European Food Research and Technology (2022) 248:1847-1858
https://doi.org/10.1007/500217-022-04010-1

ORIGINAL PAPER q

Check for
updates

Physicochemical, nutritional and functional properties of chickpea
(Cicer arietinum) and navy bean (Phaseolus vulgaris) flours
from different mills

Burcu Guldiken' - Adam Franczyk? - Lindsey Boyd? - Ning Wang* - Kristin Choo® - Elaine Sopiwnyk? - James House? -
Jitendra Paliwal® - Michael Nickerson'

Received: 6 December 2021 / Revised: 12 March 2022 / Accepted: 19 March 2022 / Published online: 13 April 2022
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2022

Abstract

In this research, the effect of different milling processes on pulse quality parameters has been investigated. Chickpea and
navy bean seeds were milled using a laboratory-scale roller mill with four different streams: middling 1, middling 2 and 3,
break, and straight grade (SG) flours and a Ferkar mill. The effect of mill type on particle size of chickpea flours was differ-
ent from navy bean flours. The smallest particle size (30 um) was determined in Ferkar-milled chickpea flour. The highest
starch and lowest protein contents were found in break flours independent of pulse type. The highest starch damage was also
observed in break flours. Oil absorption capacities of Ferkar flours were higher than roller-milled streams, whereas middling
2 and 3 flours had higher oil emulsion capacities. Foaming stability of flours decreased over time; however, roller-milled
streams showed higher foam stabilities than Ferkar-milled flours from navy bean. The highest pasting viscosities were found
in break flours of both pulses. Mill type did not change the rapidly digestible starch. However, the highest slowly digestible
starch contents were determined in Ferkar-milled flour for all pulse types. Resistant starch of chickpea and navy bean flours
ranged from 14-22% to 16-28%, respectively. No significant difference was observed for any of the pulse flours on protein
digestibility or quality. The findings may provide a better understanding of functional and nutritional properties of chickpea
and navy bean flours produced by different milling processes and their suitability to create different food formulations.
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Introduction

Recently, consumers and the food industry have demon-
strated a growing interest in pulse ingredients and their
use in traditional cereal-based foods alone or blended with
cereals. Pulses are good sources of protein, carbohydrate,
>4 Michael Nickerson dietary fiber, vitamins, and mineral with low lipid contents

Michael.Nickerson @usask.ca (with the exception of chickpeas, 5-7%) [1]. Environmen-
tal and genetic factors may have different impacts on the
nutritional value of pulses [2]. To increase the consump-
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known for their nutritional health benefits and may reduce
incidence of diabetes, cardiovascular diseases, and cancer
[5].

Milling plays a crucial role in turning pulse seeds
into ingredients. There are no standards for pulse flours;
therefore, producers may use different milling processes
which can affect their functional and nutritional proper-
ties. Previously, it was reported that roller and pin mill-
ing yield smaller particle size and more narrow particle
size distribution relative to hammer and stone milling
[6]. The effects of particle size of pulse flours on bak-
ing quality, textural properties, nutritional properties, and
pasting properties have been studied with different pulses
and milling processes [1, 6-8]. The particle size of flours
affected their composition. For instance, lentil flours with
smaller particle size had lower protein content [8]. How-
ever, pulse flours with finer particle size showed improved
bread scores [6].

Milling technologies and screen sizes used affect particle
size and size distribution of pulse flours. For instance, both
particle size and the type of mill (hammer mill versus cryo-
milling) had an impact on starch digestibility of sorghum,
and smaller particle size and frictional heat from hammer
mill increased starch digestibility [9]. Particle size may have
an impact on digestion kinetics of protein, but yield no sig-
nificant differences on protein digestibility—in vitro—of
peas or cowpea [10, 11], whereas both protein digestibility
and quality—in vivo—of lupin have demonstrated increases
with decreasing particle size [12]. In addition, not only par-
ticle size but also compositional characteristics may influ-
ence pulse flour characteristics, as coarse lentil flour behaved
differently in cookie dough than coarse navy bean and pinto
bean due to its different water absorption capacity [1]. The
goal of this study was to investigate the impacts of different
milling processes on the functional and nutritional proper-
ties of chickpea and navy bean flours. To this end, chickpea
and navy bean seeds were milled using a laboratory scale
Biihler (roller mill) and Ferkar mill after hammer milling.
Four different streams; middling, break, and straight grade
(SG) flours from the roller mill and one flour from the Ferkar
mill were assessed for physicochemical, functional, pasting
properties, and in vitro starch and protein digestibility and
quality.

Material and methods
Materials

Kabuli chickpeas (CDC Orion) and navy beans (Nautica)
were harvested in the 2018 crop year and were obtained from
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Reisner Farm Ltd. (Limerick, SK) and Hensall Co-op Ltd.
(Hensall, ON), respectively.

Milling

Pre-breaking of each pulse type was performed with a hammer
mill (Model 120-B, Jacobson Machine Works, Inc., Minneapo-
lis, MN) fitted with an 8/64" (3.18 mm) screen. After hammer
milling, the samples were milled on a Ferkar multipurpose
knife mill with 140 um screen (Ferkar 5 Model, KFM, d.o.o0.,
Slovenia) or a Biihler laboratory roller mill (MLU 202, Biihler
Group, Switzerland) in duplicate. A single flour was produced
from the Ferkar mill. The mill flow diagram of the Biihler
laboratory roller mill is presented in Online Resource. Straight
grade (SG) flour was composed of all six flour streams. In
addition, stream blends of the break flours (B1+B2+B3),
middling flour 1 (M1) and the blends of middling flour 2 and
3 (2 M+3 M) were produced.

Chemical analysis

Moisture, starch, and crude protein contents (N x 6.25) of all
flours were determined according to AACC Methods 44-15.02,
76-13.01 and a combustion nitrogen analysis method using the
LECO FP-828 (LECO Corp., St. Joseph, MI), respectively [13,
14]. Damaged starch analysis was performed according to the
AACC Method 76-31.01 with a Megazyme starch damage
assay kit (K-SDAM, Megazyme, Wicklow, Ireland) [13].

Particle size analysis

Particle size distributions of flours in terms of volume
weighted mean (VWM) and uniformity were determined by
laser diffraction with dry dispersion using the Malvern Mas-
tersizer 2000 with Scirocco 2000 accessory (Malvern Instru-
ments Inc, Westborough, MA).

Functional properties
Foaming capacity (FC) and stability (FS)

Foaming capacity and stability analyses were performed
according to the method described by Sathe et al. [15] with
modifications. Briefly, 100 g of flour dispersion (2% w/w, db)
was sheared using a homogenizer (13,500 rpm, 1 min) and
poured into a graduated cylinder (250 mL). Foaming capac-
ity was determined by the percent of volume increase after
shearing. The height of the foam was recorded after 10, 30, 60
and 120 min and expressed as a percentage of the initial foam
volume to determine foaming stability.
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Oil absorption capacity (OAC)

OAC was determined according to the method of Wang
et al. [16]. Briefly, a filter paper (Cat. 28313-080, VWR)
was cut in 4.5 cm diameter, folded and inserted into a 20 cc
syringe barrel. Samples (0.5 g) were weighed into a test tube
(16100 mm). The syringe with folded filter paper and the
test tube containing the sample were then weighed. Canola oil
(1.5 mL) was added to the test tube, which was vortexed for 5 s
every 10 min for a total of 20 min. The tube containing sample
and oil was then inverted into the syringe with filter paper
seating inside at the bottom, and then the whole assembly was
placed into a 50 mL conical centrifuge tube for centrifugation
at 600xg for 25 min. Free oil passed through the filter paper
upon centrifugation and was collected in the conical centrifuge
tube, with solids retained in the syringe. The syringe assembly
after centrifugation was then weighed. A blank filter paper was
included in each batch. OAC was calculated using Eq. (1):

(1 - ) W,
ey
where W, =weight of the sample before oil addition (g);
W, =weight of the syringe assembly (syringe barrel, fil-
ter paper, test tube and sample) (g); W;=weight of the
syringe assembly after centrifugation (g); W, = weight of

oil absorbed by the blank filter paper after centrifugation (g);
m,=initial moisture content of the sample (%).

OAC(gOil/gsample, drymatter) =

Oil emulsion capacity (OEC)

OEC was measured according to Wang, Maximiuk [17]. In
brief, a pulse flour suspension (0.40% w/v, db) was homog-
enized for 30 s in a 500 mL glass jar using a PowerMax AHS
250 homogenizer fitted with a 10x 105 mm saw tooth genera-
tor probe at setting 1. Then, the glass jar containing the sample
suspension (75 mL) was 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). The sus-
pension, together with 25 mL oil, was blended at 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 resist-
ance 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 calculated. OEC was expressed as mL oil/g
sample, db.

Pasting properties

Evaluation of the pasting profile of flours was performed
according to AACC 76-21.01 (STD1, 13 min profile) using
an RVA 4500 (Perkin-Elmer, Waltham, MA) [13].

Mixolab properties

Mixolab assessment was determined using the Mixolab 2
(CHOPIN Technologies, France) according to the AACC
Method 54-60.01 with modifications [13]. Samples were run
at constant water absorption at 14% moisture basis. A water
absorption of 55% was used for chickpea and navy bean
flour samples.

In vitro starch digestibility

In vitro starch digestibility in pulse flours was determined
according to the method described by Englyst et al. [18]. The
analysis was done under controlled enzymatic hydrolysis fol-
lowed by colorimetric measurement of the glucose released.
Rapidly digestible starch (RDS) and slowly digestible starch
(SDS) were measured following incubation with porcine
pancreatic alpha-amylase and amyloglucosidase at 37 °C in
a water bath. RDS is the glucose released after 20 min and
SDS is the glucose released after a further 100 min incu-
bation. Resistant starch (RS) was measured indirectly by
calculating the starch that is not hydrolysed after 120 min
incubation.

Amino acid (AA) composition and amino acid score
(AAS)

Amino acids were acid hydrolyzed (AOAC 982.30) with the
additional performic acid and sodium metabisulfite proce-
dures utilized for methionine and cysteine (AOAC 994.12),
with the exception of alkaline hydrolysis for tryptophan (ISO
13904) [19, 20]. Detection of amino acids was through UV
or fluorescence utilizing AccQ-Tag (Waters Corporation,
Milford, MA, USA) precolumn derivatization and reverse-
phase HPLC (Shimadzu Corporation, Kyoto, Japan). No pre-
column derivatization was required for tryptophan, which
was previously described [21].

Each indispensable amino acid for the milled flours was
ratioed on a protein basis, relative to the reference pattern for
children ages 2—5 [22], to obtain amino acid scores (AAS).
The single most limiting amino acid was selected as the
AAS using Eq. (2).
mg of AA per gram of protein (test protein)

AAS = .
mg of AA per gram of protein (reference protein)

(@)
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In vitro protein digestibility (IVPD)-corrected amino acid
score (IVPDCAAS)

Protein digestibility was assessed in vitro following the pro-
cedures outlined by Hsu et al. [23] with updated enzymatic
preparation and regression expression from Tinus et al. [10].
Sample preparation of 1 mg/mL of nitrogen in Milli-Q water
was solubilized for 1 h at 37 °C prior to adjusting pH to
8.0+£0.05 with 1 M NaOH or HCI. A multi-enzyme solu-
tion containing of 3.1 mg/mL chymotrypsin (C4129; bovine
pancreas > 40 units/mg protein), 1.6 mg/mL trypsin (T0303;
porcine pancreas 13,000-20,000 BAEE units/mg protein)
and 1.3 mg/mL protease (P5147; Streptomyces griseus > 15
units/mg solid) prepared in Milli-Q water was also adjusted
to pH to 8.0+ 0.05 at 37 °C and transferred to an ice water
bath (0—4 °C). Utilizing the following regression equation,
IVPD was calculated using Eq. (3):

IVPD = 65.66 + 18.10( ApH, pminutes ) - 3)

where the initial and final pH—after the addition of 1 mL
of multi-enzyme solution—was determined over a 10-min
period. The product from the IVPD and the AAS are then
used to calculate IVPDCAAS using Eq. (4):

IVPDCAAS = IVPD x AAS &)

Data analysis

Milling of flours was performed in duplicate and experi-
ments were carried out in duplicate analysis (n =2 X2),
except for IVPD (n=2x3) and amino acid hydrolysis/

analysis (n=2x1). Data were analyzed by one-way analysis
of variance (ANOVA) with Tukey’s and Games—Howell post
hoc test (p <0.05) using IBM SPSS Statistics for Windows
(version 27, Armonk, NY). Protein digestibility and quality
data were analyzed using GraphPad Prism (version 9.3.0,
San Diego, CA), with two-way ANOVA conducted for the
comparison of pulse type and milling on IVPD, AAS and
IVPDCAAS, and one-way ANOVA for AA composition,
with Tukey’s post-hoc test (p <0.05).

Results and discussion
Physicochemical properties

The physicochemical properties of chickpea and navy bean
flours are given in Table 1. The protein content of chickpea
and navy bean flours was 19-23% and 23-31%, respectively.
The protein content of the Ferkar-milled flours for both pulse
types was higher than that of break flour, but lower than
that of middling 2 and 3 flour of roller milling. In contrast,
the highest starch content for both pulse types was found in
break flours and the lowest was in middling 2 and 3 flours.
In addition, damaged starch content ranged from 0.9 to 1.4%
and was the highest in break flours. Increasing starch dam-
age was associated with smaller particle size in pea flours
[24]. However, there was no relationship between particle
size and protein, starch, and damaged starch content of
flours. VWM of chickpea and navy bean flour ranged from
30-67 um to 57—70 um, respectively. The Ferkar-milled flour
of chickpea had the smallest VWM (30 um) of all flours. The
effect of milling type on different pulses could be associated

Table 1 Physicochemical characteristics of chickpea and navy bean flours from different milling process

Mill type Protein (% db) Starch (% db) Starch damage VWM, um Uniformity OAC (g oil/g, db) OEC (mL oil/g, db)
(%db)

Chickpea

Ferkar 20.5+0.0° 47.0+04°  1.00+0.01° 30.3+0.3° 0.82+0.01* 0.43+0.01° 280.9+2.1°
R. Break 18.9+0.1¢ 51.9+0.1*  1.44+0.03° 52.9+0.4° 0.86+0.03* 0.24+0.01° 279.3+1.5°
R. Middling 1 20.8+0.1° 482+0.1°  1.23+0.02° 67.3+2.2% 0.70+£0.00° 0.24+0.01° 293.5+9.5%
R. Middling 2 22.9+0.1* 39.7+0.5° 1.27 +£0.06° 64.1+3.2% 0.73+£0.04* 0.30+0.04° 318.5+5.2°
and 3

R.SG 20.8+0.1° 47.1+05°  1.29+0.05% 62.6+2.1° 0.76+0.02* 0.24+0.01° 300.1 + 12.6%

Navy bean

Ferkar 26.3+0.1€ 40.7+0.08  0.90+0.00° 69.7+3.9% 2.29+0.154 0.43+0.01* 310.0+4.8C

R. Break 22.5+0.1° 51.8+04*  1.40+0.004 56.9+0.28 1.01+0.018 029+0.01% 306.6+2.1€

R. Middling 1 27.0+0.15  42.6+1.08  1.20+0.00° 70.3+0.3% 0.86+0.028 0.28+0.028 327.9+9.4¢

R. Middling 2 30.5+0.14  332+04°  1.10+0.00¢ 67.4+1.8% 0.73+0.03% 0.31+0.018 406.8 +6.4"
and 3

R. SG 27.0+0.08 4244058 1.20+0.00° 66.6+0.5* 0.86+0.025 0.27+0.00° 363.8+12.28

Means within a column followed by the same letter (lowercase or capital) are not significantly different (p <0.05)

OAC Oil absorption capacity, OEC Oil emulsion capacity, VWM Volume weighted mean, db dry basis, R. Roller mill, SG straight grade
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with seed size [25]. The uniformity of particle size was the
highest (2.3) for the Ferkar-milled flour of navy beans. Since
roller milling involves a series of rolls that cause the reduc-
tion in size and screen/sieves which aid hull separation, as
a single stage mill, Ferkar mill resulted in a wider particle
size distribution for navy bean flour, but not for chickpeas. It
was hypothesized that thinner seed coat of Kabuli chickpeas
might be the cause of the more uniform particle size com-
pared to navy beans [26]. The uniformity of particle size of
chickpea flours ranged from 0.7 to 0.9, while it was 0.7-2.3
in navy bean flours.

Functional properties

Oil absorption (OAC) and emulsion capacities (OEC) of
chickpea and navy bean flours from different milling pro-
cesses were determined (Table 1). The OAC values of Ferkar
flours (0.43 g oil/g) were higher than those of roller mill
streams (0.24-0.31 g oil/g) in each pulse type. In an earlier
study, commercial navy bean flours with fine grind (131 um)
yielded lower OAC (1.23 g oil/g) than regular grind flour
(248 pm; 1.47 g oil/g) [6]. Similarly, OAC of chickpea and
navy bean flours was found to be less than 0.5 g oil/g with
particle size less than 70 um. The OEC values of chick-
pea and navy bean flours ranged from 281-319 mL oil/g
to 307-407 mL oil/g, respectively. The highest OEC val-
ues were observed in roller mill flour middling 2 and 3 for
both pulses. It is reported that OAC and OEC values may be
associated with the characteristics of protein fraction [27].
Therefore, the higher protein content of middling 2 and 3
flours may have contributed to higher OEC values of flours.

The foaming properties of chickpea and navy bean flours
are presented in Fig. 1. Foams can be stabilized by pro-
teins, which form layers along the gas—liquid interface and
reduce the surface tension [24]. The foaming capacity (FC)
of chickpea flours ranged between 25 and 30%, but no sig-
nificant differences were found. Similarly, FC of navy bean
flours ranged from 25 to 34%. There was no significant dif-
ference in FC regarding mill type. In chickpea flours, foam-
ing stability (FS) values decreased from 85-90% (10 min)
to 36-41% (120 min). Between milling processes, FS values
were similar in each time period. However, FS values of
navy bean flours produced by Ferkar milling were signifi-
cantly lower than the roller mill flours in 60 and 120 min
periods. A major drop in FS values was observed in the
Ferkar-milled flour of navy beans, which decreased from 90
to 30% in 120 min.

Pasting properties
The pasting properties of chickpea and navy bean flours

milled by Ferkar and roller mills are presented in Table 2.
Since milling can cause damage to starch structures, starch

120 4 M Ferkar
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Fig. 1 Foaming capacity (FC) and foaming stability (FS) properties
of chickpea (A) and navy bean (B) flours

gelatinization and pasting properties of flours are affected
by the mill type [28]. It was found that pasting temperatures
of navy bean flours (82-84 ‘C) were slightly higher than
chickpea flours (7677 °C). Similarly, pasting temperatures
of navy bean and Kabuli chickpea were reported as 83.5 and
75 °C, respectively [29, 30]. Higher pasting temperatures
may indicate the interactions between starch and other com-
ponents (lipid, protein, etc.). Amylose—lipid complexes or
starch—protein interactions may restrict the swelling of starch
granules during the pasting process [29, 31]. In addition,
navy bean flours had higher pasting viscosities than chickpea
flours, which could be associated with relatively higher pro-
tein content of navy bean flours. In both pulses, the Ferkar
mill resulted in lower pasting viscosities (peak, trough, final,
and setback viscosities) than SG flour from roller mill, which
is a combination of all streams. To understand the effect of
milling process, the physicochemical properties and past-
ing properties may be evaluated together. Flours produced
by Ferkar milling had lower damaged starch content, but
higher OAC than SG flour of roller milling. Only chickpea
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flour produced by Ferkar milling had smaller particle size
(30 um) than the SG stream. Previous research on the par-
ticle size effect on Ferkar-milled flours of navy beans (136,
265, 312, 506 pm) showed that finer flours had higher final
viscosities [6]. However, no consistent trend associated with
particle size and pasting viscosity was observed in this study
due to a smaller particle size range of all flours (<70 um).
Higher pasting viscosity of break flours could be related to
higher starch and lower protein contents despite higher dam-
aged starch content. Furthermore, lower pasting viscosities
of roller-milled flours were determined in the middling 2
and 3 stream, which had the highest protein content among
roller-milled flours. These findings emphasize the restrictive
effect of protein network on starch pasting properties.

Mixolab properties

The performance characteristics of chickpea and navy bean
flour were examined using Mixolab characteristics of dough
samples (Table 3) which provides information about the
dough development time, protein weakening, stability during
baking, starch gelatinization and retrogradation [32]. Initial
peak consistency (C1) values of chickpea and navy bean
flours ranged from 0.16-0.43 to 0.68—1.86 Nm, respectively.
The middling 2 and 3 flours of both pulses had the highest
dough consistency. A longer time to C1 (1.8 min) and higher
stability (9.5 min) were found in the Ferkar flour of chick-
pea samples which had the smallest particle size (30 pm)
among the rest of the samples. In addition, higher lipid con-
tent of chickpea flours (4—5%) could be one of the reasons
of higher stability values due to the formation of lipoprotein
complexes between starch, protein, and other hydrophobic
constituents [33, 34]. The C2 torque is a measure of pro-
teins weakening when subjected to the dual constraint of
mixing and heating. Navy bean flours showed lower dough
strength and an increase in weakening of protein network
with higher CS—C2 values (0.2—-0.8 Nm) compared to chick-
pea (0.06-0.15 Nm) [35]. For navy bean flours, C3 and C4
were measured at constant times 30 and 32 min, respectively,
due to lack of stable peak or trough. In general, C3 indicates
the starch gelatinization, C4 defines the hot gel stability, and
C5 shows starch retrogradation in the cooling phase [35].
C3 values of chickpea and navy bean flours ranged between
0.86—0.96 and 0.76-0.89, respectively. Ferkar-milled chick-
pea flour and middling 2 and 3 navy bean flours exhibited
the highest torque during the heating stage (C3) and the
torque obtained after cooling at 50 ‘C (C5). Interactions of
hydrocolloids with starch and swelling power of starch may
affect the maximum viscosity [36].

Table 3 Mixolab characteristics of flour samples

Time C1 (min)  Stability (min)  CS (Nm) C2 (Nm) C3 (Nm) C4 (Nm) C5 (Nm) CS-C2 (Nm)  C3-C2 (Nm)

C1 (Nm)

Mill type

Chickpea

0.06+0.00°¢  0.96+0.00 0.93+0.00* 1.44+0.01* 0.09 +0.00° 0.90+0.01°

0.12+0.01¢

9.47+0.26 0.15+0.00%

1.78+0.17*
0.82+0.14

0.16+0.00°

Ferkar

0.06+0.00¢  0.84+0.02°

1.32+0.04°
1.32+0.01°

0.78 £0.02°

0.90+0.022b°
0.86+0.00°

1.56+0.30° 0.06+0.01¢

0.17+0.02¢

R. Break

0.76 +0.00 <
0.73+0.01¢

0.800.00° 0.08+0.01°

0.09 +0.00%

0.35+0.02*

0.74+0.13° 1.79+0.48° 0.18+0.01°

0.23+0.00°

R. Middling 1

0.15+0.00*
0.09 +0.00°

1.34+0.02°

0.90+0.02°  1.39+0.02%

0.93+0.03*

0.20+0.02*

0.87+0.03° 3.30+0.06

0.6+0.03°

0.43+0.02°

R. Middling 2 and 3

R. SG
Navy bean

0.78+0.01¢

0.19+0.00°  0.10+0.00°  0.88+0.01>  0.83+0.02° +

1.31+0.16°

0.26+0.00°

0.86+0.038  142+001B  0.50+0.008  0.39+0.02B

0.82+0.008

2.25+0.024 0.89+0.01®  039+0.018  0.78+0.038€

0.94 +0.058C
0.79+0.02¢

1.23+0.018

Ferkar

0.19+0.01E  0.59+0.034

1.38 +0.00€
1.34+0.01°

0.92+0.004

042+0.01°  0.23+0.02€

1.28+0.058
2.77+0.244

0.68+0.03°

R. Break

0.37+0.01°  0.39+0.00B

0.96 +0.004

0.74+0.01¢  038+0.018  0.76+0.01¢ 0.83 +0.008

1.14+0.034

1.03+0.074B

1.86+0.06%

1.01+0.02€

R. Middling 1

0.82+0.01*  0.29+0.01€

1.36+0P

0.60+0.01*  0.89+0.00% 1.51+0.00%

0.85+0.018

+ 2.74+0.16% 1.42+0.024

1.00+0.004B

1.19+0.00®

R. Middling 2 and 3

R.SG

0.41+0.018

0.45+0.00¢

+ 0.87 +0.008

0.81+0.01B€

0.39+0.018

2.10+0.374B

Means within a column followed by the same letter (lowercase or capital) are not significantly different (p <0.05)

18

Cl1: initial peak dough consistency; CS: the torque at 8 min; C2: the lowest point of the curve; C3: the maximum (or stable) torque obtained after C2 during the heating phase; C4: the minimum

(or stable) torque obtained after C3; CS5: the torque at the end of the test; Stability (min): measure of breakdown during mixing; R roller mill, SG straight grade
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In vitro starch digestibility

Disruption of starch granule structure during different mill-
ing processes may affect starch digestibility [24]. In vitro
starch digestibility of chickpea and navy bean flours from
different milling processes is shown in Table 4. There was no
significant difference in the rapidly digestible starch (RDS)
values of flours milled from either pulse milled by Ferkar or
roller mill. Different flours from the roller mill also did not
cause significant difference in RDS values. RDS values of
chickpea and navy bean were 10% and 6-7%, respectively.
Slowly digestible starch (SDS) values of Ferkar-milled flours
were significantly higher than roller-milled flours. However,
roller-milled flours were similar within pulse type. In both
pulse types, the highest resistant starch (RS) values were
found in the break flours and the the lowest values in the
middling 2 and 3 flours. This finding showed that starch
molecules, after multiple milling steps (e.g., middling 2
and 3), were more susceptible to enzymatic digestion. Since
the particle size of all flours can be classified as superfine
(<80 um), the relationship between particle size and starch
digestibility was not correlated, whereas starch digestibility
of lentil flours with smaller particle size had lower RS values
compared to coarse flours [3].

Amino acid composition

The quantity of all amino acids (AA) is presented as the
relative abundance in the milled flour (Table 5). Within all
chickpea flours, AAs ranged from 0.157 to 3.370 (g/100 g
sample), and within all navy bean flours from 0.191 to 4.072
(g/100 g sample). Glutamine was the most abundant AA

Table 4 Starch digestibility properties of chickpea and navy bean
flour from different milling process

Mill type RDS (%, db) SDS (%, db) RS (%, db)
Chickpea
Ferkar 102+0.3*  134+0.1*  17.5+0.9%
Roller-Break 10.1+0.2% 11.8+0.2° 222+1.22
Roller-Middling 1 9.9+05"  11.4+02° 19.7+1.5%
Roller-Middling 2& 3 9.8+0.1*  12.1+£02° 13.8+0.8°
Roller-SG 10.0+£02*  120+0.6° 17.3+0.3%
Navy bean
Ferkar 58+0.1%  52+04% 223+0.5%8
Roller-Break 6.7+04% 424015 28.0+1.74
Roller-Middling 6.4+03%  40+0.15 19714448
Roller-Middling2and 3 5.8+0.5*  4.1+0.1®8 162+3.38
Roller-SG 62+02%  42+0.0% 21.7+088

Means within a column followed by the same letter (lowercase or
capital) are not significantly different (p < 0.05)

RDS rapidly digestible starch, SDS slowly digestible starch,
RS resistant starch, db dry basis, SG straight grade

@ Springer

within both pulses, whereas tryptophan was the least abun-
dant in chickpea and cysteine and the least abundant in navy
bean. In general, Ferkar, roller middling 1 and SG flours of
chickpea and navy bean led to similar AA profiles (p >0.05).
Only histidine and tryptophan were stable across both pulse
types and milling fractions. Roller break flours in both
pulses produced flours with a significantly lower abundance
of AA, whereas roller middling 2 and 3 produced flours with
a greater abundance of AA. These changes correspond to
the overall protein levels in these fractions (Table 1), where
protein was 2.41 and 3.78% higher in the roller middling
flour—relative to roller break—for chickpea and navy bean,
respectively. Tryptophan was found to be the most limit-
ing AA for chickpea in this study, similar to previous find-
ings for chickpeas subjected to thermal treatments [37, 38].
Threonine has also been shown to be the most limiting AA
without thermal treatment in chickpea [37, 39, 40]. Nota-
bly, the milling of chickpea may explain whether threonine
is limiting, but not tryptophan, as indicated between the
differences observed in roller break and roller middling 2
and 3 flours. Similarly, this effect may also be observed in
the methionine content of navy bean, but not cysteine, as
observed in the significantly greater content in the middling
2 and 3 flour. Cysteine and methionine are routinely found to
be limiting in navy bean and other common beans [41-45],
which can persist after cooking, baking or extrusion [46].
Relative to other studies, it cannot be dismissed that genetic
and environmental factors may be responsible for differences
in AA composition of chickpea [47] or common beans [41,
48], in addition to differences in AA hydrolysis and analysis
procedures [49].

In vitro protein digestibility and quality

Protein digestibility and quality as assessed by in vitro meth-
ods are presented in Table 6. No significant differences were
observed in IVPD, AAS, or IVPDPCAAS in both the pulse
and the milling treatments. The IVPD of chickpea and navy
bean flours was within a narrow range of 76.16-76.52%
and 73.29-73.87%, respectively. Studies utilizing the same
or similar in vitro digestion procedures found comparable
IVPD of 76-78% for chickpea [39, 40, 50], and 71% in navy
bean [42]. Chickpea AAS ranged from 0.84 to 0.91 and cor-
responded to the greatest change on protein quality, with a
minimum mean [IVPDCAAS observed in the roller break
flour of 64.05%, and the maximum mean in the Ferkar or
straight grade flours of 69.43 and 68.02%. Likewise navy
bean AAS ranged from 0.81 to 0.90 and corresponded to the
greatest impact on protein quality; however, maximum mean
IVPDCAAS was found in the roller middling 2 and 3 flour
and the minimum mean protein quality in the straight grade
flour of 66.23 and 59.28%. Untreated chickpea flours have
been shown to have similar IVPDCAAS utilizing the same
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Table 6 Protein digestibility

: : Mill type IVPD (%) LAA AAS IVPDCAAS (%)

and quality of chickpea and

navy bean flours Chickpea
Ferkar 76.16+0.32° TRP 0.91+0.01° 69.43+0.98"
Roller-Break 76.22+0.56* TRP 0.84+0.04% 64.05+3.74%
Roller-Middling 1 76.19+0.27° TRP 0.88+0.01° 67.29+1.29°
Roller-Middling 2& 3 76.40+0.43% TRP 0.87+0.09* 65.82+7.02°
Roller-SG 76.52+0.78° TRP 0.89+0.03 68.02+1.77°

Navy bean

Ferkar 73.59+0.324 M+C 0.88+0.054 64.34+3.34"
Roller-Break 73.29+0.234 M+C 0.90+0.06" 65.93 +4.00"
Roller-Middling 73.29+0.54* M+C 0.89+0.04* 63.37+£0.01*
Roller-Middling 2 and 3 73.87 +0.54" M+C 0.90+0.014 66.23 +0.68"
Roller-SG 73.68 +0.544 M+C 0.81+0.014 59.28 +0.19%

Means within a column followed by the same (lowercase or capital) letter are not significantly different

(p<0.05) within pulse type

IVPD In vitro protein digestibility, LAA Limiting amino acid, AAS Amino acid score, I[VPDCAAS In
vitro protein digestibility corrected amino acid score, SG straight grade, M+ C Methionine + Cysteine,

TRP Tryptophan

IVPD procedures and amino acid reference pattern—within
the range of those in this study—of 64.99 and 69.38% [39,
40]. Protein quality assessed by relative nutritive value in
three navy bean cultivars reported values between 64 and
78% [41]. Previous IVPDCAAS of raw navy beans has
not been established—to the knowledge of the authors—
although it may be ascertained that based on earlier reported
amino acid composition and IVPD [42], values fall within
the range found in this study. The addition of thermal treat-
ments may be expected to reduce protein quality of navy
beans and other common beans [44, 46]—relative to raw—
as demonstrated in baked (60.95%), cooked (54.86%), and
extruded (55.33%) flours.

Conclusions

Ferkar and roller mills affected the physicochemical, func-
tional, pasting, thermo-functional properties, and starch
digestibility of chickpea and navy bean flours. The effect
of different milling processes on particle size and size dis-
tribution varied according to pulse type and no consistent
effect was observed. Since all flours had fine particle size,
not all characteristics of flours were different. Differences in
OAC were found according to the mill type. Foaming prop-
erties after 60 min for navy bean flours differed for Ferkar
flours. Among roller-milled flours, break flours had higher
starch content, damaged starch, and pasting viscosities. RDS
values of all flours were similar for each pulse. However,
Ferkar milling resulted in higher SDS values for both pulse
types. Although particle size of all flours was similar, sin-
gle step (i.e. Ferkar) or multi-step (i.e. Roller) milling pro-
cesses caused different functionalities in pulse flours. While

@ Springer

amino acid composition fluctuated between mill types for
both pulses, the milling processes did not significantly alter
the most limiting amino acid and protein quality estimates.
This finding indicates that the particle size of flours may
not be the only parameter to predict the final product qual-
ity. The findings from the evaluation of different milling
techniques on the characteristics of chickpea and navy bean
flours provide insight to food manufacturers for new food
formulations using pulse flours.
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