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1 Introduction
Green-kernel black bean, which belongs to the species of 

Vigna cylindrica (L.) Skeels, like many other pulses are excellent 
source of nutrients such as protein, dietary fiber, antioxidants 
and minerals. Due to their high density of these functional 
components, there has been association between pulse diets 
and lower risks of many diseases such as obesity, diabetes, heart 
disease and cancer (Ferreira et al., 2021). Although pulses are 
the main part of diet in India and certain southern America, 
their consumption is still limited in Northern America and 
Europe (Lascialfari et al., 2019). The possible causing factors 
include lengthened cooking duration, unfavorable taste and 
certain abdominal discomfort symptoms. In the attempt of 
tackling these issues and increasing pulse intake in human diet, 
food manufacturers have processed whole pulses to reduce 
anti-nutrient factors, prepared them into flours for convenient 
use, and employed pulse flours as ingredients to substitute 
low-protein flours (e.g. rice, corn, starch) for development 
of numerous cereal-based products and gluten-free products 
(Fujiwara et al., 2017; Pellegrini & Agostoni, 2015).

Considering hard-to-cook characteristics and anti-
nutritional factors of raw pulses, various softening and 
processing techniques have been explored, including soaking 
(Haileslassie et al., 2019; Li et al., 2020), roasting (Bi et al., 2021), 

cooking (Wiesinger et al., 2018), autoclaving (Escobedo et al., 2020) 
and germination (Haileslassie et al., 2019). Even though these 
processes provide different positive impacts on pulse quality 
in terms of improving the flavor, modifying the functionality, 
increasing starch digestibility and mineral bioaccessibility, other 
health beneficial compounds such as antioxidants may be partially 
lost or degraded. For example, Giusti et al. (2019) highlighted 
that cooking could reduce the content of heat-sensible bioactive 
compounds like anthocyanins but may favor the formation 
or release of simple phenolics from complexes. In  addition, 
autoclaving was reported to increase protein content and starch 
digestibility while reduce the fiber content of Phaseolus vulgaris L. 
bean (Escobedo et al., 2020). On the other hand, their effects may 
vary, depending the types of pulse and their variety. For example, 
proper conditions of germination and cooking could improve 
the calcium and zinc contents of Mastewal chickpea but no 
evident effectiveness was observed for Habru chickpea or Red 
Wolaita red dry bean (Haileslassie et al., 2019). In another study, 
microwave cooking led to higher phenolic content than boiling 
cooking for lentil but an opposite trend was achieved for faba 
bean and pea (Liu et al., 2020). Therefore, the need still exists 
to investigate the effects of different processing methods on 
nutritional values and functional properties of individual pulses.
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Abstract
Green-kernel black bean (Vigna cylindrica (L.) Skeels) were processed with various treatments including soaking, roasting, 
cooking, autoclave and germination. The effects of these treatments on the chemical compostion, mineral, anti-nutrients, 
antioxidant and physical properties of the resultant flours were analyzed. The results indicate that green-kernel black bean was 
excellent sources of dietary fiber (165.4 g/kg), magnesium (2190 mg/kg), anthocyanin (791.6 mg/kg) and phenolic compounds 
(4.4 g gallic acid equivalent/kg), which were virtually higher than those reported for other pulses. Among the studied processing 
methods, cooking and autoclave provided the most evident effects on all flour characteristics, where the water holing capacity was 
enhanced and the flour became brighter. In addition, the levels of anti-nutrients such as tannin, saponin and trypsin inhibitors 
remarkably reduced and hence the starch digestibility was improved. However, antioxidant compounds were degraded or lost, 
leading to lower antioxidant capacities in terms of 2,2-diphenyl-2-picrylhydrazyl hydrate (DPPH) free radical scavenging ability 
and ferric reducing antioxidant power (FRAP). On the other hand, germination resulted in lesser reduction of anti-nutrients but 
lesser losses of antioxidants and good starch digestibility. Meanwhile, roasting caused the least effects on flour characteristics 
but was still able to partially degrade anti-nutrients.
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Practical Application: Green-kernel black bean can be a healthy ingredient to develop cereal-based products.
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Although green-kernel black bean is popularly believed to 
have high level of nutrients and can prevent many diseases in Asian 
countries, limited research has been done and there have been no 
scientific reports on their chemical properties yet. Therefore, the 
purpose of this study is to investigate the physical, chemical, anti-
nutritional, antioxidant and mineral characteristics and starch 
digestibility of green-kernel black bean flours pre-processed with 
various techniques such as soaking, roasting, common cooking, 
autoclaving and germination in comparison with those of raw one.

2 Materials and methods

2.1 Materials and chemicals

Green-kernel black bean was purchased from local distributors 
in Ho Chi Minh city. All chemicals and standards required were 
of analytical grade purchased from Sigma Aldrich or Merk. 
Enzymes for analyses of dietary fiber and starch digestibility 
were purchase from Megazyme.

2.2 Sample preparation

Black bean, which was sorted for regular shape and size, 
was cleaned and dried in an oven (Memmert UF260, Germany) 
at 70 °C until no weight change was recorded. The sample was 
then ground by a grinder (800Y, China) and sieved at 0.075 mm 
(TBT, China). The obtained raw black bean powder was 
subsequently kept in cellophane bags and stored at 4 °C until 
analyses. The whole raw bean was also treated with different 
methods. Screening was done to select suitable condition for 
each treatment. The soaking process was carried by immersing 
bean into water with the ratio of 1:5 (w/v) at room temperature 
for 12 h for maximum water absorption. Such soaking condition 
was also applied prior to germination at room temperature for 
another 12 h. The roasting procedure was conducted at 180 °C 
for 20  min using a cafe roaster (Gene Cafe CBR-101, South 
Korea). In the cooking treatment, the mixture of bean in water 
with the ratio of 1:5 (w/v) was cooked for 30 min using an inox 
cooker (Fivestar, Vietnam). Similar bean:water ratio was used in 
autoclave (ALP CL-40M, Japan) treatment at 121 °C for 5 min. 
All treated bean samples were cleaned, dried, grinded, sieved 
and stored in the same procedure of raw bean flour.

2.3 Analytical methods

Moisture and chemical composition of all flour samples 
including protein, lipid, and dietary fiber were determined by 

AOAC methods. Total carbohydrate content was determined 
by subtraction (European Union, 2009). The saponin and 
tannin contents were analyzed by the methods of Edewor et al. 
(2016) and Atanassova  &  Christova-Bagdassarian (2009), 
respectively. Trypsin inhibitor activity was spectrophotometrically 
determined by the method of Shang et al. (2016) and the data 
were expressed as trypsin inhibitor units (TIUs) per gram 
of sample. Anthocyanin content was determined by the pH-
differential spectrometric method (Giusti & Wrolstad, 2001), 
while total phenolic content (TPC) was measured using 
the Folin – Ciocalteu method (Jagtap  &  Bapat, 2015). The 
antioxidant capacities were evaluated through 2,2-diphenyl-2-
picrylhydrazyl hydrate (DPPH) free radical scavenging ability 
(Le et al., 2021) and ferric reducing antioxidant power (FRAP) 
(Guo  et  al.,  2003). The mineral contents were analyzed by 
performed by inductively coupled plasma mass spectrometry 
(Feitosa et al., 2018). Starch digestibility was accessed through 
hydrolysis index (HI) and glycemic index (GI), following the 
method of Zhang et al. (2019). Water holding capacity (WHC) 
and oil holding capacity (OHC) were measured by the method 
of Gupta et al. (2018). The color attributes including L, a* and 
b* were measured by using a chroma meter (CR-400, Konica 
Minolta, Japan).

2.4 Statistical analysis

All the measurements were performed in triplicate and 
results were expressed as average value with standard deviation. 
All statistical analyses were performed by the software Minitab 
(version 18.1) with 95% confident interval. The difference 
among samples were evaluated by one-way ANOVA and Tukey’s 
comparison tests.

3 Results and Discussion

3.1 Chemical composition

Table 1 presents the chemical composition of raw and 
processed bean flours. The protein contents of all samples were 
not significantly different (p > 0.05), except the autoclaved sample. 
Among the treatments, autoclave provided the highest level of 
heat treatment, which led to the high denaturation, solubility and 
partial degradation of proteins. With the presence of water in the 
autoclave treatment, these changes would cause the partial loss 
of the newly produced amino acids and nitrogenous compounds. 
The reduction in protein during high-heat cooking have also been 

Table 1. Chemical composition of green-kernel black bean flour processed with different treatments.

Sample
Protein Lipid Ash Total carbohydrate Dietary fiber
(g/kg) (g/kg) (g/kg) (g/kg) (g/kg)

Raw 280.0 ± 4.2a 118.7 ± 3.3b 40.9 ± 1.5ab 560.4 ± 2.6d 165.4 ± 7.0b

Soaked 271.9 ± 2.4a 112.4 ± 2.1b 37.5 ± 0.4b 578.1 ± 1.5c 162.9 ± 12.2b

Roasted 274.5 ± 1.9a 92.6 ± 2.5c 41.5 ± 1.9a 591.5 ± 3.9ab 190.6 ± 8.2ab

Cooked 275.4 ± 3.4a 110.6 ± 2.3b 32.5 ± 1.3c 581.4 ± 4.3bc 205.2 ± 3.8a

Autoclaved 260.4 ± 3.7b 117.0 ± 1.3b 27.4 ± 1.0d 595.3 ± 5.7a 189.1 ± 8.3ab

Germinated 271.5 ± 3.4a 134.2 ± 5.8a 38.8 ± 0.9ab 556.0 ± 7.4d 187.6 ± 0.8ab

Note: dry basis. Different letters in the same column indicate significant differences (p < 0.05).
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reported for other pulses such as navy bean (Kenar et al., 2020), 
chick peas, lentils, and kidney beans (Rehman & Shah, 2005).

On the other hand, there were no significant differences in 
lipid content among samples except the roasted and germinated 
samples. Different from the previous reports which observed the 
increase in oil content of sesame (Makinde & Akinoso, 2014) 
or maize (Oboh et al., 2010) after roasting, the lipid content of 
green-kernel black bean slightly decreased. This might be due to 
the differences in roasting conditions and pulse species. Roasting 
at high temperatures without water could cause the collapse 
and shrinkage of cell structures, which may limit the diffusion 
of oil into hexane during the lipid determination in this study. 
Meanwhile, germination signigicantly increased (p < 0.05) the 
fat content in green-kernel black bean. Sritongtae et al. (2017) 
observed the changes in the crude fat content of rice bean 
(Vigna umbellata) over germination time, where it increased 
more than two times after 6-hour germination while longer 
periods of germination (up to 24 h) could significantly reduce 
the accumulated fat. According to Obizoba & Egbuna (1992), 
in the early stage of seed development, seeds evolve with rapid 
synthesis of triglycerides while they use other energy sources 
(i.e. proteins or carbohydrates) for their metabolism. This 
could be the reason for the increase in fat content observed 
in this study.

Regarding ash content, a decreasing trend (p < 0.05) was 
observed for cooked and autoclaved samples. The presence 
of water in combination with high temperatures of these two 
processing methods could lead to the partial loss of soluble 
salts. On the other hand, the dietary fiber of raw and processed 
green-kernel black beans ranged 162.9 to 205.2 g/kg, contributing 
approximately 30% of total carbohydrate (556.0 to 595.3 g/kg). 
These data imply green-kernel black beans could be a good 
source of dietary fiber, which was comparable or higher than 
the values reported for other pulses such as chickpea (149 g/kg), 
lentil (99  g/kg) and yellow pea (173  g/kg) (Xu  et  al.,  2019). 
Among the studied treatments, only autoclave led to a significant 
increment in dietary fiber. According to (Dundar & Gocmen, 
2013), high actoclaving temperatures had positive effects on the 
formation of resistant starch, which could avoid the digestion of 
enzymes. Therefore, the formed resistant starch could play the 
same function with dietary fiber and contribute to their content 
increase which was determined by the enzymatic digestion 
method. This increasing trend was observed for common bean 
(Phaseolus vulgaris L.) (Martín-Cabrejas et al., 2004) and chickpea 
starch (Polesi & Sarmento, 2011).

3.2 Minerals

Table 2 presents the mineral contents of raw and processed 
bean flours. Green-kernel black bean can be considered excellent 
sources of certain essential minerals, contributing 40 to 100% of 
the RDA for zinc, magnesium, copper and iron in its cooked or 
processed products equivalent of 100 g dry weight, which is a 
reasonable serving size of food for humans (National Institutes 
of Health, 2018). Particularly, green-kernel black bean appeared 
to have a remarkably high level of magnesium, which were 
higher than the data reported for many other pulses such as 
chickpea, field pea, lentil (Ray et  al.,  2014), pea, and kidney 
bean (Alonso et al., 2001). On the other hand, Table 2 reveals 
that roasting caused no significant effects (p > 0.05) on mineral 
contents while soaking significantly reduced (p < 0.05) the levels 
of all studied minerals, except iron. These losses may be attributed 
to their leaching out the discarded water. These observations 
are in close agreement with the results of ElMaki et al. (2007) 
for white bean. The presence of water in cooking and autoclave 
methods may also be the reason for the losses of copper and 
magnesium (p < 0.05). Meanwhile, germination with the short 
period of 12 h nearly did not significantly (p > 0.05) alter the 
mineral levels.

3.3 Anti-nutrients and starch digestibility

The presence of anti-nutrients in pulses is one of the main 
factors limiting their use. These substances could interfere the 
bioavailability of micronutrients and digestibility of macronutrients 
(Rehman & Shah, 2005). Therefore, understanding their level 
changes with processing is crucial in the development of pulse 
products. In this study, the investigated anti-nutrients of green-
kernel black bean include tannin, saponin and trypsin inhibitor. 
Table 3 reveals that all the studied treatments could reduce 
the levels of anti-nutrients but with different extents. Thermal 
treatments combined with water (i.e. cooking and autoclave) 
were demonstrated to provide the highest efficiency, reducing 
tannin and saponin contents approximately 65% and 28%, 
respectively; and virtually inactivating trypsin inhibitors to an 
undetected level. These treatments also led to higher HI and 
GI values of the flours, indicating better starch digestibility. 
The improvement in starch digestibility could be due to the 
heat-induced starch gelatinization and destruction of anti-
nutrients (Rehman & Shah, 2005). These results were in close 
consistence with those reported by the majority of previous 
studies (Abbas & Ahmad, 2018; Adeparusi, 2001). On the other 

Table 2. Mineral contents of green-kernel black bean flour processed with different treatments.

Sample Ca (mg/kg) Cu (mg/kg) Fe (mg/kg) Mg (mg/kg) Zn (mg/kg)
Raw 597 ± 59ab 9.49 ± 0.01a 63.4 ± 5.2a 2190 ± 50a 41.4 ± 1.0ab

Soaked 558 ± 11b 8.69 ± 0.08b 61.9 ± 1.0a 1918 ± 13b 37.2 ± 0.2c

Roasted 632 ± 9ab 9.40 ± 0.16a 65.7 ± 0.7a 2213 ± 59a 42.4 ± 0.5a

Cooked 672 ± 6a 8.34 ± 0.16b 61.5 ± 1.6a 1725 ± 8c 41.9 ± 0.2ab

Autoclaved 638 ± 6ab 8.25 ± 0.08b 56.1 ± 1.0a 1699 ± 21c 41.8 ± 0.3ab

Germinated 626 ± 10ab 9.02 ± 0.01ab 59.9 ± 5.4a 2035 ± 1b 39.9 ± 0.6b

Note: dry basis. Different letters in the same column indicate significant differences (p < 0.05).
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hand, the treatments with the single factor of water or heat 
(i.e. soaking or roasting) could also lower anti-nutrients with 
much lesser extent and resulted in lower HI and GI values of 
flours, implying no evident effects on their starch digestibility. 
Meanwhile, germination caused higher reduction of tannin and 
trypsin inhibitor than soaking, which was consistent with the 
report of Haileslassie et al. (Haileslassie et al., 2019) for red dry 
bean and chickpea. The HI and GI values of the germinated bean 
flour were significantly higher (p <0.05) than those of the raw 
one. Similar improvement was also observed for other pulses 
reported by Bravo et al. (Bravo et al., 1998). During germination, 
many enzymes are activated, resulting in the hydrolysis of 
numerous components including proteins, carbohydrates and 
high-molecular-weight phenolic compounds (i.e. tannins) 
(Kumari, et al., 2015), which could justify the decreasing trend 
in anti-nutrients and the increasing trend in starch digestibility.

3.4 Antioxidant properties

Pulses are also good source of phenolic compounds, where 
anthocyanins, a subgroup of phenolic compounds, primarily 
exist in the seed coat of pulses. These compounds have been 
demonstrated beneficial to health with their anti-cancer and anti-
inflammation properties (Singh et al., 2017). They also exhibit 
antioxidant capacities through the mechanism of free radical 
scavenging or metal reducing ability, which could potentially 
reduce the risk of cancer and other diseases. In this study, the 
contents of anthocyanins and phenolic compounds were hence 
analyzed. The antioxidant capacities were evaluated through 
DPPH free radical scavenging and ferric reducing power. Table 4 
illustrates that green-kernel black bean had high amounts of total 
phenolic content (TPC) with the value of 4.4 g GAE/kg for the 
raw flour. This number was higher than those reported for lentil, 
cowpea, faba bean, chickpea, soybean, runner bean, common 
bean and pea (Lafarga et al., 2019), which ranged from 0.13 to 

0.37 g GAE/kg. Similarly, its anthocyanin content of 791.6 mg/kg 
was considered high as compared with those reported for 
common bean (130-320 g/kg) (Oomah et al., 2005), chickpea 
(15 mg/kg), lentil (36 mg/kg) and Mexican black bean (48 mg/kg) 
(Silva-Cristobal et al., 2010). As the result, its antioxidant capacities 
by DPPH and FRAP measurements were remarkably high, which 
were 13.4 mmol TE/kg and 338 mmol FeSO4/kg, respectively. 
All the studied treatments significantly reduced (p  < 0.05) 
anthocyanin content and TPC and hence antioxidant capacities, 
where autoclave and roasting caused the highest and lowest 
losses, respectively. These data imply that the anthocyanins and 
phenolics in green-kernel black bean were highly water-soluble 
and heat-labile. It is noticed that germination actually increased 
the TPC value from 2.35 to 3.56 g GAE/kg since soaking was 
also carried out before germination. The increase in TPC during 
germination might be due to the action of actived enzymes 
involved in the biosynthesis of small-molecule-weight phenolic 
compounds from high-molecular-weight polyphenols like tannins 
(Drewnowski & Gomez-Carneros, 2000). The increment in TPC 
and antioxidant capacities after germination was also observed 
for other pulses such as mung bean (Wongsiri et al., 2015) and 
rice bean (Sritongtae et al., 2017).

3.5 Physical properties

Table 5 present the water and oil holding capacities and color 
attributes of flours. All the studied treatments did not significantly 
change the oil holding capacity (OHC) (p > 0.05) which ranged 
from 1.08 to 1.24 g oil/g flour. Meanwhile, heat-involved treatments 
including roasting, cooking and autoclave significantly increased 
water holding capacity (WHC) where the WHC value of the roasted 
sample was lower than those of other two. The increase in WHC 
may be attributed to the remarkable damage of starch induced 
by thermal gelatinization, and denaturation and disscociation of 
the protein (Jogihalli et al., 2017). On the other hand, the color 

Table 4. Anthocyanin and total phenolic content, and antioxidant capacities of green-kernel black bean flour processed with different treatments.

Sample
Anthocyanin TPC DPPH FRAP

(mg/kg) (g GAE/kg) (mmol TE/kg) (mmol FeSO4/kg)
Raw 791.6 ± 75.1a 4.40 ± 0.27a 13.41 ± 1.13a 337.7 ± 12.8a

Soaked 296.8 ± 15.1b 2.35 ± 0.07c 5.97 ± 0.19d 148.4 ± 3.9d

Roasted 661.2 ± 41.5c 4.11 ± 0.01a 11.14 ± 0.12b 296.4 ± 0.5b

Cooked 77.3 ± 4.9d 1.88 ± 0.12d 5.72 ± 0.08d 138.9 ± 8.8d

Autoclaved 55.9 ± 4.6d 1.61 ± 0.20d 4.92 ± 0.56d 111.0 ± 6.4e

Germinated 232.7 ± 19.3e 3.56 ± 0.11b 7.72 ± 0.36c 188.7 ± 10.6c

Note: dry basis; GAE: gallic acid equivalent; TE: Trolox equivalent. Different letters in the same column indicate significant differences (p < 0.05).

Table 3. Anti-nutrient factors, hydrolysis and glycemix indices (HI and GI) of green-kernel black bean flour processed with different treatments.

Sample
Tannin Saponin Trypsin inhibitor

HI GI
(g/kg) (g/kg) (TUI/g)

Raw 22.7 ± 0.2a 38.2 ± 0.8a 9500 ± 406a 72.7 ± 3.4c 79.6 ± 1.9c

Soaked 16.0 ± 0.1b 34.2 ± 0.7b 4229 ± 68b 66.3 ± 0.7d 76.1 ± 0.4d

Roasted 13.0 ± 0.2d 30.3 ± 1.0c 3246 ± 166c 68.7 ± 3.3d 77.4 ± 1.8d

Cooked 8.0 ± 0.2e 27.8 ± 1.0d ND 80.3 ± 3.5b 83.8 ± 1.9b

Autoclaved 7.0 ± 0.1f 26.8 ± 0.1d ND 87.5 ± 3.7a 87.7 ± 2.0a

Germinated 15.7 ± 0.1c 37.4 ± 0.2a 2808 ± 104d 81.9 ± 3.3ab 84.7 ± 1.8ab

Note: dry basis; ND: not detected. Different letters in the same column indicate significant differences (p < 0.05).
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analysis indicates that heat-involved treatments significantly 
enhanced the lightness (with the reduction in L value) which 
was partially ascribed to the dramatic loss of dark anthocyanins 
in the black seed coat. Meanwhile, the negative value of a* for 
the raw flour indicated toward green. All treatments except 
soaking turned the a* value into positive, specifying the tendency 
toward red. All samples had positive b* values, designating to 
be inclining toward yellow. Particularly, the highest b* value 
of roasted sample may imply the possible browning effect or 
pigment transformation during roasting.

4 Conclusions
Our findings confirm that green-kernel black bean was an 

excellent source of nutrients, particularly dietary fiber, minerals 
and antoxidants. Regarding the presence of anti-nutrients in the 
pulse, the combination of water and heat in cooking and autoclave 
was the efficient ways, even able to completely eliminate trypsin 
inhibitors. However, in consideration of anthocyanin, total 
phenolic content and antioxidant capacities, roasting seemed 
to be more acceptable with its ability to partially degrade anti-
nutrients. On the other hand, germination also led milder effects 
on antioxidant properties than cooking and autoclave but still 
provided good starch digestibility. The study suggests that the 
processed green-kernel black bean flour could be considered as 
a healthy and suitable ingredient for food industry to develop 
cereal-based products and gluten-free products.
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