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ABSTRACT

Protein fractionation and characterization are essential to understanding the functional properties of seed proteins, which
are valuable ingredients for modern plant breeding and the food industry. To address the need for a rapid, cost-effective,
and high-throughput (HPT) method for assessing the albumin/globulin ratio in pea and soybean, we adopted a selective
extraction procedure using a high-salt buffer at neutral pH. We have further modified this method for highly selective ex-
traction that operates on a microscale, utilizing approximately 20 mg of seed meal per assay, which has been highlighted with
improved efficiency and accuracy. This approach mitigates issues of cross-contamination between albumin and globulin
fractions that are encountered in older methods. The albumin/globulin ratios for extracted protein isolates were obtained by
applying the Bradford method. The findings of the HPT technique have remained within usual ranges, in contrast to large-
scale extraction (LSE). The albumin/globulin ratios of green peas were 0.12+ 0.01 and 0.13+ 0.01, attained by LSE and HTP,
respectively. The LSE and HTP values for soybeans were 0.14+ 0.01. The protein isolates from yellow pea yielded the results
of 0.17+ 0.02 using LSE and 0.19+ 0.02 with HTP. The assay was validated by comparing the albumin/globulin fractions
with electrophoretograms, which are obtained by curve integration of Coomassie blue-stained SDS-PAGE gels of pea and
soybean seed protein isolates. This method was also successfully applied to analyze commercially available green and yellow
pea varieties, each exhibiting distinct albumin/globulin ratios, emphasizing the effectiveness and distinctive functionality
of this method.

1 | Introduction quality and functionality of the arising products (Didinger and

Thompson 2021). Pea seeds consist of approximately 20%-30%

In the current plant-protein landscape scenario, many food
manufacturers are offering an improved choice of sources for
plant-based protein ingredients (Tang et al. 2024; Langyan
et al. 2022). Edible seeds of leguminous crops (Pulses)
are among the most significant sources of plant proteins,
which are much more nutritious and affordable (Shevkani
et al. 2019). Commercial processors are currently looking
for unique pea (Pisum sativum) genotypes for the desired

protein by dry weight. The bulk of this protein content is clas-
sified as either globulins (50%-60%) or albumins (15%-25%),
which are soluble at high ionic strength, neutral pH, and low
ionic strength and low pH, respectively (Dziuba et al. 2014;
Tzitzikas et al. 2006). Similarly, soybean also provides an
economical source of oil and protein for both the food and
feed industries (Krishnan  2001). The protein content of soy-
bean seeds constitutes up to 35%-40% on a dry weight basis,
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which makes them a relatively inexpensive source of protein
for human consumption (Eze et al. ~ 2022). Increased levels of
albumin proteins are desirable for their properties as foaming
and emulsifying agents in various processed food products de-
rived from seed protein. It is therefore necessary to develop
a rapid, inexpensive, and high-throughput (HTP) method to
analyze the albumin/globulin ratio in seed proteins to facil-
itate efforts at developing higher-albumin varieties (Adebiyi
and Aluko 2011; Djoullah et al. 2018). A practical approach
was reported for large-scale pea protein isolate extractions
effectively with minimized cross-contamination between the
fractions of albumins using a low pH buffer and the globulins
with a high-salt buffer at a neutral pH. These protein fractions
have distinct properties and applications, and their success-
ful extraction is essential for creating high-quality, functional
plant-based ingredients (Crévieu et al. 1996). We adapted this
method with modifications to a microscale, utilizing approx-
imately 20mg seed meal per assay. The protein content of the
resulting albumin and globulin fractions was determined by
the Bradford method (Bradford 1976) to provide the albumin/
globulin ratios. Analysis of the albumin/globulin ratios rather
than total albumin and globulin protein content will control
for differences in extraction efficiency between samples due to
particle size or carbohydrate and lipid contents of the ground
seed meal (Gruen et al. 1987). Samples with significantly al-
tered albumin/globulin ratios can then be targeted for more
detailed analysis or selected for propagation (Goldstein and
Reifen 2022; Leterme et al. 1990). HTP methods for protein
extraction from small samples offer significant advancements
in terms of efficiency, cost-effectiveness, and scalability. HTP
techniques allow for the processing of numerous samples si-
multaneously, significantly improving efficiency, throughput,
and data quality in protein studies (Tang et al. 2024 ).

Here, a novel HPT method was developed and validated its
potentiality by comparison of calculated albumin/globulin ra-
tios obtained from the Bradford method to curve integration
analysis of coomassie blue stained SDS-PAGE gels of pea and
soybean seed protein isolates. This method was also applied
for analyzing the commercially available green and yellow
pea varieties with contrasting protein contents, which have
demonstrated its ability to resolve these differences. In this
study, the findings have major implications for nutrition and
food security, as enhanced protein content in legumes may
greatly improve the nutritional value of plant-based diets (Jha
et al. 2022). In addition, this advancement provides afford-
able solutions to support sustainable agriculture in creating
high-protein cultivars (Zhang et al. ~ 2024). This may offer a
cost-effective alternative to traditional protein sources to meet
the growing demand for plant-based substitutes (Didinger and
Thompson 2021).

2 | Materials and Methods

2.1 | Sample Materials

Accessions of pea seeds were collected from the University of
Saskatchewan, Saskatoon, Canada. Soybean, green pea, and

yellow pea seeds are brought from the local store. Seeds were
powdered in liquid nitrogen using a chilled mortar and pestle.

About 500mg of the seed powder was weighed, placed in a tube,
and stored at 4°C.

2.2 | Chemicals

Sodium bisulfite, N-phenylthiourea (PTU), dimethyl sulfox-
ide, 2-mercaptoethanol, bovine serum albumin (BSA), and
potassium chloride were purchased from Sigma-Aldrich
(Oakville, Ontario, Canada). Ascorbic acid, polyoxyethylene-20
(Tween-20), sodium acetate trihydrate, sodium dihydrogen
phosphate dihydrate, disodium hydrogen phosphate heptahy-
drate, Tris hydrochloride, 20% (w/v) sodium dodecyl sulfate
solution, glacial acetic acid, and other chemical reagents used in
this study were of analytical grade and obtained from BioBasic
(Konrad Crescent, Markham, Ontario, Canada). Bradford's
Reagent concentrate and SDS-PAGE supplies, including 10x
Tris/Glycine/SDS buffer, vertical electrophoretic units, and
protein standards (10-100kDa) were purchased from Bio-Rad
Laboratories (Hercules, CA, USA). Tubes, plates, and other plas-
tic consumables were from Sarstedt (Montreal, QC, Canada).

2.3 | Extraction Buffers and Reagents

Buffer-T: 100mM Tris-HCI pH 7.5, 2% (w/v) SDS, 5mM EDTA,
10mM 2-mercaptoethanol.

Buffer-A:0.1 M sodium acetate buffer pH 4.9, 0.1% (w/v) Tween-20,
10mM ascorbic acid, 5mM sodium bisulfite, 1 mM PTU.

Buffer-G: 0.1 M sodium phosphate buffer pHS8.0, 6.4% (w/v) po-
tassium chloride, 0.1% (w/v) Tween-20, 10mM ascorbic acid,
5mM sodium bisulfite, and 1mM PTU.

Sodium bisulfite (1M in water), N-phenylthiourea (PTU, 1M in
dimethyl sulfoxide), and ascorbic acid (1 M in water) were stored
in small aliquots at —20°C, thawed, and added to buffer-A & G
immediately before use.

Bradford's reagent: 100mg Coomassie brilliant blue G-250
(BioBasic) was dissolved in 50 mL 95% ethanol; then 100mL 85%
phosphoric acid (Sigma-Aldrich) was added. Finally, make up
the solution to 1000 mL with distilled water and store the solu-
tion in a brown glass bottle.

2.4 | Protein Fractionation for High-Throughput
Method (HTP)

Total protein was extracted from pea and soybean flours
(20+ 5mg) with 1 mL of extraction buffer-T by 1h of incubation
at room temperature (RT) with end-over-end mixing. Samples
were centrifuged (13,000xg, 15min, RT) and supernatants
were retained for SDS-PAGE analysis. A new method for al-
bumin/globulin fractionation was performed in a 1.5mL tube
containing 20+ 5mg pea or soybean flours with 1mL of ex-
traction buffer-A, incubating for 1h at room temperature with
end-over-end rotation. Samples were centrifuged (13,000xg,
10min, RT) and 250 uL of the supernatant was set aside. This
constitutes the albumin fraction. The remaining supernatant
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was discarded, and the pellet was washed twice in 1 mL of dis-
tilled water, resuspending the pellet fully each time, followed
by centrifugation (13,000X g, 5min, RT) and removing the su-
pernatant by aspiration. Following the second wash, the pellet
was resuspended in 1 mL of buffer-G and incubated for 1h with
end-over-end rotation. Samples were centrifuged (13,000xg,
10 min, RT) and 250 uL supernatant was set aside, which will
be the globulin fraction. The remaining pellet and superna-
tant were discarded, and the albumin and globulin fractions
were stored at —20°C until further analysis (Figure 1) (Vaz
et al. 2004).

2.5 | Large-Scale Extractions (LSE)

Extractions from soybean, green, and yellow pea flour were
performed extensively to verify the effectiveness and efficiency
of the HTP method. In this experiment, 1g of flour was used
for extraction with 50mL Buffer-A and centrifuged to provide
the albumin fraction. The pellet was washed twice with 50mL
of distilled water and extracted with 50 mL Buffer-G as above,
followed by centrifugation to provide the globulin fraction.
Trichloroacetic acid was added to the albumin and globulin frac-
tions to a final concentration of 15%, and precipitated protein

PEA & SOYBEAN FLOUR (20 + 5 mg)
Extractions [High throughput method (HTP)]

Albumins & Globulins fractions

Extract with Buffer-A (pH 4.9) at RT
Centrifuge (13000 x g, 10 min, RT)

| 1
PELLET SUPERNATANT A (Albumins)

Wash with distilled water
Resuspend and centrifuge 13000 x g, 10 min, RT

SUPERNATANT PELLET

Resuspend in Buffer-G
Incubate for 1hr at RT

|
PELLET

_Total protein

Extract with Buffer-T

Centrifuge (13000 x g, 15 min, RT)
| 1

PELLET SUPERNATANT (SDS-analysis)

1
SUPERNATANT B (Globulins)

RT- Room Temperature

FIGURE1 | Flowchart for rapid extraction of pea and soybean protein fractions.

Green Peas

Yellow Peas

UNRC_001 Soybean

T A G T A

T A G T A G

100 »
70 »

43 »

25 »

15 »

10 »

FIGURE2 | SDS-PAGE analysis of green Pea, yellow Pea, and soybean protein fractions. Position and size (kilodaltons) of molecular mass marker
is shown at left. (T) total protein extract, (A) Albumin fraction, (G) Globulin fraction.
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was collected by centrifugation in pre-weighed centrifuge tubes.
Protein pellets were washed successively with 20mL of 0.1M
ammonium acetate in 80% (v/v) methanol, 20mL of 80% (v/v)
methanol, and finally with 20mL of 80% (v/v) acetone. Pellets
were dried under vacuum and weighed by subtraction. Protein
concentrations and albumin/globulin ratios are summarized to
compare with results obtained from the HTP method.

2.6 | Bradford Microplate Protein
Quantification Assay

The protein concentration of extracts was determined im-
mediately from the supernatant using the Bradford method
(Bradford 1976). The experiment was performed in a 96-well plate
format by the addition of 50uL of albumin fraction or globulin
fraction to 200 uL Bradford's reagent into a single well of the plate.
Following mixing and incubation for 5min to ensure complete
color development, the absorbance values of all the samples along

250
200
150

100

Absorbance, Arbitrary Units

0o 500 1000 1500 2000

with the controls were measured at 595nm by an ELISA reader
(Thermo Scientific, Multimode Reader) at room temperature.
Protein concentration was determined using an appropriate stan-
dard curve prepared using known concentrations of BSA (1 mg/
mL stock) and the resultant protein concentration was indicated
in mg/mLunits.

2.7 | Sodium Dodecyl Sulfate Polyacrylamide Gel
Electrophoresis (SDS-PAGE) Analysis

The total protein extract and albumin/globulin fractions were
diluted with distilled water. 20 L of the diluted extracts were
mixed with 10uL of SDS-sample buffer (0.15M Tris-HCI, pH
6.8, 4% (w/v) SDS, 5% (v/v) B-Mercaptoethanol) and denatured
at 80°C for 10min, later chilled on ice for another 10min. The
contents were centrifuged at 13,000x g for 5min at room tem-
perature. The supernatants were transferred to fresh tubes and
stored at —20°C. About 20 1L of each sample was loaded onto a
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FIGURE 3 | Electrophoretogram of green pea protein fractions. Major seed proteins are marked: (LP) lipoxygenase, (CV) convicilin, (V) vicilin,

(L) legumin, (A) albumin, (Lect) Lectin. When comparted to the total protein profile (Black), LP, A1, and A2 are selectively extracted in the albumin

fraction (orange) while remining globulins are retained in the globulin fraction (blue).
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FIGURE4 | Electrophoretogram of yellow pea protein fractions. Major seed proteins are marked: (LP) lipoxygenase, (CV) convicilin, (V) vicilin,

(L) legumin, (A) albumin, (Lect) Lectin. When comparted to the total protein profile (Black), LP, A1, and A2 are selectively extracted in the albumin

fraction (orange) while remining globulins are retained in the globulin fraction (blue).
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FIGURE 5 | Electrophoretogram of Pea (UNRC_001) protein fractions. Major seed proteins are marked: (LP) lipoxygenase, (CV) convicilin, (V)

vicilin, (L) legumin, (A) albumin, (Lect) lectin. When comparted to the total protein profile (Gray), LP, and A1 are selectively extracted in the albumin
fraction (orange) while remining globulins are retained in the globulin fraction (blue).
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FIGURE 6 | Electrophoretogram of soybean protein fractions. Major seed proteins are marked: (LP) lipoxygenase, (CV) convicilin, (V) vicilin, (L)
legumin, (A) albumin. When comparted to the total protein profile (Gray), LP and A are selectively extracted in the albumin fraction (orange) while
remining globulins are retained in the globulin fraction (blue).
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FIGURE 7 | Albumin/globulin ratios of selected pea and soybean varieties as determined by the novel high-throughput method.
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TABLE1 | Albumin and globulin protein concentration data.

Protein concentration,

Protein concentration,

Albumin fraction Globulin fraction Albumin/
Sample Description (mg/mL)? (mg/mL)? globulin ratio®
UNRC_001 SOYBEAN 0.65+0.02 2.14+0.01 0.30+0.01
UNRC_002 SOYBEAN 0.41+0.07 2.37+0.07 0.17+0.03
UNRC_003 SOYBEAN 0.70+0.02 3.01+0.25 0.23+0.02
Soybean Soybean, store bought 0.65+0.03 4.66+0.15 0.14+0.01
NRC_CT_023 PEA 0.40+0.05 2.48+0.19 0.16+0.02
NRC_CT_024 PEA 0.42+0.06 2.22+0.17 0.19+0.03
NRC_CT_025 PEA 0.51+0.04 3.03+0.36 0.17+0.02
NRC_CT_026 PEA 0.54+0.06 2.36+0.32 0.23+0.04
NRC_CT_027 PEA 0.70£0.05 2.57+0.21 0.27+0.03
NRC_TGP_001 PEA 0.36+0.02 1.67+0.19 0.22+0.03
NRC_TGP_002 PEA 0.58+0.01 2.43+0.37 0.24+0.04
NRC_TGP_003 PEA 0.79+ 0.13 3.07+0.16 0.26+0.04
NRC_TGP_006 PEA 0.58+0.05 2.81+0.15 0.21+0.02
NRC_TGP_008 PEA 0.65+0.08 1.60+£0.23 0.41+0.08
NRC_01644 Pea protein isolate 0.09+0.04 4.87+0.33 0.02+0.01
NRC_A/G_R_01639 PEA 0.26+0.06 2.02+0.25 0.13+0.04
NRC_A/G_R_01816 PEA 0.54+0.08 1.74+0.16 0.31£0.05
NRC_A/G_R_01838 PEA 0.56+0.04 1.62+0.23 0.35+0.06
NRC_A/G_R_01849 PEA 0.45+0.07 2.22+0.22 0.20+0.04
NRC_A/G_R_01851 PEA 0.53+0.12 2.10+£0.18 0.25+0.06
NRC_A/G_R_01856 PEA 0.42+0.11 2.22+0.12 0.194+0.05
NRC_A/G_R_01859 PEA 0.50+0.05 2.40+0.06 0.21+0.02
NRC_A/G_R_01870 PEA 0.44+0.02 2.42+0.09 0.18+0.01
NRC_A/G_R_01877 PEA 0.29+0.04 2.15+0.08 0.13+0.02
NRC_A/G_R_01878 PEA 0.56+0.04 2.08+0.10 0.27+ 0.02
NRC_A/G_R_01892 PEA 0.43+0.02 1.78+0.07 0.24+0.02
NRC_A/G_R_01894 PEA 0.42+0.02 1.99+0.05 0.21+0.01
NRC_A/G_R_01897 PEA 0.30+0.01 1.54+0.06 0.20+0.01
Green Pea PEA 0.45+0.03 3.544+0.35 0.13+0.01
Yellow Pea PEA 0.50+0.03 2.66+0.26 0.19+0.02

2Values are represented as mean+ SD.

gradient gel containing 8%-12% polyacrylamide. SDS-PAGE was
carried out in a vertical electrophoretic chamber at 90V constant
voltage for 1h, followed by 110V constant voltage until the end.
Gels were stained with Coomassie Brilliant Blue R-250 (0.05%,
w/v) and destained using standard protocols (Laemmli 1970).
For generation of electrophoretogram protein profiles, protein
gels were scanned on an Epson tabletop scanner at 2400dpi
and images were processed, curve integration performed, and

electrophoretograms generated using the ImageJ software suite.
For verification of albumin/globulin ratios by curve integration,
areas under the curve of the electrophoretogram were estimated
using the trapezoidal rule. The sum of areas under the curves
for the albumin peaks was divided by the sum of the areas under
the curves for the convicilin, vicilin, and legumin peaks. This
was performed for each sample to get albumin/globulin ratios
with the novel method.
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2.8 | Statistical Analysis

All experiments were conducted at least three times to check
the reproducibility of the experiment. The number of parallel
samples in the experiments was three or more. All data are ex-
pressed as means=+ standard deviations. All data were analyzed
with SPSS Version 18.0 using the one-way ANOVA module at
p<0.05.

3 | Results and Discussion
3.1 | Fractionation

The justification behind the isolation of the different fractions
by this procedure was to assess the purity and levels of cross-
contamination. Electrophoretic profiles have clearly demon-
strated the expected distribution of albumin/globulin fractions
from pea and soybean flours. The total seed protein content,
albumin, and globulin fractions of different accessions isolated
by this novel method were analyzed using one-dimensional de-
naturing SDS-PAGE. The results revealed the qualitative and
quantitative differences in terms of the total number of protein

bands, location, thickness, staining intensity, relative mobility
of bands, and molecular weight (Figure  2). Importantly, the al-
bumin fraction is essentially clear of globulin proteins and vice
versa, which is evident when comparing them to the total pro-
tein extract. Overall, these findings suggest that the recovery of
albumins and globulins in their respective fractions was nearly
quantitative. A similar procedure, employed for small-scale pro-
tein extraction from lupin and faba bean seed meals, resulted in
higher yields (Rubio et al. 1994 ).

3.2 | Protein Characterization

High-resolution gels were scanned and used to generate the
electrophoretograms for comparing electrophoretic profiles
of total proteins, albumin, and globulin fractions for peas
(Figures 3-5) and the same for the soybeans (Figure 6). All
major seed polypeptides that are previously reported in the lit-
erature are evident in the extracted samples that include lipoxy-
genase, convicilin, vicilin, alpha legumin, beta legumin, lectin,
and albumins 1 and 2 (Chang et al.  2022; Crévieu et al. 1996).
Vicilin, in turn, consists of the full-length polypeptide of
~50kDa as well as a number of post-translationally modified

Albumin/Globulin Ratio, HTP Method and Large Scale Extraction

0.25

0.20

Q

0.15 b

0.10

0.05

0.00
Green Pea

Large Scale Extraction

Yellow Pea

o

Soybeans

H High Throughput Method

FIGURE 8 | Comparison of albumin/globulin ratios with large-scale extraction (LSE) and HTP methods. The observed comparisons (a, b) in LSE
and HTP methods confirms there is statistically significant differences (p <0.05).

TABLE 2 | Comparison of albumin/globulin ratios obtained by large-scale extraction (LSE) and high-throughput (HTP) methods.

Albumin fraction (mg/g)*

Globulin fraction (mg/g)*

Albumin/globulin ratio*

Sample LSE HTP LSE HTP LSE HTP
Green Pea 31.6+ 1.5 0.45+0.032 261.9+9.42 3.54+0.35P 0.12+0.012 0.13+0.01%
Yellow Pea 35.1+3.42 0.50+0.03P 208.5+£22.2° 2.66+0.26° 0.17+0.02 2 0.19+0.022
Soybean 45.2+2.2° 0.65+0.03° 329.7£6.6°¢ 4.66+0.15°¢ 0.14+0.012b 0.14+0.012b
F-Statistic 12.65 15.32 10.20 18.90 3.47 4.12
p 0.0015 0.0009 0.0031 0.0003 0.045 0.039

*Values are represented as mean+ SD. The observed comparisons (a, b) in LSE and HTP methods confirm there are statistically significant differences (p <0.05).
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forms with 30, 19, 15, and 13kDa molecular weights, which are
evident from the obtained electrophoretograms (Figures 3-6)
(Djoullah et al. 2018; Dziuba et al. 2014). The electrophoretic
profile of the albumin fraction has shown consistency with the
presence of albumins 1, albumins 2, and lipoxygenase (Marco
et al. 2008). On the other hand, the electrophoretic profile of
the globulin fraction tends to show the presence of major com-
ponents like convicilin, vicilin, and legumins and also to be
free from cross-contamination by albumin contents (Rubio
et al. 2014). As these profiles were obtained from gels that are
loaded isovolumetrically, the peaks of similar heights were
noted in both fractions compared to the total protein profile,
thus indicating the practicality of this novel methodology for
nearly quantitative recovery of the seed albumin and globu-
lin contents. The electrophoretic profile of soybean protein
fractions follows a similar pattern, with major seed globulin
and albumin contents present in their respective fractions
(Figure 6). The results of protein fraction analysis for a variety
of pea and soybean cultivars using the new HTP method have
come up with values that stay within typical ranges compared
to LSE. The albumin/globulin ratio values for green pea were
0.12+ 0.01 using LSE and 0.13+ 0.01 using HTP. For soybean,
the values were 0.14+ 0.01 for both LSE and HTP. Additionally,
for yellow pea, the values were 0.17+ 0.02 using LSE and
0.19+ 0.02 using HTP (Figure 7) (Table 1) (Zhao et al. 2022).
The literature has previously reported that, in peas, the albu-
min fraction typically constitutes up to 20%-35% of the total
seed protein (Braun and LaBaer ~ 2003; Sun et al. 2021). The
albumin/globulin ratios obtained by this method were com-
pared with large-scale extracts, where the protein was dried
and weighed. There was approximately 1.5 times as much pro-
tein recovery per unit of pea or soybean flours in both frac-
tions with the LSE method than with the HTP method. This
increase is likely due to the higher efficiency of extraction at
scale and differences in the reactivity of Bradford's reagent to
legume proteins relative to the BSA used to construct the brad-
ford curve (Figure 8) (Chang et al. 2022). A similar large-scale
procedure has resulted in obtaining 66.7 gkg™! of globulin and
25.3gkg™! of albumin fractions, respectively, from 15kg of pea
flour (Crévieu et al. 1996). The results from LSE were identi-
cal to the values obtained using the novel HTP method devel-
oped here (Table 2). Overall, this demonstrates that this new
method developed is highly accurate in measuring the albu-
min/globulin ratio (Figure  8) and deliberately differentiating
the extracted contents from the seeds. Moreover, since known
processing methods for separating albumin and globulin from
legumes at an industrial scale rely on similar chemical mecha-
nisms, the values obtained by the new method are very likely to
be meaningful when selecting varieties to yield higher protein
extractions during processing (Crévieu et al. 1996 ).

4 | Conclusions

In summary, the HTP method developed in this study has
demonstrated a profound accuracy in separating and analyz-
ing the albumin/globulin fractions from minimal analyte.
The electrophoretic analysis was found to be successful in the
quantitative recovery of both fractions with negligible cross-
contamination. The resulting protein profiles have confirmed
the value of this method in evaluating seed protein quality and

distribution, which are consistent with those obtained from
the literature data. Besides, this method offers an advantage in
terms of efficiency and scalability, giving comparable results to
LSE methods. Overall, this approach offers valuable insights
in improving breeding techniques to develop high-protein cul-
tivars and for industrial applications focused on optimizing
protein content to meet the growing demand for plant-based
alternatives.
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