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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

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 

quality and functionality of the arising products (Didinger and 
Thompson  2021). Pea seeds consist of approximately 20%–30% 
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 20 mg 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 500 mg 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 (10–100 kDa) 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: 100 mM Tris–HCl pH 7.5, 2% (w/v) SDS, 5 mM EDTA, 
10 mM 2-mercaptoethanol.

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

Buffer-G: 0.1 M sodium phosphate buffer pH 8.0, 6.4% (w/v) po-
tassium chloride, 0.1% (w/v) Tween-20, 10 mM ascorbic acid, 
5 mM sodium bisulfite, and 1 mM PTU.

Sodium bisulfite (1 M in water), N-phenylthiourea (PTU, 1 M 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: 100 mg Coomassie brilliant blue G-250 
(BioBasic) was dissolved in 50 mL 95% ethanol; then 100 mL 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 ± 5 mg) with 1 mL of extraction buffer-T by 1 h of incubation 
at room temperature (RT) with end-over-end mixing. Samples 
were centrifuged (13,000 × g, 15 min, RT) and supernatants 
were retained for SDS-PAGE analysis. A new method for al-
bumin/globulin fractionation was performed in a 1.5 mL tube 
containing 20 ± 5 mg pea or soybean flours with 1 mL of ex-
traction buffer-A, incubating for 1 h at room temperature with 
end-over-end rotation. Samples were centrifuged (13,000 × g, 
10 min, RT) and 250 μL 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 (13,000 × g, 5 min, 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 1 h with 
end-over-end rotation. Samples were centrifuged (13,000 × g, 
10 min, RT) and 250 μL 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, 1 g of flour was used 
for extraction with 50 mL Buffer-A and centrifuged to provide 
the albumin fraction. The pellet was washed twice with 50 mL 
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 

FIGURE 1    |    Flowchart for rapid extraction of pea and soybean protein fractions.

FIGURE 2    |    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 20 mL of 0.1 M 
ammonium acetate in 80% (v/v) methanol, 20 mL of 80% (v/v) 
methanol, and finally with 20 mL 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 50 μL of albumin fraction or globulin 
fraction to 200 μL Bradford's reagent into a single well of the plate. 
Following mixing and incubation for 5 min to ensure complete 
color development, the absorbance values of all the samples along 

with the controls were measured at 595 nm 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/mL units.

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 μL of the diluted extracts were 
mixed with 10 μL of SDS-sample buffer (0.15 M Tris–HCl, pH 
6.8, 4% (w/v) SDS, 5% (v/v) β-Mercaptoethanol) and denatured 
at 80°C for 10 min, later chilled on ice for another 10 min. The 
contents were centrifuged at 13,000 × g for 5 min at room tem-
perature. The supernatants were transferred to fresh tubes and 
stored at −20°C. About 20 μL of each sample was loaded onto a 

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).

FIGURE 4    |    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).

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).

FIGURE 7    |    Albumin/globulin ratios of selected pea and soybean varieties as determined by the novel high-throughput method.
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gradient gel containing 8%–12% polyacrylamide. SDS-PAGE was 
carried out in a vertical electrophoretic chamber at 90 V constant 
voltage for 1 h, followed by 110 V 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 2400 dpi 
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.

TABLE 1    |    Albumin and globulin protein concentration data.

Sample Description

Protein concentration, 
Albumin fraction 

(mg/mL)a

Protein concentration, 
Globulin fraction 

(mg/mL)a
Albumin/

globulin ratioa

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 0.19 ± 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 3.54 ± 0.35 0.13 ± 0.01

Yellow Pea PEA 0.50 ± 0.03 2.66 ± 0.26 0.19 ± 0.02
aValues are represented as mean ± SD.
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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 
~50 kDa as well as a number of post-translationally modified 

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.

Sample

Albumin fraction (mg/g)* Globulin fraction (mg/g)* Albumin/globulin ratio*

LSE HTP LSE HTP LSE HTP

Green Pea 31.6 ±  1.5a 0.45 ± 0.03 a 261.9 ± 9.4 a 3.54 ± 0.35 b 0.12 ± 0.01 a 0.13 ± 0.01 a

Yellow Pea 35.1 ± 3.4 a 0.50 ± 0.03 b 208.5 ± 22.2 b 2.66 ± 0.26 a 0.17 ± 0.02 a 0.19 ± 0.02 a

Soybean 45.2 ± 2.2 b 0.65 ± 0.03 b 329.7 ± 6.6 c 4.66 ± 0.15 c 0.14 ± 0.01 ab 0.14 ± 0.01 ab

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 13 kDa 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 g kg−1 of globulin and 
25.3 g kg−1 of albumin fractions, respectively, from 15 kg 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.

Author Contributions

Z.B. and P.B. conceived and planned the experiments and prepared the 
manuscript. I.W., J.M., and B.P. carried out the research and collected 
the data presented. M.N. reviewed and edited the manuscript. All au-
thors contributed to and approved the final draft of the manuscript.

Acknowledgments

We thank the Aquatic and Crop Resource Development Research Centre 
(ACRD) of the National Research Council Canada (NRC) for providing 
in-kind research support and the publication fee under the Sustainable 
Protein Production (SPP) program. We also acknowledge Saskatchewan 
Ministry of Agriculture (Agriculture Development Fund, ADF Project 
#20180240) for the research grant awarded to PB.

Ethics Statement

No humans or animals were used in this research.

Conflicts of Interest

The authors declare no conflicts of interest.

References

Adebiyi, A. P., and R. E. Aluko. 2011. “Functional Properties of Protein 
Fractions Obtained From Commercial Yellow Field Pea (Pisum Sativum 
L.) Seed Protein Isolate.” Food Chemistry 128: 902–908. https://​doi.​org/​
10.​1016/j.​foodc​hem.​2011.​03.​116.

Bradford, M. M. 1976. “A Rapid and Sensitive Method for the 
Quantitation of Microgram Quantities of Protein Utilizing the Principle 
of Protein-Dye Binding.” Analytical Biochemistry 72: 248–254. https://​
doi.​org/​10.​1016/​0003-​2697(76)​90527​-​3.

Braun, P., and J. LaBaer. 2003. “High Throughput Protein Production 
for Functional Proteomics.” Trends in Biotechnology 21, no. 9: 383–388. 
https://​doi.​org/​10.​1016/​S0167​-​7799(03)​00189​-​6.

Chang, L., Y. Lan, N. Bandillo, J. B. Ohm, B. Chen, and J. Rao. 
2022. “Plant Proteins From Green Pea and Chickpea: Extraction, 
Fractionation, Structural Characterization and Functional Properties.” 
Food Hydrocolloids 123: 107165. https://​doi.​org/​10.​1016/j.​foodh​yd.​2021.​
107165.

Crévieu, I., S. Bérot, and J. Guéguen. 1996. “Large Scale Procedure 
for Fractionation of Albumins and Globulins From Pea Seeds.” Die 
Nahrung 40, no. 5: 237–244. https://​doi.​org/​10.​1002/​food.​19960​400502.

Didinger, C., and H. J. Thompson. 2021. “Defining Nutritional and 
Functional Niches of Legumes: A Call for Clarity to Distinguish a Future 
Role for Pulses in the Dietary Guidelines for Americans.” Nutrients 27 
13, no. 4: 1100. https://​doi.​org/​10.​3390/​nu130​41100​.

Djoullah, A., F. Husson, and R. Saurel. 2018. “Gelation Behaviors 
of Denaturated Pea Albumin and Globulin Fractions During 
Transglutaminase Treatment.” Food Hydrocolloids 77: 636–645. https://​
doi.​org/​10.​1016/j.​foodh​yd.​2017.​11.​005.

Dziuba, J., I. Szerszunowicz, D. Nałecz, and M. Dziuba. 2014. “Proteomic 
Analysis of Albumin and Globulin Fractions of Pea (Pisum Sativum L.) 

 27719693, 2025, 1, D
ow
nloaded from

 https://aocs.onlinelibrary.w
iley.com

/doi/10.1002/sfp2.70005 by N
ational R

esearch C
ouncil O

f C
anada, W

iley O
nline Library on [10/06/2026]. See the Term

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline Library for rules of use; O
A
 articles are governed by the applicable C

reative C
om
m
ons License

https://doi.org/10.1016/j.foodchem.2011.03.116
https://doi.org/10.1016/j.foodchem.2011.03.116
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1016/S0167-7799(03)00189-6
https://doi.org/10.1016/j.foodhyd.2021.107165
https://doi.org/10.1016/j.foodhyd.2021.107165
https://doi.org/10.1002/food.19960400502
https://doi.org/10.3390/nu13041100
https://doi.org/10.1016/j.foodhyd.2017.11.005
https://doi.org/10.1016/j.foodhyd.2017.11.005


9 of 9

Seeds.” Acta Scientiarum Polonorum. Technologia Alimentaria 13, no. 2: 
181–190. https://​doi.​org/​10.​17306/​j.​afs.​2014.2.​7.

Eze, C. R., E. M. Kwofie, P. Adewale, E. Lam, and M. Ngadi. 2022. 
“Advances in Legume Protein Extraction Technologies: A Review.” 
Innovative Food Science & Emerging Technologies 82: 103199. https://​
doi.​org/​10.​1016/j.​ifset.​2022.​103199.

Goldstein, N., and R. Reifen. 2022. “The Potential of Legume-Derived 
Proteins in the Food Industry.” Grain & Oil Science and Technology 5, 
no. 4: 167–178. https://​doi.​org/​10.​1016/j.​gaost.​2022.​06.​002.

Gruen, L. C., R. E. Guthrie, and R. J. Blagrove. 1987. “Structure of a 
Major Pea Seed Albumin: Implication of A Free Sulphydryl Group.” 
Journal of the Science of Food and Agriculture 41: 167–178. https://​doi.​
org/​10.​1002/​jsfa.​27404​10210​.

Jha, U. C., H. Nayyar, S. K. Parida, R. Deshmukh, E. J. B. von Wettberg, 
and K. H. M. Siddique. 2022. “Ensuring Global Food Security by 
Improving Protein Content in Major Grain Legumes Using Breeding 
and ‘Omics’ Tools.” International Journal of Molecular Sciences 23, no. 
14: 7710. https://​doi.​org/​10.​3390/​ijms2​3147710.

Krishnan, H. B. 2001. “Biochemistry and Molecular Biology of Soybean 
Seed Storage Proteins.” Journal of New Seeds 2, no. 3: 1–25. https://​doi.​
org/​10.​1300/​J153v​02n03_​01.

Laemmli, U. K. 1970. “Cleavage of Structural Proteins During 
the Assembly of the Head of Bacteriophage T4.” Nature  227, no. 5259: 
680–685. https://​doi.​org/​10.​1038/​227680a0.

Langyan, S., P. Yadava, F. N. Khan, Z. A. Dar, R. Singh, and A. Kumar. 
2022. “Sustaining Protein Nutrition Through Plant-Based Foods.” 
Frontiers in Nutrition 8: 772573. https://​doi.​org/​10.​3389/​fnut.​2021.​
772573.

Leterme, P., T. Monmart, and E. Baudart. 1990. “Amino Acid 
Composition of Pea (Pisum Sativum) Proteins and Protein Profile of Pea 
Flour.” Journal of the Science of Food and Agriculture 53, no. 1: 107–110. 
https://​doi.​org/​10.​1002/​jsfa.​27405​30112​.

Marco, C., G. Pérez, A. E. León, and C. M. Rosell. 2008. “Effect of 
Transglutaminase on Protein Electrophoretic Pattern of Rice, Soybean, 
and Rice-Soybean Blends.” Cereal Chemistry 85, no. 1: 59–64. https://​
doi.​org/​10.​1094/​CCHEM​-​85-​1-​0059.

Rubio, L. A., G. Grant, C. Cavall'e, A. Martinez-Aragón, and A. Pusztai. 
1994. “High In Vivo (Rat) Digestibility of Faba Bean ( Vicia Faba), Lupin 
(Lupinus Angustifolius) and Soybean (Glycine max) Soluble Globulins.” 
Journal of the Science of Food and Agriculture 66: 289–292. https://​doi.​
org/​10.​1002/​jsfa.​27406​60305​.

Rubio, L. A., A. Pérez, R. Ruiz, M. Á. Guzmán, I. Aranda-Olmedo, and 
A. Clemente. 2014. “Characterization of Pea (Pisum Sativum) Seed 
Protein Fractions.” Journal of the Science of Food and Agriculture 94, no. 
2: 280–287. https://​doi.​org/​10.​1002/​jsfa.​6250.

Shevkani, K., N. Singh, Y. Chen, A. Kaur, and L. Yu. 2019. “Pulse 
Proteins: Secondary Structure, Functionality and Applications.” 
Journal of Food Science and Technology 56: 2787–2798. https://​doi.​org/​
10.​1007/​s1319​7-​019-​03723​-​8.

Sun, X., Y. Sun, Y. Li, Q. Wu, and L. Wang. 2021. “Identification and 
Characterization of the Seed Storage Proteins and Related Genes of 
Cannabis Sativa L.” Frontiers in Nutrition 8: 678421. https://​doi.​org/​10.​
3389/​fnut.​2021.​678421.

Tang, J., D. Yao, S. Xia, L. Cheong, and M. Tu. 2024. “Recent Progress 
in Plant-Based Proteins: From Extraction and Modification Methods 
to Applications in the Food Industry.” Food Chemistry: X 23: 101540. 
https://​doi.​org/​10.​1016/j.​fochx.​2024.​101540.

Tzitzikas, E. N., J. P. Vinckende, J. Groot, H. Gruppen, and R. G. Visser. 
2006. “Genetic Variation in Pea Seed Globulin Composition.” Journal of 
Agricultural and Food Chemistry 54, no. 2: 425–433. https://​doi.​org/​10.​
1021/​jf051​9008.

Vaz, A. C., C. Pinheiro, J. M. N. Martins, and C. P. P. Ricardo. 2004. 
“Cultivar Discrimination Portuguese Lupinus Busby Seed Protein 
Electrophoresis: The Importance of Considering Glutelins and 
Glycoproteins.” Field Crops Research 87, no. 1: 23–34. https://​doi.​org/​10.​
1016/j.​fcr.​2003.​09.​006.

Zhang, X., Z. Zhang, A. Shen, et al. 2024. “Legumes as an Alternative 
Protein Source in Plant-Based Foods: Applications, Challenges, and 
Strategies.” Current Research in Food Science 9: 100876. https://​doi.​org/​
10.​1016/j.​crfs.​2024.​100876.

Zhao, Y., R. Tian, Z. Xu, L. Jiang, and X. Sui. 2022. “Recent Advances 
in Soy Protein Extraction Technology.” Journal of the American Oil 
Chemists' Society 100, no. 3: 187–195. https://​doi.​org/​10.​1002/​aocs.​
12676​.

 27719693, 2025, 1, D
ow
nloaded from

 https://aocs.onlinelibrary.w
iley.com

/doi/10.1002/sfp2.70005 by N
ational R

esearch C
ouncil O

f C
anada, W

iley O
nline Library on [10/06/2026]. See the Term

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline Library for rules of use; O
A
 articles are governed by the applicable C

reative C
om
m
ons License

https://doi.org/10.17306/j.afs.2014.2.7
https://doi.org/10.1016/j.ifset.2022.103199
https://doi.org/10.1016/j.ifset.2022.103199
https://doi.org/10.1016/j.gaost.2022.06.002
https://doi.org/10.1002/jsfa.2740410210
https://doi.org/10.1002/jsfa.2740410210
https://doi.org/10.3390/ijms23147710
https://doi.org/10.1300/J153v02n03_01
https://doi.org/10.1300/J153v02n03_01
https://doi.org/10.1038/227680a0
https://doi.org/10.3389/fnut.2021.772573
https://doi.org/10.3389/fnut.2021.772573
https://doi.org/10.1002/jsfa.2740530112
https://doi.org/10.1094/CCHEM-85-1-0059
https://doi.org/10.1094/CCHEM-85-1-0059
https://doi.org/10.1002/jsfa.2740660305
https://doi.org/10.1002/jsfa.2740660305
https://doi.org/10.1002/jsfa.6250
https://doi.org/10.1007/s13197-019-03723-8
https://doi.org/10.1007/s13197-019-03723-8
https://doi.org/10.3389/fnut.2021.678421
https://doi.org/10.3389/fnut.2021.678421
https://doi.org/10.1016/j.fochx.2024.101540
https://doi.org/10.1021/jf0519008
https://doi.org/10.1021/jf0519008
https://doi.org/10.1016/j.fcr.2003.09.006
https://doi.org/10.1016/j.fcr.2003.09.006
https://doi.org/10.1016/j.crfs.2024.100876
https://doi.org/10.1016/j.crfs.2024.100876
https://doi.org/10.1002/aocs.12676
https://doi.org/10.1002/aocs.12676

	A Rapid High-Throughput Method for Determining Albumin and Globulin Contents in Pea and Soybean Seeds
	ABSTRACT
	1   |   Introduction
	2   |   Materials and Methods
	2.1   |   Sample Materials
	2.2   |   Chemicals
	2.3   |   Extraction Buffers and Reagents
	2.4   |   Protein Fractionation for High-Throughput Method (HTP)
	2.5   |   Large-Scale Extractions (LSE)
	2.6   |   Bradford Microplate Protein Quantification Assay
	2.7   |   Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE) Analysis
	2.8   |   Statistical Analysis

	3   |   Results and Discussion
	3.1   |   Fractionation
	3.2   |   Protein Characterization

	4   |   Conclusions
	Author Contributions
	Acknowledgments
	Ethics Statement
	Conflicts of Interest
	References


