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Abstract 

The effects of two processing methods (boiling and roasting) on physicochemical qualities 

of dark red kidney bean (Phaseolus vulgaris) were investigated. Changes in total 

polyphenol content (TPC) and antioxidant activity due to processing were also analyzed 

by using Folin–Ciocaltue method and 1,1 diphenyl-2-picrylhydrazyl (DPPH) assay, 

respectively. Analysis of physicochemical properties exhibited substantial variations 

(p<0.05) in the levels of moisture, ash, protein, fat, carbohydrate, gross energy and pH of 

raw and processed beans. Meanwhile, there was no considerable difference (p<0.05) in the 

fibre content of fresh and processed beans. Investigation of total phenolic content showed 

the significant (p<0.05) reduction of phenolic compounds in boiled (5.53±0.74  mg GAE/

g) and roasted (8.15±1.60 mg GAE/g) beans than raw samples (12.55±1.42 mg GAE/g). 

DPPH radical scavenging activity was also decreased significantly (p<0.05) in boiled and 

roasted samples with IC50 value of 0.0608±0.0765 mg/mL and 0.0523±0.0026 mg/mL, 

respectively. In the case of household cooking, keeping boiling water would be advised 

for the preservation of minerals, vitamins and phenolic compounds. The roasting process 

may be used to develop high-quality health-promoting dark red kidney bean products. 

1. Introduction 

The situation of global food insecurity is worsening 

day by day. Many developing countries are undergoing a 

threat of malnutrition. In the rural areas of Bangladesh, 

many people don’t have the idea of having a balanced 

diet, especially the consumption of enough protein, 

vitamins and minerals (Sarkar, Arafat, Alam et al., 

2020). As prices of animal protein like meat, fish, milk, 

egg and more are quite high in the range of the people 

living under the poverty line, plant protein source can be 

very much effective for keeping good health of rural 

children and getting rid of malnutrition. The affordable 

and feasible way of maintaining good health and 

alleviating malnutrition is to promote and encourage 

consumers to keep plant-based proteins in their diets. 

Generally, legumes are a very good source of protein and 

they grow a lot all over Bangladesh. There are a lot of 

legumes cultivated in Bangladesh like- lentil, chickpea, 

black gram, mung bean, groundnut, kidney bean etc. 

Legume crops as food occupy about 5% of the cropped 

area of Bangladesh but play a significant role in rain-fed 

agriculture (Rahman et al., 2000).  

Legumes generally contain a relatively high amount 

of protein than any other plant food sources. Kidney 

bean (Phaseolus vulgaris) is one of the neglected tropical 

legumes that can be used to improve the nutritional well-

being of rural mass people of Bangladesh, because of its 

high protein content (Roy, Haque, Das et al., 2020). It 

also contains micronutrients like iron, zinc and also rich 

in crude fibre, vitamin A, E and more (Olanipekun et al., 

2015). Kidney bean is a type of herbaceous annual plant 

grown worldwide for its edible dry seed. Its leaf is also 

occasionally used as a vegetable and the straw as fodder. 

It is found abundantly in the Sylhet region of 

Bangladesh. Along with other Phaseolus species, the 

dark red kidney bean is a member of the legume family 

Fabaceae. Again, beans are rich in ample amount of 

phenolic compounds that possess different levels of 

antioxidative activity. Antioxidants are special kind of 

molecules that can inhibit the oxidation process of 

organic molecules (Roy, Sarker, Azad et al., 2020; 

Sarker, Chakraborty and Roy, 2020). They are very 

important for food preservation as well as the defence of 

living systems against oxidative stress (Nisbett and 

Masuda, 2003). It is suspected that antioxidants play a 

significant role in preventing the progression of chronic 

diseases such as cancer, heart disease, stroke, 
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Alzheimer's, rheumatoid arthritis and cataracts. (Alam et 

al., 2020; Sarkar, Ahmed, Alam et al., 2020). These 

health benefits have been at least partially attributed to 

the presence of antioxidant components in beans, 

especially polyphenols (Xu and Chang, 2008). 

Therefore, the consumption of beans can be very much 

beneficial in keeping good health. Aside from the high 

nutritive value, kidney bean inherits some anti-nutritive 

components like tannin, saponin, phytohaemaglutinin 

(PHA) etc. Several studies showed that heat treatment 

like boiling and roasting can lower the composition of 

anti-nutritive values (Olanipekun et al., 2015). The 

roasting process is more effective than boiling in terms 

of lowering the anti-nutritive composition (Olanipekun et 

al., 2015).  

Boiling and roasting are common forms of 

household preparation of beans. The roasting process 

develops the aroma of the beans. Seeds are consumed 

directly in roasted form. Sometimes delicious dishes are 

made with it like curry. Thus, they are consumed in 

boiled form. Some dishes are prepared from flour. 

Therefore, it is very much important to know what 

happens to their antioxidative and other physicochemical 

properties during common domestic processes like 

boiling, roasting etc. The objectives of this study were to 

determine the physicochemical quality and to investigate 

the effects of processing on the phenolic content and 

antioxidant activity of dark red kidney bean. 

 

2. Materials and methods 

2.1 Sample collection 

The sample, dark red kidney bean (Phaseolus 

vulgaris) was purchased from the local market of Sylhet, 

Bangladesh. Any visible insect or physically damaged 

beans were separated from the stock. 

2.2 Sample preparation 

The fresh beans were divided into three groups for 

the preparation of raw, boiled and roasted samples. The 

first group was ground using a blender mill and then 

sieved. Thus, the raw flour was extracted for further 

analyzing processes. The flour was kept in an airtight 

container at a cool temperature. 

2.2.1 Boiling process 

The second group was boiled along with water at a 

temperature of 100°C for 3 hrs with the help of an 

electric induction heater. Further, the boiled beans were 

dried in an oven at 105°C for 5 hrs. After that, the dried 

beans were ground using a blender (Panasonic P305) and 

then sieved. Thus, the flour was extracted for further 

analyzing processes. The flour was kept in an airtight 

container at a cool temperature.  

2.2.2 Roasting process 

The third group was roasted at a temperature of 120°

C for 25 mins with the help of an electric induction 

heater. The beans were stirred continuously for avoiding 

any phenomenon or uneven roasting. Then the fried 

beans were ground using a blender (Panasonic P305) and 

then sieved. After that, the flour was kept in an airtight 

container at a cool temperature for further analyzing 

processes.  

2.3 Physicochemical analysis 

All the experiments were briefly described below 

which were carried out on a dry basis. 

2.3.1 Determination of moisture content 

The moisture content was measured according to the 

official method of AACC (2000). At first, 1 g of the 

sample was taken and placed in an oven set at 105°C for 

3 hrs. The sample was allowed to cool. Then, the weight 

of the cooled sample was measured. The temperature 

was set to 105°C to heat the sample once again for half 

an hour, followed by subsequent cooling in a desiccator 

and measured the weight. This process of heating was 

continued till the weight difference between two 

consecutive reading is more or less 1 mg. The lowest 

weight was recorded. The following formula was used to 

measure the moisture content of the sample: 

 2.3.2 Determination of total ash 

The AACC (2000) method was used to determine 

the total ash content. At first two gm of the sample was 

put in a crucible and it was allowed to burn fatty 

substance in a Bunsen burner. After that, it was placed in 

a muffle furnace and the temperature was set to 550°C 

for 3 hrs. The temperature was set to 550±10°C to heat 

the sample once again for half an hour, followed by 

subsequent cooling in a desiccator and measured the 

weight. This process of heating was continued till the 

weight difference between two consecutive reading is 

more or less 1 mg. The lowest weight was recorded. 

Finally, ash was calculated by the following formula: 

 2.3.3 Determination of fat 

The fat content was measured according to Folch 

(1957). A mass of 1 g of samples was weighed and 

placed in a centrifuge tube. Approximately 5 mL of 

Chloroform/Methanol (2:1) was added with the samples. 
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Then the samples were centrifuged at 2000 rpm for 5 

mins. The upper phase of samples was removed and 

taken in a test tube and centrifuge tubes were then rinsed 

with Chloroform/Methanol solution. 8 mL of 0.74% KCl 

solution was added to the sample. The sample was then 

allowed to sit for two distinct liquid phases to appear. 

After that, the samples were heated in a water bath at 80°

C for the removal of the solvent solution and then 

samples were dried in an oven at 105°C for 1 hr. 

Samples were cooled in a desiccator. The weight was 

recorded. Finally, fat was calculated using the following 

formula: 

  2.3.4 Determination of protein 

Protein was determined by the modified method of 

Horwitz et al. (1970). At first 2 g of each sample were 

taken in three 250 mL KJeldahl flask. In each flask, 2 g 

of digestion mixture and 25 mL of concentrated 

sulphuric acid had been added. The flask was positioned 

in an intended direction on the stand in the digestion 

chamber and heated constantly until the frothing had 

stopped and the flask was simmered rapidly. The 

solutions became clear in 15 to 20 mins and was then 

heated for 45 mins. After cooling, 100 mL water was 

added to each flask and they were separately transferred 

quantitatively to 1 L round bottom flasks; the final 

volume was about 500 mL. Enough NaOH solution was 

added gently down the side to form precipitates at cupric 

hydroxide and immediately connected to a stream-trap 

and condenser. In each of three 500 mL conical receiving 

flasks, 50 mL of the boric acid solution, 50 mL distilled 

water and 5 drops of indicator solution were added. 

Positioning the condenser, distillation was carried out for 

40-50 min or until about 250 mL of distillate was 

obtained for each sample. The contents of the receiving 

were titrated against HCl solution. Protein conversion 

factor (6.25) was used to calculate the per cent protein 

from the nitrogen determination. Percentage of nitrogen 

and protein was calculated by the following equations: 

 Protein (%) = Nitrogen (%) × 6.25 

2.3.5 Determination of carbohydrate content 

Carbohydrate content was determined (default) using 

the following formula: 

Carbohydrate % = 100- (% of moisture + ash + fat + 

protein) 

2.3.6 Determination of gross energy 

Gross energy was calculated based on the formula 

given by Eknayake et al. (1999).  

Gross energy (kJ per 100g dry matter) = (crude protein × 

16.7) + (crude lipid × 16.7) + (crude carbohydrates × 

16.7)  

2.3.7 Determination of fibre content 

Approximately 2 g of moisture and fat-free sample 

was taken into a 500 mL beaker. Moisture and fat were 

removed according to the method and procedure 

described in the moisture and fat determination. 200 mL 

of 0.255N Sulphuric acid solution was added to the 

beaker and boiled for 30 mins. Keeping the volume 

constant by the addition of distilled water at frequent 

intervals. After filtering and washing the residue to free 

from acid, the substance was moved to the same beaker 

and 0.313 N NaOH (200 mL) was added. It was then 

allowed to boil for 30 mins and the mixture was once 

again filtered, the residue was washed away to free from 

alkali. It was then allowed to dry overnight at 105°C and 

weighted. Finally, the crucible was heated in a muffle 

furnace at 600°C for 3-5 hours, cooled and weighed 

again. The loss in the weights represents the weight of 

fiber. The crude fiber was calculated from the following 

equation: 

 2.3.8 Determination of pH 

The pH of the samples was determined by the 

method of AOAC suggested by Horwitz et al. (1970) by 

using a pH meter (H1 98106, HANNA). 

2.4 Determination of total polyphenol content 

The total phenolic compound was estimated 

according to the method of Velioglu et al. (1998). 

Firstly, sample (1.0 mL), distilled water (1.5 mL), 0.1 M 

Folin-Ciocaltue reagent (0.5 mL), and the contents were 

mixed properly. About 20% sodium carbonate solution 

(1.0 mL) was added to the mixture after 1 min. The 

mixture was incubated at 37°C for half an hour and 

measured absorbance at 750 nm. The polyphenol content 

of the sample was determined by using the known 

concentrations of the gallic acid standard curve and was 

estimated as gallic acid equivalent (GAE). The standard 

curve was used for the measurement of total Phenolic 

content. The standard curve was made by using Gallic 

acid at different concentration (0.2 ppm, 0.4 ppm, 0.6 

ppm, 0.8 ppm, 1 ppm). Figure 1 represents the standard 

curve made by Gallic acid.  

Calculation of total Polyphenol content: y = 0.629x + 

0.344 

Where y = absorbance found by the sample tested, x = 

concentration found from the standard curve 
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2.5 Determination of antioxidant activity 

The antioxidant activity was calculated according to 

the method described by Yen and Chen (1995). Briefly, 

2.0 mL sample and 2.0 mL of 0.16 mM DPPH solution 

(methanolic) were mixed together. After vortexing the 

mixture for 1 min, it was allowed to stand at ambient 

temperature for half an hour in the dark. The absorbance 

of the mixture was taken at 517 nm. The scavenging 

activity of the DPPH radical was estimated using the 

following formula- 

Scavenging effect (%) = [1 - (A sample – A sample 

blank)/ A control] × 100 

2.6 Statistical analysis 

The experiments were carried out in triplicates and 

the data obtained from experiments were gathered and 

analyzed using the Statistical Package for the Social 

Sciences (SPSS) (Version 21; IBM corporation, 1989). 

Analysis of Variance was used to determine the 

significant difference among raw, boiled and roasted 

flour for physicochemical analysis, determination of 

TPC and antioxidant activity. The significant difference 

was determined at p<0.05. 

 

3. Result and discussion 

3.1 Physicochemical properties of raw, boiled and 

roasted dark red kidney bean 

3.1.1 Moisture content 

Boiled beans contain 12.13±0.28% moisture whereas 

raw beans contain 6.25±0.22% and roasted beans contain 

4.05±0.15% moisture. The moisture content of boiled 

beans increased significantly (p<0.05) and the moisture 

content of roasted beans decreased significantly (p<0.05) 

than the raw beans (Table 1). It is due to the processing 

techniques used in this study (Olanipekun et al., 2015). 

Low moisture content in raw and roasted beans indicate 

their high storage stability than boiled beans. Especially, 

the lowest moisture content in roasted beans indicates 

that roasting is a favourable technique to increase the 

shelf life of dark red kidney bean seeds. Because high 

moisture content favours microorganisms that are 

responsible for the spoilage of food. Low moisture 

content retards the growth of microorganisms which 

plays a significant role in food preservation. A similar 

trend was shown by Audu and Aremu (2011) for red 

kidney bean. Again, similar results were reported by 

Olanipekun et al. (2015) for white kidney bean where 

boiled samples had higher moisture than the raw and 

roasted bean. 

3.1.2 Total ash content 

There were 4.82±0.27%, 3.35±0.42% and 

4.40±0.51% ash contents in raw, boiled and roasted 

samples, respectively (Table 1). The ash content in raw 

seeds was almost similar to that reported by Audu and 

Aremu (2011) for red kidney bean. In this study, no 

significant (p<0.05) changes were observed for ash 

content in a roasted and raw sample. Meanwhile, in the 

boiled seeds ash content reduced significantly (p<0.05) 

than raw and roasted seeds. It may be due to the fact that 

certain minerals might be diffused into the boiling water 

which was also previously observed by Wang et al. 

(2009). 

3.1.3 Fat content 

Fat content (2.66±0.18%) significantly (p<0.05) 

decreased in boiled samples than raw and roasted beans. 

Nutrient, as well as lipid compound, may degrade and 

leach during the boiling process (Audu and Aremu, 

2011). That’s why fat content might be reduced 

significantly (p<0.05) during boiling. There were no 

significant differences between raw (3.63±0.22%) and 

roasted (3.91±0.19%) samples (Table 1). 

 

Figure 1. Standard curve of gallic acid for phenolic content 

Sample type Moisture (%) Ash (%) Fat (%) Protein (%) CHO (%) 
Gross energy 

(kJ/100 g)  
Fibre (%) pH 

Raw 6.25±0.22b 4.82±0.27b 3.63±0.22b 26.08±0.14b 59.22±0.14b 1561.43±8.54b 5.45±2.01a 6.75±0.09b 

Boiled 12.13±0.28c 3.35±0.42a 2.66±0.18a 24.30±0.31a 57.56±0.21a 1467.29±8.37a 2.81±0.81a 6.49±0.04a 

Roasted 4.05±0.15a 4.40±0.51b 3.91±0.19b 25.69±0.33b 61.95±0.40c 1611.12±10.21c 3.02±1.85a 6.50±0.02a 

Table 1. Physicochemical composition of raw, boiled and roasted dark red kidney bean 

Values are expressed as mean±standard deviations. Values with different superscripts in the same column are significantly 

different (p<0.05) by DMRT. 
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3.1.4 Protein content 

Raw beans contain the maximum amount of protein 

(26.08±0.14%) among all samples. Roasted beans 

contain 25.69±0.33% protein, which is not reduced 

significantly than raw beans. Protein content is 

significantly (p<0.05) reduced in boiled beans 

(24.30±0.31%) (Table 1). Reports by Eknayake et al. 

(1999) showed that the boiling process significantly 

reduces the protein content of beans. Water-soluble 

peptide molecules leach in the process of boiling. That’s 

why protein content significantly reduced after the 

boiling process. Similar reports were published by 

Adejumo (2012), showing how protein content reduced 

by different types of cooking. Reports by Seena et al. 

(2006) indicated a significant loss of protein during 

boiling and pressure cooking. 

3.1.5 Carbohydrate content  

Boiled beans contain a significantly (p<0.05) lower 

amount of carbohydrate (57.56±0.21%) than raw 

(59.22±0.14%) and roasted (61.95±0.40%) beans (Table 

1). Reduction of carbohydrate content during boiling 

may be occurred for decreasing resistant starch content 

due to the destruction of amylase inhibitors during 

cooking, which was reported by Wang et al. (2009). 

Carbohydrate content was increased significantly 

(p<0.05) during roasting. It was reported by de Almeida 

Costa et al. (2006) that, thermal processing may increase 

the availability of some nutrients like starch. That’s why 

carbohydrate content in roasted beans might be 

significantly (p<0.05) increased. 

3.1.6 Gross energy  

The energy in roasted bean was found the highest 

(1611.12±10.21 kJ/100 g). Whereas, raw beans contain 

1561.43±8.54 kJ/100 g and boiled beans contain 

1467.26±8.37 KJ/100 g (Table 1). As the boiling process 

reduces carbohydrate, protein and fat; thereby, gross 

energy was also examined low in boiled kidney bean. 

Similar to this study, roasted bean showed significantly 

(p<0.05) higher energy in previous reports by Audu and 

Aremu (2011) for red kidney bean. 

3.1.7 Fibre content 

In the present study, the fibre content of raw bean 

was 5.45±2.01% which is higher than the previous 

studies reported for red kidney bean (3.6%) (Audu and 

Aremu, 2011) and white kidney bean (4.51%) 

(Olanipekun et al., 2015). It may be due to the varietal 

difference of kidney bean. The fibre contents in boiled 

and roasted beans were 2.81±0.81% and 3.02±1.85% 

respectively. Fibre content significantly (p<0.05) 

reduced in boiled and roasted samples but no significant 

differences were observed among these contents (Table 

1). The reduction in fibre content in boiled and roasted 

sample may be due to the reason that soluble fibres 

become soften during cooking which reduces their 

content (de Almeida Costa et al., 2006). 

3.1.8 pH value 

The pH value of boiled (6.49±0.04) and roasted 

(6.50±0.02) samples decreased significantly (p<0.05) 

than raw beans (6.75±0.09) (Table 1). It may be due to 

the compositional reconstitution which occurred during 

processing. Vegetables containing pH values near 

neutrality (4-6) have a significance because it enhances 

the shelf life by retarding the microbial growth of several 

pathogenic organisms which are responsible for food 

spoilage (Shin et al., 2015). 

 3.2 Total phenolic content (TPC) 

Figure 2 represents the total phenolic content of raw 

and processed dark red kidney beans. Raw bean contains 

the highest amount of TPC (12.55±1.42 mg GAE/g) 

which is within the range of 5.87- 14.14 mg GAE/g, 

reported by Peters et al. (2011) for several common 

beans. On the other hand, TPC decreased significantly 

(p<0.05) in boiled (5.53±0.74 mg GAE/g) and roasted 

(8.15±1.60 mg GAE/g) samples. 

Polyphenols are thermally unstable compounds that 

are quickly degraded during heating (Roy et al., 2007; 

Podsędek et al., 2008). Decreased levels of polyphenols 

in boiled samples have been reported which might be 

due to thermally induced chemical oxidation and water-

soluble polyphenol leaching, as phenols are polar 

compound. Maillard reactions result from high 

temperatures (120°C) in the roasted samples which may 

be responsible for reducing the polyphenol levels. 

Polyphenolic compounds have been reported to be active 

in the Maillard reaction, resulting in a rise in Maillard 

reaction products and a decrease in polyphenol levels 

Figure 2. Total phenolic content of raw, boiled and roasted 

dark red kidney bean. Bars with different letters are 

significantly different (p<0.05) by DMRT 
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(Manzocco et al., 2000).  

3.3 Antioxidant activity 

Figure 3 shows DPPH- radical scavenging activity 

(DRSA) of raw, boiled, roasted sample as well as DRSA 

of gallic acid and commercial antioxidant ascorbic acid. 

Raw bean exhibited the highest antioxidant activity 

than boiled and roasted beans with an IC50 value of 

0.0144±0.0094 mg/mL (Table 2). In the present study, 

the raw sample exhibited 45.25±1.91% to 88.80±1.79% 

DRSA at a dosage of 0.0032 to 10 mg/mL. A similar 

study was carried out by Chou et al. (2003) for 50% 

ethanolic red bean extract, where at a dosage of 0.62 - 10 

mg/mL samples exhibited 22.2 - 80.2% DRSA. While 

comparing with Gallic acid and ascorbic acid, the 

samples (raw, boiled and roasted) showed significantly 

(p<0.05) lower DPPH- radical scavenging activity. 

Significant (p<0.05) loss of antioxidant activity were 

observed during thermal processing. Polyphenol 

compounds are liable for showing antioxidant activity 

(Ismail et al., 2004). Hence, for leaching out of 

polyphenols, the antioxidant activity might be decreased 

significantly (p<0.05). Similar results are reported for the 

antioxidant activity of spices by Shan et al. (2005). A 

study by Othman et al. (2007); showed that roasting of 

cocoa beans significantly (p<0.05) decrease the 

antioxidant activity. Cooking time is a major factor for 

decreasing antioxidative properties in foodstuffs like 

vegetables, beans, fruits etc. (Turkmen et al., 2005). 

 

4. Conclusion 

This research was carried out to investigate how the 

physicochemical properties, polyphenol content and 

antioxidant activity of dark red kidney bean change 

through various household cooking methods like boiling 

and roasting. The moisture content varies from 4.13 to 

12.13%. Ash content was found ranging from 3.35 to 

4.82%. There was a high amount of protein (24.30 - 

26.08%) found by analysis. The caloric value was found 

at 1476-1611 kJ/100 g, which is above satisfactory level. 

Considering its high protein and energy level, dark red 

kidney beans should be remarked as a cheap source of 

highly nutritious food. Total phenolic content was 

reduced by thermal processing ranging from 12.55 – 5.53 

mg GAE/g. Antioxidant activity was also reduced 

significantly (p<0.05) due to thermal processing. Raw, 

boiled and roasted beans showed 50% antioxidant 

activity in the concentration of 0.0144, 0.0608 and 

0.0523 mg/mL. Therefore, it will be better to keep 

boiling water during household cooking. Roasting may 

be an effective process for long time storage as it causes 

minimum loss of nutrients. So, appropriate utilization of 

dark red kidney bean seeds will be very much beneficial 

for keeping the good health of the people of developing 

countries like Bangladesh. 
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