several phytochemical studies have been reported on 

varieties of Phaseolus vulgaris, including the black 

bean variety. Aqueous extract of black bean has been 

shown to be rich in phenolic, tryptophan, and omega-

3 fatty acids Some known polyphenols, for instance, 

gallic acid, chlorogenic acid, epicatechin, myricetin, 

formononetin caffeic acid and kaempferol have also 

been discovered, Nnabuenyi and Awuzie reported the 

presence of Vitamins B1 , B2 and C in both fresh and 

dry seeds of the black turtle bean, with vitamin A 

found to be present in only the fresh seeds [20]. 

          A study on the Phaseolus vulgaris grown in 

Nigeria revealed that it has both nutritional and 

medicinal value due to the presence of secondary 

metabolites, which have therapeutic properties [52]. 

Hence, our present study underscores the 
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importance of further develop this legume by finding 

more bioactive compounds and investigating their 

health benefit or their biologically active metabolite, 

which can be targeted towards preventing and 

managing diabetes mellitus. 

CONCLUSION:  

In conclusion, different solvent extracts from the seed 

of Phaseolus vulgaris have demonstrated low 

antioxidative but very promising anti –diabetic 

activities in vitro. The ethanol extract however 

displayed higher activity than other solvent extracts, 

FT-IR results of ethanol extracts revealed the 

presence of flavonoids anthocyanins and phenolics. 

This study may suggest that seeds of Phaseolusulgaris 

signify a functional food and nutraceutical in the 

management of Type 2 diabetes. More studies are 

needed to isolate and identify the specific compounds 

with the α amylase and α glucosidase inhibitory 

properties.  

Abbreviations:  FTIR: Fourier Transformation infra-

red, DNSA: 3, 5-dinitrosalicylic acid, pNPG: p-

nitrophenyl-α-D-glucopyranoside, DPPH: 1,1-

diphenyl-2-picrylhydrazyl radical, UV: Ultraviolet 

spectrophotometer, FRAP: Ferric cyanide (Fe3+) 

reducing antioxidant power, ABTS: -2, 2’-azino-bis (3-

ethylbenzothiazoline-6-sulphonic acid), IC: Inhibition 

concentration 
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