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Abstract

Roasting of dry beans presents the possibility of a value-added product with improved
nutritional quality and potential use in different food systems. The effect of roasting on the
proximate composition and functional properties of dry beans (Phaseolus vulgaris L.) was
determined. Beans were roasted at 140, 170, and 200 °C for 5, 10, and 15 minutes. The
moisture, carbohydrate, protein, dietary fibre, total ash and fat contents of the flours ranged
from 4.58 to 6.72%, 56.21 to 60.51%, 23.09 to 26.74%, 4.12 to 7.01%, 3.94 to 4.58% and 1.28
to 2.10%, respectively. An increase in roasting temperature and time significantly reduced
moisture and carbohydrate contents, but increased fat, fibre and ash contents. Foaming
capacity, foam stability, water absorption index, water solubility index and water absorption
capacity varied from 6.16 to 45.14%, 2.10 to 30.68%, 4.20 to 5.12 g/g, 10.74 to 17.15 g/g and
1.77 to 2.2 g/g, respectively. Increasing roasting temperature and time impacted functional
properties of flours. Pasting properties of bean flour pastes were significantly reduced. Flour
from roasted beans (FRBs) can serve as a functional ingredient and nutrient enhancer in the
food industry. In order to increase shelf life and nutrient density of bean flours, the beans
should be roasted at 200 °C.
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Introduction where protein-energy malnutrition is still a

Common beans (Phaseolous vulgaris) are
a cheap source of protein worldwide (Phillips
et al. 2015). Recently, there has been an
increasing awareness of the role beans can
play in terms of nutrition security and more
consumers are considering beans as a
potential substitute for red meat. In spite of
this, beans have been branded as inferior
compared to other sources of protein because
they are hard to cook particularly the dry
beans (Siddiq and Uebersax 2012a), making
bean meals less popular to youth and urban
populations who tend to prefer meals that are
quick to prepare. In developing countries

challenge, it is important to promote not
only increased vyields, but also the
processing and utilization of beans at the
different levels along their value chain
(Siddiq and Uebersax 2012b). Processing of
beans into flour avails an opportunity to have
a value-added product with improved
nutritional quality, reduced cooking time and
useful in different food systems. Whole bean
flour can be used as a protein supplement in
baked products and as a thickening agent in
soups and sauces (Alfaro-Diaz et al. 2023).

It has been observed that raw legumes
ground  without pretreatment develop
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undesirable odours and flavours which
persist after cooking. Lipoxygenases have
been held responsible for the appearance of
off-flavours by catalysing the formation of
hydroperoxides from unsaturated fatty acids.
However, treatment of legumes with dry heat
can inactivate these enzymes (Shi et al. 2020).
Improvement in nutritional quality has also
been demonstrated by heating to destroy the
heat-labile antinutritional protease inhibitors
in legumes. Roasting also extends shelf life
and reduces the anti-nutrient factors of
cereals and legumes (Nzewi and Egbuonu

2011).  Preliminary  bean  processing
techniques including roasting have been
found to increase digestibility, improve

protein to energy ratio and reduce flatulence
from beans (Baik and Han 2012).

Heating of foods containing protein
results in changes in water status, solubility
of the protein and other changes in
functionality of protein (Collar et al. 2020).
Lysine, the most predominant amino acid in
legumes, in the form of epsilon-amino lysl
residues, and methionine are highly reactive
and limiting amino acids lost by Maillard
reaction (Sterna et al. 2020). These Maillard
type browning reactions may occur in stored
bean products and contribute to a loss of
nutritional value (Karathanos et al. 2006) and
decline in sensory quality. Ogechukwu and
Ikechukwu (2017) reported that the water
absorption, oil absorption, foaming and
swelling capacities, solubility index, and bulk
density of the flour from Lima beans
(Phaseolus lunatus) that had been soaked,
dehulled and roasted at 240 °C for 40 minutes
were significantly (p < 0.05) increased
compared to the raw beans. On the other
hand, Audu and Aremu (2015) reported an
increase in water absorption capacity, oil
absorption capacity, foaming capacity and a
decrease in foam stability of flour from
dehulled black turtle beans (Phaseolus
vulgaris L.) that had been roasted at 85 °C for
75 minutes. Results by Kumar et al. (2020)
showed that microwave roasting of black
chick peas (Cicer arietinum) at 600W for 10
minutes increased the water absorption
capacity and oil absorption capacity by

69.51% and 6.41%, respectively as compared
with the control.

Presently, there are limited studies on the
physicochemical properties of whole bean
flour from beans roasted using a wide range
of roasting temperature and time conditions,
which are typical of household and cottage
industry level processing. In a bid to improve
roasting conditions, this study was therefore
conducted to investigate the effects of
different roasting conditions on the chemical
and functional properties of bean flours.

Materials and Methods

The dry beans (Kanyebwa variety/NABE 15)
were purchased from Owino market, in
Kampala (capital city of Uganda).

Experimental design

A factorial design with two factors at
three levels was employed. Roasting
temperature and time were the factors varied
to include 140, 170 and 200 °C and 5, 10 and
15 minutes, respectively. The control
constituted beans that were not roasted.
Triplicate determinations were made for each
temperature and time combination and
control for the subsequent parameters
investigated.

Preparation of flour from roasted dry
beans

The bean seeds were freed of dirt and
other extraneous materials, washed twice
with portable water and dried at 46 to 54 °C
in an electric drier for eight hours. The beans
were then roasted in an oven (Infrared food
oven GL-2A, Guangzhou Itop Kitchen
Equipment Co, Ltd. Guangdong, China) at
different temperatures (140, 170 and 200 °C)
for various times (5, 10 and 15 minutes) with
periodic stirring using a wooden spoon to
ensure uniform heat distribution. After table
cooling to room temperature, the roasted
beans were ground to fine flour using a mill
(Wonder mill, Pocatello, ldaho, USA) and
sieved through a 425 microns mesh size. The
flours were packaged into air tight plastic
containers and stored at room temperature
until needed for analysis.
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Proximate analysis

Proximate composition of the bean flours
was determined according to the AOAC
methods (2015). The moisture content of the
flours was determined using the standard Air
Oven Method No. 925.10 (AOAC 2015) by
means of a hot box oven (Gallenkamp,
United Kingdom). Protein content was
determined basing on the standard Kjeldahl
method (AOAC 2015) using a Kjeltec
machine. Fat was determined using a Soxhlet
machine (AOAC 2015). Ash was determined
by the direct heating method in a muffle
furnace as described by AOAC (2015).
Dietary fibre was determined gravimetrically
using acid detergent fibre reagent (Pearson
1976). Carbohydrate was determined by
difference; carbohydrate (%) (100
moisture + protein + fat + fibre + ash).

Functional properties

The water and oil absorption capacities
(WAC and OAC) of the flours were
determined using the centrifugation method
(Kaur and Singh 2006). The water absorption
index (WAI) and water solubility index
(WSI) of samples were determined using
methods reported by Kaur and Singh (2006).
The foaming properties were determined by
employing the method of Seena and Sridhar
(2005). The pasting profiles of flour samples
were determined using a Rapid Visco-
Analyzer (RVA 4500) (Newport Scientific
Pty. Ltd. Warriewood, Australia) with the aid
of a thermocline for windows version 3.0
software (1998). Flour suspensions were
prepared by addition of 3.5 g of flour to 25
ml of distilled water to make a suspension in
the RVA sample canister. Test runs were
conducted following the profile for heat
treated flour, which included: 1 minute of
mixing and warming up at 50 °C; 3.7 minutes
of heating at 12 °C/minute up to 95 °C; 2.5
minutes of holding at 95 °C; 3.8 minutes of
cooling down to 50 °C at 12 °C/minute and 2
minutes of holding at 50 °C. A constant
paddle rotational speed (160 rpm) was used
throughout the entire analysis, except for
rapid stirring at 960 rpm for the first 10
seconds to disperse the sample. The whole
cycle was completed within 13 minutes. The
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parameters measured were: Peak viscosity-
the highest viscosity during the heating stage;
Breakdown viscosity-the difference between
the peak viscosity and the minimum viscosity
at the end of the heating stage; Setback
viscosity-the  difference  between  the
maximum viscosity during cooling and the
minimum viscosity during heating; Final
viscosity-the viscosity at the end of the
cooling stage; and Peak time (minutes)-the
time taken for the paste to reach the peak
viscosity.

Statistical analysis

Analysis of Variance (ANOVA) was done
to determine the significant differences
among means using SPSS (version 22.0
Chicago: SPSS Inc). Tukey’s Honest
Significant test was used to separate means.
The differences were considered statistically
significant at p < 0.05. Principal component
analysis to test the relationships amongst
variables was performed using XLSTAT
(version.2012.10.7.01  Addinsoft,  Paris,
France) and Unscrambler X 10.5 (CAMO
Software, AS, Norway).

Results and Discussion
Effects of roasting conditions on proximate
composition of bean flours

Results for proximate composition of the
raw and roasted bean flour are presented in
Table 1. There were significant variations
in  proximate composition  parameters
between the control and roasted flour samples
and among the roasted flour samples at
different temperature and time conditions.
The moisture content of the roasted bean
flours ranged from 4.58 to 6.72%. Flour from
beans (FFBs) roasted at 140 °C for 5 minutes
had the highest moisture content (MC), while
FFBs roasted at 200 °C for 15 minutes had
the least MC. Increase in roasting
temperature and time significantly (p < 0.05)
reduced the MC. The flours from the roasted
beans exhibited a decrease in moisture
content when compared to the control
sample, and the findings are similar to those
by Ogechukwu and lkechukwu (2017) on
roasted Lima beans and Nzewi and Egbuonu
(2011) on roasted asparagus beans. The
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observed decrease in MC could have been
due to escape of moisture from the sample
matrix resulting from the heat (Afolabi
2014). This implies that roasting is effective
in reducing the moisture content of bean
flours. These results are in line with the
recommended moisture content for flours; <
9% (Butt et al. 2004).

The crude fat (CF) content of the roasted
bean flours varied from 1.28% (in beans
roasted at 140 °C for 5 minutes) to 2.10% (in
beans roasted at 200 °C for 15 minutes).
There was a significant (p < 0.05) increase in
CF content with increase in roasting
temperature and time (Table 1). 1In
comparison to the control, all roasted
flours had higher crude fat content.
Similarly, Xu et al. (2016) reported an
increase in fat content of flour from roasted
Kabuli chick pea (Cicerarietinum L.). In
contrast, flour from roasted red Kkidney
beans, asparagus beans and Lima beans had
reduced fat contents compared to the flour of
the raw beans (Audu and Aremu 2011, Nzewi
and Egbuonu 2011, Ogechukwu and
Ikechukwu 2017). The increase in fat can be
attributed to redistribution of nutrients in the
beans (Xu et al. 2016) associated with
increased extractability of fat secondary to
destabilization of the food matrix due to high
temperature.

The dietary fibre (DF) content of the
roasted bean flours varied from 4.12 to
7.01%. Roasting at 200 °C for 15 minutes
resulted in the highest dietary fibre value,
while roasting at 140 °C for 10 minutes
led to the lowest value relative to the
control sample. Increase in  roasting
temperature and time significantly (p < 0.05)
increased dietary fibres. These observations
are in agreement with results showing
increased dietary fibres in roasted soya bean,
microwave roasted black chickpea and in
soaked, cooked and dehydrated beans
(Azizah and Zainon 1997, Aguilera et al.
2009, Kumar et al. 2020). The formation of
resistant ~ starch  from  amylose-lipid
complexes and Maillard-reaction products
during cooking given the high content of
protein and reducing sugars in beans have
been described as factors contributing to

observed increases in insoluble dietary fibres
(Vidal-Valverde and Frias 1991, Su and
Chang 1995).

The total ash content (TAC) of the FFRBs
varied from 3.94 to 4.58%. Increase in
roasting temperature and time significantly (p
< 0.05) increased TAC of the bean flour as
compared to the control. Obatolu et al.
(2007) had similarly reported an increased
TAC in flour from roasted yam bean. The
observed increase in TAC could be attributed
to decomposition of organic matter due to
elevated temperatures thus concentrations of
the inorganic contents of the sample.
Furthermore, the crude protein (CP) content
in the flours ranged from 27.29 to 28.49%
(Table 1). The highest CP value was in flour
from beans roasted at 200 °C for 5 minutes.
Variations in roasting temperature and time
significantly (p < 0.05) affected the protein
content of the roasted flours. Relative to the
control sample, roasting significantly (p <
0.05) decreased the protein content and this
could be attributed to protein denaturation.
Similar results were reported by Nzewi and
Egbuonu (2011) and Ogechukwu and
Ikechukwu (2017).

The carbohydrate content (CC) of the
samples ranged from 50.00 to 55.76% (Table
1). Roasting beans at 200 °C for 5 minutes
yielded flour with the lowest CC, while flour
from beans roasted at 140 °C for 15 minutes
had highest CC. In comparison to the control,
roasting significantly (p < 0.05) increased CC
of flours. However, increase in roasting
temperature with time did not significantly (p
< 0.05) affect the CC of the roasted flour.
These findings are in agreement with D'souza
(2013) for roasted field beans and
Ogechukwu and Ikechukwu (2017) for
roasted Lima beans and imply that roasting
increased the  extractability of the
carbohydrates as compared to the control.

Effects of roasting conditions on the
functional properties of roasted bean flour

Foaming capacity (FC) significantly (p <
0.05) varied between the control sample and
roasted samples with the former having
higher values than the latter. Furthermore, the
foaming capacity reduced significantly from
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45.15% in samples roasted at 140 °C for 5
minutes to 6.16% in sample roasted at 200 °C
for 15 minutes (Table 2). These results are in
agreement with those reported for roasted
African yam bean, toasted mung bean,
roasted chickpea (Obatolu et al. 2007, Nwosu
et al. 2011, Offia-Olua and Madubuike 2015,
Jogihalli et al. 2017a) but in contrast to those
reported for roasted Lima beans (Ogechukwu
and Ikechukwu 2017). The reduction in FC in
dry heat-treated samples has been reported to
be due to protein denaturation attributed to
protein cross-linking caused by the severe
heat treatments, which decrease the solubility
and flexibility of proteins (Adebowale et al.
2009, Offia-Olua and Madubuike 2015). The
ability of food to foam and maintain stable
foams is determined mainly by the solubility
of its proteins in water. Foaming stability
(FS) varied significantly (p < 0.05) between
the control and roasted samples. The foaming
stability of the roasted bean flours ranged
from 2.10 to 30.68%. Roasted bean at 140 °C
for 5 minutes yielded flours with the highest
FS while flour from beans roasted at 170 °C
for 15 minutes had the least FS. Increase in
roasting temperature and time significantly (p
< 0.05) reduced the FS (Table 2). Similar
results have been reported for roasted pinto
beans, toasted mung beans and chickpeas
(Audu et al. 2014, Offia-Olua and Madubuike
2015, Jogihalli et al. 2017a). Foam stability is
related to the amount of native protein, which
gives higher FS than denatured protein. The
reduction in amount of native protein brought
about by the roasting process was thus
signified by a decrease in foam stability.

The water absorption index (WAI) of
bean flour varied from 4.20 to 5.12 g/g and
the highest value among roasted samples was
in samples roasted at 170 °C for 5 minutes
that decreased significantly (p < 0.05) to
lowest in samples roasted at 200 °C for 15
minutes. Relative to the control, a significant
decrease in WAI was observed in roasted
bean flour samples. Bento et al. (2021a)
similarly reported a decrease in WAI of
flours from colourful beans (Phaseolus
vulgaris L.) treated with superheated steam,
whereas Jogihalli et al. (2017b) reported an
increase in WAI for flour from roasted
chickpea. However, results from microwave
roasting of chickpea revealed that WAI of
chickpea flour increased from 1.98 + 0.02
(unroasted samples) to 3.41 £ 0.03 (15 min)
and 3.60 £ 0.23 (15 min) in 450 and 600 W,
respectively and later decreased to 3.24 +
0.04 at 900 W, 15 min (Jogihalli et al.
2017c¢), a trend similar to the present study.
WA is generally attributed to the dispersion
of starch in excess water which increases the
degree of starch damage due to
fragmentation. The WAI measures the
volume occupied by the starch polymer or
granule after swelling in excess water. WAI
increases with elevated processing
temperature until the dextrinisation of starch,
which is dominant during processing
conditions like roasting (Sacchetti et al.
2004). Due to the reduced degree of starch
damaged during roasting, there is less of it
available to disperse in excess water thus
reduced WAI.
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Table 1: Effects of roasting temperature and time on proximate composition of bean flour (%)

Temperature (°C)  Time (min) Moisture Fat Dietary fibre Ash Protein Carbohydrate
Control 8.43°+0.20 1.23%+0.04 5.64°+0.12 418%+0.12  30.52°+2.30 50.00% + 2.58
140 5 6.72%+0.06 1.38%+0.06 4.72*+0.02 427*+0.06 27.36°+0.02 55.54° +0.11
140 10 6.69%+ 0.04 1.66™ + 0.02 4.49%+0.20 427*+0.03  27.35%+0.01 55.53° +0.22
140 15 6.14° +0.16 1.90°+0.10 4.76*+0.32 425®+0.11 27.19°+0.05 55.76° + 0.58
170 5 6.50° + 0.32 1.96+0.12  511*+020  4.32®°+0.05 27.29°+0.09 54.81° +0.26
170 10 6.34%+ 0.04 1.99%+0.03 512 +0.02  435%+009 27.25°+0.01 54.95° + 0.09
170 15 5.73°+0.19 2.09%+0.17 5.25° +0.13 444" +011  27.07°+0.05 55.42° +0.27
200 5 6.16° +0.19 2.05%+0.14 497*+0.25 417°+0.06  28.49%+219 54.16° +2.05
200 10 5.79°+0.03 2199+0.19 508" +0.25 4.56°+0.02 27.59%+0.01 55.30° +0.25
200 15 458%+0.11 2.209+0.08 7.359+0.36 480°+0.10  26.74%+0.03 54.33"+0.55

Values are means (n = 3) + SD, dry matter basis. Means having different superscripts within the same column are significantly different at p < 0.05.

Table 2: Effects of roasting temperature and time on functional properties of bean flour

Temperature Time  Foaming capacity =~ Foaming stability =~ Water absorption ~ Water solubility =~ Water absorption Oil absorption
(°C) (min) (%) (%) index (9/g) index (9/g) capacity (g/q) capacity (g/g)
Control 70.327+0.18 52.659 +1.39 5.39°+0.14 16.45% +0.33 1.90® +0.05 0.837+0.01
140 5 45.15° +2.98 30.68"+0.43 4.79°°+ 0.05 17.15°+0.28 1.77%+0.04 0.86"+0.03
140 10 33.11%+257 30.527+0.56 4.69°+0.13 15.95% + 0.04 1.95° +0.05 0.91°+0.04
140 15 35.97%+1.10 17.27°+0.21 4.68" +0.10 15.01°+0.17 1.91% + 0.08 0.84°+0.04
170 5 19.93°+0.63 14.49% +1.26 5.12%+0.06 11.65° + 0.50 2.199+0.03 0.87°+0.01
170 10 14.69° +0.35 8.04°+0.54 488+ 0.05 11.32% +0.07 2.20%+0.07 0.80% +0.06
170 15 6.30%+0.15 2.10%+0.05 4.74°+0.07 10.74% +0.49 2.13+0.05 0.84°+0.02
200 5 8.45%+0.21 6.34°+0.16 453°+0.16 11.14* +0.14 2.03 +0.06 0.69%+0.04
200 10 6.16%+0.07 4.11°+0.05 4.61°+0.02 10.95% +0.08 2.14+0.02 0.90°+0.03
200 15 6.62°%+0.65 3.83% +0.58 4.20%+0.02 11.11* +0.08 1.89% +0.02 0.85"+0.08

Values are means (n = 3) = SD. Means having different superscripts within the same column are significantly different at p < 0.05.
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The water solubility index (WSI), which
ranged from 10.74 to 17.15 (g/g) decreased
significantly (p < 0.05) with increase in
roasting temperature and time. In relation to
the control, WSI decreased significantly (p <
0.05) upon roasting the samples. Similar
results were reported in flour from roasted
chickpea as well as carioca beans (Phaseolus
vulgaris L.) and colourful beans (Phaseolus
vulgaris L.) treated with superheated steam
(Jogihalli et al. 2017a, Jogihalli et al. 2017c,
Bento et al. 20214, Bento et al. 2022). WSI is
a parameter that integrates the effects of
gelatinization,  dextrinisation and the
consequent solubilisation of starch (Ding et
al. 2006). Lower WSI correlates with lower
degradation of starch. Increase in WSI is
associated ~ with  increase  in  starch
depolymerisation and the  consequent
reduction in the length of amylose and
amylopectin chains (Balandran-Quintana et
al. 1998). Roasting leads to dehydration,
denaturation of a  protein  matrix,
dextrinisation of starch and subsequent
entrapment of soluble substances in the
dextrinised starch mass, thus leading to a
decrease in WSI (Alfaro-Diaz et al. 2021).
Completion of starch dextrinisation at
temperatures above 170 °C could explain the
almost constant WSI observed from 170 to
200 °C.

The water absorption capacity (WAC) of
the bean flour samples ranged from 1.77 to
2.20 (9/g). Relative to the control sample,
roasting significantly (p < 0.05) increased
WAC of the bean flours. There was a
significant increase (p < 0.05) in WAC of the
roasted the bean flours with increase in
roasting temperature and time except at 200
°C for 15 minutes where a decrease was
observed. A similar trend of increase in WAC
of flour from roasted African yam beans and
chickpeas has been reported (Obatolu et al.
2007, Jogihalli et al. 2017c, Kumar et al.
2020). This is probably due to unfolding of
proteins upon heating, which exposes
previously buried hydration sites, thereby
making them available to interact with water
(Bento et al. 2022) resulting in increased
WAC. The observed decrease at 200 °C for
15 minutes could be attributed to decreased

percentage of soluble protein at high
temperature long time treatment as observed
by Zili¢ et al. (2006).

Peak viscosity (PV): The peak viscosity
of the samples ranged from 4.44 RVU (pastes
of beans roasted at 200 °C for 15 minutes) to
82.33 RVU (pastes of beans roasted at 170 °C
for 5 minutes). PV is the maximum viscosity
attained by gelatinized starch during heating
in water. It indicates the capacity of the starch
granules to interact with water, and swell
freely before they are physically broken
down (lkegwu et al. 2010). The decrease in
PV values observed with increase in roasting
temperature (Table 3) may be attributed to
the denaturation of protein as well as starch—
protein interactions which result in structures
with reduced capacity for interaction with
water (Herndndez-Nava et al. 2011). It might
also be due to the change in gelatinization
temperature of starch granules causing their
rupture, even at low water absorption, which
reduced the degree of polymerization during
gelatinization  (Jogihalli et al. 2017c).
However, the PV was highest at 170 °C for 5
minutes higher than at 140 °C and control
sample. This may be attributed to increased
protein solubility at 170 °C secondary to
unfolding upon denaturation (Zili¢ et al.
2006).

Trough (holding strength): The trough for
the pastes varied from 4.08 to 78.28 RVU.
Pastes from beans roasted at 170 °C for 5
minutes displayed highest trough whereas the
lowest trough was observed in pastes from
beans roasted at 200 °C for 15 minutes (Table
3). The control sample had lower trough
(54.33 RVU) than pastes from beans roasted
at 140 and 170 °C with the exception of those
at 170 °C for 15 minutes. This could be due
to increasing protein solubility from 140 to
170 °C secondary to unfolding upon
denaturation (Zili¢ et al. 2006). Trough is the
minimum viscosity after the peak, normally
occurring around the commencement of
sample cooling. It is a measure of the ability
of starch granules to remain undisrupted or
withstand breakdown when the flour paste is
subjected to a hold period of constant high
temperature and mechanical shear stress
(Kaur et al. 2007). It also gives an indication
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of hot paste stability. The smaller the trough
value, the higher the stability of the paste.
The decrease in trough observed in this study
indicates the increased tendency of roasted
bean flour to have higher hot paste stability
during cooking.

Breakdown viscosity (BV): Breakdown
viscosity, which is the difference between the
peak viscosity and the lowest viscosity
(trough) after the heating ramp, is a measure
of the ease with which swollen starch
granules can be disintegrated by shear stress
(Kaur et al. 2007). The highest break down
(5.31 RVU) was from pastes of beans roasted
at 170 °C for 10 minutes while the least (0.36
RVU) was from pastes of beans roasted at
200°C for 15 minutes (Table 3). The control
sample had the highest BV (6.58 RVU)
compared to the roasted samples. High
BV is indicative of lower ability of starch to
resist shear stress during cooking, resulting in
pastes that are less stable (Ikegwu et al. 2010,
Lee et al. 2012). Low BV indicates high paste
stability (Ragaee and Abdel-Aal 2006).
Breakdown viscosity increased with roasting
temperature up to a maximum of 5.31 RVU
at 170 °C and then decreased to a minimum
of 0.36 RVU with further increase in roasting
temperature and time. With the exception of
beans roasted at 200 °C for 10 and 15
minutes, flours from beans roasted at higher
than 140 °C would yield less stable pastes on
cooking under shear.

Final viscosity (FV): The final viscosity
is the viscosity at the end of the test,
indicating the ability of starch to form a
viscous paste after cooking and cooling. The
highest FV (160.92 RVU) was in pastes from

beans roasted at 140 °C for 5 minutes and
least value (7.22 RVU) was in pastes from
beans roasted at 200 °C for 15 minutes. The
control sample had FV value (126.75 RVU)
which was lower than pastes from beans
roasted at 140 °C and those at 170 °C for 5
minutes. Results obtained in this study
indicate that the ability of the bean flour to
form a thick paste after gelatinization reduced
as the roasting temperature increased beyond
170 °C. Similar results were reported for
roasted cowpeas, black chickpea (Adegunwa
et al. 2012, Kumar et al. 2020). Increase in
heat is likely to have caused a high
degree of starch dextrinisation (Sacchetti et
al. 2004). This coupled with possible high
level of retrogradation of the starch resulted
in gradual reduction of final viscosities.

Increase in roasting temperature and time
produced bean flours whose pastes are likely
to remain stable and be less viscous on
cooling besides having low tendency of
viscosity breakdown during cooking (Table
3). As such, there is an opportunity for
enhancing nutrient and energy density as
roasted bean flours could be incorporated into
food formulations at a relatively high
percentage without substantially increasing
the viscosity. This is beneficial when
preparing  complementary  foods like
porridges or sauces to attain acceptable
viscosity range of between 200 and 250 RVU
(Thaoge et al. 2003). Roasted bean flour is
also potentially useful as filler in the meat
canning industry (Chinomso et al. 2017) as
well as in the beverage industry where
starches with low final viscosity are of
interest (Anton et al. 2008).
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Table 3: Effects of roasting temperature and time on pasting properties of bean flour

Temperature  Time Peak viscosity Trough Breakdown Final viscosity Setback Peak time

(°C) (min) (RVU) viscosity (RVU) viscosity (RVU) (RVU) viscosity (RVU) (min)

Control 60.9%+1.01 54.33%+0.93 6.58"7+0.29 126.757 + 1.59 72.427+0.83 7.00° +0.00
140 5 75.53" + 2.87 73.619+2.71 1.72° +0.17 160.92 "+ 6.13 87.319+3.43 7.00° +0.00
140 10 73.69" + 1,53 67.83"+1.59 1.86" +0.27 137.50°% + 4.34 69.67°" + 2.84 6.98% + 0.04
140 15 72.64" +1.30 69.817+1.26 2.83°+0.08 136.75%+ 1.80 66.94% + 0.75 7.00° +0.00
170 5 82.53% + 0.83 78.28" +1.04 4.25%+0.22 143.64°+1.95 65.36% + 0.99 7.00° +0.00
170 10 68.36°+ 0.27 63.06° + 0.47 5.31°+0.21 126.86%+ 1.25 63.81%+0.88 7.00° +0.00
170 15 29.42° + 0.22 25.22¢+0.32 4.19°+0.21 66.47°+0.48 41.25°+0.38 7.00° +0.00
200 5 26.39°+ 1.03 22.47°+0.97 3.927+0.08 61.17°+1.78 38.69° +0.82 7.00° +0.00
200 10 17.56°+0.21 14.92°+0.14 2.64°+0.10 41.86° + 0.46 26.94° +0.32 7.00° +0.00
200 15 4.44°%+0.21 4.08%+0.22 0.36%+0.10 7.22%+0.51 3.14%+0.29 6.84%+0.15

Values are means (n = 3) £ SD. Means having different superscripts within the same column are significantly different at p < 0.05.

Implications of variations in proximate composition and functional
properties of roasted bean flour on product properties

The first two components of the principal component analysis (PCA)
explained 54 and 17% of the variations in the data for PC 1 and 2,
respectively, expressing 71% of the total variation (Figure 1). PC1l
predominantly described functional properties namely; foaming
capacity, foaming stability, water absorption index, water solubility
index. The raw beans (control) and those roasted at 140 °C for 5, 10 and
15 minutes were characterized by high foaming capacity, foaming
stability, water absorption index, water solubility index, oil absorption
capacity and were also high in protein content (Figure 1). These flours

were however, low in fat, fibre and ash contents. These results are in
agreement with those by Siddiq et al. (2010) who reported a positive
correlation between protein and foaming properties and negative
correlations between fat and foaming stability, ash and foaming capacity
and protein and water absorption capacity in flour from unprocessed red
kidney, small red kidney, cranberry and black beans. Foaming capacity
is used as an index of the whipping characteristics of the flour
(Ogechukwu and Ikechukwu 2017). Flours with good foaming capacity
are usually desirable in the preparation of whipped cream and salad
dressings.
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Figure 1: Plot of scores and loadings of the Principal Component Analysis (PCA) of the
roasted bean flour proximate composition and functional properties.

Furthermore, flours from beans roasted at
higher temperature (170 and 200 °C) and
increased time were characterized by high
WAC and were also high in fat, total ash and
dietary fibres (Figure 1). These flours were
low in WAI and WSI. The WAC was
negatively correlated with WSI (Figure 1).
This can be attributed to the fact that increase
in roasting temperature and time decreases
the solubility of protein, whereas WAC
increases because of denatured protein whose
polar amino acids are more available for
binding water (Li et al. 2010). Flour from
beans roasted at 200 °C for 5, 10 and 15
minutes and 170 °C for 15 minutes would be
more useful where WAC is important for
certain product characteristics such as the
moistness of the product as well as
prevention of starch retrogradation and the
subsequent product staling (Siddig et al.
2010). Water absorption capacity is important
in consistency and bulking of products, as
well as in baking applications (lwe et al.
2016). Flour with low values of WSI is
suitable for pasta and baked products
development since it could reduce the loss of
solids in water and the optimum cooking
time, due to their low water solubilization
capacity (Bento et al. 2021b). So, the roasted
bean flours might be best suitable for
substitution of wheat flour in pasta and baked

products development compared to the raw
bean flours.

Conclusion

Flours from roasted beans showed
increased fat, fibre, and ash contents, and
water absorption capacity. Moreover, they
exhibited a decrease in  moisture,
carbohydrate content, foam properties, water
solubility index, and water absorption index.
These changes were a result of an increase in
roasting temperature and time, which also led
to the decrease in peak, trough, breakdown,
final, and setback viscosities. Flours from
roasted beans can thus be used in bakery
products to prevent staling by reducing
moisture loss because of enhanced water
absorption capacity. Owing to the reduced
water absorption index and reduced pasting
viscosities, they can also be incorporated
into food formulations for nutrient
enhancement at a relatively high percentage
without substantially increasing the viscosity.
This study has demonstrated that roasting of
beans presents an opportunity to diversely
utilize bean flour in the food industry.
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