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Abstract: This study delves into the extraction and compositional analysis of soybean meal protein isolates
(SMPI) compared to soy protein isolates (SPI), focusing on their functional and structural properties,
digestibility, amino acid composition, and the impact of various proteases on antinutritional factors. By
leveraging alkaline (0.25 % of NH4OH) extraction and isoelectric precipitation, SMPI was efficiently obtained.
Compositional characteristics revealed that SMPI has high moisture, protein, and ash, but lower fat, and
carbohydrate content compared to SPI. Alcalase, Neutrase and Pepsin hydrolysis indicated lower digestibility
of SMPI than SPI. Fourier-transform infrared spectroscopy and sodium dodecyl sulfate-polyacrylamide gel
electrophoresis provided similar molecular structure and protein molecular weight distribution. This
comprehensive analysis underscores the valorization of soybean meal, promoting its use beyond conventional
animal feed towards nutritional supplements and bio-based products, thereby contributing to environmental
sustainability and the enhancement of global food systems.
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1. Introduction

Soybean (Glycine max) remains one of the most valuable agricultural commodities in the world
[1]. Although soybeans can be processed into a wide variety of foods such as tofu, soy milk, soy flour,
and soy nut butter, more than 80% of soybeans produced in the United States are crushed into edible
oil [2]. Soybean oil, primarily harnessed to produce renewable diesel, constitutes approximately 20%
of the weight of a bushel of soybeans (or ~12 1bs./1.55 gal); the remaining is soybean meal (SM), a by-
product of soybean processing [3]. With a growing number of soybean processing facilities across the
U.S., the supply of SM is on the rise, making it an accessible resource for a diverse range of
applications, including animal feed, feedstock for organic fertilizer, nutritional supplements, and bio-
based products. Moreover, the protein content in SM is regarded as high-quality protein due to its
abundance of essential amino acids such as lysine, methionine, and tryptophan [4]. Effective
management and valuation of SM can significantly impact protein availability [5]. Similarly, efficient
valorization of SM could improve resource efficiency, reduce adverse environmental effects, and
offer an avenue to extract economic value from waste streams [6]. Due to its versatility and high
protein content, SM plays a crucial role in food processing [7] and is a valued ingredient in a wide
range of food products, including bakery goods and meat substitutes [8]. SM is equally a notable
alternative to animal proteins in plant-based diets, making it a necessary part of diets for vegetarians
and vegans [9].

Protein is the most vital component of SM, making up about 47% to 49% of its total composition.
This highlights the significance of SM as a bioresource in a wide variety of applications that require
high quantities of protein, particularly animal feed formulations. Other resourceful components in
SM include essential amino acids, dietary fiber, sugars, and starch [10]. These components vary in
concentration among samples due to factors such as geographic location of soybean production,
processing methods of soybean, soybean variety processed amongst others [11]. For instance, U.S.
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SM is known to have a more consistent and higher digestibility, better protein quality (based off
essential amino acid levels), and lower fiber than SM from Argentina, India, and Brazil, whereas the
oil content of SM from South American countries was higher than in U.S. SM [12]. Several studies
have investigated the nutritional profile of SM, revealing that it contains high levels of lysine and
limited levels of methionine and cystine [13,14,15].

Efforts to enhance the nutritional value of SM to improve the digestibility of its amino acids by
reducing anti-nutritional factors (ANFs) include enzyme addition and fermentation [16-18].
Moreover, fermentation has shown promise in increasing SM’s concentration of easily digestible
proteins and essential amino acids [19]. The research iteration to fully harness SM has mostly focused
on reducing ANFs, characterizing and enhancing its nutritional profile at the detriment of other
untapped fundamental properties and applicability of SM. While its use in livestock nutrition is
undisputed, SM’s broad applicability suffers from insufficient exploration of its functional and
structural properties. This gap restricts the utilization of SM within the conventional bound of animal
feed, neglecting prospective value as human dietary supplements, organic fertilizers, and
environment-friendly bio-based products. To utilize SM protein (SMP) for biochemical production,
[20] used a reusable solvent to extract SMP. Progressively, SM-extracted protein could be fermented
to produce sizeable quantities of biological ammonia [21]. Herein, we evaluated SMP’s functional
and structural properties, focusing on its digestibility, proximate composition, functional group, and
biomolecular structures. Specifically, this study delved into the extraction of SMP, hydrolysis of SMP
using various proteases, activities of SMP antinutritional factors such as trypsin inhibitor, proximate
analysis, and FTIR characterization. Collectively, these properties can provide useful insights into
ways to valorize SMP for economic value creation, environmental sustainability, and improvement
of global food systems.

2. Materials and Methods

2.1. Materials

The pilot plant unit, agricultural and biosystem department, North Dakota State University,
provided the soybeans used for this study. The defatted soybean meal and whole soybean grains
were finely ground before use. All chemicals and reagents used for the study are of analytical grade.
Novozymes supplied the enzymes used. A mini-protean precast gel and protein standard were
purchased from Bio-Rad. The Pilot plant laboratory supplied other laboratory tools and apparatus.

2.2. Extraction of Soybean Meal Protein

The soluble matter was extracted from soybean meal by dissolving the meal in an aqueous
alkaline solution in a 1:10 sample-to-solvent ratio with different concentrations of NH4OH. The range
of solvent concentration variables measured is 0, 0.25, 0.5, 0.75 and 1% NH4OH. 2.5¢g of soybean meal
powder was dispersed in 25 ml of each solvent concentration. The dissolving solution was placed in
a water bath at 52.5°C and 130 rpm for 12 hours [22]. The soluble fraction was obtained by
centrifuging each sample solution at 1500 rpm for 10 minutes, followed by decantation. Further
analysis was carried out on the supernatant using an isoelectric point to extract soybean meal protein.
With 1IN HC], the pH of the supernatant was adjusted to between 4.5 and 5.0 [23], and the mixture
was then allowed to precipitate overnight. The residue was rinsed with distilled water and oven-
dried for 12 hours at 60°C using a binder ED-56 woven dryer. All extraction experiments were carried
out in triplicate. Further analysis was done using SMPI obtained from 0.5% NH4OH concentrations
under the same procedures. Figure 1 shows a graphical illustration of the alkaline extraction of
soybean meal protein isolates.

The total dry matter yield was determined using Equation 1 as a percentage of the ratio of total
dry matter after extraction TDMo to the total dry matter in the initial suspension TDMs (Gerzhova et
al., 2015).
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Figure 1. Flowchart Of Protein Isolates Production.
2.3. Proximate Analysis

2.3.1. Moisture Content

Moisture contents were determined according to AOAC 930.15 [24]. Briefly, 1g of sample was
weighed in a crucible and oven-dried at 105°C for 24 hrs. The weight of the empty crucible was
recorded before samples were added for drying. The percentage of moisture content was determined
by Equation 2.

Mw
%Mc = S

* 100 (2)

MW= Sw-(Dc-Ec)

Where Mw = moisture weight

Sw= sample weight

Ec= empty crucible

Dc= dried sample and crucible weight

2.3.2. Ash Content

Determination of the total ash content of the samples was performed by incineration using
Thermos Fisher Scientific Thermolyne Benchtop TM 1100 °C Muffle Furnace (Vernon Hills, IL 60061,
USA). A 2g of each sample was weighed in a crucible and placed in the muffle furnace at 575 °C for

24 hrs. Samples were allowed to cool in a desiccator, and the Total ash was calculated using Equation
3.

M2 — M1
%ash = T * 100 (3)
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M2= Weight of ash
Mi=Weight of crucible
Ms.= Weight of sample

2.3.3. Fat Content

To determine the total fat content, 2.00 g of the homogenized sample was subjected to
continuous lipid extraction for 5 hours in a Soxhlet extractor using petroleum ether as solvent [25].

2.3.4. Total protein

Total protein was determined by the Dumas method using a Thermos scientific flash elemental
Analyzer. 2-3mg of sample was combusted at high temperature in an oxygen atmosphere. Via
subsequent oxidation and reduction tubes, nitrogen is quantitatively converted to N2 measured by a
thermal conductivity detector [25]. The total protein is calculated by using a conversion factor of 6.25
[26].

2.3.5. Total Carbohydrate

The arithmetic difference method was used to estimate the samples’ total carbohydrate content
[27]. Using the equation below, the proximate composition values of other parameters were
subtracted from 100 to estimate the amount of available carbohydrates.

%Carbohydrate = 100 — (%moisture + %Fat + %protein + % ash) 4)

2.4. Enzymatic Hydrolysis of Soybean Meal Protein Isolates

Soybean meal protein hydrolysate was prepared according to the method described by [28].
Three different protease enzymes, namely Alcalase, Neutrase, and Pepsin, were used for the
experiment. About 5g of each sample of protein isolate was dissolved in PBS in a 1:10 solid-to-solvent
ratio. pH of the suspension was then adjusted to optimal pH for each enzyme using 1M NaOH.
Suspension was allowed to stabilize for 2 hours in a water bath at 40°c. Subsequently, 5% enzyme
concentration was added to the mixture, and the reaction was continued by placing it in a water bath
for 24 hours at 40°C and 100 rpm. The reaction was halted by heating at 90°C for 10 minutes. The
resulting mixture was centrifuged at 4000 rpm for 10 minutes to obtain the hydrolysate.

2.4.1. Amine Quantification

Total amines present in the hydrolysate were quantified using a similar method described by
[22]. The 2,4,6-Trinitrobenzene Sulfonic Acid (TNBS) assay method was employed for estimating the
total amount of amine present in the sample. 0.25ml of TNBS (0.01% w/v) was added to 0.5ml of each
sample and the mixture was vortexed. Afterwards, the solution was incubated in a water bath for 2
hours at 37 °C. To each sample, 0.125 ml of 1 N HCI and 0.25 ml (about 0.01 0z) of 10% SDS were
added to stop the reaction. The resultant solution’s absorbance was measured at a wavelength of 335
nm. Prior to the runoff of the experiment, glycine standard (20 ug/ml) was prepared by dissolving
0.2 g of glycine in 10 ml of distilled water and then diluted as needed. In 0.1 M sodium bicarbonate
reaction buffer (pH 8.5), soy samples were dissolved. The standard curve generated was used in
calculating the concentration of extracted amine in each sample.

2.5. FTIR

Using a Fourier-transform infrared (FTIR) apparatus coupled with an attenuated total
reflectance (ATR) accessor (Thermos Scientific Nicolet 8700), dried SMP and SPI were analyzed on a
diamond plate at a resolution of 4cm-'. Spectra were collected at frequency region 4000-600cm-1 and
64scan was recorded for each sample.
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2.6. GEL ELECTROPHORESIS

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was performed on Bio-
Rad Mini-protean precast gel using Bio-Rad Precision Plus Protein Standards (10250 kDa) as
molecular markers according to the method of Laemmli 1970. All samples were prepared by dilution
with an equal volume of Laemmli sample buffer. The gels were run in mini-protean electrophoresis
cells at 150V for 40 minutes or until the dye reached the bottom of the gel and then stained with
Coomassie blue dye R-250.

3. Results and Discussion

3.1. Extractability of Soybean Meal Protein

The rigid and complex structure of plant cell walls promotes the lodging of plant protein within
the matrix of cell walls, making it less accessible for extraction. Previous research has indicated that
alkaline conditions are more effective than neutral or acidic conditions for extraction of plant protein
[29] because they facilitate the breaking down of cell wall structures in plant materials, resulting in
the release of protein trapped within the cells [30]. The alkaline condition uses severe pH to break
down hydrogen, amide, and disulfide bonds [31]. However, extraction at a higher pH can
disintegrate the structure of lysine and cysteine amino acids and affect protein digestibility. This
observation highlights the efficiency of alkaline conditions, particularly NH4OH, in breaking down
plant cell walls to improve plant protein extractability[20].

In this study, extraction of soybean meal protein isolates was performed using ammonium
hydroxide as the sole agent for extraction of protein, followed by further precipitation at their
isoelectric points. It was observed that at 0% NH4OH concentration, the protein yield was
significantly low. A drop in protein yield was observed when concentrations of NH«OH increased
from 0.25% to 0.5%; however, a marginal increase in yield occurred as concentrations of solvent
increased from 0.5 to 1% solvent concentration. Figure 2 shows the highest protein yield, 24.1%,
obtained at a 1% NH4OH concentration, but not significantly different from other concentrations.
Therefore, 0.25% NH4OH is suitable for SMP extraction.
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Figure 2. Effect of different concentrations of alkaline solvent on soybean meal protein
extractability.

The observed difference in protein yield, as shown in Figure 2, can be attributed to a change in
the pH [32]. Protein molecules tend to become negatively charged at pH above the isoelectric point,
leading to repulsive force between like charges; likewise, solution pH below the isoelectric point
causes protein molecules to gain positive charges. Furthermore, an increase in alkaline concentration
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beyond this point can result in the denaturation of protein [33]. Extremely high alkaline
concentrations have the potential to cause permanent structural changes in proteins, which can result
in precipitation or aggregation and eventually lower the percentage of soluble, functional protein
synthesized [34].

3.2. Proximate Composition

Table 1 shows the proximate composition of soybean meal and protein isolates obtained through
alkaline extraction and isoelectric precipitation. The results reveal that SMPI contains 14% moisture,
2.12% ash, 0.02% fat, 68% protein, and 16% carbohydrates, while SPI contains 11% moisture, 1.66%
ash, 8.67% fat, 57% protein, and 22% carbohydrates.

Table 1. Proximate Composition of Soybean meal and Soybean Protein.

Parameters SMPI (%) SPI (%)
Moisture content 14 + 0.58 11 +£1.00
Ash 2.12+2.47 1.66 +0.28
Fat 0.02 +£0.00 8.67+0.01
Protein 68 +4.50 56.8 +£0.80
Carbohydrate 15.86 + 3.01 21.87£0.34

SMPI has a higher moisture content than SPI. This disparity may be attributed to various factors,
including inconsistencies in the oil extraction process, a less intensive drying protocol to preserve
protein functionality, and soybean meal’s porous nature, which allows it to retain more moisture than
soybeans [35]. Conversely, SPI's lower moisture content may be attributed to the hydrophobic nature
of lipids present in soybean protein isolates.

A high contrast in protein content is evident between SMPI (68+4.5%) and SPI (56.8+0.8%). The
substantial variability observed in SMP], as indicated by the standard error, may be due to the impact
of processing conditions on soybean protein isolates. During oil extraction, a large amount of fat is
removed, resulting in more protein concentrate products. [36] indicated that the protein content of
soybean meal isolates falls within the range of 61%-91%, while [37] reported a higher value of more
than 90% SMPI dried-weight protein content.

Furthermore, SPI displays a slightly lower ash content than SMPI. However, the standard error
for the ash content of SMPI (+ 2.47) is significantly larger, indicating higher variability in the data.
These differences could be due to the incorporation of non-meal materials, such as minerals, during
processing. Ash content measures mineral content [38] in the sample, and the lower ash content in
SPI suggests a higher protein purity.

SPI had a higher fat content than SMPI. The increased fat content may be attributed to processing
methods or SPI's inherent composition. Lipids can impact overall moisture content by repelling
water, potentially resulting in lower moisture levels in protein isolates [22].

The carbohydrate content analysis reveals that SMPI had a lower carbohydrate composition of
15.86%, while SPI had a higher carbohydrate content of 21.87%. A significant factor that may be
responsible for the observed difference is the thermal treatment processes involved in soybean meal
production, such as drying or roasting, which leads to the degradation of carbohydrates [39]. As a
result, the carbohydrate content in soybean meal may be further reduced compared to the raw
soybean material. This observed disparity in carbohydrate concentrations between the two isolates
signifies a substantial difference in their respective nutritional profiles.

3.3. Digestibility of Soybean Meal Protein by Different Industrial Proteases

Protein digestibility is the proportion of proteins that can be hydrolyzed by digestive enzymes
with the potential to be absorbed and utilized as amino acids or other nitrogen compounds [40]. There
is an ever-increasing demand for plant-based protein for human consumption and easily hydrolyzed
protein feedstock for bio-based product manufacturing. Although soybeans are the largest source of
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plant protein, the constituent proteins have low digestibility primarily due to antinutritional factors
(ANFs), which are protease inhibitors. However, ANFs can be inactivated by different soybean
processing methods, especially heat treatment [41]. The heat treatment involved in the processing of
soybeans into soybean meal (SM) is known to significantly reduce the levels of ANFs present in raw
soybeans [42] Albeit the known benefits of heat treatment in soybean protein digestibility, the
relationship between thermal processing and SM protein digestibility is not linear. While the
inactivation of ANFs is beneficial and could increase protein digestibility, excessive heat can reduce
the availability of some essential amino acids, potentially generating new types of ANFs [43].
Moreover, there is a lack of studies to validate that heat treatment alone will simultaneously increase
the digestibility of SM protein.

To investigate the digestibility of SM protein, we performed in-intro hydrolysis of SMPI with
three known proteases — Alcalase, Neutrase, and Pepsin using SPI as control. Interestingly, the
results show that the digestibility of soybean protein, expressed as the degree of hydrolysis (DH),
was significantly higher than that of SM protein, with pepsin having the highest hydrolytic effects of
the three enzymes (Figure 3). This result is in contrast with the findings that protein digestibility of
soybean protein increases with various processing methods, including those involved in the oil
extraction process that generates SM [44-46]. The joint effect of most processing methods, especially
heat treatment of soybean is the reduction of ANFs [44]. All processing methods are reported to
reduce protease inhibitors (ANFs) such as trypsin, hemagglutinins, and chymotrypsin inhibitors
[47,48].

m Soybeans  m Soymeal

Digestibility (%)
w

2
1
0
Alacase Neutrase Pepsin
Enzymes

Figure 3. Digestibility of soybean protein and soybean meal protein.

Elimination of protease inhibitors in soybean protein may not increase digestibility of SM
protein. It should be noted that some inhibitors such as Bowman-Birk inhibitor (BBI) are relatively
heat stable due to their multiple disulfide bridges that block the activity of proteases at independent
binding sites [49]. Heat-stable inhibitors like BBI would be present in SM produced from processing
that involved less soybean heating (like in solvent extraction), which is usually the case as a
compromise to keep the protein quality intact while thermally destroying protease inhibitors.
Although the chronic consumption of SM protein with residual levels of heat-stable protease
inhibitors will unlikely have any negative health impacts on humans and animals, it could have some
pharmacological effects [50]. Similarly, the pretreatment of soybean biomass before oil extraction,
leading to SM production and the subsequent protein isolation from SM, can influence protein
digestibility.
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Processing methods such as soaking, boiling, and fermentation can also modify the protein
structure, making it more accessible for enzymatic hydrolysis [44]. Fermentation of soybean protein
specifically is known to enhance protein digestibility and increase the levels of indispensable amino
acids [51,52]. In contrast, the processing steps for producing SM, which primarily focus on oil
extraction, may not always optimize conditions for improving SM protein digestibility, as the product
of interest is the oil rather than the meal. The resulting SM may contain less digestible proteins than
soybean protein due to these alterations in protein structure and the loss of components that may aid
in digestibility. It should be noted, however, that soybean protein products intended for human
consumption often undergo more controlled processing methods designed to maximize nutritional
value and digestibility. These methods may include specific treatments to reduce heat-stable protease
inhibitors and enhance the bioavailability of the constituent amino acids.

3.4. FTIR Spectroscopy

The FTIR spectrum of soybean and soybean meal, recorded in the range of 3915 to 600 cm! as
shown in Figure 4 provides insights into their molecular structures and functional groups. The
presence of OH peak at 3505 cm in soybean meal suggests the presence of hydroxyl groups,
commonly found in carbohydrates such as cellulose and sugars [53]. Additionally, peaks observed at
3125 cm ! and 1625 cm! suggest the presence of C-H and C=O stretching vibrations, respectively.
These findings align with the FTIR composition of soybean, which are known to contain significant
amounts of carbohydrates and lipids [20,22]. However, the FTIR analysis of SPI reveals a distinct set
of peaks indicative of its composition. Notably, a distinct peak of NH observed at the broad
absorption band of 3039 cm”, suggests the presence of amino acids symmetric stretching vibrations
[54]. The distinct peak at 2924 cm! indicates the presence of C-H stretching vibrations associated with
lipids, which are typically present in higher concentrations in soybean meal compared to whole
soybeans [55]. Furthermore, peaks at 1743 cm™ and 1626 cm suggest the presence of C=0O stretching
vibrations and amide groups, respectively, further confirming the presence of proteins.

Despite these differences, both soybean and soybean meal FTIR spectra share common
functional groups. PO2- at 1235 cm-1 indicates phospholipids, essential components of cell
membranes in both soybean and soybean meal [56,57]. The presence of methyl (CHs) groups at 1395
cm! suggests the presence of lipids, consistent with the composition of both samples. Additionally,
the presence of CO-O-C at 1158 cm! indicates the presence of ester linkages, which are commonly
found in triglycerides [58], further supporting the lipid content in both samples.

Based on these FTIR results, it was observed that soybean comprises a mixture of carbohydrates,
lipids, and proteins, with a relatively higher proportion of carbohydrates and lipids compared to
soybean meal. Soybean meal, however, seems enriched in proteins and lipids, with a lower
proportion of carbohydrates. The presence of amide groups in soybean meal suggests a higher
concentration of proteins, likely present in the form of residual meal after oil extraction from
soybeans. Also, distinct NH peaks in SMPI indicate a higher protein concentration than SPI. The FTIR
results provide valuable insights into the structural composition of both soybean and soybean meal,
which can further aid their characterization and utilization in various applications.
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Figure 4. FTIR Spectroscopy of soybean and soybean meal.

3.5. SDS-PAGE Banding Pattern of Soybean and Soybean Meal Protein Isolates

The heat treatment of soybean during oil extraction could affect the quality of the resulting meal,
especially the meal protein’s nutritional value. Excessive heat during the extraction process can
reduce the availability of specific amino acids and compromise the meal’s protein structure [44]. To
gain insights into the protein molecular weight changes that might have occurred during soybean oil
extraction, SPI and SMPI were profiled using sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE).

Similar banding patterns were observed for both SPI and SM using two protein concentrations
(50 mg/ml and 25 mg/ml). Figure 5 (Panel A) shows the banding pattern of 50 mg/ml of SM and SPI
protein isolates in lane 2 and lane 3, respectively, while Panel B shows the corresponding 25 mg/ml
samples. In the 50 mg/ml samples, protein molecular weight ranges from 250 kD to 20 kD (Panel A);
whereas the range is from 150 kD to about 35 kD in the 25 mg/ml isolates (Panel B). The appearance
of visible and undegraded bands in both concentrations of SMPI revealed that the meal protein has
not been structurally affected. Similarly, the banding pattern of the 50 mg/ml SPI showed that the
soybean used in this study was undegraded and contained the major globular proteins usually found
in soybeans (glycinin and (-conglycinin). Our results showed that these globular proteins are not
visible at low protein concentrations, as demonstrated by their absence in the 25 mg/ml sample. When
up to 5 g/L SPI concentrations were used, both globular proteins were visible, having molecular
weights between about 95 kD and 20 kD [59]. Thus, given that the samples used in this study were
undegraded, the similar banding patterns observed for both isolates at different concentrations
demonstrated that heat treatment during soybean oil extraction has a limited impact on the protein
profile of the resulting meal.
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Figure 5. Molecular weight distribution at different concentrations (A: 50 mg/mL and B: 25 mg/mL)
of soybean meal protein isolate (SMPI) and soybean protein isolate (SPI). M is the protein ladder.

4. Conclusion

Soybeans and its by-product soybean meal are rich sources of protein for animal feed. They can
also be utilized to supplement human protein requirement and as feedstock for biochemicals
production. The heat treatment involved in soybean processing during oil extraction is hypothesized
to impact the protein composition of the resulting soybean meal. Through multiple analytical
parameters, including proximate composition, digestibility, FTIR spectroscopy, and SDS-PAGE
banding patterns, this study is a comparative analysis of the protein profile of soybean meal protein
isolates (SMPI) and soybean protein isolate (SPI). Low concentrations of ammonium hydroxide
(NH4OH) ranging from 0.25-1% was shown to extract about 25% protein from soybean meal (SM).
Contrary to previous opinions that heat treatment would increase the protein digestibility of soybean
meal protein, this study established that SPI had higher digestibility than its meal. Relative to
unprocessed soybean protein, proximate analyses showed that soybean meal is more protein dense.
However, the observation that both isolates of soybean and soybean meal proteins had similar
molecular structure and gel banding pattern revealed that heat treatment of soybeans during
processing has limited impact on the protein quality of soybean meal. These findings provide insights
into the utilization of soybean meal protein towards improving global food systems and
environmental sustainability. Future studies should explore the optimization of extraction methods
and the digestibility of soybean meal protein to broaden its application scope as a resource in the
food and various industrial sectors.
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