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Abstract 

Asides from its robust nutritional profile, Psophocarpus tetragonolobus also possesses 

other health-promoting attributes. Hence, this study was designed to investigate the 

antinutrient content and antioxidant property of five different varieties of raw and cooked 

P. tetragonolobus. The varieties studied included, the indigenous variety (designated 

local) and four improved varieties (designated: T11, T31, T125, T154). Antinutrients like 

phenolic, tannin, glycoside and phytate concentrations were determined using standard 

methods while 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay was carried out to ascertain 

the antioxidant activity. Phytate, cyanogenic glycosides and tannin levels were 

significantly (p<0.05) reduced due to cooking in T11 variety. In T125 variety, tannin was 

significantly lower in the cooked sample compared to the raw sample. However, the 

phenolic content in the T125 variety increased significantly (p<0.05) due to cooking. 

There was no significant difference in antioxidant activity between the raw and cooked 

samples across the five varieties. However, the improved varieties showed higher 

antioxidant activity compared to the local. Based on these results, the cooking process 

reduced the phytate, cyanogenic glycosides and tannin levels in the T11 variety while only 

the tannin level in T125 variety was significantly reduced. However, the antioxidant 

activity of P. tetragonolobus was not significantly impacted by cooking. 

1. Introduction 

All groups of people are affected by malnutrition but 

those most prone are pregnant women, infants, and 

children. Several policies are being implemented 

globally towards combatting malnutrition, especially in 

third world countries. And up to date, it remains a 

challenge to policymakers and scientists globally. 

Despite the worldwide problem of malnutrition, out of 

the 1000 legumes grown on a global scale, only about 20 

are studied and utilized for food and health purposes 

(Kumar and Pandey, 2020). This means a larger 

percentage of these legumes are under-utilized, under-

studied and underexploited.  

Underutilization and neglect are some of the 

underlying challenges in the utilization of legumes in 

human nutrition, especially in underdeveloped countries 

that have a higher incidence of malnutrition in children 

and pregnant women. Underutilization can be because of 

the hard to cook nature of some of these legumes and 

also little information on potential food and health 

benefits of such underutilised legumes (Subuola et al., 

2012). A number of these underutilized legumes are 

grown in the subtropics, tropics, and also temperate 

regions and they possess distinct genetic traits. They are 

reported to convey several health advantages. A lot of 

the underutilized varieties of legumes contain many 

nutrients, anti-nutrients, and bioactive components 

(Diniyah et al., 2020).  

The main nutritional component in legume structure 

is the cotyledon which has been reported to be rich in 

proteins and starch. Heating thus alters the structure of 

the cotyledon. Heating has been observed to cause losses 

of both antinutrients and nutrients, which could be either 

through thermal degradation or diffusion (Coffigniez et 

al., 2019). Legumes have for long been associated with 

reduced chronic disease conditions which emphasize 

their dietary importance in the world’s population today 

(Diniyah et al., 2020). It is reported that the risk factor of 

over ten significant chronic diseases is reduced by the 

https://orcid.org/0000-0002-1690-4317
https://orcid.org/0000-0002-6255-3132
https://orcid.org/0000-0001-8212-862X
https://orcid.org/0000-0003-2195-6848
https://orcid.org/0000-0002-5107-6959
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consumption of legume. These functions can be due to 

the presence of various antinutrients found in legumes 

(Aranda-Olmedo and Rubio, 2020). 

Winged bean (Psophocarpus tetragonolobus) is an 

unconventional crop of the legume family although 

having related nutritional composition with soybean it is 

underexploited (Chen et al., 2015; Makeri et al., 2019). 

It belongs to the family Fabaceae (Leguminosae) and is 

commonly known as the winged bean, Goa bean, 

Asparagus pea or wonder legume (Lepcha et al., 2017; 

Singh et al., 2019). It is usually grown for various 

purposes, as a vegetable, grain legume, tuber, forage, or 

cover crop (Mohanty et al., 2015). It is said to have a 

greater yield and more soil enriching properties than 

many other legumes (Lepcha et al., 2017).  

P. tetragonolobus contains important 

pharmacological anti-nutrients such as haematoglutins 

and amylase inhibitors, chymotrypsin and trypsin 

inhibitors (Mohanty et al., 2013). Much attention is now 

given to this plant because of its rich protein content and 

versatility. All the plant parts (pod, leaves, flowers, and 

even the tubers) without exception are edible thus the 

plant is called “one stalk supermarket,” or “God-given 

plant” (Mohanty et al., 2013; Singh et al., 2019). 

Though, limited scientific information on the antioxidant 

and anti-nutrient content of the processed and 

unprocessed P. tetragonolobus has been documented. 

In this study, we examined the effects of cooking on 

the antinutrients and antioxidant potentials of five 

different accessions of winged bean. 

 

2. Materials and methods 

 2.1 Plant materials 

Five distinct varieties of matured dried seeds of P. 

tetragonolobus consisting of one indigenous (designated 

as local) and four improved varieties (designated: Tpt-

11, Tpt-31, Tpt-125, and Tpt-154) were obtained from 

the College of Agricultural Sciences, Landmark 

University, Omu-Aran (Nigeria). The seeds were sorted 

by handpicking and then divided into two equal portions. 

The first portion was left uncooked (raw) while the 

second portion was cooked (as described under the 

cooking process). 

2.1.1 Raw sample 

Dried raw seeds of P. tetragonolobus were ground to 

powder using a mechanical grinder, sieved with a 0.5 

mm sieve and then kept in an airtight container at 4oC 

until required for analysis. 

 

2.1.2 Cooking process 

A total of 100 g of winged bean was measured and 

poured into 1 L of boiling water on a hot plate. The 

winged bean was allowed to cook at 300oC using a hot 

plate for 4 hrs till it was soft to the touch and the water 

completely evaporated. It was then allowed to cool in a 

tray and transferred to an oven for drying at 50°C. The 

dried cooked sample was ground in a mechanical 

grinder, sieved with a 0.5 mm sieve and then kept in an 

airtight container at 4oC until required for analysis 

(Teixeira-Guedes et al., 2019). 

Samples of the five varieties raw and cooked were 

represented thus; 

Local Raw (LR); Local Cooked (LC); Tpt-11 Raw 

(T11R); Tpt-11 Cooked (T11C); Tpt-31 Raw (T31R); 

Tpt-31 Cooked (T31C); Tpt-125 Raw (T125R); Tpt-125 

Cooked (T125C); Tpt-154 Raw (T154R) and Tpt-154 

Cooked (T154C). 

2.2 Determining antinutritional factors 

2.2.1 Phytate analyses 

Protein powder (2 g) was dispersed in 50 mL of HCl 

(2%) and shaken on an orbital shaker for 3 hrs. It was 

then filtered using Whatman filter paper no. 1 and mixed 

with 2.5 mL of NH4SCN (0.3%) and 27 mL of distilled 

water. This was titrated against FeCl3 (1.95 mg/mL) until 

a brownish yellow colour persisted. The phytate 

concentration was determined considering the molecule 

is 28.2% phosphorus using the equation (Kumar and 

Pandey, 2020): 

Phytate phosphorus [mg/100 g (d. w.)] = Iron equivalent 

(titre value) × 1.95 

Phytate [mg/100 g (d.w.)] = Phytate phosphorus × 3.55 

2.2.2 Cyanogenic glycosides 

The dried seed was weighed (5 g) and suspended in 

distilled water in a conical flask, it was then left to stay 

overnight. The solution was filtered, and 2 mL of the 

filtrate was transferred into a conical flask. Then, 4 mL 

of alkaline picrate solution was added to the solution and 

incubated in a water bath at 70oC for 5 mins, for the 

colour development (reddish-brown) and the absorbance 

was read by a UV Vis spectrophotometer at 490 nm. 

Also, a blank was prepared using 2 mL of the distilled 

water. The cyanide content was extrapolated from a 

cyanide standard curve. Sodium cyanide was used as the 

standard for the standard curve preparation. A stock 

solution of 2 mg/mL concentration of sodium cyanide 

was used in the preparation of serial dilution of cyanide 

from 25 - 225 µl/mL range (Owuamanam et al., 2014). 
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2.2.3 Total phenolic content 

Total phenolic content was determined using Folin-

Ciocalteu’s reagent. An aliquot of 100 μL of diluted 

sample was mixed with 625 μL of distilled water, 250 μL 

of 7.5% (w/v) sodium carbonate and 25 μL of 2 N Folin-

Ciocalteu’s phenol reagent. The reaction mixture was 

then left to incubate at room temperature for 2 hrs in the 

dark. The absorbance was read at 739 nm with a UV/Vis 

spectrophotometer. A gallic acid standard curve with a 

linear range (0–225 μg/mL) was prepared from a freshly 

made 1 mg/mL stock solution. Results were expressed as 

mg of gallic acid equivalents (GAE)/g of soluble fraction 

(Bautista-Exposito et al., 2018).  

2.2.4 Total tannin  

About 0.5 g of sample was measured and transferred 

to a 50 mL conical flask followed by the addition of 25 

mL of distilled water. The solution was boiled for about 

30 mins followed by centrifugation for 20 min at 5000 

rpm. The supernatant was separated and 0.1 mL of it was 

taken into a test tube with the addition of 0.5 mL of Folin

-Ciocalteu reagent 1 N, 1 mL of sodium carbonate (20%) 

was added to it. The final volume of the tube was made 

up of distilled water to 10 mL. The solution was 

incubated at room temperature 30 min and the 

absorbance was read using a UV/Vis spectrophotometer 

at 700 nm and the tannin content was expressed as mg/g 

(Mohapatra et al., 2019). 

1N = 2N (as supplied) + equal volume of water 

Standard tannic solution (0.5 mg/mL) was freshly 

prepared. 

2.3 DPPH scavenging activity 

The protein sample (2 g) was weighed and dispersed 

into 25 mL of 70% ethanol. The solution was extracted 

overnight in the dark at room temperature. To 0.1 mL of 

the extract, 3.9 mL of DPPH solution (80 μg/ethanol) 

was added, and the blank was made by adding 0.1 mL 

distilled water with 3.9 mL DPPH solution. The sample 

was kept in the dark at room temperature for 30 mins. 

Absorbance was read at 517 nm using a UV/Vis 

spectrophotometer. The percentage inhibition of DPPH 

was ascertained using the following expression 

(Mohapatra et al., 2019).  

  Where A(blank) = absorbance of blank at t = 0 and 

A(sample) = absorbance of sample at t = 30 mins 

The analysis was carried out in triplicate and the 

average value reported. 

2.4 Data analysis 

All analysis was performed in triplicate and 

expressed as mean ± SD. Data analysis was performed 

using analysis of variance (ANOVA) with GraphPad 

prism. The significant level was set at P<0.05.  

 

3. Results 

3.1 Phytate 

The phytate concentration of all the improved 

varieties was higher than the local variety as shown in 

Figure 1. The phytate concentration of T11 variety 

showed a significant reduction (p<0.05) on cooking, 

though phytate concentration of T31 and T125 reduced 

due to cooking, the decrease was however not significant 

(p>0.05). T11 variety raw showed the highest phytate 

concentration of 8.77 mg/100 g while local raw and local 

cooked varieties showed the lowest phytate 

concentration at 3.00 mg/100 g.   

3.2 Cyanogenic glycoside 

From Figure 2, cooking had a significant effect 

(p<0.05) on three of the samples as local raw and T125 

raw varieties significantly increased (p<0.05) on cooking 

while T11 raw significantly decreased (p<0.05) on 

cooking. The highest mean value of glycoside 

concentration was observed in the local variety cooked 

sample (462.80 mg/mL) while the lowest was observed 

in the local variety raw (170.50 mg/mL). 

3.3 Phenolic 

Phenolic content was not detected in local variety 

raw while the lowest concentration was seen in local 

variety cooked as 28.63 mg/g. T11 variety cooked 

showed the highest phenol concentration of 402.90 mg/

Figure 1. Effect of cooking on phytate concentration in five 

different varieties of P. tetragonolobus. LOCAL – indigenous 

variety, T11, T31, T125, T154 –Tpt-11, Tpt-31, Tpt-125, Tpt-

154 (improved variety), 1 – raw, 2 – cooked, * - significant 

difference. 
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mL. There was a significant increase (p<0.05) in T154 

variety after cooking. Thus, the improved variety showed 

higher phenolic concentration than the local variety from 

Figure 3. 

3.4 Tannin 

The tannin concentration of the improved variety of 

P. tetragonolobus was higher than that of the local 

counterpart from Figure 4. T154 variety cooked had the 

highest tannin content of 402.10 µg/mL while local 

variety raw had the lowest tannin concentration of 92.75 

µg/mL. T11 and T125 varieties showed a significant 

decrease (p<0.05) in tannin content due to cooking. 

3.5 DPPH activity 

DPPH scavenging activity of all the samples 

depicted in Figure 5 did not show a significant effect 

(p>0.05) on cooking. The improved varieties showed 

higher scavenging activity than the local variety both for 

raw and cooked samples alike. T31 variety raw showed 

the highest DPPH scavenging activity (95.56%) while 

local raw variety showed the lowest DPPH scavenging 

activity (31.85%). 

 

4. Discussion 

A recent study reported that P. tetragonolobus is rich 

in secondary metabolites which give credence to the 

presence of anti-nutrients in the plant powder analysed 

(Singh et al., 2019). Antioxidants are vital health factors 

that play important roles in combatting the effect of 

reactive nitrogen and oxygen species which could be 

deleterious to health (Hernández-Hernández et al., 

2019). From the DPPH antioxidant activity data 

obtained, we could say that winged beans varieties 

studied here could be utilized as a rich source of natural 

antioxidants due to their high scavenging activity thus 

conferring on it more functional benefits (Osman, 2007; 

Xu et al., 2017). Local raw and Local cooked varieties 

had lower antioxidant activity as compared to the 

improved varieties, this might be as a result of a lower 

quantity of phytochemicals and secondary metabolites 

like phenolic compounds, carotenes and flavonoids. 

Also, proteins with a lower amount of sulphur-containing 

amino acid might result in lower antioxidant activity 

0

100

200

300

400

500

Samples

m
g
(G
A
E
)/
g

LOCAL

T11

T31

T125

T154
*

1 = raw
2 = cooked

1    2 1    2 1    2 1    2 1    2

Figure 2. Effect of cooking on cyanogenic glycoside content in 

five different varieties of P. tetragonolobus. LOCAL – 

indigenous variety, T11, T31, T125, T154 –Tpt-11, Tpt-31, 

Tpt-125, Tpt-154 (improved variety), 1 – raw, 2 – cooked, * - 

significant difference. 

Figure 3. Effect of cooking on phenolic content in five 

different varieties of P.tetragonolobus. LOCAL – indigenous 

variety, T11, T31, T125, T154 –Tpt-11, Tpt-31, Tpt-125, Tpt-

154 (improved variety), 1 – raw, 2 – cooked, * - significant 

difference. 

Figure 4. Effect of cooking on tannin content in five different 

varieties of P. tetragonolobus. LOCAL – indigenous variety, 

T11, T31, T125, T154 –Tpt-11, Tpt-31, Tpt-125, Tpt-154 

(improved variety), 1 – raw, 2 – cooked, * - significant 

difference. 

Figure 5. Effect of cooking on % DPPH in five different 

varieties of P. tetragonolobus. LOCAL – indigenous variety, 

T11, T31, T125, T154 –Tpt-11, Tpt-31, Tpt-125, Tpt-154 

(improved variety), 1 – raw, 2 – cooked, * - significant 

difference. 
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(Kumar and Pandey, 2020). 

From the results obtained, the improved variety had 

more phenolic content than the local variety thus making 

the improved variety a better source of phenolic 

compounds than the local. Thus, the high phenolic 

content in the improved variety might have been 

responsible for its high DPPH scavenging activity 

(Othman et al., 2007).  

Tannin is a polyphenol and could hinder the body 

from absorbing iron from some particular foods. Tannins 

act as secondary antioxidants by chelating metal iron e.g 

Fe (II), thereby interfering with a step in the Fenton 

reaction thereby retarding oxidation. It also has a couple 

of health benefits as several studies have shown it to 

have anticancer and antimicrobial activities. Tannins are 

referred to as antinutrients because they tend to 

precipitate proteins and inhibit digestive enzymes. They 

can also decrease the utilization of vitamins and minerals 

(Koleckar et al., 2008). The high tannin content from the 

result obtained also suggests a high antioxidant property 

because of tannin's ability to chelate transition elements 

and scavenge free radicals that could be detrimental to 

health. Thereby making it a good natural antioxidant. 

The result of phytate from our study showed the 

same trend with the other antinutrients studied. As the 

improved variety had a higher phytate concentration as 

compared to the local variety. Generally, there was a 

decrease in the phytate concentration of three out of the 

four improved varieties as a result of cooking. The 

cooking process might have resulted in a decrease in the 

phytate antinutrient as various processing methods 

involving heat application have been reported to 

decrease antinutrients either through thermal degradation 

or diffusion (Coffigniez et al., 2019; Kumar and Gautam, 

2019). 

The effect of cooking on cyanogenic glycoside 

concentration was not consistent across the five varieties 

as there was a significant increase observed in some of 

the varieties while some others experienced a significant 

decrease after cooking. The local variety had the highest 

quantity of cyanogenic glycoside as compared to the 

improved varieties. 

 

5. Conclusion 

This study was carried out to evaluate the effects of 

cooking as a processing technique on the antinutrients 

and antioxidant properties of P. tetragonolobus seeds. 

Data obtained showed that the cooking process reduced 

the phytate, cyanogenic glycosides and tannin levels in 

the T11 variety while only the tannin level in T125 

variety was significantly reduced. However, the 

antioxidant activity of P. tetragonolobus was not 

significantly impacted by cooking. 
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