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Abstract

Starches from five varieties of Phaseolus vulgaris L. (common bean), one variety of Vigna subterrenea V (bambara groundnut) and 
one variety of Vigna unguiculata (Cowpea) were isolated by wet milling process, centrifugation and freeze drying. The physicochemi-
cal and functional properties of the starches including swelling power and solubility pattern, water absorption capacity and pasting 
properties were examined. The result revealed significant differences amongst the properties of the starches. The swelling power 
of the legume starch isolates put them in the category of highly restricted-swelling starch. This characteristic is desirable for the 
manufacture of value-added products such as noodles and composite blends with cereals. The high BV was founded for Cowpea and 
Bambara groundnut and confirmed their low. Ability to resist heat and shear stress when compared to Common bean varieties stud-
ies. The factors which influence the pasting characteristics resulting to decrease in peak viscosity (PV), trough viscosity (TV) and final 
viscosity (FV) of starch are attributed to the interaction of starch with the protein, fat, etc. which depended to their variety.
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Legumes seeds are important ingredients of a balanced human diet in many parts of the world due to their high protein (15-40%) 
and starch (35-60 %) contents. They are consumed traditionally as whole seeds or in the form of flour. Legume seeds are major sources 
of dietary proteins in the developing countries, as animal proteins are expensive. In addition to their protein contributions, legumes 
are also rich in other nutrients such as starch, dietary fiber, protective phytochemicals, oil, vitamins and mineral elements (Saikia., et al. 
1999). Legumes contain about 60% carbohydrate including starch, reducing and non-reducing sugars, oligosaccharides of the raffinose 
family, etc. Legumes seeds protein isolates have been the interest of research for many years, as they may play a role as food ingredient 
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In some cases of the process of protein isolate production, the dry legume seeds are dehulled, ground into flour and solubilized in 
water. The mixture is filtered, and the residue resubmitted to extraction. The obtained extract which contains proteins and carbohy-
drates is keep overnight for particle to settle and the solution containing proteins directly of after precipitation. Studies by Pahane., et al. 
(2017) and Ngatchic., et al. (2013) reported the use of Bambara and mucuna seeds for legume seeds milk production and protein isolate. 
However, the production of legume seeds extracts or protein isolates can be of economic value only if their starch component is made 
profitable simultaneously. In this respect the physicochemical and functional properties of the legume starches need to be investigated.

Generally, starch is convertible to many useful materials by chemical and biochemical techniques, as well as by fermentation (Elias-
son, 1996). It plays an important role in food industries because it affects the physical properties of many foods, and it mainly uses as 
thickener, water binding, emulsion stabilizer and gelling agent. Starches from various plant sources have their own unique properties 
that enable them to tolerate a wide range of processing techniques as well as various distributions, storage and final preparation condi-
tions via either chemical or physical modified methods (Daniel and Weaver, 2000). 

Starch characteristics such as swelling power and solubility pattern, physico-chemical and functional properties are important for 
improved quality of food products. Dry legume starches have been recognized as a potential food ingredient containing a relatively high 
proportion of amylose when compared to cereal starches (Yixiang Xu., et al. 2013). Legume starches have a higher resistance to swelling 
and rupture than do cereal starches. Among the commonly consumed food legumes, common bean (Phaseolus vulgaris L.) and cowpea 
(Vigna subterranea) are the most widely produced and consumed legumes in the world and occupies an important place in human nutri-
tion in East and Great Lakes Regions of Africa (Shimelis and Rakshit, 2005; Doughty and Walker, 1982; De Godinez., et al. 1992). Greater 
attention is actually being paid to improve and diversify production of dry legume seeds common beans in Africa. In this respect, ongoing 
programs work towards development of high-yielding and disease resistant varieties through adaptation, selection and hybridization. 
Improving the use of dry seeds for protein and starch ingredients in food industries will go a long way open new avenue for new and 
value-added products developments. This study was undertaken to determine some physico-chemical and functional properties of na-
tive starches from common dry seeds legume cultivars.

Eight varieties of dry legume seeds belonging to 2 species (Vigna sp. and Phaseolus sp.) were used for this study. They were pur-
chased from a local market in the Adamawa and west regions of Cameroon in the Central Africa. The dry seeds of each variety were sepa-
rately cleaned, uniformed in size and color, and freed from foreign or abnormal seeds, odors and living or dead insects. For each variety, 
2 kg portions of breeding seeds were placed in an aluminum box and transported to the Laboratory. For each lot, sufficient amount of 
legume seeds was taken as required, rinsed four times in deionized water to eliminate dust and the insecticide (used for protecting treat-
ment), dried at room temperature and packed in plastic bags and stored at 4°C until used. All the chemicals used were analytical grade. 

Starches were extracted from legume seeds by the method adopted by Sathe., et al. (1982). In the procedure of starch extraction, 
0.5 kg seeds was washed abundantly with tap water, soaked for 12h, manually dehulled and ground to obtain a paste. Water (5L) was 
then added to the paste and mixed manually. The mixture was kept for 12h during which the starch settled. The precipitated was then 
resuspended in 1L NaCl 1% and gently mixed. The mixture was kept for 12h, centrifuged (3800g, 20 min, 20°C). The precipitate was col-
lected, washed twice with distilled water, suspended in 1L NaOH 0.03M, gently mixed and kept at 4°C for 12h. The starch solution was 

Materials and Methods

Sources of Legume seeds and sample Preparation

Starch Extraction

and contribute in alleviating protein malnutrition in the world. In this respect, the physicochemical and nutritional properties of protein 
isolates of legumes seeds such as mung bean (Rahma., et al. 2000), chickpea soybean seeds and pea seeds (Withana-Gamage., et al. 2010; 
Papalamprou., et al. 2009), faba bean seeds (Fernandez Quintela., et al. 1998) have been studied for their use as emulsifying agents and 
food ingredients. Hence several isolations techniques of proteins have been developed. 
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Physico-chemical Properties of legume starch extracts

Chemical Composition Assessment

Water absorption capacity, Swelling Power and Solubility Pattern

Pasting Profiles

Statistical Analysis

again centrifuged at 3800g for 20 min. the precipitate was washed with distilled water through a sieve mesh 125µm to eliminate fibers 
and the obtained solution was centrifuged (3800g, 20 min, 20°C). The resulting precipitate was dispersed on a tray and dried at 45°C for 
45 min, grounded into powder in a mortar, packaged in polyethylene bag and stored at 4°C until used. Commercial rice starch (S-7260) 
purchased from Sigma Chemical Co (St. Louis, Mo., U.S.A) and was used as a control.

The chemical analysis of the isolated starch fractions included the determination of moisture using modified vacuum-oven method 
(AACC, 1983; Method 44-40), crude lipid content using Sox Tec service unit 1046 and Fibertec I and M systems (Foss Tecator, Sweden) ac-
cording to method 923.05 and 962.09 respectively, of the Official Methods of AOAC (2000). Total ash content was also analyzed according 
to method 923.03 of the AOAC Official Methods (2000). Crude protein (N x 5.7 for starch) was performed using Kjeldhal block digestion 
and steam distillation (2200 Kjeltec Auto distillation, Foss Tecator, Sweden) method according to AOAC (2000) official methods 979.09. 

Solubility index, water absorption and swelling power patterns at 60 and 90°C were determined using a modified version of Sathe 
and Salunkhe (1981) method. Briefly, 40 ml of a starch suspension (4, 6 and 8%, w/v) was prepared in a previously tared 50 ml centri-
fuge tube. A magnetic agitator was put in the tube, which was placed in a water bath for 30 min at a constant temperature (60 or 90°C). 
The suspension was then centrifuged at 2120 g for 15 min, the supernatant decanted and the swollen granules weighed. The supernatant 
was placed in a crucible and dried in an air convection oven (Imperial V) at 120°C for 4h to constant weight. Solubility expressed in g 
particle/100g starch and swelling power expressed in g water/g starch were calculated using the formulas: 

A Rapid Visco Analyzer (Model RVA-4, Newport Scientific Pty. Ltd., Sydney, Australia, 1995) with Thermocline for windows software 
was used to evaluate the pasting properties of the dry legume starches. Test runs were conducted following standard profile 1 which 
include 1 min of mixing, stirring, and warming up to 50°C, 3 min and 42 sec of heating at 12°C/min up to 95°C, 2.5 min of holding at 
95°C, 3 min and 48 sec of cooling down to 50°C, at the same rate as the heating (12°C/min) and 2 min holding at 50°C, where the process 
ends after 13 minutes (Deffenbaugh and Walker, 1989). Starch gelatinization (pasting) curves were recorded on RVA and viscosity was 
expressed in terms of centipoises (Cp).

One-way analysis of variance (ANOVA) was conducted on each of the variables and the least significant difference (LSD) test at a 
significance level P < 0.05 was performed using SPSS/12 software for Windows to compare the difference between treatment means. 
Results were expressed as the means ± standard deviation of three separate determinations.

Water absorption capacity expressed in g water/100g sample was measured using the same conditions as above, but expressed as 
weight of the gel formed per sample, divided by treated sample weight.
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The chemical composition of the dry legume starches studied is presented in table 1. Protein, fat, ash and moisture contents showed 
significant difference (P < 0.05) among the legume starches. Protein content ranged 0.30 to 2.71 g/100g, crude fat 0.40 to 0.96 g/100g, 
ash 0.17 to 0.35 g/100g and moisture 9.2 to 11.3 g/100g dry starch. These values are in the range reported for other legumes seeds 
(Barampama and Simard, 1993; Bishnoi and Khetarpaul, 1993; Tharanathan and Mahadevamma, 2003). The presence of components 
other than starch represents impurities, and in this case they were few. This is probably consequence of washing procedures used in-
cluding NaCl and NaOH washings as also reported in earlier studies (Galvez and Ressuression, 1993). 

Young., et al. (1996) reported in their study the range moisture content of potato starches higher (13.5-18.2%) than that of bean 
starches (10.8-11.0%). While the moisture contents of our starch samples were consistent with literature, they were lower compared 
to that of potato starch. According to Swinkels (1985), potato starch typically has higher moisture content than the other starches.

Ash content also showed no significant difference and the values are from 0.17 for red beans to 0.35g/100g dry starch for black 
beans. Similar contents were reported earlier (Lee., et al. 2006; Shimelis., et al. 2006; Sung and Stone 2004).

The swelling power and solubility of the dry legume starches at 60°C and 90°C are shown in Table 2. The swelling power (14.48%) 
and solubility index (17.0%) of Bambara starch at 90°C were the highest, followed by that of Cowpea starch with 12.7 % swelling power 
and 13.1 % solubility. The solubility index of the five varieties of common bean (range 10.0 to 11.1 g/100g) at 90°C did not significantly 
(p<0.05) vary each other with values range. In other hand at 90°C, the swelling power of green bean, Yellow bean and Black bean did 
not significantly varied (range 6.72-7.8%), and White bean, Red bean and Red spotted bean had swelling power of 11.3, 10.2 and 10.3%, 
respectively. it can easily be seen from the table that WAC, SP and WSI increased with increase in temperature. Comparatively to proper-
ties of rice starch used as reference in these analysis with values at 60°C and 90°C of WAC (407% and 1395%), WSI (2 and 14% ) and 
SP (4% and 16%), the legume starches exhibited significantly lower values. Therefore, the resulting swelling power indicated that the 
starch extracts obtained were highly restricted type according to Schoch and Maywald (1968). The difference between the swelling 
powers of starch isolates might be due to the amylose content, the protein-amylose complex formation (Pomeranz, 1991). The observa-
tion reported by Lai and Varriano-Marston (1979) for black bean starch was 17.9% solubility at 95°C. Lii and Chang (1981) reported 
higher values of WSI (25%) and SP power (32%). Generally, we observed a significant and positive correlation (r = 0.67) between the 
solubility and swelling power. This is seen as mainly the result of granule swelling permitting the exudation of amylose (Dengate, 1984). 

Physico-chemical Properties of legume Starches

Water absorption capacity, Water Solubility Index and Swelling Power.

Results and Discussion

Varieties Moisture Crude proteins Crude fat ash

cowpea 10.22 ± 0.20a 2.71  ±  0.05c 0.54  ±  0.01a 0.24 ± 0.01a
Bambara groundnut 9.25 ± 0.18a 0.30  ±  0.01a 0.50  ±  0.01a 0.28 ± 0.01a
Red beans 11.25 ± 0.22a 0.97  ±  0.02ab 0.40  ±  0.01a 0.17 ± 0.01a
White beans 10.72 ± 0.21a 1.44  ±  0.03b 0.40  ±  0.01a 0.26 ± 0.01a
Green beans 9.23 ± 0.18a 0.62  ±  0.01a 0.6  ±  0.01a 0.21 ± 0.01a
Black beans 9.64 ± 0.19a 1.11  ±  0.02b 0.49  ±  0.01a 0.35 ± 0.01a
Red spotted beans 11.18 ± 0.22a 0.95  ±  0.02ab 0.96  ±  0.02b 0.21 ± 0.01a
Yellow beans 10.72 ± 0.21a 0.60  ±  0.01a 0.51  ±  0.01a 0.31 ± 0.01a

Table 1: Chemical composition (g/100 g) of starches from 8 dry legume seeds.
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Means ± standard deviation; n = 2; values in the same column followed with different letters are significantly different at p < 0.05. 
WAC water absorption capacity; WSI water solubility index; SP swelling power. 

Both solubility and swelling power of dry seeds starches varied with temperature and it can be generally concluded that solubility 
and swelling power increase with temperature increment (Lai and Varriano-Marston 1979). Solubility of legume starch for all the 8 
varieties in this study ranged between 10 to 17%. Lower value of solubility and swelling power of starch at low temperature is due to 
the crystalline nature of starch. Generally, starch absorbs less water at temperature lower than the gelatinization temperature. When 
starch is heated at higher temperature, the granule crystalline structure is disorganized and begins to swell. As the swelling increased 
amylose is leach out of the granules to increase the soluble fraction. 

Results of the water absorption capacity (WAC) of legume starches are also shown in Table 2. Starch from Yellow bean, Black bean 
and Green bean varieties registered lower WAC than other varieties studied with respective values of 200, 208 and 243 g/100g at 60°C 
and 603, 605 and 703 g/100g at 90°C. It is known that water binding by starches is a function of several parameters including size, 
shape, conformational characteristics, steric factors, hydrophilic-hydrophobic balance in the starch molecule, lipids and carbohydrates 
associated with the proteins, thermodynamic properties of the system (energy of bonding, interfacial tension, etc.), physicochemical 
environment (pH, ionic strength, vapor pressure, temperature, presence/absence of surfactant etc.), solubility of starch molecules and 
others (Chou and Morr, 1979). Red bean and red spotted bean exhibited non-significant difference with respective values at 60 and 90°C 
of 313 and 920 g/100gC, and 290 g/100g to 918 g/100g. In addition, white bean, cowpea and Bambara starches registered respective 
values of 303, 335 and 390 g/100g at 60°C and 1005, 1103 and 1203 g/100 at 90°C. Sathe and Salunkhe (1981) obtained the value of 
293g/100g at 21°C for water absorption of Northern green bean starch. Comer and Fry (1978) have reported cold water absorption of 
the purified pea starch to be 92-105 %. 

The pasting characteristics of the legume starches are shown in figure 1. The curve showed the behavior characteristic of starch 
with viscosity remaining fairly constant when temperature increases from 1 to 60-70°C. Over this limit temperature called pasting tem-
perature, the viscosity increases exponentially to a pic viscosity over which the viscosity decreases to a final viscosity. As the tempera-
ture decreases, the viscosity of the solution increases to a final value. The pasting profile varied with starch legume seeds varieties and 
the starch concentration (Table 3). The pasting temperature of legumes seeds starches varies significantly (P < 0.05) and ranged from 
71.7 to 79.9°C. These values were significantly (p < 0.05) lower than reported values in literature (Sandhu and Lim, 2008) 50.2-52.5°C 
for black gram (Vigna mung), chickpea (Cicer arietinum), field pea (Pisum sativum), lentil (Lens culinaris), mung bean (Phaseolus au-
reus), and pigeon pea (Cajanus cajan). The peak temperatures (range xx – xx) were closed to 79.5°C and 75.8-80.3°C reported for four 
cultivars of field pea starches (Ratnayake., et al. 2001) and some Indian black gram starches (Singh., et al. 2004), respectively. 

Pasting Behavior

Varieties WAC (%) WSI (g/100g) SP (g/g)

60°C 90°C 60°C 90°C 60°C 90°C

Cowpea 335 ± 7e 1102 ± 23e 4.0 ± 0.1d 13.1 ± .3b 3.5 ± 0.5b 12.7 ± 0.3d
Bambara groundnut 390 ± 8f 1203 ± 23f 4.9 ± 0.2e 17.1± 0.3c 4.1 ± 0.3c 14.5 ± 0.5e
Red beans 313 ± 6d 920 ± 18c 4.0 ± 0.1d 10.0± 0.3a 3.3 ± 0.5b 10.2 ± 0.4b
White beans 303 ± 6cd 1005± 20d 3.0 ± 0.1c 11.1± 0.4a 3.1 ± 0.4b 11.3 ± 0.2c
Green beans 243 ± 5b 703 ± 14b 2.9 ± 0.1c 10.1± 0.2a 2.5 ± 0.1a 7.8 ± 0.5a
Black beans 208 ± 4a 605 ± 12a 4.0 ± 0.1d 10.2± 0.2a 2.2 ± 0.2a 6.7 ± 0.3a
Red spotted beans 290 ± 6c 918 ± 18c 1.9 ± 0.1b 11.1± 0.5a 3.0 ± 0.2b 10.3 ± 0.4b
Yellow beans 200 ± 2a 603 ± 13a 1.0 ± 0.1a 10.2± 0.2a 2.0 ± 0.1a 6.7 ± 0.4a

Table 2: Some functional properties of dry legume seeds at 60 and 90°C.
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Figure 1: Pasting profile of different beans starch 

varieties (at 8% of starch concentration).

The pasting profile parameters are represented in table 3. Peak viscosity PV (the highest viscosity attainable during heating) cor-
responds to the point when the numbers of swollen, but still intact starch granules are maximal. It indicates the water binding capacity 
of the starch granules (Shimelis., et al. 2006) and it also frequently correlated with final product quality. We showed in this study that 
the Peak viscosity of the solution not only varied with legume variety, but also with the concentration of the starch slurry (Table 3). Dry 
legume starches presented PV values range from 168 to 1774 Cp at 8% starch varying from one variety to another. PV value was found 
to be lowest for Yellow bean (168Cp) and highest for Bambara bean and cowpea (1774Cp). However, at 4 and 6% starch concentration, 
no significant difference of PV was observed among varieties with respective values of 44 Cp and 295 Cp. Higher PV as well as lower 
PT reflects the capacity of starch granules to swell freely before physical breakdown or rupture as a result of higher temperature and 
mechanical agitation (Ashogbon and Akintayo, 2013b). Peak viscosity (PV) is accompanied immediately by a reduction in viscosity to a 
minimum call trough viscosity (TV). 

The breakdown viscosity (BV) is a measure of the vulnerability of cooked starch to disintegration. BV of the starch samples varied 
significantly (P < 0.05) with the concentration of starch and variety. BV ranged between 63 and 670cp at 8% concentration. The lowest 
BV was for Yellow bean and green bean, followed by Black bean (64 Cp) and Red bean (94 Cp) starches while the highest BV were for 
Cowpea and Bambara starches. The higher the breakdown viscosity, the lower is the ability of the starch sample to withstand heat and 
shear stress during cooking(Ashogbon and Akintayo, 2013b).Therefore, Cowpea and Bambara starches possess less ability to resist heat 
and shear stress when compared to Common bean varieties in this study. Similar higher BV values were reported for starches from 2 
Cowpea cultivars (Ashogbon and Akintayo, 2013b) and 13 improved Indian black gram cultivars (Singh., et al. 2004).

Final viscosity (FV) which indicates the ability of the starch to form a viscous paste varied significantly with concentration and 
variety of starch. At 8%, FV varied from 226 (Yellow bean) to 2060cp (Cowpea and Bambara). The high FV for the legume starches 
indicates that their paste could easily form a more rigid gel (Zhang., et al. 2005). Increase in FV is attributed to the re-association of 
amylose molecules during cooling and responsible of the starch retrogradation (Miles., et al. 1985). In addition, the differences in pasting 
characteristics of starches have been associated to factors among which Amylopectine molecular structure and Amylose contents play 
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important role (Juliano., et al. 1987). The differences in the degree of randomly limited branching in amylose concentration might have 
also contributed to varietal differences (Ashogbon and Akintayo, 2012). Other reasons for differences may be inherent to differences in 
starch structure or may be due to different degree of interactions between starch and its associated compounds during pasting (Zhang 
and Hamaker, 2008).

Variety Starch 
concentration (%)

PT (°C) PV (Cp) TV (Cp) BV (Cp) FV (Cp)

White bean 4 71,7 44 34 10 55
6 75,8 295 289 6 321
8 78,15 1097 930 167 1430

Yellow bean 4 71,7 44 34 10 55
6 71,7 295 289 6 321
8 78,15 168 105 63 226

Black bean 4 75 44 34 10 55
6 78,5 295 251 44 321
8 79 277 213 64 379

Red bean 4 76,55 44 34 10 55
6 78,15 295 251 44 321
8 77,45 539 445 94 653

Red spotted 
bean

4 76,55 44 34 10 55
6 78,15 295 289 6 321
8 79 1211 1085 126 1423

Green bean 4 76,55 44 34 10 55
6 78,15 295 289 6 321
8 79,9 321 258 63 363

cowpea 4 76,55 44 34 10 55
6 78,15 295 289 6 321
8 78,2 1774 1104 670 2060

Bambara 
groundnut

4 72,5 44 34 10 55
6 78,15 295 289 6 321
8 78,2 1774 1104 670 2060

Table 3: Pasting properties of dry legume starches.

Conclusion
The pasting and functional properties of dry legume starches from different varieties vary significantly. The swelling power of starch 

isolate from seven common varieties of the legume beans studied fall on the group of highly restricted-swelling starches. This character-
istic is desirable for starch extracts to be used for the manufacture of value-added products such as noodles and composite blends with 
cereals. Despite of the differences among the legume beans, the isolated starches had similar physico-chemical, pasting and functional 
properties. The significant differences in the functional properties of the legume bean starches especially their pasting properties indi-
cated that these differences observed could be used in their selection for specific food processing applications.
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Overall, the physico-chemical, pasting and functional properties obtained indicate that dry seeds starches have useful technologi-
cal properties for many applications. It can be used in the food processing industry and non-food applications of starch. Research and 
development studies on African varieties of beans which are constantly released from various research centers will help to meet new 
demands in the Africa. Finally, in order to boost the small scale bean production and develop new market opportunities to stimulate 
economic growth in the continent. Further research and development programs in these aspects which can be integrated with other 
currently ongoing research activities are necessary.
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