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Abstract

In the present study, navy bean and chickpea seeds were tempered to 20% or 30% moisture content and exposed to infrared
heating at surface temperatures 120 °C or 140 °C. The resulting flours were evaluated in terms of their physicochemical,
functional, color and morphological properties. Proximate composition of flours was not affected by infrared heating unlike
a-amylase and gelatinized starch content which were determined highly susceptible to infrared heating due to inhibitory
effects of high surface temperatures on enzyme activity and increase in starch gelatinization with high temperatures. The sur-
face hydrophobicity results from chickpea and navy bean increased up to 3 folds after the treatment. Scanning electron micro-
scope (SEM) results showed that high surface temperature (140 °C) caused more significant changes to the starch structure
in chickpea flours than navy bean flours. Water hydration capacity of flours increased; however, solubility, oil emulsification
and foaming ability of flours were adversely affected by the infrared treatment. The protein quality and starch digestibility of
each pulses were enriched using infrared heating with tempering. Overall, the effect of infrared heating on pulse seeds might
be related to surface temperature, tempering moisture, final moisture content of seeds, seed size, and seed composition. Our
results will be useful for designing processes to enhance the properties of pulse-derived functional materials.
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Introduction anti-nutritional factors exist [1, 2]. Pulses belong to the leg-

ume family and can be consumed in different forms, such as

Legumes contribute to our daily diet with their high nutri-
tion profile rich in complex carbohydrates, vitamins,
minerals, fiber and proteins even though the presence of
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whole/flour form or protein/starch rich fractions. In addition
to their possible health benefits including reducing the risk
of obesity, cardiovascular diseases, cancer, etc., pulses have
a low glycaemic index and slowly promotes postprandial
blood glucose increases [3—5]. Recently, changing consump-
tion habits of customers due to health concerns and increas-
ing trends on vegetarian/vegan products lead the food indus-
try to seek new ingredients. Hence, the usage of pulse flours
in food formulations is becoming popular and contributes to
new gluten-free product formulations [1].

However, the usage of pulses is negatively affected by their
long cooking time at atmospheric pressures. Pulses are pre-
pared using various cooking methods for legumes, such as
roasting, boiling, frying, steaming, sautéing, sous vide, micro-
wave, and pressure-cooking [6]. And, often involve soaking,
precooking, and usage of alkaline salts to decrease cooking
time and enhance the nutritional quality of chickpea and navy
bean [7-9]. Among all cooking methods, infrared heating
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(micronization) can provide short-time high-temperature pro-
cess to alter the functional and nutritional quality of pulses
[10, 11]. Basically, micronization exposes food materials to
electromagnetic radiation ranging between wavelengths of
1.8 and 3.4 um to raise the internal temperature and cause
uniform heat, lower cost, and short processing time [12]. The
heating mechanism of infrared heating involves inducing
the molecular movement of water molecules at a frequency
of 60,000-150,000 MHz [13]. On the other hand, tempering
is performed as a pretreatment in milling processes of pulse
flours to easily dehull and increase flour yield [14, 15].

In previous studies, the effect of micronization on cook-
ing time and functional properties of cowpeas [16—18] and
bambara groundnut [19]; lipoxygenase activity of soybeans
[20]; the physical, functional, and mechanical properties of
kidney beans, green peas, black beans, lentil, pinto beans,
and bambara groundnut were evaluated [21, 22]. Tempering
and micronization negatively affected the solubility of desi
chickpea flours, but increased the emulsion activity at high
surface temperature with tempering [23]. Also, the effects of
tempering level and surface temperature on protein quality
were found different according to the pulse type by Bai et al.
[11]. The study showed that desi chickpeas applied to high
surface temperature (135 °C) with 20% moisture content had
significant increase in in vitro protein digestibility corrected
amino acid scores (IV-PDCAAS); however, IV-PDCAAS of
barley samples increased at 135 °C regardless of moisture
content. Moreover, effects of tempering with water/mixture
of salts/mixture of acids (28%) and micronization at 112 °C
on physicochemical properties were evaluated in navy bean
samples [24].

Evaluation of the effect of surface temperature together with
the seed moisture content is essential to improve the functional
and nutritional properties of the pulses. It was hypothesized
that partial protein denaturation and starch gelatinization at
different seed moisture content and surface temperatures may
affect physicochemical, functional, and nutritional proper-
ties of chickpea and navybean flours. Navy bean and Kabuli
chickpea flours were chosen to present the interactive effect
of tempering and micronization according to different initial
physicochemical properties of these flours (such as lipid con-
tent, protein content, grain size, etc.). In this study, a compre-
hensive evaluation of the effect of surface temperature (120 °C
or 140 °C) and tempering (20% or 30%) of seeds on the phys-
icochemical and functional properties of chickpea and navy
bean flours was examined.
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Materials and methods
Materials

Certified seeds of Kabuli chickpea (var: CDC Orion) and
navy bean (var: Nautica) were purchased from Reisner
Farms (Limerick, SK, Canada) and Hensall District Co-op
(Hensall, ON, Canada), respectively. All seeds were stored
in large sealed containers at room temperature. Total starch
assay, a-amylase assay, and starch damage assay kits were
purchased from Megazyme International Ltd. (Co. Wick-
low, Ireland). All other chemicals were at least reagent grade
and purchased from Sigma-Aldrich (Oakville, ON, Canada).
In this research, water was provided by a Milli-Q™ water
purification system (Millipore Corp., Milford, MA, USA).

Tempering and infrared heating of seeds

Prior to infrared heating, samples were tempered to 20%
or 30% moisture content according to AACC international
Approved Method of 26-95.01 [25]. Infrared heating of
tempered seeds was performed by InfraReady Products Ltd
(Saskatoon, SK, Canada) using a laboratory-scale micro-
nizer with 152 cm long magnetic feeder (Model A 566379-
B0, FMC Syntron®: Bulk Handling Equipment, Homer
City, PA, USA). The infrared radiators was 19 cm above the
conveyor. The surface temperature of seeds was adjusted to
120 °C or 140 °C and checked with a handheld IR thermom-
eter (Oakron, Vernon Hills, IL, USA). Tempering moisture
content and infrared heating temperatures were selected
based on preliminary experiments. Approximately 2 kg of
each tempered seeds were processed under the same con-
ditions three times. Untempered and unprocessed samples
were chosen as control samples.

Milling of seeds

Control and processed samples were milled into flours using
a laboratory disc mill (Model 3310, Perten Instruments
Canada, Winnipeg, MB, Canada) equipped with a type-1
medium grinding disc at setting 5 with a 0.5 mm mesh size.
The obtained flours were kept in polyethylene bags in a cold
room (4 °C) until the subsequent analyses.

Physicochemical properties
Compositional analyses
Moisture, ash, and crude fat analyses of control and pro-

cessed flours were performed according to the AOAC
method 925.10, 923.03, and 920.85, respectively [26].



European Food Research and Technology (2022) 248:767-781

769

Nitrogen content was determined according to the Dumas
combustion method by a Nitrogen/Protein Analyzer (CN628,
LECO Corp., St. Joseph, MI, U.S.A), which was converted
to protein content (%N %X 6.25) following AACC Method
46-30.01 [25]. Alpha-amylase activity of flours was meas-
ured according to the AACC method 22-02.01 using Mega-
zyme a-Amylase SD Assay Kit [25]. The total starch content
of flours was determined according to the AACC method
76-13.01 using Megazyme Total Starch Kit [25]. Gelati-
nized starch content of flours was analyzed using Mega-
zyme Starch Damage Assay Kit following AACC method
76-31.01 [25]. The compositional data were reported on a
dry basis (db) of the flours.

Morphology of flours

Morphology of control and processed flours was exam-
ined using a scanning electron microscope (SEM, SU8010,
Hitachi High Technologies Canada Inc., Rexdale, ON,
Canada). Samples were coated with 10 nm of gold using
QI150T ES coater (Quorum Technologies Inc., Puschlinch,
ON, Canada). The images were captured at 500X, 800X,
and 1000X.

Zeta potential

The zeta potential () of samples was determined using a
Zetasizer Nano (Malvern Instruments, Westborough, MA,
USA) according to method of Chang et al. [27]. Flour sam-
ples were dispersed in water at a concentration of 0.05%
(w/w) protein. The dispersion was adjust to pH 7.0 with
0.1 M HCI or NaOH and stirred overnight. The pH of disper-
sions was checked and adjusted to pH 7.0 prior to analysis.

Surface hydrophobicity

Surface hydrophobicity was determined according to the
method of Kato, Nakai [28]. Briefly, all flours (0.025% w/w,
protein basis) were dissolved in 10 mM sodium phosphate
buffer (pH 7.0) and stirred overnight at 4 °C. Next day,
0.005%, 0.010%, 0.015%, and 0.020% dilutions were prepared
in 10 mM sodium phosphate buffer (pH 7.0). For each concen-
tration (0.005-0.025%), 1.6 mL of sample were mixed with
20 pL of 8 mM 8-Anilino-1-naphthalenesulfonic acid (ANS)
solution (dissolved in 10 mM sodium phosphate buffer (pH
7.0)), afterwards, samples were vortexed for 10 s and kept
in the dark for 5 min. Fluorescence intensity (FI) was meas-
ured using a FluoroMax-4 spectrofluorometer (Horiba Jobin
Yvon Inc., Edison, NJ, USA) with excitation and emission
wavelengths of 390 and 470 nm, respectively. FI values of
ANS blank and protein blanks were substracted from the FI
of the protein solutions containing ANS. The initial slope (S;)
of FI against protein concentration was calculated by linear

regression analysis and used as an index of the protein surface
hydrophobicity.

Colour

The colour of flour samples was measured using a Colorim-
eter (ColorFlex EZ 45/0, Hunter Associates Laboratory, Inc.,
Reston, VA, USA) as L* [lightness], a* [red (+)- green (-))]
and b* [yellow (+)- blue (-)]. Colour change between control
and processed samples was evaluated by AE using the follow-
ing equation:

AE = \/(Lg—L*)2+(ag—a*)2+(bg—b*)2. (1)

Functional properties
Protein solubility

Protein solubility of control and processed flours was deter-
mined according to the modified method of Morr et al. [29].
Briefly, 1% (w/w) of flour (protein basis) was dispersed in
distilled water. The pH of suspensions was adjusted to 7.0
with 0.1 M HCI or NaOH and stirred overnight at cold room
(4 °C). Next morning, the pH of suspensions were checked and
readjusted to pH 7.0. The suspension was then centrifuged at
4430 x g for 10 min at room temperature. After the centrifuga-
tion, 5.0 g of the supernatant was used for nitrogen and protein
(N% % 6.25) determination AOAC method 960.52 [26]. Protein
solubility of samples was determined using Eq. 2.
Protein content of supernatant

Protei lubility(%) = X 100.
rotein solubility(%) Protein content of flour
2

Water hydration and oil holding capacities

Water hydration capacity (WHC) and oil holding capacity
(OHC) of all flours were determined according to AACC
method 56-30.01 [25] and the method of Nidhina and Muthu-
kumar [30] with slight modifications, respectively. In brief,
suspensions were prepared with 0.5 g of flour in 5 g of dis-
tilled water (or 5 g canola oil for OHC) in a 10 mL centrifuge
tube. The centrifuge tube was vortexed for 10 s every 5 min in
total 30 min. Afterwards, centrifuge tubes were centrifuged at
1000 X g for 15 min. The weight of sediment was recorded as
wet flour weight. WHC and OHC values were calculated in
g/g using the following equation:

Wet flour weight — Dry flour weight

WHC (or OHC) =
(or ) Dry flour weight

3
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Foaming properties

Foaming properties of all flours were determined as foam-
ing capacity (FC) and stability (FS) using the method of
Bai et al. [23]. Briefly, 1% (w/w) flour suspensions were
prepared at pH 7.0 and stirred overnight. The solution pH
was adjusted again to 7.0 prior to analysis and 15 ml of this
solution was transferred to 400 mL beaker for homogeniza-
tion using Omni Macro Homogenizer (Omni International,
Marietta, GA, U.S.A) fitted with a sawtooth probe at speed 4
for 5 min. Then, the sample was transferred to 50 mL gradu-
ated cylinder, and the volume of the foam was recorded as
V,. After 30 min, the volume of the foam was measured and
recorded as V,. FC and FS were calculated based on Eq. 4,
and Eq. 5, respectively.

Vi
FC(%) = x 100 4
(%) 15ml initial volume )

Vi—V
FS = % 100. )
Vl

Oil emulsion capacity (OEC)

OEC was measured according to method of Wang, Maxi-
miuk [31]. In brief, pulse flour suspension, 0.40% (w/v, DM)
in 75 mL deionized water, was homogenized for 30 s in a
500 mL glass jar using a PowerMax AHS 250 homogenizer
(VWR International LL.C, Mississauga, ON, Canada) at
setting 1, equipped with an 10X 105 mm saw tooth gen-
erator probe. The glass jar containing sample suspension
was then attached onto a BF-30 homogenizer. Canola oil
(25 mL) was delivered into the glass jar using a Masterflex
pump (Cole-Parmer, Vernon Hills, IL, USA). The suspen-
sion, together with 25 mL oil, was blended at a speed in
the range of 6000 rpm using the BF-30 homogenizer for
30 s at which time oil was delivered continuously into the
chamber with the pump at a rate of 1.0 mL/s. The entire
process for emulsion formation and collapse was recorded by
measuring the electrical resistance with a digital multimeter,
where the emulsion break point was indicated by a sudden
increase in electrical resistance. At break point, oil addition
was stopped, and the total amount of oil emulsified was cal-
culated. OEC was expressed as mL oil/g sample.

Pasting properties
Pasting properties of all flours were measured by suspending

flours in distilled water as a total weight of 28.0 g (8% dry
solids content) analyzed using a Rapid Visco-Analyzer (RVA
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Super 3, Newport Scientific, Sydney, Australia) with Standard
Method 2 in the Thermocline Software (Version 2.2, Newport
Scientific, Sydney, Australia) [4].

Protein quality
Amino acid composition and amino acid scores

The amino acid contents of the samples were determined by
6 N hydrochloric acid hydrolysis using the AOAC Official
Method 982.30 [26]. Whereas, methionine and cysteine were
determined by the performic acid oxidized hydrolsis proce-
dure according to AOAC Official Method 985.28 [26]. And
Tryptophan was determined by alkaline hydrolysis using ISO
protocol 13,904 (I 2016). Amino acid score was calculated
by dividing the amino acid pattern of the sample (mg/g pro-
tein) by the FAO 1991 amino acid pattern reference for chil-
dren from age 2 to age 5 (threonine (34 mg/g protein), valine
(35 mg/g protein), methionine +cysteine (25 mg/g protein),
isoleucine (28 mg/g protein), leucine (66 mg/g protein), pheny-
lalanine + tyrosine (63 mg/g protein), histidine (19 mg/g pro-
tein), lysine (58 mg/g protein), tryptophan (11 mg/g protein)
[32]. The limiting amino acid (LAA) was determined by the
lowest ratio.

In vitro protein digestibility—and in vitro protein
digestibility corrected amino acid score (/V-PDCAAS)

In vitro protein digestibility (IVPD) of samples was deter-
mined using the modified method of Hsu et al. [33]. The flour
suspensions (6.25 mg protein/mL) were prepared in water at
pH 8.0. and incubated in a water bath at 37 °C for 1 h. Trypsin
(1.6 mg/mL; porcine pancreas > 13,000-20,000 BAEE units/
mg protein), chymotrypsin (3.1 mg/mL; bovine pancreas >40
units/mg protein), and protease (1.3 mg/mL; Streptomyces gri-
seus > 15 units/mg) was prepared in 10 mL water as a multi-
enzyme solution and the solution was adjusted to pH 8.0 and
stored in water bath at 37 °C. Multi-enzyme solution (1 mL)
was added to flour suspension (10 ml) in an agitated water bath
at 37 °C. The pH drop (ApH) for each sample was recorded
every 30 s for 10 min. IVPD was calculated using Eq. 6:

IVPD (%) = 65.66 + 18.10 X ApH g - 6)

where ApH,, i, indicates to the change in pH from initial
8.0 to the end of 10 min.

IV-PDCAAS was calculated by multiplying IVPD by LAA
scores [11].

In vitro starch digestibility

In vitro starch digestibility in infrared treated chickpea and
navy bean flours was measured according to the method of
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Englyst et al. [34]. The analysis was carried out under con-
trolled enzymatic hydrolysis followed by colorimetric meas-
urement of the glucose released. Rapidly digestible starch
(RDS) and slowly digestible starch (SDS) were calculated
following incubation with porcine pancreatic alpha-amylase
and amyloglucosidase in a water bath (37 °C) in terms of
glucose released at 20 min and 120 min incubation, respec-
tively. Resistant starch (RS) was determined indirectly by
calculating the starch that is not hydrolysed after 120 min
incubation.

Data analysis

Infrared treatment at 120 °C and 140 °C of navy bean and
Kabuli chickpea seeds were performed in triplicate (three
independent batches for each treatment). For each batch of
processed samples, analyses were performed in duplicate.
Statistical analyses were performed within the triplicates
(average of duplicates) using a one-way analysis of variance
(ANOVA), followed by Tukey’s multiple comparison test at
a significance level of 0.05 using SPSS software (version
21.0, SPSS, Chicago, IL, USA).

Results and discussion

Physicochemical properties

Proximate compositions of all flours are presented in Table 1.
Infrared treatment and tempering affected the final moisture
content of flours. The protein contents of flours for each

pulse were not affected significantly by the treatments and
were found 25-26% for navy bean and 19-20% for chickpea.

Table 1 Compositional analyses of chickpea and navy bean flours

Lipid content of navy bean (1.7-2%) was not significantly
affected by the treatments; however, after the treatments,
lipid contents of chickpea flours (7.1-7.2%) were found sig-
nificantly higher than the control (6.6%). Similar effect on
lipid content of desi chickpeas tempered to 20% moisture
and infrared heated to 115 °C and 135 °C was observed [23].
After infrared heat application, the increase in lipid con-
tent could be related to increase in extractability of lipids
due to altered cell-matrix permeability [35]. The process-
ing effect on lipid content of chickpeas might be related to
change in bound lipid content due to heating by moist [36].
Infrared radiation is efficient in the inhibition of enzymes
such as a-amylase and lipase in rice [13]. Inhibitory effects
of high temperatures (x75 °C) on a-amylase activity was
also determined by Apar, Ozbek [37]. In the same manner,
a-amylase activity in processed samples was found signifi-
cantly (p <0.05) lower than control samples in both chickpea
and navy bean flours. Also, the reduction in a-amylase activ-
ity of processed pulse seeds was found independent from
tempering moisture content and heating temperature, as seen
in Table 1. Total starch values for each pulse did not change
significantly after infrared treatment and were determined
as 37.5-39.1% and 43.2-46.1% for navy bean and chickpea
flours, respectively. Contrarily, gelatinized starch values
evaluated from damaged starch content were significantly
affected by tempering and infrared heating conditions as
presented in Table 1. Furthermore, gelatinized starch con-
tents of control samples of chickpea and navy bean flours
were not significantly different (p > 0.05). However, process
conditions affected the gelatinized starch content varyingly.
The highest gelatinized starch content was determined at
140 °C surface temperature and 30% seed moisture con-
tent as 19.7% and 29.8% for navy bean and chickpea flours,

Process conditions  Moisture (%) Protein (%,db) Lipid (%, db)  Ash (%,db) «a-amylase (units/g) Total starch (%,db)  Gelatinized
starch (%,db)
Navy bean
Control 11.4+0.3% 25.6+0.14B 1.8+0.14 47+0.14  1.04+0.04* 37.8+0.24 0.4+0.0¢
120°C_30% 11.5+0.44 25.2+0.38 1.7+£0.34 47+0.14  0.04+0.00° 39.1+£0.34 7.9+0.38
140°C_30% 85+228 25.5+0.24B 1.9+0.0 48+0.14  0.03+0.00° 37.5+0.74 19.7+44
120°C_20% 9.0+03%8  252+0.18 1.7£0.24 48+0.1%  0.02+0.00° 37.7+£0.24 0.8+0.2¢
140°C_20% 6.6+0.5" 26.0+£0.3% 2.0+024 48+0.1%  0.01+0.00° 38.7+0.74 12.2+2.18
Chickpea
Control 104402  20.0+0.1° 6.6+0.1° 3.0+0.1*  0.28+0.01% 43.2+0.5* 0.8+0.0°
120°C_30% 16.2+0.4° 20.0+0.1* 7.1+0.0° 3.0+0.0°  0.01+0.00° 43.6+0.9° 14.8+4.5°
140°C_30% 9.3+0.3¢ 20.1+0.1% 7.2+0.1°* 3.0£0.0°  0.02+0.00° 46.1+2.2° 29.8+1.2%
120°C_20% 11.3+0.4° 19.4+0.9* 7.0+0.3% 2.8+0.1*  0.01+0.00° 43.7+04° 20.0+£2.5°
140°C_20% 9.0+1.3¢ 20.0+0.1% 7.2+0.1* 2940.0°  0.01+0.00° 44.4+1.5° 26.7+1.1%

Different letters in the same column represent significant differences (p <0.05)

db dry basis
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respectively. The difference of gelatinized starch content
between navy bean and chickpea samples can be explained
with the initial protein content of each flour. According to
a previous study, proteins could create a wall-like structure
around starch molecules; thus protecting the starch granule
from gelatinization [38]. In the present study, at the same
tempering conditions, higher surface temperatures increased
the starch gelatinization significantly in all processed flours
(p<0.05). Increasing seed moisture content was also found
to significantly increase gelatinized starch content (p < 0.05)
in navy bean samples at the same surface temperatures due
to the higher amount of available water for the gelatiniza-
tion; however, there was no significant difference (p > 0.05)
among chickpea samples with different tempering level at
the same processing temperatures which may be explained
with suppressing effect of their higher lipid content.

Morphological changes

The morphology of control and processed chickpea and navy
bean flours were examined by scanning electron microscopy
(Fig. 1). SEM micrographs of control samples of each pulse
flour (Fig. 1 A, B) showed the smooth starch molecules sur-
rounded by proteins or fragments of the protein matrix. In
addition, starch granules were seen in different sizes which
might be due to the presence of starch granules from vari-
ous biosynthesis levels [39]. The micrographs were found
corresponding to the gelatinized starch content of samples.
The morphological difference between chickpea and navy
bean flours at low surface temperature (120 °C) was pre-
sented in Fig. 1C—F. SEM micrographs of chickpea sam-
ples showed larger protein—starch aggregations at 120 °C
and high final moisture content. Similarly, the SEM micro-
graphs of chickpea flours after soaking and heat treatment
of chickpea seeds showed larger starch granules together
with protein molecules as big aggregates [2]. However, navy
bean flours at the same conditions were composed of starch
granules and small aggregates of protein molecules. Fur-
thermore, SEM micrographs of pre-soaked (53% moisture)
and micronized bambara groundnut seeds indicated disrup-
tion in starch granules and coating of starch granules with
proteinaceous and/or other detached cell components [22].
In addition, starch fractions of navy bean and chickpea seeds
formed irregular and amorphous aggregates after autoclav-
ing due to swelling and leaching [40]. On the other hand,
microstructures of boiled green lentil, Kabuli chickpea, and
yellow peaflours were detected as a homogeneous network
with flat surface consisted of cross-linked protein and starch
molecules different than raw and roasted flours [41]. These
studies showed that the effect of water content during heat
processing might cause different morphological changes
regarding the processed material. Furthermore, higher sur-
face temperature (140 °C) caused more significant damage

@ Springer

Fig. 1 SEM micrographs of chickpea and navy bean flours: A con-
trol, chickpea; B control, navybean; C 120 °C-20%, chickpea; D
120 °C-20%, navy bean; E 120 °C-30%, chickpea; F 120 °C-30%,
navy bean; G 140 °C-0%, chickpea; H 140 °C-20%, navy bean; I
140 °C-30%, chickpea; J 140 °C-30%, navy bean

such as dents and hollows at the starch structure in chickpea
flours (Fig. 1 G, I) than navy bean samples (Fig. 1H, J). In
general, micrographs of navy bean flours showed smoother
starch surface; however, swelling of starch and damaged
structures could be observed at high temperature (140 °C)
and at high tempering levels (30%).

Surface characteristics and colour properties

The surface characteristics of chickpea and navy bean
flours at pH 7.0 were evaluated (see Table 2). Change in
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Table 2 Physicochemical properties of chickpea and navy bean flours

Process conditions Surface hydro- Zeta potential (mV) L* a* b* AE
phobicity

Navy bean
Control 21.9+0.68 —42.5+0.6° 88.5+0.0 0.20+0.01B 8.1+0.1€ -
120°C_30% 73.2+0.6" —41.4+1.08 89.6+0.0 - 0.05+0.018 9.6+0.18 1.9+0.18
140°C_30% 64.6+0.78 —41.9+0.58 86.3+1.18 1.18+0.38* 12.7+£0.74 52+1.28
120°C_20% 51.8+0.97 —-37.8+0.3* 89.5+0.14 —0.14+0.04® 8.7+0.18C 1.1+0.18
140°C_20% 61.6+0.9¢ —38.1+0.74 86.6+0.8% 1.14+0.234 13.5+0.4% 5.8+0.54

Chickpea
Control 21.8+0.9¢ —39.8+0.9* 85.5+0.2% 2.73+0.07? 23.2+0.3° -
120°C_30% 40.3+0.9¢ —41.1+04% 82.0+0.5° 3.04+0.09 30.8+0.5 8.2+0.6"
140°C_30% 73.4+1.3* -40.2+1.0° 79.2+1.3° 3.08+0.28" 25.7+0.9° 6.9+0.9%
120°C_20% 45.3+0.4° —-429+1.0° 81.5+0.2% 2.81+0.34* 28.5+0.1* 6.3+0.0°
140°C_20% 63.2+0.4° —40.8+0.6® 81.0+1.0% 2.65+0.44* 25.8+0.9° 53+0.8°

Different letters in the same column represent significant differences (p <0.05)

L* lightness, a* redness, b* yellowness, AE color change

zeta potential and surface hydrophobicity of flours alter
molecular interactions which may effect the functional-
ity of flours such solubility and emulsification. In general,
zeta potential values of both chickpea and navy bean flours
were determined higher than +30 mV which may indicate
moderate colloidal stability for values between +31-40 mV
and good colloidal stability for+41-60 mV [42]. A slight
decrease in zeta potential values was observed in navy bean
flours tempered to 20% seed moisture content at all surface
temperatures; however, lower moisture contents caused
slightly higher zeta potential values in chickpea flours. Over-
all, zeta potential values of navy bean and chickpea flours
were measured — 38- — 43 mV and — 40- — 43 mV, respec-
tively. On the other hand, infrared treatment on native black
gram protein improved the zeta potential significantly from
— 18.7mV up to — 25.0 mV [43].

The surface hydrophobicity results of control and pro-
cessed flours were presented in Table 2. Possible conforma-
tional changes due to infrared heating lead to an increase in
surface hydrophobicity results. As stated in previous studies,
buried hydrophobic sites in tertiary structures of proteins
may be exposed during the conformational changes of the
protein followed by denaturation cause an increase in surface
hydrophobicity [44, 45]. The surface hydrophobicity results
from chickpea and navy bean increased after infrared heat-
ing up to 3 folds. This showed the partial denaturation of
proteins and could be used to predict the denaturation level
[45]. However, surface hydrophobicity results for processed
samples did not follow the same pattern in all samples. In
navy bean samples, surface hydrophobicity decreased from
73 to 65 with increasing surface temperature at 30% tem-
pering level; however, at 20% tempering levels, increasing
temperature increased the hydrophobicity from 52 to 62. On

the other hand, for chickpea samples, at the same temper-
ing level, the increasing surface temperature increased the
surface hydrophobicity to 1.4 fold and 1.8 fold at 20% and
30% tempering level, respectively. This can be explained as
excessive heating might lead to aggregation and structural
collapse which reduced the exposing of hydrophobic parts
[45, 46].

The colour properties of chickpea and navy bean flours
were evaluated as L*, a*, and b*color values in control and
processed samples. CIE L*a*b* colour space includes 3
dimensions: L* shows the level of lightness (L* =0, black;
L*=100, white), a* represents green (negative values) and
red (positive values), and b* indicates blue (negative val-
ues) and yellow (positive values). L* values indicated high
processing temperatures (140 °C) caused darker colour in
all flours. The a* values of navy bean flours were found
close to zero and slightly increased at 140 °C. Similarly,
b* values of navy bean flours increased at 140 °C and were
not changed at 120 °C. In the literature, colour properties of
Kabuli chickpea was reported as 85.4, — 0.9, and 15.5 for
L*, a*, and b*, respectively [47]. Although L* of chickpea
flours was found at lowest at 140 °C, b* were found at high-
est (28.5-30.6) at 120 °C and a* were not affected from
the heating. Overall, the tempering process did not affect
the colour values significantly (p > 0.05). Similar to our
findings, soaking and thermal processing of chickpea such
as pressure cooking and roasting decreased the a*, b* and
color change (AE) of protein isolates [48]. AE of navy bean
flours increased with increasing surface temperature; how-
ever, there was no significance difference in chickpea flours
based on surface temperature at the same tempering condi-
tion. This could be explained by the difference in seeds size
of navy bean and chickpea. Darker colours of infrared heated
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preconditioned cowpeas was related to Maillard browning
reaction which resulted in roasted flavour notes in cowpea
samples [18].

Functional properties

Water hydration capacity (WHC), oil holding capacity
(OHC), solubility, foaming capacity (FC), foaming stability
(FS), emulsification capacity (OEC), and pasting properties
were evaluated under functional properties of control and
processed flours and are presented in Tables 3 and 4. WHC
values showed the amount of water (g) was absorbed per g
of pulse flours. The results indicated that infrared heating

Table 3 Functional properties of chickpea and navy bean flours

increased the water hydration capacity of chickpea and
navy bean flours (see Table 3). WHC were found similar
between control samples of chickpea (1.06 g/g) and navy
bean (0.84 g/g) (p>0.05). The highest increase in WHC
was observed as to twofold at 140 °C surface temperature
and 30% tempering moisture and to 2.8 fold at 120 °C sur-
face temperature and 20% tempering moisture for navy
bean and chickpea, respectively. In a similar manner, ther-
mal processes such as cooking, and industrial dehydration
(75 °C for 6 h.) on chickpeas and lentil seeds raised WHC to
4.80-4.90 g/g [2]. In addition, hydration capacity of infrared
heated navy beans were found negatively correlated with
surface temperature: however, positively correlated with

Process conditions WHC (g/g) OHC (g/g) Solubility (%) FC (%) FS (%) OEC (mL oil/g, db)
Navy bean
Control 1.06 +0.04P 1.01£0.024 32.7+0.34 201.1+15.0* 90.7+1.9* 333.0+8.04
120°C_30% 1.38+0.03€ 1.05+0.04* 6.1+0.4¢ 80.0+13.38 16.5+1.4° 216.1+7.88
140°C_30% 2.08+0.074 1.02+0.054 1.9+0.1P 40.0+6.7¢ 38.7+4.9¢ 221.5+7.38
120°C_20% 1.09 +£0.04° 0.99+0.014 16.5+2.48 60.0+6.75C 57.0+6.18 223.7+7.6°
140°C_20% 1.76 +0.078 1.00+0.014 0.9+0.1P 42243.9€ 15.9+1.4P 223.8+3.38
Chickpea
Control 0.84+0.03¢ 0.98+0.01¢ 63.8+1.3% 128.9+15.4 85.9+7.1 277.4+0.3
120°C_30% 2.31+£0.24% 1.15+0.07% 14.1+1.5° n.d. n.d. 209.6+8.0°
140°C_30% 2.31+£0.08% 1.05+0.01% 6.6+0.9¢ n.d. n.d. 216.2+3.5°
120°C_20% 2.39+0.02* 1.20+0.03* 10.7 +2.3% n.d. n.d. 216.3+4.7°
140°C_20% 2.05+0.07° 1.09+0.072¢ 72404 n.d. n.d. 218.8+3.6°

Different letters in the same column represent significant differences (p <0.05)

WHC Water hydration capacity, OHC Oil holding capacity, FC Foaming capacity, F'S Foaming stability, OEC emulsification capacity (mL oil/g

dry matter)

Table 4 Pasting properties of chickpea and navy bean flours

Process conditions Peak viscocity (cP) Trough viscosity (cP)

Breakdown
viscosity (cP)

Final viscosity (cP) Setback viscosity (cP)

Navy bean
Control 9.0+1.3 9.0+1.4C
120°C_30% 34.0+10.9® 31.5+12.28
140°C_30% 20.2+2.08€ 13.8 +4.38C
120°C_20% 742+12.04 74.2+12.04
140°C_20% 17.7+1.58€ 8.7+4.2C
Chickpea
Control 270.5+66.2 303.8+12.2
120°C_30% 24.8+14.1 18.0+18.2
140°C_30% n.d. n.d
120°C_20% n.d. n.d.
140°C_20% n.d. n.d.

0.0+0.08 35.6+1.6° 26.5+0.78
2.5+1.348 82.5+13.78 51.0+1.88
6.3+3.7A8 53.2+4.08¢ 39.3+5.38
0.3+0.38 216.8+35.4" 141.8+22.8%
9.0+5.6" 48.5+4.885C 39.8+1.08
0.7+0.8 415.8+18.2 112+6.5
6.8+4.3 74.7+37.1 56.7+18.9
n.d. n.d. n.d.

n.d. n.d. n.d.

n.d. n.d. n.d.

Different letters in the same column represent significant differences (p <0.05)

n.d. not determined; / centipoise (cP) 0.001 Pa.s
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moisture content [49]. Moreover, infrared heating of various
legume seeds have increased WHC due to protein denatura-
tion and starch gelatinization [21]. This was also confirmed
with the present gelatinized starch values. For instance, at
120 °C and 20% tempering moisture, navy bean flour had
the lowest gelatinized starch concentration and WHC among
all processed samples. Pulse flours with high WHC could be
preferred in bakery applications due to their higher absorp-
tion capacity of water during dough preparations leading to
enhanced bread characteristics [41].

OHC values were around approximately 1 g/g in the con-
trol samples for both seeds. Tempering and infrared heating
did not significantly affect OHC values in navy bean flours
(p>0.05). However, OHC slightly increased after process-
ing of chickpea seeds at 120 °C with each moisture level
and 140 °C with a moisture content of 20%. OHC values of
chickpea and lentil were not altered after soaking, soaking-
cooking, or soaking-cooking-dehydration processes [2].
Similarly, there were no significant differences (p > 0.05)
between OHC of raw and processed (tempered to 20% mois-
ture content and infrared heated at 115 °C or 135 °C) Desi
chickpea and hull-less barley flours [23]. Besides, higher
OHC values were reported for boiled pulse flours that
might be related to exposing non-polar amino acid sides
and increasing porosity letting higher oil entrapment after
the treatment [41].

The solubility values of flours were significantly
decreased after infrared heating down to 0.9% for navy
bean and 6.6% for chickpea flours. Overall results found that
chickpea flours had higher solubility than navy bean flours.
This might be related to size differences of seeds which was
affect the heat amount transferred to inside of the seeds [21].
The results showed that increasing surface temperatures
caused higher reduction in all tempering moisture contents
for both chickpea and navy bean flours. Similarly, protein
solubility results of roasted chickpea isolates were reported
lower than raw samples at different pHs (2.0, 4.5, 7.0, and
9.0) [48]. Higher surface hydrophobicity and lower nitrogen
solubility index of tempered (41% moisture) and infrared
heated cow peas at 130 °C and 170 °C indicated alteration
of protein conformation of cowpeas due to infrared heat-
ing [17]. Furthermore, protein solubility of navy bean with
30% moisture content processed at 120 °C was found lower
than navy bean samples with 20% moisture content at the
same temperature. This agrees with the findings reported
by Arntfield et al. [50], where higher tempering moisture
caused soft texture which was related to increasing starch
gelatinization, protein denaturation, and aggregation dur-
ing infrared heating. The decrease in protein solubility due
to thermal processing could be explained as (1) exposure of
hydrophobic groups (2) denaturation of proteins by inter-
molecular disulphide bond formation (3) aggregation of
unfolded proteins [48, 51, 52].

Foaming capability of flours is required to form aeration
for textural properties and leavening purposes [53]. Foam-
ing capacity (FC) and foaming stability (FS) parameters
were evaluated in control and processed chickpea and navy
bean flours. Flours from processed chickpea seeds could not
generate foam. Furthermore, the decreasing effect of heat
application was also determined in navy bean flours. Dur-
ing foaming, proteins position at air—water interface due to
their hydrophilic and hydrophobic sides [23]. Decreased
foaming capacities under increasing processing tempera-
tures might be related to higher protein denaturation which
can be supported by decreased protein solubility. Therefore,
protein availability for air—water interface might be lower
with increasing processing temperatures. Similar to solu-
bility results, infrared heating had less effect on navy bean
seeds than chickpea seeds due to the size difference of seeds.
Although foaming capacity was found 80% at 120 °C with
30% tempering moisture, foaming stability was found at the
lowest among processed navy bean seeds together with seeds
processed at 140 °C with 20% tempering moisture. Foaming
capacity values of Desi chickpeas were found between 128
and 215% followed by higher stability 79-93% [23]. Besides,
adverse effects of cooking and industrial dehydration pro-
cesses on foaming properties of chickpea and lentil flours
were reported by [2] who determined the highest reduction
on chickpea flours as 67%. Similar to present findings, 60%
reduction in foaming capacity was detected in cowpea flours
after infrared drying at 130 °C [17].

OEC of infrared treated seeds was found lower than raw
seeds. Similar to our findings, heat treatments such as roast-
ing and boiling decreased emulsification activity in legumes
[41, 54]. Surface hydrophobicity of infrared treated samples
was higher than untreated samples, however, process condi-
tions affected the degree of hydrophobicity. In pulse flours,
interactions between proteins and carbohydrates may also
effect emulsion capacity [41]. In addition, higher emulsion
capacity may be achieved with increased balanced surface
ability of hydrophobic and hydrophilic sites of proteins [55].

Pasting properties of all flours are presented in Table 4.
Pasting properties of chickpea samples processed at 140 °C
and 120 °C with lower tempering moisture content (20%)
could not be determined. However, control samples of chick-
pea showed higher peak and trough viscosities than navy
bean flours. In addition, peak viscosity of navy bean samples
could not be affected by thermal processing significantly
(p>0.05). The highest final viscosity was found in unpro-
cessed chickpea samples. After that, the highest final and
setback viscosity among navy bean samples were found in
samples processed at 120 °C with 20% moisture content.
Similarly, infrared heating (130 °C) of pre-soaked Bambara
groundnut seeds (53% moisture) resulted decrease in pasting
viscosity with increasing processing time [22]. The differ-
ences in pasting properties might be related to the lower
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solubility of processed chickpea and navy bean flours, high
starch—protein interactions, and starch molecules surrounded
with denatured protein molecules which may diminish gran-
ular selling.

Protein quality

The amino acid composition (g/100 g flour) of infrared
treated and control samples of navy bean and chickpea are
given in Tables 5, 6. Amino acid composition of the con-
trol samples of chickpea was not significantly affected by
surface temperature and tempering moisture content. How-
ever, tryptophan, phenylalanine, arginine, glycine, valine,
isoleucine, and leucine contents were slightly increased with
higher surface temperature for navy bean samples. Similarly,
the effect of boiling of faba beans for a short time increased
leucine, tyrosine, threonine, and histidine content regarding
raw samples [56].

The concentrations of essential amino acids for control
and treated navy bean and chickpea flour are given in Table 7
along with the FAO/WHO (1991) nutrition reference pattern
for children (2-5 years). In the case of navy bean flours, only
sulfur containing amino acids (methionine and cysteine)
were found lower than the reference pattern. It was expected,
as pulses are deficient sulfur containing amino acids [57].
However, infrared treated and control samples of chickpea
flours had lower tryptophan than the reference pattern. The
results showed that the limiting amino acid (LAA) scores for
navy bean (methionine and cysteine) were statistically con-
stant, and ranged between 0.83 and 0.86. The LAA scores
(tryptophan) for Kabuli chickpea were found similarly con-
stant and ranging between 0.83 and 0.89. The results indi-
cated that LAA scores for both navy bean and Kabuli chick-
pea remained constant and were not affected by tempering
moisture content and surface temperature. In general, amino

acid compositions of chickpea were found equal or higher
than the reference pattern, except tryptophan, which was at
most 2 mg/g lower than the reference level. This finding was
in accordance with the chickpea results of Bai et al. [11] and
Wang et al. [58]. The unexpected deficiency in tryptophan
rather than sulfur amino acids could be the result of the use
of sulfur containing fertilizers [58]. Also, after sulfur con-
taining amino acids, tryptophan was reported as the second
limiting amino acids in legumes [59].

In vitro protein digestibility results for treated and con-
trol samples of both navy bean and chickpea are given in
Table 7. For all flours were affected significantly (p <0.05)
by both infrared treatment and tempering moisture content
regardless of seed type. In detail, higher surface temperature
(140 °C) increased protein digestibility from 74% up to 84%
for navy bean and from 74% up to 85% for chickpea samples
due to higher protein exposure [11]. Moreover, at the same
surface temperature, an increase in tempering moisture lev-
els increased the protein digestibility. As mentioned before,
higher tempering moisture levels caused softer texture which
may provide an easy matrix for enzyme digestion and also
increase protein exposure [50].

In vitro protein digestibility corrected amino acid
scores (IV-PDCAAS), an overall term for protein quality
of flours, enhanced with high surface temperature (140 °C)
and high tempering moisture (30%) content for navy bean;
however, it did not follow a definitive pattern for chickpea.
IV-PDCAAS for navy bean increased from 64 to 71% after
infrared treatment at 140 °C with 30% moisture content.
The IV-PDCAAS of navy bean for all samples agreed with
IVPD results. The positive effect of high temperature and
high moisture content on /V-PDCAAS of navy beans can
be explained with higher protein denaturation and decrease
in anti-nutritional compounds with increased temperature
and increased availability of proteins to digestive enzymes

Table 5 Amino acid composition (/100 g flour) for navy bean and chickpea samples!

Process conditions ~ Serine Arginine Glycine Aspartic acid  Glutamic acid Alanine Proline Tyrosine
Navy bean
Control 1.48+0.01°%  1.41+0.02* 095+0.02% 2.78+0.04* 3.54+0.03* 0.97+0.01"B 0.89+0.01*8 0.79+0.02"B
120 °C-30% 143+0.04% 13140028 094+0.04® 3.08+0.64% 3.46+0.07* 094+0.02° 0.86+0.03® 0.73+£0.04"
140 °C-30% 1.54+0.06* 1.40+0.03* 1.00+0.03 2.86+0.06" 3.66+0.08* 1.00+0.03* 0.93+0.03* 0.76+0.01"B
120 °C-20% 1.48+0.01°  1.40+0.03* 095+0.01® 279+0.05% 3.53+0.05% 0.97+0.01"B 0.88+0.01*8 0.79+0.01"B
140 °C-20% 1.54+0.02%  1.41+0.02% 1.04+0.04* 2.83+0.12% 3.62+0.13%  1.00+£0.02* 0.93+0.02* 0.81+0.04*
Chickpea
Control 1.01+0.01* 1.53+0.01* 0.76+0.01* 2.12+0.02® 3.09+0.03® 0.77+0.00® 0.79+0.01*°  0.51+0.02
120 °C-30% 0.97+0.01* 1.51+0.04* 0.74+0.00° 2.07+0.03° 2.99+0.04" 0.74+0.01> 0.77+0.01*° 0.54+0.02*
140 °C-30% 1.0240.03*  1.58+0.04* 0.76+0.01* 2.18+0.04* 3.15+0.08° 0.78+0.01* 0.81+0.02° 0.53+0.01
120 °C-20% 0.99+0.03* 1.49+0.13* 0.74+0.02° 2.08+0.06® 3.05+0.07® 0.75+0.03> 0.77+0.04*°  0.53+0.00
140 °C-20% 1.02+40.02*  1.58+0.03* 077+0.01* 2.17+0.03* 3.12+0.01* 0.78+0.01* 0.80+0.00°  0.54+0.02*

Different letters in the same column represent significant differences (p <0.05)
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Table 6 Amino acid composition (g/100 g flour) for navy bean and chickpea samples

Tryptophan Threonine

Phenylalanine

Cysteine Lysine Methionine Valine Isoleucine Leucine

Histidine

Navy bean

1.04+0.02B

1.07+0.014B

0.29 +0.00B€
0.28 +0.00¢

1.39+0.018

1.84+0.02¢

1.91+0.01B¢

1.02+0.01¢

146+0.014  0.29+0.01* 1.26+0.018 1.05+0.00¢

0.21+0.004
0.21+0.014

0.53+0.044
0.48+0.114

Control

1.11+0.034

1.43+0.04B

1.34+0.038

2.00+0.06"B

1.32+0.044

1.22+0.028

0.29+0.014

1.39+0.074
1.48+0.014

120 °C-30%
140 °C-30%
120 °C-20%
140 °C-20%

Chickpea

1.07+0.014B

0.30+0.014B
0.29 +0.00¢

1.39+0.018

1.90+0.02¢

1.06+0.01B€

1.10+0.034B

1.26+0.018

0.31+0.024
0.30+0.004

0.21+0.004

0.21+0.004

0.57+0.034

1.12+0.014

2.01+0.034

1.11+0.014

1.45+0.074

+ 1.46+0.03

0.20+0.014

0.56+0.004

0.31+0.004

1.51+0.084

1.32+0.004

0.31+0.014

0.59+£0.024

0.39+0.01* 0.22+0.00* 1.16+0.01° 0.26+0.00* 0.88+0.01° 0.81+0.02? 1.40+0.01° 1.10+0.01° 0.18+0.00* 0.69+0.01*

Control

1.07+0.01° 0.17 +£0.00* 0.67+0.01*

1.43+0.00°

0.25+0.00* 0.86+0.01° 0.79+0.01* 1.37+0.02%

1.14+0.022

1.13+£0.02*

0.39+0.01* 0.22+0.00*

120 °C-30%
140 °C-30%
120 °C-20%
140 °C-20%

0.17+£0.00* 0.70+0.00*

1.12+0.00*
1.08 £0.04°

+ 0.26+0.00* 0.89+0.01° 0.82+0.02°
1.13+0.05*

0.21+0.01*

0.40+0.01*

0.67+0.03*

0.17+0.02*

+ 0.25+0.02* 0.86+0.03" 0.79+0.02? 1.37+0.05*
1.16+0.01°

0.21+0.01*

0.37+0.03*

0.89+0.00° 0.82+0.01° 1.41+0.01° 1.12+0.01° 0.18+0.01* 0.70+0.01*

0.25+0.01*

0.22+0.00*

0.38+0.01*

Different letters in the same column represent significant differences (p <0.05)

due to both high temperature and moisture [11, 60]. On
the other hand, IV-PDCAAS was found 65% for control
samples of chickpea and infrared treatments at 120 °C
with 20% moisture level and 140 °C with 30% moisture
level increased IV-PDCAAS to 74% and 72% significantly
(p <0.05), respectively. However, I[V-PDCAAS of all sur-
face temperature levels and tempering moisture contents
were not found statistically different than each other. The
1V-PDCAAS of chickpea samples reflects LAA scores and
IVPD values. The higher IV-PDCAAS at 120 °C surface
temperature with 20% moisture level might be affected
LAA score of 0.88 and relatively high IVPD (84%).
Rather than this, the IV-PDCAAS of chickpea samples
also supported the results of navy bean samples, which
showed the more significant effect of high temperature
on IV-PDCAASSs of samples. In this study, /V-PDCAAS
of control samples of navy bean (64%) were found lower
than the reported PDCAAS for navy bean (67%); however,
IV-PDCAAS of chickpea (65%) were found higher than
the reported PDCAAS (52%) [61]. Moreover, navy bean
samples treated at 140 °C regardless of moisture content
had IV-PDCAAS above 67%.

In vitro starch digestibility

As an important nutritional property, in vitro starch digest-
ibility of navy bean and chickpea flours were determined in
terms of rapidly digestible starch (RDS), slowly diestible
starch (SDS), and resistant starch (RS) contents (Table 8).
Untreated navy bean and chickpea flours had higher RS
proportion compared to other starch fractions suggesting
high levels of enzymatic resistance of starch. This is also
supported in previous studies, due to association of starch
and densed protein and fiber matrices, RS percentage was
reported higher than RDS and SDS contents of raw pulse
flours [62, 63]. Infrared heating provided positive effect on
starch digestibility of both navy bean and chickpea flours.
Infrared heating at 140°C led to higher increase in RDS
content of navy bean flours. Increase in starch digestibility
after infrared heating could be due to partial elimination
of antinutrients suggesting possible space in dense matrix
which eases enzyme interaction with starch granules [64].
However, both steam heating and high pressure heating was
reported as responsible for higher RS contents in legumes
[65]. This indicates extereme conditions during heat treat-
ments might cause atypical glyosidic bond formation as well
as carbohydrate side reactions which decrease enzymatic
susceptibility [65, 66]. Infrared heating at low surface tem-
perature (120 °C) and low tempering moisture content (20%)
didn’t affect starch digestibility of navy beans. Besides,
infrared treatment of chickpeas led to higher RDS and lower
RS content.
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Table 8 In vitro starch digestibility of infrared treated navy bean
flours

Process conditions RDS (%, db) SDS (%, db) RS (%, db)
Navy bean
Control 5.0+0.2¢ 4.8+0.48 22.6+0.84
120 °C-30% 16.5+0.38 9.4+1.74 10.8+0.38
140 °C-30% 19.2+1.24 11.1£1.0% 7.1+1.6°
120 °C-20% 6.1+£0.7¢ 4.4+0.38 21.1+£0.74
140 °C-20% 17.5+0.74B 10.7£0.9% 9.5+1.3"
Chickpea
Control 8.7+0.3¢ 144+1.2° 183+1.6
120 °C-30% 20.8+2.0° 17.1+£0.2° 7.8+0.3°
140 °C-30% 24.5+0.1* 14.8 +£0.6™ 6.5+0.9°
120 °C-20% 23.2+1.4% 14.4+0.5° 6.0+1.3°
140 °C-20% 22.6+£0.7% 15.4+1.4% 5.6+1.4°

Different letters in the same column represent significant differences
(»<0.05)

RDS rapidly digestible starch (digested within 20 min), SDS slowly
digestible starch (digested between 20 and 120 min), RS resistant
starch (undigested after 120 min), db dry basis,

Conclusions

Infrared heating did not change the proximate composi-
tion; however, a-amylase and gelatinized starch content
were found highly susceptible to thermal processing.
Surface characteristics were affected by both moisture
content and surface temperature during infrared heat-
ing. Color properties were altered according to surface
temperature. Among functional properties, WHC, OHC,
solubility, FC, FS, OEC, and pasting properties evaluated.
WHC increased in all samples except navy bean processed
at 120 °C with 20% moisture content. In addition, OHC
values of control and processed navy bean flours were not
significantly different (p > 0.05). Solubility, OEC, and
foaming abilities adversely affected by infrared heating.
IV-PDCAASSs and starch digestibility of pulses were posi-
tively affected by infrared treatment. The comprehensive
evaluation of infrared heating and tempering on navy bean
and Kabuli chickpea seeds with different initial physico-
chemical characteristics were performed. The findings will
help to design new processes to obtain pulse flours with
desired chemical and functional properties for future food
applications. Future studies should evaluate the protein
and starch digestibility after cooking the processed flours.
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