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Abstract—This work was devoted to a study of the composition of protein concentrates from amaranth grain
(Amaranthus hypochondriacus L.) of variety Voronezh. Amaranth protein concentrates were obtained by alka-
line extraction of proteins and neutralization of the solution followed by ultrafiltration, by separating the
starch fraction with amylolytic enzymes, and by alkaline extraction of proteins and their precipitation at
pH 4.5. Conditions for the extraction of proteins followed by chromatography–mass spectrometric analysis
and identification were selected. It was found that proteins from amaranth grain were more effectively
extracted with a buffer with urea at protein concentrations of 1.7, 1.9, and 2.9 mg/cm3 in solution, respec-
tively, while a buffer with detergents was more effective for the extraction of low-molecular-weight proteins
at protein concentrations of 4.9, 2.9, and 9.0 mg/cm3 in solution, respectively. As a result of HPLC–MS/MS
analysis followed by identification and search in the UNIPROT database, it was established that the main
protein of amaranth grain is 11S-globulin, which acts as a reserve protein of amaranth seeds. In amaranth
concentrates, 14 unique proteins belonging only to A. hipochondriacus L. were identified, and also proteins
that did not belong to this species were reliably identified. Based on the results of semiquantitative analysis of
the peptide profile of amaranth grain protein concentrates, a high frequency of occurrence of the main 11S-
globulin proteins was established in all samples. The frequency of occurrence of other proteins in samples
obtained by different methods differed significantly due to the peculiarities of protein isolation from ama-
ranth grain. The results obtained can be used to prepare plant protein concentrates with a given protein com-
position.
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Plant proteins are widely used in the food industry
and feed production. Amaranth is among promising
protein sources as an alternative to proteins of plant
and animal origins [1, 2]. This crop attracts attention
due to its high level of adaptation, rapid growth of bio-
mass, high protein content, and its balanced amino
acid composition [3, 4]. The biological functions of
amaranth proteins largely depend on the area of culti-
vation, climatic conditions, and variety [5]; protein
structure [6]; and methods of protein isolation from
the plant [7]. In the assessment of the biological prop-
erties of protein concentrates from amaranth grains, it
is important to determine and identify the
proteins included in their composition. It is well
known that solubility decreases as a result of physico-
chemical actions on protein molecules in the course of

isolation [8], and this fact complicates protein
extraction for further analysis and identification.

The purpose of this work was to select conditions
for protein extraction in the production of protein
concentrates from amaranth grains of the Voronezh
variety and the subsequent chromatography–mass
spectrometric analysis and identification of the pro-
tein composition.

EXPERIMENTAL
The test material was amaranth grain of the

Voronezh variety. Protein concentrates from the ama-
ranth grain were obtained as follows: (1) by alkaline
extraction of proteins and neutralization of the solu-
tion followed by ultrafiltration on a Vodopad
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Table 1. Protein concentrations in protein concentrate solutions

Sample no.
Buffer 1 

volume, cm3
Protein concentration, 

mg/cm3
Buffer 2 

volume, cm3
Protein concentration, 

mg/cm3

1 0.5 1.7 0.18 4.9
2 0.5 1.9 0.32 2.9
3 0.5 2.9 0.22 9.0
UMTKp-1 unit with a pore size of 0.14 μm; (2) by sep-
aration of a starch fraction from the grain using amy-
lolytic enzymes; and (3) by alkaline extraction of pro-
teins and their precipitation at pH 4.5. The protein
weight fractions in the obtained concentrates were 73,
55, and 83%, respectively.

Protein concentrates were dissolved in a phosphate
buffer solution, and a lysis buffer solution (Buffer 1)
(50 mM Tris, pH 8.0, 150 mM NaCl, 0.1% sodium
dodecyl sulfate, 0.25% sodium deoxycholate, and
0.5% Nonidet P-40) with a protease inhibitor cocktail
(Roche, Switzerland) was added. Then, they were
extracted again with a buffer solution containing 8 M
urea and 50 mM Tris (Buffer 2) for 30 min at room tem-
perature with constant stirring and centrifuged at 10000g,
+4°C.

Protein concentrations were determined by the
BCA method using a bicinchoninic acid kit (Thermo
Fisher, the United States). The efficiency of protein
extraction was evaluated by polyacrylamide gel elec-
trophoresis (PAGE).

Hydrolysis of proteins in solution was carried out
sequentially with enzyme preparations Lys C (Promega,
the United States) 1/100 for 4 h and then with trypsin
(Promega, the United States) 1/50 for 16 h.

An Agilent 1100 nanoflow chromatograph with a
homemade C18-based column and with an electro-
spray emitter was used for HPLC–MS analysis. The col-
umn was prepared immediately before measurements.

Mass spectrometric analysis was carried out on an
LTQ FT Ultra tandem mass spectrometer in a two-stage
mode of automatic measurement of spectra [9, 10].

The results of HPLC–MS analysis were monitored
using the Qual Browser software. Lists of the exact
masses of peptides and the masses of their fragments
were obtained from mass chromatograms using the
Raw2msm application, and they were used to search
and identify proteins in the database using the Peaks
Studio software (Bioinformatics Solutions Inc., the
United States, version 8.5). To identify peptides, the
amino acid sequences of the proteins were used
according to the Uniprot KB database.

RESULTS AND DISCUSSION
To select an optimal buffer solution for the dissolu-

tion and denaturation of proteins, we applied two most
commonly used lysis buffers: Buffer 1 (detergent-
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based) and Buffer 2 (urea-based). For the subsequent
mass spectrometric analysis and PAGE electrophore-
sis, the protein concentrations in samples weighing
10 mg were determined (Table 1).

According to the results of polyacrylamide gel elec-
trophoresis (Fig. 1), it was found that proteins were
extracted more effectively with Buffer 2 (with urea);
however, Buffer 1 (with detergents) was more effective
for the extraction of low-molecular-weight proteins.
Similarities were noted between samples 1', 2', and 3',
and the protein content increased with the weight
fraction of protein in the preparations. Because the
buffer solutions differed in extraction ability, both
fractions were used for further studies.

As a result of hydrolysis of the protein content of
protein concentrates from amaranth and HPLC–
MS/MS analysis followed by identification and search
in the UNIPROT database, we identified 188 proteins
without taking into account species; Table 2 summa-
rizes the main of these proteins. However, by selecting
proteins that belong only to A. hipochondriacus L. and
unique proteins that were not assigned to this species
but were reliably identified, we obtained a list of iden-
tifications of 14 proteins (Table 2). The small number
of identifications was due to the low completeness of
the database not only for plants of this species but also
for other types of amaranth.

As can be seen in Table 2, the main proteins of
amaranth grain are 11S-globulin, which belongs to the
main storage proteins of seeds, stress-protective heat
shock protein (Hsp70), agglutinin, ribosomal protein,
lipid transfer protein, and enzyme proteins.

Semiquantitative analysis of the hydrolysates of ama-
ranth protein concentrates allowed us to reveal proteins
and corresponding peptides that were most characteristic
of samples obtained by different methods (Fig. 2). As can
be seen in Fig. 2, the protein compositions of amaranth
samples varied significantly. A high frequency of occur-
rence of the main storage proteins, 11S-globulins, was
found in all samples. However, sample 2 differed from
sample 3 in the presence of a larger amount of proteins
such as heat shock protein (Hsp70) with a stress-protec-
tive effect, the enzymes glyceraldehyde-3-phosphate
dehydrogenase, 5-methyltetrahydropteroyltrigluta-
mate–homocysteine S-methyltransferase involved in
the synthesis of methionine, malate dehydrogenase,
enzyme related to type IV glycogenosis, etc. The small
number of other identified proteins can be explained
o. 9  2024
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Fig. 1. Electrophoresis of protein concentrates from amaranth grain in 12% polyacrylamide gel: (1) ultrafiltration concentrate
(protein weight fraction, 73%), (2) protein concentrate (protein weight fraction, 55%), and (3) protein concentrate (protein
weight fraction, 83%). Sequential extracts were applied to paired tracks: Buffer 1 and then Buffer 2 (').
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by the effect of aggressive media on the structure of
proteins in the course of their isolation. A large
amount of agglutinin proteins, ribosomal proteins,
and nonspecific lipid transfer proteins was observed in
the protein concentrate obtained after ultrafiltration
(sample 3), while the amount of other proteins was
JOURNAL O

Table 2. Proteins identified in the hydrolysates of protein con

Entry Protein ID Number 
of peptides

Number 
of unique peptides

Pro
covera

1 Q8S390 13 1 5

2 Q38719 13 1 5

3 O48859 6 5 2

4 A0A221C716 2 2

5 P83167 4 4 3

6 Q9ZTZ5 2 1 1

7 A0A346NUD2 3 3 4

8 A0A346NUG8 3 3 3

9 A0A6C0T503 2 2

10 Q38712 66 7 6

11 Q94G66 1 1 1

12 A2I9A6 62 3 6

13 A0A0F7R6Z9 9 9 1

14 E3VW74 6 6 1
minimal, probably, as a consequence of protein losses
upon passage through the membrane. In the amaranth
protein concentrate without chemical extraction of
proteins (sample 1), a high frequency of occurrence
was observed for all identified proteins with the excep-
tion of the proteins present in sample 3, which can be
F ANALYTICAL CHEMISTRY  Vol. 79  No. 9  2024

centrates from amaranth grain of the Voronezh variety

tein 
ge, %

Protein 
weight, Da Protein name

6 34959 Seed protein AmA1

6 34958 Agglutinin

5 28077 rRNA N-glycosylase

7 36460 Malate dehydrogenase

6 9747 Non-specific lipid-transfer protein 1

1 31348 rRNA N-glycosylase

0 9317 Glyceraldehyde 3-phosphate dehydroge-
nase (OS = Amaranthus californicus)

6 10422 Glyceraldehyde 3-phosphate dehydroge-
nase (OS = Amaranthus hypochondriacus)

7 48429 Heat shock protein 70

4 56672 11S globulin seed storage protein

2 12560 Small ribosomal subunit protein eS25

0 55065 11S globulin

1 108503 1,4-alpha-glucan branching enzyme

1 83736 5-Methyltetrahydropteroyltriglutamate–
homocysteine S-methyltransferase
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Fig. 2. Heat map for comparative analysis of protein profiles between samples of protein extracts from amaranth with weight frac-
tions of (1) 55, (2) 83, and (3) 73%. The maximum and minimum in the protein intensity scale are reflected as 4.0 and –4.0,
respectively.

1 2 3

4

0

–4

log2 (ratio)
A0A221C716
Q9ZTZ5
O48859
A0A6C0T503
A0A346NUD2
E3VW74
Q8S390
A0A0F7R6Z9
A2I19A6
Q38712
sp|Q94G66
sp|P83167
explained by the presence of strong bonds of these
proteins with biopolymers of plant seeds and the
impossibility of their extraction.

CONCLUSIONS

We selected conditions for the extraction of pro-
teins from amaranth grains obtained by different isola-
tion methods. Using chromatography–mass spectro-
metric analysis and identification of the main pro-
teins, we found that the storage protein 11S-globulin
was the main protein of all amaranth concentrates. A
high frequency of occurrence of stress-protective heat
shock proteins (Hsp70) and enzyme proteins was
established in the amaranth protein concentrate
obtained by alkaline extraction and protein precipita-
tion at pH 4.5. The composition of the ultrafiltration
concentrate was characterized by high concentrations
of agglutinin proteins, ribosomal proteins, and non-
specific lipid transport proteins and a minimal amount
of enzyme proteins. The largest number of identified
proteins was found in the amaranth protein concen-
trate obtained after enzymatic removal of starch. At
the same time, low concentrations of agglutinins,
ribosomal proteins, and nonspecific lipid transport
proteins were noted. The results obtained allowed us to
recommend different methods for obtaining plant
protein concentrates with a given protein composition.
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