


EVALUATION OF PHYSICO-CHEMICAL PROPERTIES OF VELVET BEAN (Mucuna cochinchinensis L.) FLOUR AS INFLUENCED BY SEEDS PARBOILING AND FERMENTATION
ABSTRACT
Velvet bean (Mucuna cochinchinensis L.) is an underutilised legume with considerable potential as a source of plant protein. However, its utilisation as food is limited by the presence of antinutritional factors that may affect nutrient availability. Parboiling and fermentation are potential processing methods for reducing these factors, although their combined effects on the nutritional composition and functional properties of velvet bean flour require investigation. This study evaluated the effects of seed parboiling and fermentation on the physicochemical properties of velvet bean flour. Seeds were processed into parboiled fermented (PBF), parboiled non-fermented (PBNF), non-parboiled fermented (NPBF) and non-parboiled non-fermented (NPBNF, control) flours. Proximate composition, pH, titratable acidity, physical and functional properties and antinutritional factors were determined. Moisture ranged from 5.77% (PBNF) to 8.05% (NPBF). Crude protein fell from 35.04% in the control to 28.40% in PBF, while ash rose from 2.38% in the control to 3.46% in PBF. The pH ranged from 5.53 (NPBF) to 6.49 (NPBNF), and titratable acidity ranged from 0.04% (NPBNF) to 0.15% (PBF). Relative to the control, PBF had lower oil absorption capacity (0.25 against 0.37 ml/g), foaming capacity (2.02 against 15.48 g/ml) and viscosity (100.67 against 292.67 cP), and a higher swelling index (2.27 against 1.57 ml/g). All antinutritional factors were reduced by processing. In PBF, L-Dopa fell from 2.86 to 2.12 g/100 g, tannins from 123.93 to 74.54 mg/100 g, protease inhibitor from 160.17 to 65.52 µg/g, phytic acid from 0.32 to 0.25 mg/100 g and haemagglutinin activity from 0.36 to 0.23 HU/mg, while polyphenols were lowest in PBNF (157.7 against 266.81 mg/100 g). Combined parboiling and fermentation gave the lowest levels of most antinutrients but also lowered protein.
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1.0 INTRODUCTION
Legumes are an important source of dietary protein, energy, minerals and vitamins, particularly in developing countries where animal protein is costly. The family Fabaceae (Leguminosae) comprises about 650 genera and 20,000 species of annual and perennial legumes (Sridhar & Bhat, 2007). Among the many underutilised legumes of the tropics, the velvet bean (Mucuna species) is a vigorous annual climbing legume that originated from southern China and eastern India, where it was at one time widely cultivated as a green vegetable crop (Lampariello et al., 2012). It is now widespread in tropical and sub-tropical regions of the world (Lampariello et al., 2012). Several Nigerian underutilised legumes have been shown to be useful sources of protein and minerals (Aremu et al., 2006), and velvet bean is among them.
Velvet bean is a twining herb whose stems may extend up to 18 m in length. The leaves are large and trifoliate, with lateral leaflets 7–15 cm long and 5–12 cm wide. The pods are oblong, 4–13 cm long and 1–2 cm wide, usually slightly S-shaped, and contain up to seven oblong-ellipsoid seeds of variable colour (black, maroon, cream, white, grey, brown or mottled) (Cook et al., 2005).
Velvet bean seeds are a rich source of protein, with values of 23–35% reported (Balogun & Olatidoye, 2012), and the digestibility of the protein is comparable with that of other pulses (Gurumoorthi et al., 2003). The seeds therefore have potential to reduce the heavy dependence on soybean and groundnut as sources of plant protein, and a recent comparison with the most preferred legume pulses found that they have promising nutritional value (Boniface et al., 2024).
Despite this potential, the use of velvet bean as food is limited by antinutritional factors such as L-Dopa, tannins, phytic acid, trypsin inhibitors, haemagglutinins, saponins and oxalates (Mugendi et al., 2010; Boniface et al., 2024). These compounds bind nutrients or inhibit digestive enzymes and so reduce nutrient bioavailability (Gemede & Ratta, 2014; Samtiya et al., 2020), and adequate processing is therefore required before such legumes are used as food or feed (Soetan & Oyewole, 2009; Siddhuraju & Becker, 2001). A related review of plant-based protein-rich aquafeed ingredients identified phytic acid, tannins, saponins and oxalates among the antinutritional compounds that may limit their use, and described processing approaches for reducing these factors (Punia et al., 2024).
Processing methods such as soaking, fermentation, germination and autoclaving are commonly used to reduce antinutrients in legumes and cereals (Samtiya et al., 2020). In Mucuna, hydrothermal treatments have been shown to lower the levels of antinutrients (Siddhuraju & Becker, 2001, 2005). Fermentation reduces antinutritional and toxic components of plant foods (Reddy & Pierson, 1994), lowers phytic acid in food grains (Gupta et al., 2015), and has been used to improve the nutritional quality of legumes (Granito et al., 2002). In sorghum and pearl millet, a combination of cooking and fermentation improved nutrient quality and reduced antinutritional factors to safe levels more than the other methods tested (Obizoba & Atii, 1991, 1994). Parboiling and fermentation were therefore the processing methods adopted in this study.
Comparable changes in flour functionality and antinutrient levels have been reported in horse gram, where processing combined with fermentation altered functional properties and reduced tannin and phytate levels more than processing alone (Sarvani et al., 2020). A recent investigation of Mucuna pruriens seed flour likewise found that individual and combined processing treatments produced changes in proximate composition and antinutritional factors (Ezegbe et al., 2023).
The problem is that processing, although unavoidable, also changes the composition, functional properties and acidity of the flour, so the challenge is to lower the antinutritional factors while keeping a flour of acceptable nutritional and functional quality. A recent study of Mucuna pruriens tempe found that germination influenced hardness, firmness and pH, while titratable acidity was also assessed as a physicochemical quality parameter (Astawan et al., 2024).
Earlier work on Mucuna has largely examined individual treatments such as soaking, boiling, autoclaving, alkaline treatment or fermentation, and has mostly used Mucuna pruriens or Mucuna flagellipes (Egounlety, 2003; Siddhuraju & Becker, 2001; Mugendi et al., 2010; Falade & Ojokoh, 2017; Obi & Okoye, 2017; Ifesan et al., 2017). The gap is that, to the best of the authors’ knowledge, the combined effect of parboiling and fermentation on the proximate composition, functional properties, pH, titratable acidity and antinutritional factors of Mucuna cochinchinensis flour has not been reported. This study was therefore designed to fill that gap.
1.1 Objective of the Study
The objective of this study was to evaluate the physico-chemical properties of velvet bean (Mucuna cochinchinensis L.) flour as influenced by seed parboiling and fermentation.
2.0 ANALYSES
2.1 Source of Materials
Velvet bean (Mucuna cochinchinensis L.) seeds were obtained from the Department of Crop and Environmental Protection, College of Agronomy, Joseph Sarwuan Tarka University, Makurdi, Benue State, Nigeria.
2.2 Sample Preparation and Treatments
One kilogram (1 kg) of velvet bean seeds was used for each treatment. The seeds were processed into four samples: parboiled fermented (PBF), parboiled non-fermented (PBNF), non-parboiled fermented (NPBF) and non-parboiled non-fermented (NPBNF, control). The parboiling treatment was based on the hydrothermal processing procedures reported for Mucuna by Siddhuraju and Becker (2001), and fermentation was carried out as described by Igbabul et al. (2014).
 Each treated sample was milled into a slurry using an attrition mill (model YL 122 M2-4) and dried in a hot-air oven (model WH-25A, England) for 24 h at 50 °C.  Boiling was done for one hour and fermentation was done for 72 hours. The resulting flours were packaged in polyethylene bags for further analyses.
2.3 Determination of Proximate Composition
Proximate analyses (moisture, crude protein, crude fat and ash) were determined using the methods of AOAC International (2023). The results were calculated using equations (i) to (v).
		(i)
where W1 = weight of the empty dish (g), W2 = weight of the dish and sample before drying (g), and W3 = weight of the dish and sample after drying (g).
		(ii)
where W1 = weight of the empty crucible (g), W2 = weight of the crucible and sample before ashing (g), and W3 = weight of the crucible and ash after ashing (g).
		(iii)
		(iv)
		(v)
where Vs = titre of the sample (ml), Vb = titre of the blank (ml), M = molarity of the acid used for titration, D = dilution factor (volume of digest divided by volume of aliquot distilled), 14.007 = atomic weight of nitrogen, W = weight of the sample (g), and 6.25 = nitrogen-to-protein conversion factor.
2.4 Determination of pH and Titratable Acidity
The pH and titratable acidity (TTA) were determined using the methods described by Onwuka (2005) and Pearson (1991), respectively. TTA, expressed as lactic acid, was calculated using equation (vi).
		(vi)
where V = volume of sodium hydroxide used in the titration (ml), M = molarity of the sodium hydroxide, 0.09 = grams of lactic acid per milliequivalent, and W = weight of the sample (g).
2.5 Determination of Physical and Functional Properties
Bulk density, water absorption capacity (WAC), oil absorption capacity (OAC), swelling index, foaming capacity and viscosity were determined using the methods described by Onwuka (2005). The first five were calculated using equations (vii) to (xi), respectively.
		(vii)
		(viii)
where V1 = volume of water added (ml), V2 = volume of water remaining after centrifugation (ml), and W = weight of the sample (g).
		(ix)
where V1 = volume of oil added (ml), V2 = volume of oil remaining after centrifugation (ml), and W = weight of the sample (g).
		(x)
		
where Vb = volume of the sample suspension before whipping (ml) and Va = volume after whipping (ml).
2.6 Determination of Antinutritional Factors
L-Dopa was determined using the UV-spectrophotometric procedure described by Rahmani-Nezhad et al. (2018), while oxalate was determined following the procedure reported by Nwosu et al. (2014). Polyphenols were determined using the Folin–Ciocalteu method of Singleton et al. (1999). Tannins, saponins and protease inhibitor activity were determined as described by Harborne (1973). Haemagglutinin activity was determined using the method of Boyd and Shapleigh (1954), and phytic acid was determined using the method of Lolas and Markakis (1975).
2.7 Statistical Analysis
The standard deviation of the data was determined, and significant differences (P < 0.05) were evaluated using analysis of variance (ANOVA). Means were separated using Duncan’s multiple range test.
3.0 RESULTS AND DISCUSSION
The results are presented and discussed in the order in which the analyses were carried out. The sample codes are as defined in section 2.2.
3.1 Proximate Composition
The proximate composition of the velvet bean flour samples is presented in Table 1.
Table 1: Effect of Parboiling and Fermentation on the Proximate Composition of Velvet Bean (Mucuna cochinchinensis L.) Flour (%)
	Parameter
	PBF
	PBNF
	NPBF
	NPBNF

	Moisture
	7.33a ± 0.006
	5.77b ± 0.013
	8.05c ± 0.006
	7.68d ± 0.005

	Crude protein
	28.40a ± 0.039
	29.99b ± 0.005
	30.67c ± 0.010
	35.04d ± 0.005

	Crude ash
	3.46a ± 0.009
	2.91ab ± 0.580
	2.36b ± 0.005
	2.38b ± 0.112

	Crude fat
	5.88a ± 0.003
	6.65b ± 0.009
	4.46c ± 0.004
	4.63d ± 0.007


Values with different superscripts in a row are significantly different (P < 0.05), while values with the same superscript in a row are not significantly different (P ≥ 0.05).
Key: PBF = Parboiled Fermented velvet bean; PBNF = Parboiled Non-Fermented velvet bean; NPBF = Non-Parboiled Fermented velvet bean; NPBNF = Non-Parboiled Non-Fermented velvet bean (control).
3.1.1 Moisture content
Moisture content ranged from 5.77% (PBNF) to 8.05% (NPBF) and differed significantly (P < 0.05). The fermented samples had higher moisture than their non-fermented counterparts, which may be due to the longer time the fermented seeds spent in water (Falade & Ojokoh, 2017). Higher moisture may shorten shelf life, whereas the low moisture of PBNF favours better keeping quality.
3.1.2 Crude protein
Crude protein decreased significantly (P < 0.05) from 35.04% in NPBNF to 28.40% in PBF. Both parboiling and fermentation lowered the protein content, and the effect was greatest when the two were combined. The decrease with parboiling may be attributed to leaching of soluble nitrogenous substances into the cooking water (Obi & Okoye, 2017), whereas the decrease associated with fermentation may be attributed to the utilisation of nitrogenous compounds by the fermenting microorganisms, although the mechanism was not examined. Even so, the protein content of PBF remains within the range reported for velvet bean seeds (Balogun & Olatidoye, 2012).
3.1.3 Crude ash
Crude ash ranged from 2.36% (NPBF) to 3.46% (PBF). Fermentation alone had no effect and parboiling alone raised ash only slightly, so the highest value, recorded in PBF at about 45% above the control, occurred only when the two treatments were combined. This may reflect a relative concentration of minerals as other dry-matter components were lost or utilised during processing. Since ash indicates mineral content, the combined treatment did not reduce it.
3.1.4 Crude fat
Crude fat ranged from 4.46% (NPBF) to 6.65% (PBNF). Parboiling increased the fat content, which may be attributed to the release of bound fat during heat treatment (Falade & Ojokoh, 2017), whereas fermentation slightly lowered it, possibly because the fermenting microorganisms used part of the lipid as an energy source.
3.2 Physical and Functional Properties
The physical and functional properties of the flour samples are presented in Table 2.
Table 2: Effect of Parboiling and Fermentation on Some Physical and Functional Properties of Velvet Bean (Mucuna cochinchinensis L.) Flour
	Parameter
	PBF
	PBNF
	NPBF
	NPBNF

	Bulk density (g/ml)
	6.52a ± 0.104
	8.15b ± 0.050
	6.58a ± 0.029
	6.75c ± 0.050

	WAC (ml/g)
	0.92a ± 0.076
	0.87a ± 0.058
	0.38b ± 0.029
	0.78a ± 0.029

	OAC (ml/g)
	0.25a ± 0.005
	0.3b ± 0.002
	0.29c ± 0.004
	0.37d ± 0.007

	Swelling index (ml/g)
	2.27a ± 0.153
	2.40a ± 0.100
	1.78b ± 0.029
	1.57c ± 0.058

	Foaming capacity (g/ml)
	2.02a ± 0.020
	1.96a ± 0.006
	4.64b ± 0.109
	15.48c ± 0.123

	Viscosity (cP)
	100.67a ± 0.577
	333.33b ± 0.577
	403.33c ± 0.577
	292.67d ± 0.577


Superscripts and sample codes are as in Table 1. WAC = water absorption capacity; OAC = oil absorption capacity.
3.2.1 Bulk density
Bulk density ranged from 6.52 g/ml (PBF) to 8.15 g/ml (PBNF). Fermentation lowered bulk density, whereas parboiling alone raised it. A lower bulk density indicates a less compact flour, which may result from the breakdown of the seed matrix by the fermenting microorganisms. Bulk density guides packaging requirements and material handling (Onwuka, 2005; Igbabul et al., 2014; Elkhalifa et al., 2004).
3.2.2 Water absorption capacity
The water absorption capacity (WAC) values of PBF, PBNF and NPBNF (0.78–0.92 ml/g) did not differ significantly, whereas that of NPBF (0.38 ml/g) was about 51% lower than the control. Fermentation without parboiling therefore markedly reduced WAC, as has also been reported for sorghum flour (Elkhalifa et al., 2005). Flours with high WAC suit dough and bakery products, while a lower absorption capacity is desirable for thinner gruels (Igbabul et al., 2014; Elkhalifa et al., 2004).
3.2.3 Oil absorption capacity
Oil absorption capacity (OAC) decreased significantly in all treated samples, from 0.37 ml/g in NPBNF to 0.25 ml/g in PBF. This differs from the increase in oil-binding capacity reported when sorghum flour was fermented (Elkhalifa et al., 2005), suggesting that the effect depends on the raw material and processing conditions. OAC indicates the ability of a flour to bind fat and is relevant to flavour retention and mouthfeel (Falade & Ojokoh, 2017).
3.2.4 Swelling index
The swelling index increased from 1.57 ml/g in NPBNF to 2.40 ml/g in PBNF and 2.27 ml/g in PBF. These values did not differ significantly, indicating that parboiling had the main effect. Heat gelatinises and loosens the structure of starch, allowing more water uptake and swelling. A high swelling index is useful where the flour serves as a thickening and binding agent in soups and sauces (Obi & Okoye, 2017).
3.2.5 Foaming capacity
Foaming capacity fell sharply from 15.48 g/ml in NPBNF to about 2 g/ml in the parboiled samples and to 4.64 g/ml in NPBF; therefore, parboiling had the greater effect. Foaming depends on the type and solubility of the protein, pH and processing method (Kinsella & Melachouris, 1976; Igbabul et al., 2014), and heat may have denatured the proteins and reduced their solubility. The treated flours are therefore less suitable for foam-dependent products, for which the unprocessed flour is better.
3.2.6 Viscosity
Viscosity ranged from 100.67 cP in PBF to 403.33 cP in NPBF. Fermentation alone and parboiling alone each raised viscosity above the control value (292.67 cP), whereas the combined treatment lowered it by about 66%. This may be due to heat and microbial action breaking the starch into smaller molecules that hold less water. Viscosity affects mouthfeel and handling (Fellows, 2000), and a low-viscosity flour such as PBF is useful for thinner gruels.
3.3 pH and Titratable Acidity
The pH and titratable acidity (TTA) of the flour samples are presented in Table 3.
Table 3: Effect of Parboiling and Fermentation on the pH and Titratable Acidity of Velvet Bean (Mucuna cochinchinensis L.) Flour
	Sample code
	pH
	Titratable acidity (TTA, %)

	PBF
	5.59c ± 0.032
	0.15a ± 0.010

	PBNF
	6.19b ± 0.036
	0.07b ± 0.010

	NPBF
	5.53c ± 0.029
	0.08b ± 0.006

	NPBNF
	6.49a ± 0.036
	0.04c ± 0.010


Superscripts and sample codes are as in Table 1 (compared within a column).
The pH ranged from 5.53 in NPBF to 6.49 in NPBNF. Fermentation significantly lowered the pH, whereas parboiling alone caused a slight reduction. Titratable acidity (TTA) changed in the opposite direction and was highest in PBF (0.15%), approximately four times the value in NPBNF (0.04%). The decrease in pH and increase in acidity in the fermented samples are consistent with organic acid production by the fermenting microorganisms, and a lower pH may help to limit spoilage organisms in the flour.
3.4 Antinutritional Factors
The antinutritional factors of the flour samples are presented in Table 4.
Table 4: Effect of Parboiling and Fermentation on Some Antinutritional Factors of Velvet Bean (Mucuna cochinchinensis L.) Flour
	Parameter
	PBF
	PBNF
	NPBF
	NPBNF

	L-Dopa (g/100 g)
	2.12a ± 0.004
	2.12b ± 0.004
	2.34c ± 0.003
	2.86d ± 0.005

	Tannins (mg/100 g)
	74.54a ± 0.007
	118.09b ± 0.009
	84.88c ± 0.004
	123.93d ± 0.005

	Saponins (mg/g)
	0.25a ± 0.005
	0.3b ± 0.002
	0.29c ± 0.004
	0.37d ± 0.007

	Protease inhibitor (µg/g)
	65.52a ± 0.005
	81.10b ± 0.006
	70.87c ± 0.009
	160.17d ± 0.005

	Polyphenols (mg/100 g)
	241.01a ± 0.006
	157.7b ± 0.056
	255.34c ± 0.005
	266.81d ± 0.005

	Phytic acid (mg/100 g)
	0.25a ± 0.004
	0.31b ± 0.007
	0.29c ± 0.004
	0.32d ± 0.002

	Oxalate (mg/100 g)
	0.56a ± 0.005
	0.64b ± 0.004
	0.60c ± 0.002
	0.76d ± 0.006

	Haemagglutinin activity (HU/mg)
	0.23a ± 0.005
	0.28b ± 0.004
	0.26c ± 0.005
	0.36d ± 0.007


Superscripts and sample codes are as in Table 1.
All the antinutritional factors were significantly lower (P < 0.05) in the treated samples than in the control (NPBNF). PBF had the lowest value for every factor except polyphenols, for which PBNF had the lowest value. The decreases may be attributed to leaching of the antinutrients into the cooking and fermentation water (Egounlety, 2003), heat destruction during parboiling, and degradation by microbial enzymes during fermentation (Reddy & Pierson, 1994; Oboh et al., 2002; Adeyemo & Onilude, 2013). Similar reductions have been reported in Mucuna and in other legumes and cereals (Siddhuraju & Becker, 2001, 2005; Obizoba & Atii, 1991, 1994; Samtiya et al., 2020).
3.4.1 L-Dopa
L-Dopa decreased from 2.86 g/100 g in NPBNF to 2.12 g/100 g in the parboiled samples, representing a reduction of approximately 26%. In large amounts, L-Dopa leads to a high concentration of dopamine in peripheral tissues, which may cause nausea, vomiting and anorexia (Josephine & Janardhanan, 1992; Siddhuraju et al., 2000; Bressani, 2002). The remaining level is still high, which suggests that parboiling and fermentation alone may not make the flour safe for regular consumption.
3.4.2 Tannins
Tannins decreased by approximately 40%, from 123.93 mg/100 g in NPBNF to 74.54 mg/100 g in PBF. Tannins bind proteins and reduce their digestibility (Sathe & Salunkhe, 1984; Gilani et al., 2005), so their reduction benefits protein utilisation.
3.4.3 Saponins
Saponins decreased by approximately 32%, from 0.37 mg/g in NPBNF to 0.25 mg/g in PBF. Saponins can cause haemolysis and increase the permeability of the intestinal wall, with adverse effects on nutrient absorption (Price et al., 1987; Cheeke, 1996).
3.4.4 Protease inhibitor
Protease inhibitor content decreased by approximately 59%, from 160.17 µg/g in NPBNF to 65.52 µg/g in PBF. Protease inhibitors suppress the activity of digestive proteolytic enzymes and so lower protein digestibility (Gurumoorthi et al., 2003; Gilani et al., 2005). Trypsin inhibitors are generally heat-labile, which may explain the large effect of parboiling.
3.4.5 Polyphenols
Polyphenols were lowest in PBNF (157.7 mg/100 g), approximately 41% below the control (266.81 mg/100 g). Fermentation alone (255.34 mg/100 g) and the combined treatment (241.01 mg/100 g) reduced the values by only about 4% and 10%, respectively. Fermentation of the parboiled seeds therefore raised the polyphenol content again, which may be due to release of bound phenolic compounds by microbial enzymes, although this was not investigated. Polyphenols can reduce the activity of digestive enzymes and the absorption of nutrients (Liener, 1994).
3.4.6 Phytic acid
Phytic acid decreased by approximately 22%, from 0.32 mg/100 g in NPBNF to 0.25 mg/100 g in PBF. Phytic acid chelates iron, zinc and calcium and so reduces their bioavailability (Brune et al., 1992; Ryden & Selvendran, 1993; Sandberg, 2002). The reduction agrees with reports on soaking, cooking and fermentation (Egounlety & Aworh, 2003; Hotz & Gibson, 2007; Gupta et al., 2015).
3.4.7 Oxalate
Oxalate decreased by approximately 26%, from 0.76 mg/100 g in NPBNF to 0.56 mg/100 g in PBF. Oxalate binds calcium and makes it unavailable for bone and teeth formation, nerve impulse transmission and blood clotting (Noonan & Savage, 1999).
3.4.8 Haemagglutinin activity
Haemagglutinin activity decreased by approximately 36%, from 0.36 HU/mg in NPBNF to 0.23 HU/mg in PBF. Haemagglutinins (lectins) bind to the lining of the intestinal wall and interfere with nutrient absorption (Liener, 1994).
4.0 CONCLUSION AND RECOMMENDATION
4.1 Conclusion
Parboiling and fermentation significantly (P < 0.05) affected the proximate composition, functional properties, pH, titratable acidity and antinutritional factors of velvet bean flour. Fermented samples had higher moisture contents, and both processes lowered crude protein, with the greatest reduction observed in PBF (28.40%), which also had the highest ash content (3.46%). Parboiling increased crude fat. Fermentation lowered bulk density, and all treatments lowered oil absorption capacity. Parboiling produced the greatest reduction in foaming capacity, while the combined treatment gave the lowest viscosity. Parboiling increased the swelling index, whereas water absorption capacity fell only in NPBF. Fermentation lowered pH and raised titratable acidity. All eight antinutritional factors were lower in the treated samples than in the control. PBF had the lowest values for seven factors, whereas polyphenols were lowest in PBNF. Nevertheless, the L-Dopa content of PBF (2.12 g/100 g) remained considerable, and the safety of the processed flours for regular consumption was not tested.
4.2 Recommendations
Based on the findings of this study, the following are recommended:
(i) Combined parboiling and fermentation should be used to reduce the antinutritional factors of velvet bean seeds, since PBF had the lowest level of all factors except polyphenols.
(ii) Because the combined treatment also gave the lowest protein content, the choice of treatment should balance antinutrient reduction against protein retention; fermentation alone retained more protein (30.67%) than the combined treatment.
(iii) Because L-Dopa remained high in the processed flours, they should not be used as a regular food until their safety has been established.
(iv) The low viscosity of PBF suits thin gruels, and the high swelling index of the parboiled flours suits use as thickening and binding agents, while the unprocessed flour is better where foaming is required.  

Limitations
The study was limited to four processing combinations and the physicochemical and antinutritional measurements reported. It did not establish the toxicological safety or safe intake level of the processed flours, nor did it assess sensory acceptability, shelf life, or performance in formulated food products. Therefore, the findings support comparisons among the tested treatments but do not establish the suitability of the flours for regular human consumption. 
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