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ABSTRACT. Dry fractionation of pulses typically relies on air-classification. However, this can be a costly
investment for small-scale processors. Given this consideration, this study hypothesized that milling and
sieving alone could effectively produce high-starch and high-protein fractions of pulse flours, bypassing the
need for air classification. Hence, we milled dry pinto beans using a centrifugal mill and then fractionated
the flour by sieving through Tyler sieves: 20 mesh (850pum), 30 mesh (600 pm), 40 mesh (425 pm), 50 mesh
(300 um), 60 mesh (250 pm), 70 mesh (212 pm), and 80 mesh (180 um). We then evaluated the fractions
for total protein, total starch, ash, water absorption index (WAI), Oil Absorption Capacity (OAC), and color.
The 60-mesh fraction had the greatest starch content amounting to 53.1% and the < 80-mesh fraction
had the greatest protein content with atotal of 29.77% protein.The high-protein fraction was associated with
significantly elevated ash content (4.41%), greater WAI (2.31) and increased OAI (1.75) compared to the whole
pinto flour (WPF). The starch fraction had lower ash content (3.54), WAI (1.33), and OAI (1.06). Whiteness (L)
of pinto bean fractions increased significantly with fineness, while hue angle and chroma decreased. These
results demonstrate that milling and sieving effectively separated pinto bean flour into distinct high-protein
and high-starch fractions without the need for air-classification. Such fractions offer potential as pulse flour

ingredients with value-added nutritional and functional properties.
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INTRODUCTION

Pulses are a healthy addition to the diet due to
their high nutritional value including elevated fiber,
protein, minerals, vitamins, and resistant starch
(Derbyshire 2011). They are usually consumed
cooked but may be milled to produce value-added
flours. Manufacturers market the flour as whole
or fractionated. For example, processors separate
fiber, starch, and protein and incorporate them in
products such as meat, pasta, baked goods, extruded
snacks, and soups (Farooq and Boye 2011). Both
wet and dry methods can be used to separate pulse
flour components. The wet method produces
higher concentrations of the componentofinterest.
However, it is more costly and time-consuming,.
For example, in the isolation of proteins, a flour
suspension is first prepared followed by extraction
under alkali or acidic conditions, isoelectric
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separation or ultrafiltration, and then finally spray
drying. This type of processing achieves relatively
pure isolates (> 90%) but drawbacks include the
use of chemicals and copious amounts of water and
energy. In contrast, dry separation, while producing
lower purity of fractions, conserves energy, water,
and eliminates the associated sanitation challenges
connected with wet processing (Schutyser and
Goot 2011).

So far, the dry separation method has been
primarily by air-classification (Sosulski and Youngs
1979; Tyler et al. 1984; Simons et al. 2017; Wang
and Maximiuk 2019; Fernando 2021; Ferreiraetal.
2022; Skylas et al. 2023). The process involves
separating flours by density in a centrifugal air
classifier which concentrates protein in a fine
fraction, and starch in a coarse fraction.

© 2026 Simons et al. This article is published under a
|@ ® Creative Commons Attribution 4.0 International License
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Despite its advantage as a less costly method
of starch and protein recovery compared to wet
fractionation, dry separation by air-classification
may still be too expensive for small pulse processors
who cannot afford the initial cost of installing an
air-classification system. Hence, an alternative
method of dry fractionation could simply be milling
and sieving the flour to separate it by particle size
without the air-classification step. In a study by
Maaroufi etal. (2000), the authors milled pea flour
and then fractionated it using pilot sieving into
nine fractions ranging in particle size from 100
to 3,000 pm. They found that crude protein and
starch increased, while crude fiber decreased with
particle fineness. Their work demonstrated that
sieving can serve as a tool to separate fractions
according to desirable nutritional components. To
the best of our knowledge, no other studies have
focused on obtainingstarch and protein concentrates
through milling and sieve fractionation, without
pairing the process with air-classification. Cheng
et al. (2023) milled and sieved pulses and cereals
followed by nutritional and functional analysis;
however, they only separated the fractions into
coarse and fine. Gu et al. (2021) demonstrated
how ultracentrifugal milling configurations, such
as rotor speed and screen aperture size, impact
starch damage, particle size distribution, and the
aromatic profile of yellow pea flour. However, they
did not separate the particles by sieving, and
they evaluated the properties of the whole flour
instead of its fractions.

Thisstudy chose pinto bean due to its prominence
in the U.S. dry-bean marketplace. Pinto bean
represents the largest market class grown in the
US, accounting for 47% of US dry bean with more
than 70% grown in North Dakota (Osorno et al.
2024). Furthermore, their nutritional properties,
including starch composition and protein offer
a representative baseline for evaluating milling
processes (Oomah et al. 2011; Nosworthy et al.
2017). The starch content of pinto beans ranges
from 25% to 30.1%, with high amylose content
ranging from 31.3% to 37.4% (Oomah et al.
2011). The elevated amylose content makes them
a valuable source of slowly digestible and resistant
starch (RS3) when cooked, which is important for
maintaining stable blood sugar levelsand promoting
gut health (Lu et al. 2022). The protein content of
pinto beans ranges from 17-22% which makes it
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a potential ingredient to increase the total protein
content in food formulations such as bakery
products and extruded snacks (Simons et al. 2017;
Zaffar et al. 2022; Lopez et al. 2024). Simons et al.
(2014) demonstrated that adding pinto bean flour
to bread formulation improved its amino acid
profile by increasing the level of eight essential
amino acids (threonine, valine, isoleucine, leucine,
phenylalanine, histidine, lysine, and arginine).

The starch-rich and protein-rich fractions of
pinto beans isolated using the sieve fractionation
method are unlikely to be as concentrated as those
obtained through a combination of milling and air-
classification. However, asubstantial degree of starch
and protein concentration might not be necessary.
Instead, achieving any significant increase in starch
or protein concentrations could be sufficient to
significantly modify and enhance the nutritional
and functional properties of the pulse flour.

The findingsin thisstudy contribute toaddressing
the limited research on the effect of milling on
particle fractionation in dry pulses. One limitation
that may explain why large-scale manufacturers
have not widely adopted sieve fractionation is the
problem of sieve blinding. This problem arises where
particles clog the mesh, especially when working
with excessively wet or dry particles (Liu 2009).
Thisblockage significantly reduces throughputand
separation efficiency, requiring frequent cleaning
and potential operational delays.

The addition of air-classification overcomes these
challenges by using aerodynamic properties to
separate particles based on their density rather
than size alone (Fenn et al. 2022). This eliminates
the reliance on physical mesh openings, thereby
avoiding problemssuch assieve blindingand particle
entanglement. Nevertheless, the prohibitive cost
of purchasing and installing an air-classification
system makes the technology less accessible to
small-scale pulse flour processors. Consequently,
exploring alternative methods such as milling and
sieving only could offer an economical solution
for these processors to produce new value-added
products.

MATERIALS AND METHODS
Materials
We purchased dry pinto beans from a local
grocery store.
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Milling

Two hundred grams (200 g) of dry pinto beans
were milled in duplicate in a single step, using a
Retsch ZM200 centrifugal mill (Retsch GmbH,
Haan, Germany) fitted with a 2 mm sieve and
rotated at 10,000 rpm. We then sieved the flours
for 20 minutes on a stack of Tyler sieves attached
to a Rotap RX-29E test sieve shaker (Mentor, OH,
USA). The stack contained sieve sizes in the order:
20 mesh (850pm), 30 mesh (600 pm), 40 mesh
(425 pm), 50 mesh (300 pum), 60 mesh (250 pm),
70 mesh (212 pm), 80 mesh (180 pm), and a pan
to catch particles smaller than 80 mesh.

Moisture, Ash, Protein, and Starch Content

Moisture and ash contents were determined
gravimetrically according to AACCI approved
methods 44-15.02 and 08-01.01, respectively.
Crude protein content was determined by the
nitrogen combustion method, according to AACCI
approved method 46-30.01 using a nitrogen
conversion factor of 6.25. Total starch content
was determined enzymatically using a Megazyme
total starch assay kit according to AACCl approved
method 76—13.01 (AACC International 1999 a-d).

Water Absorption Index

To determine water absorption index (WAI),
we added 2 grams of the milled sample to a pre-
weighed 50 mL conical centrifuge tube. We then
added distilled water to the 30 mL mark and shook
the mixture vigorously to remove lumps before
allowing it to sit at room temperature for 1 hour.
Afterwards, we centrifuged the mixture at 3,000
rpm for 10 minutes, decanted the supernatant, and
weighed the container. Finally, we calculated WAI
using equation 1:

Weight of water absorbed by flour( g)
Original flour sample W@ig]]r( g)

WAI = (1)

Oil Absorption Capacity

To determine oil absorption capacity (OAC), we
added 2 grams of the milled sample to a weighed
50 mL conical centrifuge tube. We then added canola
oil to reach the 15 mL mark and vortexed the
mixture at 3,000 rpm for 30 seconds to prevent
lump formation before allowing it to sit at room
temperature for 1 hour. We centrifuged the tubes
at 3,000 rpm for 10 minutes, drained excess oil,
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and weighed the container. Finally, we calculated
OAC using equation 2:

Weight of oil absorbed by flour( g)

OAC =
Original flour sample weight ( g)

(2)

Color

We determined color using a CR-410 Konica
Minolta Chroma meter (Konica Minolta Inc.,
Japan) and reported the values as L*, a*, and b*.
We calculated the hue angle by finding the ratio
of a* to b* and determining the inverse tangent.
Afterwards, we calculated chroma using equation 3:

Chroma = (a? + b?)? (Francis, 2003) (3)

Scanning Electron Microscopy

We obtained the images usinga JEOL7900F field
emission scanning electron microscope operatingat
12 kV under low-vacuum conditions at a pressure
of 90 torr. We prepared SEM samples by spreading
dry flour particles over carbon tape. We did not
apply any coating.

Statistics

We conducted statistical analysis using SPSS
version 29 (IBM Corp. 2022) and performed a one-
way ANOVA followed by Tukey’s post hoc test to
identify differences between means. We considered
differences significant at p < 0.05.

RESULTS AND DISCUSSION

The initial moisture content of the raw pinto
beans was 11.4%. Moisture content may impact
flour yields due to its effect on the mechanical
and grinding characteristics of the seed (Dziki
2008). However, it was not the goal of this study,
to compare the effect of different moisture contents.
Figure 1 presents significant differences in the
percentage yield of pinto bean fractions, with
the 30-mesh fraction being the highest (21.9%)
and the 80-mesh fraction being the lowest
(2.3%). The elevated yields on the coarser sieves,
particularly the 30-mesh fraction, is due to less
breakage and loss of bean material compared to
the smaller fractions.

Thevariation in yield across mesh sizes shows the
significant impact of milling on the fractionation
of pinto beans. Gu et al. (2021) also demonstrated
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Figure 1. Percentage yield of flour fractions. Bars with different letters show significant difference (p < 0.05).

the impact of milling on pulse flour yield. They
approached this using different rotor speeds and
aperture size. However, the effect on flour yield
was minimal. In contrast to this study, the authors
did not fractionate the pulse flour but investigated
the properties of the whole flour instead.

We identified the 60-mesh fraction and the
< 80-mesh fraction as high-starch and high-protein
fractions, respectively, since both fractions had
significantly higher starch (53.08%) and protein

content (29.77%) compared to whole pinto flour
(WPF) and all other fractions (Table 1).

The starch content in the high-starch fraction
increased by 19.8%, while the protein content
in the high-protein fraction increased by 24.5%
compared to the WPE The higher protein content
in the fraction passing the 80-mesh sieve was not
surprising. The milling process liberates starch
granules from the surrounding protein matrix,
causing larger starch-rich particles to remain in

Table 1
Ash (dry basis), protein (dry basis), starch content (dry basis),
WAI and OAI of pinto bean flour fractions

Fraction Ash (%) Protein (%) Total Starch (%) WAI OAI
WPF 3.8 £ 0.03b 2392 +0.11b 44.29 + 0.31e 1.76 + 0.18bc 0.94 + 0.05a
20 mesh 3.8+ 0.02b 23.96 + 0.25c¢ 33.52 £+ 0.90a 2.21 +0.02¢ 1.00 + 0.02ab
30 mesh 3.87 + 0.04c 25.00 + 0.25d 33.54 + 0.56a 2.30 + 0.00e 1.03 + 0.01b
40 mesh 3.8+ 0.01b 24.19 + 0.30c 35.12 + 0.10b 2.09 + 0.04de 1.00 + 0.01ab
50 mesh 3.6 + 0.00a 23.39 £ 0.10c 45.03 + 0.33¢ 1.33 £ 0.02a 1.00 + 0.01ab
60 mesh 3.54 + 0.04a 23.28 + 0.25a 53.08 + 0.35¢g 1.33 + 0.02ab 1.06 + 0.01b
70 mesh 3.76 £ 0.21b 24.82 +0.17d 51.45 + 0.44f 1.63 + 0.04bc 1.22 + 0.04c
80 mesh 4.05+0.21d 27.44 + 0.09e 37.51 £ 0.16¢ 1.85 + 0.04cd 1.46 + 0.01d
< 80 mesh 4.41 £ 0.02e 29.77 + 0.11f 39.7 + 0.44d 2.31 + 0.05¢ 1.75 £ 0.00e

WPF = whole pinto flour. Different letters within the same column show significant difference (p < 0.05)
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coarser fractions while finer protein-rich particles
pass through smaller sieves (Tyler et al. 1984).

Results from scanning electron microscopy
(SEM) showed that starch granules are embedded
in a protein matrix, which later become detached
from their cavities during milling (Figures 2 and 3).

The pinto bean starch granules ranged in size from
21 to 30 pm, with an average size of 24 pm. The
granules exhibited an elliptical shape and smooth
surface, consistent with the 10 to 42 pm size range
reported by Hoover etal. (2010). The SEM images
provide visual evidence that the protein matrix
cradles these granules prior to milling. During the
milling process, the granules are dislodged from
the matrix, facilitating their separation into the 60-
mesh sieve fraction. Since starch granules can easily
pass through a 60-mesh sieve, their accumulation
on this sieve is a result of both their aggregation
and adhesion to other components, such as
protein and fiber. A close look at the SEM images
reveals that the starch granules remain undamaged,
with no visible fractures or breaks. This is critical
for preserving their functionality in food processing
applications.

Ash contentwaslowestin the high-starch fraction
(3.54%) and highest in the high-protein fraction
(4.41%) (Table 1). The significantly elevated ash
content associated with the protein fraction may
be due to the mineral-binding property of phytic
acid which is generally high in fractions that are
high in protein (Reddy et al. 1982; Simons et al.
2014; Fenn et al. 2022).

Water absorption index (WAI) and Oil Absorption
Capacity (OAC) are critical functional properties

10pm JEOL 1
*1,000 5 JSED SEM WD 9.4mm 15

Figure 2. (1) Empty cavity previously occupied by starch
granule; (2) Starch granule in protein matrix (20 mesh fraction).
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that determine the suitability of flour fractions for
various food processing applications. For instance,
WALI properties are important in the formulation
of baked goods to maintain texture and reduce
staling. In soups, the WAI is associated with the
ability of the ingredient to bind water and thicken
the product during cooking. OAI measures the
ability of the flour ingredient to absorb and retain
oil. This can haveasignificanteffect on texture (e.g.,
smoothness, creaminess, and fluffiness), flavor and
caloric content of end products.

WAI was significantly greater in the coarser
fractions (20, 30, and 40 mesh) and the high-
protein fraction (< 80 mesh) compared to the whole
pinto flour (WPF) (Table 1). The elevated WAI
in the coarser fractions can be attributed to the
abundance of fiber, evidenced by the red hue in these
fractions associated with seed coat presence. This
observation aligns with findings by Mannuramath
and Jamuna (2012), who reported greater water
absorption capacity in the raw seed coats of six
legumes. The increased WAI in the high-protein
fraction may also be due to the presence of water-
soluble proteins, which enhance the water-binding
ability of this fraction.

OAI was greatest in the finer fractions (70,
80, and < 80 mesh), reflecting their enhanced
ability to bind oil. This suggests the presence of
more intermolecular hydrophobic interactions
within these fractions. This may be associated
with elevated lipid content. Previous studies have
shown that high protein fractions are also higher
in total lipids (Simons et al. 2014). However, an
alternative explanation could be that the smaller

Figure 3. Starch granules detached from protein matrix (70
mesh fraction).



OHIO JOURNAL OF SCIENCE

particle size of these fractions contributed to a
greater surface area, which in turn increased the
oil-binding capacity. The significant differences
in WAI and OALI across different flour fractions
highlight the potential for tailoring these fractions to
meet specific functional requirements in food
processing and thus broadening their applicability
across various food systems.

We obtained the L-value, hue, and chroma by
measuring the color of each fraction (Table 2).
L-value, ranging from 0 to 100 (black to white),
represents lightness or how bright an area is. Hue
angle describes the characteristic of color that
people commonly refer to as red, blue, green,
yellow, etc. Chroma represents the saturation
or colorfulness of an area (Francis 2003; Zhang
et al. 2019). Fractionation increased the L-value
(lightness) and reduced hue angle and chroma
as the mesh size progressed from 20-mesh to
< 80-mesh (Table 2). This result was associated with
a gradual disappearance of the intense red hue of
the seed coat (Figure 4).

The data presented in this study demonstrates
that fractionation of pulses can create new products
with unique nutritional and functional properties.
However, the concentration of starch and protein in
the high-starch and high-protein fractions obtained
from milling and fractionation alone, is lower than
whatisachievable using traditional air-classification
methods. For example, Simons et al. (2014) and

Figure 4. Appearance of pinto bean fractions. 1—WPF, 2—20 mesh, 3—30 mesh, 4—40 mesh,

C.W.SIMONS ET AL. 17

Simons et al. (2017), concentrated starch and
protein using air classification and reported
56% starch and 44.2% in the final product. This
represented 5.7% more starch and 48.3% more
protein than obtained from milling and sieving
alone. Nevertheless, the nutritional composition
of fractions obtained from milling and sieving
alone (Table 1) indicates that these fractions can
effectively increase the starch and protein content
of food formulations while also boosting overall
macronutrient content and minerals.

CONCLUSIONS

Milling pinto beansfollowed by sieve fractionation
of WPF produces flour fractions with different
nutritional profiles, including fractions that are
significantly higher in starch and protein. These
findings provide an opportunity to expand product
lines and markets for pulse flour. Small-scale pulse
flour manufacturers who are unable to afford an
air-classification system for starch and protein
recovery, can use the method presented in this study
to obtain desirable end-products for new markets. It
isimportant to note that bypassing air classification
with milling and sieving alone will not yield results
equivalent to air classification. Air classification
will result in greater concentration of starch and
protein fractions, which in turn will yield different
functional characteristics. However, achieving
equivalence may not be necessary. The nutritional

5—50 mesh, 6—60 mesh, 7—70 mesh, 8—80 mesh, 9—< 80 mesh.
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Table 2

Color properties of pinto bean fractions
Fraction L* A* B* Hue Angle Chroma
WPF 79.26 +0.13d 2.4 £ 0.05c 8.16 £ 0.17c¢ 16.49 + 0.01c 8.51 £+ 0.18c
20 mesh 70.83 + 0.43a 3.6 + 0.04f 9.4 + 0.06e 21.17 £ 0.34e  10.08 + 0.04e
30 mesh 70.5 £ 0.52a 3.6 +0.11f 9.69 £ 0.1e 20.67 £ 0.36e  10.36 + 0.13e
40 mesh 72.62 +0.17b 3.2 £ 0.04e 9.56 £ 0.08de  18.65 +0.35d 10.09 + 0.07¢
50 mesh 76.4 + 0.42c 2.67 £0.01d 9.18 + 0.08d 16.19 £ 0.10c 9.56 + 0.08d
60 mesh 83.3 £ 0.08e 1.67 + 0.04b 7.55+0.02ab  12.45+0.22b  7.73 £ 0.03ab
70 mesh 85.12+0.13f 1.36+0.01a 7.21 £ 0.03a 10.68 £ 0.07a  7.34 + 0.03a
80 mesh 83.28 + 0.04e 1.52 +0.0lab  8.23 + 0.14c 10.43 +0.13a  8.37 + 0.14c
< 80 mesh 84.14 £ 0.13f  1.52+0.02ab  7.72 +0.09b 11.11 £ 0.28a  7.86 + 0.08b

WPF = whole pinto flour. Letters within the same column show significant difference (p < 0.05)

and functional properties of the fractions obtained
through sievingstill offer significant enhancements
compared to whole pulse flour. Future studies should
examine how milling conditions such as mill speed,
moisture content, and seed type affect starch and
protein isolation. These insights will be valuable for
optimizing pulse milling processes, improving flour
quality, and creating new markets for pulse flours.
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