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Abstract

In the present study, three varieties of kidney beans (Red Rajma (RR), Rajma Chitra (RC), and Rajma Sharmili (RS)) were
physically characterized and the effect of pre-gelatinization by microwave and hot water on functional and pasting
properties of flour were studied. A significant difference was observed in the physical properties of all the kidney
beans, indicating that they can be easily characterized and identified based on physical properties. Pre-gelatinization
treatment led to variation in color, functional and pasting properties of flours. Color parameters L*, b*, chroma,

and hue values reduced with the treatment, whereas a* and total color difference (A E) values increased. Water
absorption capacity (WAC) and oil absorption capacity (OAC) varied in the range of 1.15-1.91% and 1.25-1.75%

for microwave and hot water treatment, respectively. The highest value of WAC and OAC was observed for micro-
wave-treated RC and hot water-treated RR, respectively. WAC increases with both treatments, whereas OAC increases
only with water bath cooking. Functional group analysis (FTIR) showed no major peaks shifting in water bath
treatment, whereas a slight deflation of certain peaks was observed in the case of microwave treatment. Pasting
curves showed a significant reduction in peak and final viscosity after pre-gelatinization treatment; however, none
of the samples showed any breakdown during cooking.
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Introduction

The kidney bean is a variety of the common bean (Phaseo-
lus vulgaris L.) whose name is due to its kidney-like shape
and color (Jati et al. 2013). It is the third major legume
crop after soybean and peanut and is commonly grown in
Myanmar, India, Brazil, Mexico, and the United Republic of
Tanzania. Kidney beans are a gluten-free grain with good
functional properties and excellent nutritional components

(Khrisanapant et al. 2022). These properties make them a
suitable alternative to gluten flour for developing different
healthier food products (Bhol & Bosco 2014; Manonmani
et al. 2014; Awolu 2017; Inyang et al. 2018). It is also benefi-
cial in protecting against cardiovascular diseases, diabetes,
metabolic syndrome, oxidative stress, and various types of
cancer (Hayat et al. 2014). However, consuming raw kid-
ney beans can cause extreme nausea, severe vomiting, and
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diarrhea due to the naturally occurring toxin phytohemag-
glutinin (a type of lectin) (FDA 2012). To mitigate this issue,
the most common approach is to soak the kidney beans for
a minimum of 5 h and then cook them at 100 °C for at least
30 min. An alternative method involves boiling kidney beans
in water without prior soaking, resulting in pregelatinized
beans that can be dried and later used in various food for-
mulations without any risk of toxicity. The pre-gelatinization
treatment has emerged as an efficient method to improve
kidney beans’ cooking efficiency (Li et al. 2022a, b) and dif-
ferent gluten-free products have been developed (Awolu
2017; Chompoorat et al. 2018; Khrisanapant et al. 2022).

Various thermal processing like dry/wet heat treat-
ment, pressure cooking, microwave irradiation, bak-
ing, autoclaving and extrusion, and different studies
have been exploited by the researchers (Choe et al.
2022; Wainaina et al. 2021). In addition to increasing
the nutritional benefits and reducing the anti-nutri-
tional contents, the heat treatment improves the senso-
rial properties such as color, aroma, taste, and texture
(Choe et al. 2022; Wainaina et al. 2021). It also improves
the fat binding, water holding, and gelling capacity and
is widely used as a thickener for sauces, gravies and a
base for dips and soups. Another novel application of
pre-treated kidney bean flour is the microencapsulation
of bioactive compounds, as it is a rich source of hydro-
philic protein (Locali-Pereira et al. 2022). One of the
major effects of these cooking pre-treatments is signifi-
cant changes in starch. The pioneer research on bean
starches and the effect of processing on their proper-
ties is carried by R. Hoover (Ambigaipalan et al. 2011;
Chung et al. 2010; Hoover & Ratnayake 2002; Hoover
et al. 1991; Maaran et al. 2014). His findings suggest
that the starch granules in beans are much larger than
those in wheat or corn, and that they are also more het-
erogeneous. This makes bean starches more resistant to
gelatinization and retrogradation, which are important
properties for food processing.

Although there have been many studies on the ther-
mal processing of kidney beans (McWatters & Holmes
1979; Abbey & Ibeh 1988; Prinyawiwatkul et al. 1997;
Obatolu et al. 2007; Chakraborty & Bhattacharyya
2014; Ma et al. 2016; Choe et al. 2022), no study has
yet compared the effects of different heat treatments
on various types of kidney beans. In addition, micro-
wave, considered a novel gelatinization method, is least
explored for beans. Therefore, this study aimed to vari-
ety-based physical characterization of kidney beans and
the effects of pre-gelatinization treatment (hot water
bath and microwave treatment) on flour’s physical-
functional and rheological properties for their potential
functional application.
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Material and method

Sample collection and evaluation of physical properties
Three different varieties of kidney beans (RR, RC and RS)
were procured from the local market in Kundli, Soni-
pat, Haryana, India. Samples were manually cleaned for
impurities and damaged grain. Beans dimensional and
shape parameters like length (L), width (W), thickness
(T), arithmetic mean diameters (D,), geometric mean
diameters (D,), square mean diameters (D;), equivalent
diameters (D,), sphericity (@), volume (V) and surface
area (S) were determined using Egs. 1, 2, 3, 4, 5, 6 and
7, respectively according to the method as described by
Esref and Halil (2007). Hundred-grain mass (M), bulk
density (p;), true density (p,), and porosity (¢, Eq. 8) of
the samples were measured by the method of Singh and
Chandra (2014). Angle of repose (0, Eq. 9) and coefficient
of friction (¢, Eq. 10) were determined by the method
described by Nimesh and Sharanagat (2016).

Da=(L+W+T)/3 (1)
Dy = (Lx W x T)'/3 ()
Dy = (LW + WT + TL)'/? 3)
D, = (Ds+ Dy + Dy) /3 (4)
® =D,/L (5)
V =025 [(n/6)L(W + T)Z} (6)
S= (n(LWT)l/BLZ)/(ZL - (LWT)”B) (7)
e = (pt — pp)/pt x 100 (8)
©® = tan ! (2H/D) (9)
n = tan(©) (10)

Pre-gelatinization of kidney beans

Two different sets of each variety of kidney beans (100 g)
samples were dipped in 150 mL of water in a 500 mL
beaker. One set of samples was heated in a water bath
at 100 °C for 30 min, and the second set of samples was
heated in a microwave at 450 W for 30 min followed by
drying at 40 °C for 24 h. Pretreated and control sam-
ples (Untreated) samples were grounded using a mixer
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grinder (1800 rpm, 500 W, 2053E Optima, USHA, India)
and passed through a 212-micron sieve for further
analysis.

Color measurement

The color of the different control and pre-gelatinized
kidney beans and flour samples was measured using a
Chroma Meter CR-400 (Konica Minolta Optics, Japan).
After initial calibration with a standard white surface
plate, the color parameters L* a* and b* values were
recorded. Chroma (C) and hue angle (H) were calculated
using Eq. 11 and 12, respectively (Karaaslan & Tuncer
2008).

C = \/ax2 + bx> (11)
H = tan™ ' (b*/a*) (12)

Water absorption capacity (WAC) and oil absorption
capacity (OAC)

WAC and OAC of powder samples were determined
using the method described by Wani et al. (2017a) with
slight modification. For WAC, 25 mL of distilled water
was mixed with 3 g of sample flour in a pre-weighed cen-
trifuge tube. The sample mixture was properly mixed
by vigorously shaking for 5 min and left for 30 min at
room temperature to allow water absorption, followed
by centrifugation (3000 g, 25 min). The supernatant was
drained, and the tubes were dried in the oven at 50 °C for
25 min. Finally, the dried tubes were weighed, and WAC
was calculated as per Eq. (13).

_ Weight of tube with sample after drying — Weight of tube — sample weight
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observed was 400—4000 cm ™! (24 scans). Before and after
each analysis, the ATR plate was cleaned using an alcohol
solution and background tests were performed.

Pasting properties

The pasting property of flour of the controlled and
treated kidney beans was analyzed using a rheometer
(MCR 302, Anton Paar, Austria) (Qiu et al. 2015). In
brief, 2 g of starch was mixed with 16.6 mL of distilled
water to prepare the suspension. During pasting analy-
sis, the suspension was first held at 50 °C (1 min), then
heated to 95 °C (6 °C/min), held at 95 °C (5 min), followed
by cooling to 50 °C (6 °C/min) and finally holding at 50 °C
for 2 min. The results were analyzed to determine the
pasting properties such as pasting viscosity, pasting tem-
perature, peak viscosity, trough viscosity, final viscosity,
breakdown viscosity, and setback viscosity.

Statistical analysis

All tests were conducted in triplicates, and the obtained
data was represented in mean+*standard deviation.
Advanced data analysis was conducted using one-way
ANOVA at a significance level of 5% in IBM SPSS Statis-
tics for Windows, Version 22.0. (IBM Corp. Armonk, NY,
USA).

Result and discussion

Physical properties of kidney beans

The physical properties of RR, RC and RS were measured
and presented in Table 1. The highest and lowest mean
values of axial dimensions, arithmetic, geometric, square
mean and equivalent mean diameters were observed

(13)

WAC (g/g) =

sample weight

For OAC, 6 mL of oil and 0.5 g of sample flours were
vigorously shaken in pre-weighed centrifuge tubes
for 5 min and kept in rest position for 30 min (25 °C).
After resting, excess oil was drained, and the tubes were
weighed to calculate OAC with Eq. (14).

OAC(g/g)

Weight of tube after removal of excess oil — Weight of tube — sample weight

for RR and RS, respectively. Sphericity was found to
be the lowest (0.546) for RR, while RS beans showed
the highest sphericity (0.646). RR showed higher vol-
ume (421.306 mm?) and surface area (33.243mm?) than
RC and RS. The highest M;,, (50.633 g) of RC grains

(14)

sample weight

Functional group analysis

The change in functional groups with respect to change
in variety and treatment was determined using an FTIR
(Fourier-transform infrared) spectrometer (ALPHA
Bruker, Germany). The ground samples were directly
loaded on the ATR plate, and the FTIR spectrum

showed bulkiness of grain compared to RR (45.4 g) and
RS (22.889 g). However, the bulk density of the kidney
beans was almost similar and ranged between 1.115 and
1.204 g/cm?. The highest and the lowest value of bulk
density was found to be 1.204 and 1.115 g/cm?® for RC
and RR grain, respectively. The values of the true density
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Table 1 Physical properties of different varieties of kidney beans
Parameters Variety
RR RC RS

Dimensions (mm)

Length 16.786+1.106° 15.057 £0.955° 10.729+0.691°

Width 8.353+0.747° 7.527 +0.247° 6.389+0.456°

Thickness 5498+0.527° 5.784+0.273° 4.863+0431°
D, (mm) 10.212+£0.478° 9.456+0.341° 7.327+0311°
Dg(m m) 9.169+0.449° 8.687+0.248° 6.934+0.302°
Dy(mm) 16.686+0.595° 15.619+0.349° 12320403820
D, (mm) 12.022+0.295° 11.254+0.183° 8.860+0.193¢
Sphericity (Fraction) 0.546+0.045° 0.577 £0.040° 0.646 +0.050°
Volume (mm?) 421306+214.159° 349,017 +£171.806° 177.725+91.163°
Surface area (mm?) 33.243+5.595° 31.163+5.143° 26.968 +4.893°
M100 (g) 454+0.651° 50.633+0.721° 22.889+0.528°
pplg/cm?) 1.115+0.322 1.168+0.010° 1.204+0.282°
pr(g/cm3) 1.214+0.022° 1.250+0.027° 1.293+0.048°
£(%) 8.903+1.985° 6.251+2.269° 8.731+3.786°
o) 25.680+0931° 24,667 +0.396° 19.971+1.302°
u

Galvanized Iron 0.328+0.228° 4.925+3724° 0.042 +0.444°

Glass -2004+1.832° -0.947+0477° -0.601+0.171°

Wood 0.301+0.398° 0.917+0013° 0.143+0.102°
Color

L* 19.54+1.80° 32.10+1.03° 2144 +2.49°

a* 72042218 564+0.122 1437 £3.99°

b* -0.52+0.59° 8.10+0.53° 3.05+1.60°

AE 869+1.22° 13.99+0.88° 1551+373°

Chroma 7.25+2.16° 9.87+0.40° 14.71+423°

Hue () -5.65+6.09° 55.10+2.18° 11.15+328°

Mean + standard deviation of triplicate. Values with different superscript a, b, c are significantly different (p <0.05) in row. (RR, RC, and RS- Red Rajma, Rajma Chitra, and

Rajma Sharmili, respectively)

of three varieties of kidney beans ranged from 1.293 g/
cm? to 1.214 g/cm?®. The highest value of true density was
recorded for RS as 1.293 g/cm® due to its smallest size
among the three varieties, followed by RC 1.250 g/cm?
and the lowest for RR 1.214 g/cm?®. The porosity varied
in the range of 6.25% to 8.90%, and the highest and the
lowest values were recorded for RR and RC, respectively.
The values of the angle of repose of randomly selected
kidney beans ranged between 25.680 and 19.971°. RR
accounted for the highest angle of repose (25.68°), fol-
lowed by RC (24.67°) and the lowest for RS (19.97°). The
higher value of the angle of repose indicates that the
beans can be stacked in a heap without sliding, i.e., less
free-flow ability of the bulk materials (Wani et al. 2017b).
In contrast, among the three varieties of kidney beans,
RS had the lowest and RC had the highest value static
coefficient of friction with respect to the three different
surfaces. However, the static coefficient of friction was

least in the case of glass, possibly due to the polished and
smoother surface of the glass that offered lower contact
with the grain surface. The static coefficient of friction
holds importance while designing hoppers, bins, screw
conveyors, pneumatic conveying systems, forage har-
vesters, and threshers (Kayode et al. 2018; Sahay & Singh
1996).

The values of the surface color of the different varieties
of whole kidney beans are tabulated in Table 1. The color
values ‘L*, ‘a* and ‘b* were observed in the range of 19.54
to 32.10, 5.64 to 14.37 and -0.52 to 8.10, respectively,
where the highest value of ‘L*, ‘a*” and ‘b* was observed
for RC, RS and RC, respectively. In addition, the values
of AE varied significantly and were found in the range of
8.69 to 15.51. The highest value of AE was observed for
RS and the lowest for RR. The higher value of ‘a* in RS
surface indicated the presence of a higher red compo-
nent, whereas it may be suggested that RR has the darkest
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color among all the kidney beans due to the largest value
of ‘L*. The chroma and hue value for RR, RC and RS was
7.25, 9.87 and 14.71, and -5.65, 55.10 and 11.15, respec-
tively. In conclusion, based on the external color of the
kidney beans, they can be differentiated into their varie-
ties, viz. RR, RC and RS. The variations in the physical
properties of beans are mainly due to the change in vari-
ety and can be used to identify the specific variety as well
as to develop the handling and processing machines.

Color of pre-gelatinized flour

Table 2 shows the change in color of pre-gelatinized kid-
ney beans. Microwave treatment showed a prominent
effect on color and L* value reduced significantly from
89.29 to 87.33 in RR, 88.22 to 86.93 in RC and 87.08 to
83.44 in RS. In contrast, the L* value of control flour was
comparable to that of hot water-treated samples (88.71
for RR and 88.56 for RC), except for RS (83.44). How-
ever, both treatments increased the a* value of all the
samples, indicating more redness of the sample, while
an opposite trend was observed in the b* values. Gelati-
nization followed by drying led to browning, character-
ized by decreased L* and increased a* and b* values (Su
et al. 2020). After treatment, a significant reduction in the
chroma value indicated that the flour became duller than
the control. However, the variation in hue values of all
the samples was very less and comparable. Ozturk et al.
(2009), Siddiq et al. (2010), and Wani et al. (2019) have
found the values of color of similar varieties of kidney
beans and their respective flours. Similar findings were
reported by Li et al. (2022b) for pre-gelatinized kidney
beans.

Effect of treatment on functional properties

The functional properties, such as water absorption
capacity (WAC) and oil absorption capacity (OAC) of
control and pretreated kidney beans, are shown in Fig. 1.

Page 6 of 11

There is a significant (p<0.05) difference in the WAC of
the three varieties of untreated kidney beans (Control).
The RC-C (1.37 g/g) has a significantly higher WAC com-
pared to RR-C (1.16 g/g) and RS-C (1.15 g/g). The find-
ings were supported by Du et al. (2014) for the WAC of
different legume flours where WAC varied in the range of
1.17-1.89 g/g. However, a significant (»<0.05) increase
in WAC was observed after water bath and microwave
treatment compared to the control (Wani et al. 2020). The
significant increase in microwaves can be attributed to
both the boiling effect and the structural changes caused
due to volumetric heating by microwaves. This coincides
with the findings of Ma et al. (2011), who reported that
boiling exceptionally increases the WAC of many leg-
umes. OAC of control samples of RR-C (1.36 g/g) was
significantly (p <0.0.5) higher than that of RCC (1.44 g/g)
and RS (1.26 g/g), while RC-C and RS-C were statistically
similar (p>0.05). Similar results were reported by Wani
et al. (2019) for Shal Raj-1 and SK-R-132 kidney bean cul-
tivators. In addition to that, convectively boiled (water
baths) samples had significantly higher (p>0.05) OAC
compared to control and microwave boiled. Findings
were also supported by Bento et al. (2022) for cooked
carioca beans.

WAC influences the cooking, functional and sensory
properties of food being processed with protein-rich
flours (Du et al. 2014). In contrast, OAC affects the fla-
vor retention, texture, and mouthfeel of food prepared
from flour (Amandikwa et al. 2015). The change of OAC
and WAC on boiling can be attributed to hydrophilicity
and hydrophobicity of the free functional groups. Mainly
side chains of protein and carbohydrates present in the
flour (Wani et al. 2013). This difference can be explained
by the change in the protein composition caused by
boiling (Audu & Aremu 2011), denaturation of pro-
teins on heating, which exposes amino acids resulting in
increased porosity and fluid entrapment (Catsimpoolas

Table 2 Color parameters of pregelatinized flour of different varieties of kidney beans

Sample L a’ b* AE Chroma Hue

RR-C 89.29+0.07% 137+0.06% 11.24+0.07* 61.44+0.03% 11.3240.07* 359.03+0.01*
RR-MW 87.33+0.33% 2.16+0.04% 10.82+0.08¥ 58.97+0.40% 11.03+0.08% 358.99+0.01%
RR-WB 88.71+0.09% 1.80+0.06% 1057 +0.04% 60.64+0.12% 9.77+0.05% 358.97+0.01%
RC-C 88.22+0.04% 1.97 +0.02% 11.95+0.04% 60.22 +0.05% 12.1140.04% 358.99+0.01%
RC-MW 86.93+057% 2.34+0,08% 11.26+0.01% 58.56+0.65% 11.50+0.02% 358.96+0.00%
RC-WB 88.56+0.08% 1.87+0.03% 11.37+0.28% 60.57 +0.10% 11.52+0.28% 358.99+0.01%€
RS-C 87.08+0.18" 2724001 9.26+0.04% 58.38+0.18" 9.65+0.04% 359.03+0.01%
RS-MW 83.67+0.22Y 347+0.05Y 8.90+0.05” 53.83+045" 9.55+0.06" 358.99+0.01%
RS-WB 83.44+0.187 34140077 9.16+0.05% 54.02+0.207 10.72+0.04" 358.97 +0.00"

Mean + standard deviation of triplicate. Values with different superscript a, b, ¢, i, j, k are significantly different (p <0.05) in a Treatments, whereas x,y, and z represent

the significant differences between varieties

(Initials RR, RC, and RS stand for Red Rajma, Rajma Chitra, and Rajma Sharmili, respectively, followed by C, MW and WB stand for Control, Microwave, and Water bath
treatment, respectively)
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Water Absorption Capacity (WAC)

B Control O Water Bath ®RMicrowave
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a
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1.500 P .
1.000 .
0.500 :
0.000 -
Rajma Chitra Rajma Sharmili
(a) WAC
O1l Absorption Capacity (OAC)
b OControl O Water Bath & Microwave
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T
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Fig. 1 Graphical representation of functional properties (a) WAC and (b) OAC of control and pre-gelatinized varieties kidney bean flours. *Bars
represent mean values. Letters a — f shows significant difference (p < 0.05) between treatments carried out at a=5%; letters p-v show significant

difference (p <0.05) between different varieties at a="5%)

& Meyer 1970), change in nutritional properties and
microstructures of flour (Ma et al. 2011). In addition,
heat treatment can cause the formation of pores and
voids in materials, which can lead to fluid entrapment
(Pathiratne et al. 2015). Thus, it can be concluded that
differences in OAC and WAC signify the variation in
structure either present inherently in different varieties
or caused by different treatments. Moreover, the values

of WAC and OAC are often used to conclude the fluid
retention of protein-rich flours during processing as well
as storage of food products (Kiosseoglou et al., 2011).

Functional group analysis

The FTIR spectra of flour of control, hot water, and
microwave-treated varieties of kidney beans are pre-
sented in Fig. 2 and analyzed as per Silverstein et al.
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Fig. 2 Variation in FTIR spectra of control and pre-gelatinized varieties kidney bean flours. (Where the initials RC, RR, and RS represent Rajma Chitra,
Red Rajma, and Rajma Sharmili respectively; WB, and MW represent water bath, and microwave treatment)

(2015). All three control varieties showed identi-
cal absorption patterns, indicating limited changes
due to microwave and water bath treatment. How-
ever, deflation or loss of certain peaks after 300 cm ™!
was observed after microwave treatment, possibly
due to the disintegration of certain parts of the com-
pound. The lack of a strong absorption band in 900 —
650 cm™! regions implied the nonaromatic structure of
the compound. A strong absorption band at 1003 cm ™,
1004 cm™" and 1005 cm™' for RCC, RRC and RSC,
respectively, in addition to a broad absorption band
near 1370 cm™, indicated the presence of out of plane
symmetrical C-H bending vibrations. Since this was
the strongest absorption in the entire spectra, the com-
pound was most likely an alkene. This was further rein-
forced by medium absorption near 1640 cm™! for each
kidney bean variety, which occurs for C=C stretch-
ing vibration in unconjugated alkenes. This specifi-
cally indicates the presence of monosubstituted alkene,
i.e., vinyl group. C-H stretching vibrations were also
observed by absorption bands in the 2962 — 2872 cm™*
region. A broad and weak absorption band in the 800

— 700 cm™! was due to the presence of C—C stretching
vibration or N—H out-of-plane wagging vibration.

The presence of certain functional groups, such as
C=0 was also ascertained due to absorption near
1540 cm™!. Additionally, multiple less intense absorption
bands after 3000 cm™! indicated the presence of O—H
and N-H stretching vibration of carboxylic acid and
amines due to the proteins present in Rajma. Absorption
near 3300 cm ™" was linked with intermolecular hydrogen
bonding, whereas weak absorption bands in the 2600-
2500 cm ™! region were likely of S—H stretching vibra-
tion. The presence and estimation of different proteins,
carbohydrates, fats etc., in 26 different varieties of kidney
beans has been reported by Kan et al. (2017).

Pasting properties

The pasting curve and the values of pasting properties
of the control and treated flour samples are shown in
Fig. 3. The peak viscosity (PV) of the treated flour sam-
ples ranged between 73.9 and 626.5 cP, significantly lower
than the control samples with PV ranging from 506.7 to
914.8 cP. The reduced PV after treatment indicated less
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Sample Pasting Peak Final
temperature (°C)  viscosity (cP)  viscosity (cP)
_ RR-C 71.39+0.47* 914.8 +27.7* 1201.5+£25.3*
E % RR-WB  76.47+0.25° 242.1+10.2° 701.3 +4.2°
> a2
fg é RR-MW  78.74+0.79¢ 369.3+31.7° 920.6 +19.8°
2z £
g = RC-C 75.78 + 0.68¢ 506.7 +12.8¢  1788.5+14.6¢
RC-WB 7591 £0.63° 481.6+ 15.7¢ 863.4+20.2¢
RC-MW  74.51 +0.66 626.5+87.4"  1371.5+25.8°
0 3 6 ' 9 12 15 18 ' 21 24 RS-C 75.54+0.214 746.5 + 38.4¢ 1425.5+26.6%
Time (min)
 RCC ——RRC ——RSC oo T RRWE RS-WB  79.43+0.862 73.9+64" 250.3+9.9"
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Fig. 3 The pasting curve of control and pre-gelatinized varieties kidney bean flours. (RR, RC, and RS stand for Red Rajma, Rajma Chitra, and Rajma
Sharmili, respectively, followed by C, MW and WB stand for Control, Microwave, and Water bath treatment, respectively)

swelling of starch molecules due to the destruction of
the ordered structure of starch during pre-gelatinization
(Dos Santos et al. 2018). The changes in PV of pretreated
samples depends on factors like, the amount of leached
amylose, granular size, and the presence of rigid, non-
fragmented swollen granules (Lan et al. 2008). However,
this effect was more prominent in samples pre-gelatinized
by the hot water bath method than in microwave-treated
samples. It is interesting to notice that none of the tested
samples showed any breakdown in the pasting curve that
could be due to less granule disintegration and a minor
amount of soluble starch leached from the granules
during heating and holding time (Kim & Walker 1992).
Moreover, the presence of other components (protein,
sugar, fiber) in flour could delay the viscosity develop-
ment and the insufficient time for the subsequent dis-
ruption process before cooling and setback (Kweon et al.
2009). The pasting temperature (PT), associated with ini-
tiating granular swelling indicated that the treated sample
required a significantly higher temperature than the con-
trol. The RS-WB showed the highest pasting temperature
(79.43 °C), indicating higher resistance of starch granules
towards swelling, possibly due to higher amylose content
and tighter granule structure (Jan et al. 2016). A strong
crystalline structure of starch granules in control samples
hindered granule swelling. The higher pasting tempera-
ture also indicates the presence of a higher proportion of
amylopectin long chains and a lower proportion of short
amylopectin chains (Chung et al. 2010). In addition, the
strong interactions between amylose and amylopectin

reduces the amount of free hydroxyl groups available
for hydration and decreases the ingress of water into the
granule interior (Ambigaipalan et al. 2011; Chung et al.
2010). The effect of two pre-gelatinization methods on
PT varied with kidney bean varieties. The PT of RR-WB
was lower than RR-MW, but microwave-treated samples
of RC and RS required lower temperatures for granule
swelling. Bilbao-Séinz et al. (2007) reported that conven-
tionally heated wheat starch achieves similar viscosity
but requires more time than microwave-heated samples.
Microwaves disrupt the crystalline regions of starch, eas-
ing the swelling process by allowing easy water penetra-
tion to the interior (Kumar et al. 2020), resulting lowest
PT (74.51 °C) in RC-MW. Final viscosity (FV), which is
the viscosity at the end of the test, followed the trend of
PV for all samples. FV of all samples was more than PV
without any breakdown, indicated strong re-association
and rearrangements of starch molecules. Compared to
hot water-heated pre-gelatinized flours, microwave-
treated samples facilitated better re-association of starch
molecules during the cooling period, leading to high
final viscosity (Arinola 2019). However, the undisturbed
starch and other components of kidney beans resulted in
significantly higher FV than treated samples. Therefore,
the presence of other components that might have a con-
siderable effect on PT, PV, and FV should be considered.
Similar findings have also been reported by Bento et al.
(2022) and Shevkani et al. (2022) for cooked carioca bean
(Phaseolus vulgaris L.) flour and uncooked kidney beans
(Phaseolus vulgaris) flour.
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Conclusion

Pre-gelatinization treatment significantly affected the
rheological and functional properties of all three varie-
ties of kidney beans. Both microwave and hot water pre-
gelatinization significantly improved the WAC, whereas
the OAC of kidney bean flours improved with hot water
pre-gelatinization, an essential functional property that
facilitates flavor retention and enhances mouth feel. The
thermal treatment significantly decreased the pasting
properties of flours. The microwave treatment showed
better color retention, improved WAC, higher ability to
form a viscous paste, better re-association of starch mol-
ecules during the cooling period, and minimum pasting
temperature, making it a suitable method of pre-gelatini-
zation compared to conventional water bath treatment.
The findings of heat treatment on the physical proper-
ties can be used to develop processing, handling equip-
ment, and varietal identification. However, a deeper
understanding of changes in microstructure due to ther-
mal and microwave energy effects and the optimization
of the pre-gelatinization process will remain an excit-
ing research area for further studies. Further research is
needed to compare the microwave and other novel tech-
niques with the pressure cooking followed for its quality
evaluation and sensory analysis.
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