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INTRODUCTION

The quinoa plant, Chenopodium quinoa 
Willd, originates mainly from South America, the 
Andean region (Angeli et al. 2020). It has a large 
scale of biological diversity, which implies dif-
ferences in the morphological, biochemical, and 
genetic makeup. Meanwhile, the quinoa plant be-
longs to the Chenopodiaceae family. Moreover, 
the Chenopodium genus comprises about 250 
species worldwide (Vega-Gálvez et al. 2010a). 

Quinoa, a pseudo-cereal crop, has a high po-
tential for non-preferable cultivation conditions. 

In addition, the ability of the quinoa plant to 
adapt to salinity and drought conditions enables 
it to grow under a wide range of environmental-
climate statuses, promoting this crop to spread 
worldwide (Al-Naggar et al. 2017; Roman et 
al. 2020; Qureshi and Daba 2020). The quality 
of every seed depends on the genetic, physical, 
physiological, and hygienic characteristics of the 
seed (Santos et al. 2007). In addition, the envi-
ronmental conditions, such as temperature and 
relative humidity, affect the rate of germination. 
The porosity of quinoa seeds causes a loss of 
viability more rapidly than cereals (Spehar 2007). 
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ABSTRACT
Quinoa plants, originating from the Andean mountains in South America, have a large scale of biological diversity. 
Along with the cultivation favorableness of quinoa, it reveals superior nutrition aspects. In comparison with cereal 
crops, like rice, maize, and wheat, quinoa seeds contain valuable quantities of protein of remarkable quality. The 
current study compared four quinoa cultivars from different origins in terms of protein composition and germina-
bility. In addition, this study focused on the effect of different geographical cultivation areas on the protein com-
position of wild Egyptian quinoa seeds and three other cultivars that vary in their cultivation origins. Significant 
differences were observed among the quinoa varieties in the germination percentage (GP), shoot length (SL), and 
root length (RL). Using the technology of Near-InfraRed Spectroscopy, the highest protein value was recorded 
for the American variety (18.39%), followed by the Wild Egyptian variety (17.16%). The aromatic phenylalanine 
recorded the highest concentration of the essential amino acid bulk. The Rainbow variety contained 12.7 g-aa/kg 
protein, followed by the wild Egyptian variety with 4.9 g-aa/kg protein. In turn, glutamic was the most abundant 
amino acid of the non-essential amino acids, with 10.1, 4, 23.4, and 4 (g-aa/kg protein) for quinoa varieties, Wild 
Egyptian, American, Rainbow, Black, respectively. SDS-PAGE was used to identify the allelic variations in the 
seed storage protein profiles among the studied quinoa varieties. The studied quinoa varieties showed 23.81% of 
the polymorphism in the protein bands, with the mean band frequency of 0.881. The resulting protein bands fluctu-
ated in the range between 115.02 and 16 kDa. With a similarity percentage (90%), Wild Egyptian and the Rainbow 
quinoa varieties can be classified in one clade.
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The poor germination rate affects the quality and 
vitality of the quinoa seed which is reflected in 
the germination percentage (Kappes et al. 2012).

On the other hand, the quinoa plant, along 
with the cultivation favorableness, has superior 
nutrition aspects. In the case of limited resourc-
es for traditional crops, quinoa is considered an 
ideal nutritional alternative. The most economi-
cal part of the quinoa plant is the seed due to its 
nutritive values of carbohydrates, proteins, fats, 
fibers, and mineral substances such as calcium, 
potassium, and zinc (Alvarez-Jubete et al. 2009; 
Sobota et al. 2020). In comparison with cereal 
crops, like rice, maize, and wheat, quinoa seeds 
contain valuable quantities of protein contents of 
incredible quality. Hence, quinoa includes most 
of the essential amino acids, with a composition 
that is adequate to the adults’ requirements. For 
instance, quinoa proteins have significantly high 
quantities of the amino acids’ lysine and threo-
nine, 7.8 and 8.9 g/100 g protein, respectively 
(Vilcacundo and Hernández-Ledesma 2017). 
Moreover, quinoa seeds demonstrated a higher 
quality index than conventional cereals, as de-
fined by the tryptophan percentage of the total 
protein (Gonzalez et al., 2012; Nowak et al. 
2016). In addition, it is a good choice for those 
sensitive to gluten food, celiac disease patients 
(Galindo-Luján et al. 2021a). Furthermore, qui-
noa seeds are a rich food in vitamins and anti-
oxidant compounds. Compared to wheat and 
barley, quinoa grains exhibited a higher content 
of superoxide dismutase and tocopherol isomers 
(Granda et al. 2018). Many polyphenolic com-
pounds such as flavonoids, including quercetin, 
kaempferol, vanillic acid and their derivatives, 
ferulic acid and their glycosides, in addition to 
anthocyanins or betacyanin, were found as the 
functional antioxidant compounds of quinoa 
seeds (Abderrahim et al. 2015). 

Considering the growing interest in quinoa 
cultivation and its popularity in the domestic and 
international markets, there is a deficit of scien-
tific literature about the physiological quality of 
quinoa grains; thus, the current study aimed to 

evaluate the effect of various agro-climatic zones 
on seed germination attributes. In addition, the 
current study highlighted the effect of quinoa 
cultivation in various geographical areas on the 
protein composition of wild Egyptian seeds and 
three other imported cultivars that vary in their 
cultivation origins.

MATERIALS AND METHODS

Plant material

In the present study, four varieties of quinoa, 
including Egyptian, American, Rainbow, and 
Black, were used (Table 1). The seeds of Wild 
Egyptian variety were collected locally and main-
tained by the Faculty of Agriculture, Al-Azhar 
University, Egypt. While the American and Rain-
bow seeds were imported by the Central Labora-
tory of Organic Agriculture (CLOA), Agricultural 
Research Center (ARC), Giza, Egypt, whereas, 
the Black quinoa seeds were purchased from 
Now Foods, Now Health Group, Inc (Blooming-
dale, IL, USA). 

Germination experiment

The germination study was carried out in 
2019 at the Faculty of Agriculture, Al-Azhar 
University’s Biochemistry Research Laboratory. 
Four duplicates were carried out under a totally 
random design. For surface sterilization of the 
seeds, about 20 minutes in 20 percent (V/v), the 
seeds were immersed in sodium hypochlorite. 
The seeds were then cleaned and submerged in 
the water of the distillation. In order to eliminate 
saponin from the seeds and to prevent microbial 
contamination during the germination period, 
the sterilizing procedure was necessary (Panuc-
cio et al. 2014).

Petri plates were cleaned and washed with 
distilled water for the germination experiments, 
while the filter paper was autoclaved at a tem-
perature of 120 °C to avoid contamination. In 

Table 1. Origin and seed color of the studied quinoa species
Variety Wild Egyptian American Rainbow Black

Wild Egyptian 100

American 81 100

Rainbow 90 90 100

Black 89.5 80 89.5 100
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order to remove any damaged or deformed seeds, 
the seeds were checked and graded carefully. For 
each investigated variety, four replicates of 100 
seeds were assessed. In Petri plates, the substrate 
was 10 cm in diameter in the germination test. 
In each platform four replicates of 50 seeds were 
performed in the usual germination test. After 
planting in the dark with a relative humidity of 
70 percent, seeds were incubated for five days at 
a constant temperature of 23±1 °C.

As a percentage of normal seedlings, the ger-
mination percentage (GP) was computed. From 
day two, the germinated seeds were counted 
daily, and the experiment was declared complete 
when no more radical protrusions were found 
within six days on average. The germinated seeds 
had a normal radicle and expanded to a minimum 
of 2 mm in addition to the normal shoot (Wu et 
al. 2020). The length of the sowing, at six days 
following sowing, was measured by means of a 
one-millimeter ruler using the shoot and primary 
root of 10 normal seedlings of each replicate. The 
data were subjected to a normality test, variance 
analysis, and response surface using the GENES 
software program (Cruz 2013).

Estimation of the total seed storage protein

Near-InfraRed (NIR) Spectroscopy equip-
ment, model DA1650 (FOSS Co., Hilleroed, 
Denmark) was used to determine the total seed 
protein content for each of the investigated va-
rieties in the Central Laboratory, Faculty of Ag-
riculture, Al-Azhar University (Encina-Zelada et 
al. 2017; Rodríguez et al. 2019; Taha et al. 2016).

The amino acid composition analysis

A Sykam S 433 amino acid analyzer was used 
to determine the amino acid composition accord-
ing to the AOAC method (Latimer Jr. 2016). In 
order to digest the samples for 24 h, equal weights 
of the samples were treated with 25 ml of 6 N 
HCl. As soon as the digestion process was com-
pleted, the residual liquid fraction was dissolved 
in sodium citrate buffer, which included 0.02 N 
of HCl (pH 2.2). A millipore 0.45 m membrane 
filter was used to filter one ml of the fluid for 
each sample. Standards of 18 amino acids were 
handled the same way as the tested samples. On 
a dry weight basis, the amino acid/protein (g-aa/
kg protein) ratio was used to represent the amino 
acid concentrations. 

SDS-PAGE analysis

The Mini-Protean Electrophoresis Cell, man-
ufactured by Bio-Rad Corporation (Hercules, CA, 
USA), was used to analyze the protein banding 
patterns according to Laemmli (1970). The gel 
was placed in the staining solution after electro-
phoresis and incubated overnight with a moderate 
shaking, as reported by Carpenter et al. (1996). 
As a further step, the gel was poured into the de-
staining solution and gently agitated for about 2h 
before washing it many times with ddH2O until 
the protein bands appeared clearly on the gel.

Analysis of protein banding patterns

After the staining processes were complet-
ed, gels were checked on a white box. A digital 
camera with a resolution of 20 megapixels was 
used to capture a picture for each of the inves-
tigated protein banding patterns. UVIgeltec, a 
gel documentation system created by UVItec – 
Cambridge Corporation, was used to examine 
the banding pattern of the protein gel pictures 
that were produced.

Statistical analysis

The protein gel was twice run for pattern 
verification, and either present (+) or absent (–) 
of the reproducible bands were graded. The simi-
larity matrix generated between quinoa variet-
ies was computed with the coefficient of Jaccard 
(Jaccard 1908). The samples were analyzed by 
NTSYS-PC2.1 software for cluster analysis using 
the method of UPGMA, Unweighted Pair Group 
with the Arithmetic Mean.

RESULTS AND DISCUSSION

Germination percentage, shoot length 
and root length

The germination percentage (GP), shoot 
length (SL), and root length (RL) of the studied 
quinoa varieties are displayed in Figure 1. The 
American and Wild Egyptian varieties showed a 
superior GP (76.33 and 78.67%) over the Rainbow 
and Black quinoa varieties (68.67 and 64.67%) 
(at p<0.05), respectively. The Wild Egyptian and 
American varieties produced significantly longer 
SL and RL than the Rainbow and Black quinoa 
varieties. In general, the germination test results 
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showed that the American and Wild Egyptian va-
rieties of quinoa are more vigorous than the two 
other varieties, i.e., Rainbow and Black. Piñuel et 
al. 2019, reported the highest germination ratio at 
28°C for the red quinoa after 72 hours by 46%, 
while the white and black quinoa showed less 
germination under these conditions. Moreover, 
D’ambrosio et al. (2017)  examined the germina-
tion of wild Chilean and Bolivian quinoa varieties 
and demonstrated the superiority of the Bolivian 
quinoa over the Chilean one after four days by 72 
to 50%, respectively.

In fact, the germination stage of the plant is a 
vital part of its existence that, in accordance with 
the environmental situation around each plant 
type, is genetically controlled. The process of ger-
mination involves two stages: one corresponds to 
water absorption, and the other includes metabol-
ic reactions towards the emergence of a new plant 
(Sigstad and Prado 1999). Physiological and en-
vironmental variables combine to impact the ger-
mination of seeds. Each plant species has distinct 
germination requirements for water, temperature, 
and light suitability. For instance, water absorp-
tion by the seeds during the germination stage is 
hindered by the soil negativity potential in dry 
and semiarid areas with recurring adversities, like 
the situations of increased salinity and dehydra-
tion (dos Santos et al. 2016). In order to identify 
the vigor collection of seeds for the wide range 
of cultivation, seed tests are utilized to indicate 
variances resulting from the environmental and 
storage conditions (Filho 2015). In turn, germina-
tion and vigor tests are counterparts for examin-
ing the physiological state and seeds performance 
under a wide cultivation range. Meanwhile, vigor 

variability can be estimated via many tests, such 
as the speed index of germination and the poten-
tial of the emergence (Franzin et al. 2004). There-
fore, examining the seed germination and their 
vigor is essential parameters for cultivation under 
different agro-climatic zones.

The total seed storage protein

The total seed storage proteins in each of the 
studied quinoa varieties were estimated using 
the technology of Near-Infra-Red Spectroscopy. 
The highest value was recorded for the Ameri-
can variety by 18.39%, followed by the Wild 
Egyptian variety by 17.16%. Then, the Rain-
bow variety had 16.27%, while the Black vari-
ety contained the lowest value of seed storage 
protein (12.83%) (Table 2). These results agree 

Figure 1. Germination percentage, shoot and root length (mm) among the studied quinoa varieties

Table 2. Percentage of total seed storage protein for 
each of the studied Quinoa variety

Variety Total seed storage protein %

Wild Egyptian 17.16

American 18.39

Rainbow 16.27

Black 12.83

with previous reports on the protein content of 
quinoa species (Miranda et al. 2011; Nowak et 
al. 2016; Vega-Gálvez et al. 2010). In the mean-
time, the protein content in the grains of qui-
noa genotypes varied from 13.8 to 16.5%, with 
an average of 15% dry matter, which surpasses 
the same contents in wheat (14.8%) and barley 
(11.0%) (Filho et al. 2017).
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The amino acid composition analysis

On a dry weight basis, the amino acid/protein 
ratio, g/kg protein, was used as a rough measure 
of protein concentration. As shown in Table 3 
a,b, and Figure 2, 3, the studied quinoa varieties 
showed reasonable concentrations of the essen-
tial amino acids for histidine, isoleucine, leucine, 
lysine, methionine, phenylalanine, threonine, 
and valine amino acids. The aromatic amino acid 
phenylalanine recorded the highest concentration 
of the essential amino acids bulk. However, the 
Rainbow variety contained 12.7 (g-aa/kg protein), 
followed by the wild Egyptian variety 4.9 (g-aa/
kg protein), then both of American and Black 

varieties which showed 3.6 and 3.7 (g-aa/kg 
protein), respectively. Furthermore, the limiting 
amino acids lysine was found to have the high-
est value in the wild Egyptian variety (1.8 g-aa/
kg protein) rather than the other varieties, which 
contained equal amounts of 1.3 g-aa/kg protein. 
Moreover, the concentration of the valuable ami-
no acids, i.e., isoleucine, leucine, and methionine, 
were the highest values in the Rainbow variety 
(6.6, 3.7, and 2.3 g-aa/kg protein, respectively) 
rather than the other three varieties. 

Glutamic was the most abundant of the non-
essential amino acids, with 10.1, 4.0, 23.4, and 
4.0 (g-aa/kg protein) in the seeds of the stud-
ied quinoa varieties, Wild Egyptian, American, 

Table 3a. Essential amino acids (g-aa/kg protein) in the studied quinoa varieties.
Amino Acids Wild Egyptian American Rainbow Black

Histidine 0.9 0.6 2.1 0.6

Iso-Leucine 2.7 1.8 6.6 1.8

Leucine 1.3 0.9 3.7 0.9

Lysine 1.8 1.3 1.3 1.3

Methionine 0.7 0.4 2.3 0.4

Phenylalanine 4.9 3.6 12.7 3.7

Threonine 1 0.5 8.8 0.5

Valine 1 0.3 2.3 0.3

Table 3b. Non-essential amino acids (g-aa/kg protein) in the studied quinoa varieties.
Amino Acids Wild Egyptian American Rainbow Black

Aspartic 5.3 1.3 7.1 1.3

Serine 2.2 0.8 8 0.8

Glutamic 10.1 4 23.4 4

Proline 0.9 ND ND ND

Glycine 2.3 1.6 5.4 1.6

Alanine 2.4 1.8 2.6 1.8

Cystine 2 1.1 0.6 1.1

Valine 1 0.3 2.3 0.3

Figure 2. Essential Amino acids composition profile (g-aa/1kg protein)
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Rainbow, Black, respectively. Then, the serine, 
aspartic, and glycine amino acids showed notice-
able concentrations across the rest of the non-
essential amino acids. Quinoa is a pseudocereal 
crop that was demonstrated as a rich source of 
high-quality protein (Mota et al. 2016; Nowak 
et al. 2016; Song et al. 2021). Craine and Mur-
phy (2020) preferred the term “nearly complete 
protein” rather than the term “complete protein” 
due to the variation in amino acids composition, 
which can be differed upon both the population 
and the location of the cultivation. Meanwhile, 
González et al. (2012) deduced that both environ-
mental and climatic factors affect the nutritional 
composition, including total protein content and 
the composition of amino acids of quinoa seeds 
in various agro-climatic zones.

SDS-PAGE analysis and protein 
banding patterns

Sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis technique (SDS-PAGE) was 
used to identify the molecular variations in the 
seed storage protein among the studied quinoa 
varieties. As shown in Figure 4 and Table 4 a,b, 
the studied quinoa varieties indicated 23.81% 
of the polymorphism in the protein bands, with 
the mean band frequency of 0.881. In the range 
between 115.02 kDa to 16 kDa, the total num-
ber of bands was 21, which included five poly-
morphic bands, two of which were unique. The 
Wild Egyptian variety had a unique band at the 
molecular weight of 40.07 kDa, while the Amer-
ican variety had a unique one at the molecular 
weight of 32.14 kDa. These unique bands can be 
considered positive markers. The other polymor-
phic bands were found at the molecular weights 
of 37.97 kDa, 34.09 kDa, and 31.21 kDa. The 

polymorphic bands at 34.09 kDa and 31.21 kDa 
can be defined as negative markers for Ameri-
can and Black quinoa varieties, respectively. The 
11s and 2s albumin subunits were previously 
described as the main constituents for the seed 
storage proteins of quinoa species (Brinegar 
and Goundan 1993). A range of four molecular 
weights, 23, 31, 35, and 52, characterized the 
quinoa species (Thanapornpoonpong et al. 2008).

In addition to the polymorphism of the pro-
tein bands, another variation type was found in 
the intensities of the matched bands. Hence, the 
wild Egyptian variety showed the highest den-
sities in bands volumes, which was represented 
through the increase in the area under the curve 

Figure 3. Non–essential amino acids composition profile (g-aa/1kg protein)

Figure 4. The SDS-PAGE protein electrophoresis 
gel for the studied quinoa varieties: Wild-

Egyptian, American, Rainbow, Black
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of each band, data are represented in Figure 5 in 
comparison to the marker lane. These data in-
dicate the elevated gene expression of the wild 
Egyptian variety above the other studied varieties 
(Balzotti et al. 2008; Berti et al. 2004)

The relationship among the 
studied Quinoa Varieties

 During the current study, a clustering analy-
sis was conducted on the protein banding patterns 
for the seed storage proteins of the studied quinoa 
varieties, which resulted from the SDS-PAGE 
technique. A relationship among the studied qui-
noa varieties using the method of UPGMA, an 
Unweighted pair group with the arithmetic mean, 

Table 4.a. SDS-PAGE protein gel scoring sheet and the frequency of each band
RF MW kDa Wild Egyptian American Rainbow Black Frequency Polymorphism

0.130 115.022 + + + + 1.00 Monomorphic
0.155 108.183 + + + + 1.00 Monomorphic
0.176 102.754 + + + 1.00 Monomorphic
0.203 96.172 + + + + 1.00 Monomorphic
0.251 85.495 + + + + 1.00 Monomorphic
0.297 76.376 + + + + 1.00 Monomorphic
0.316 72.900 + + + + 1.00 Monomorphic
0.382 62.009 + + + + 1.00 Monomorphic
0.442 53.526 + + + + 1.00 Monomorphic
0.560 40.079 + - - - 0.25 Unique
0.582 37.974 - + + - 0.50 Polymorphic
0.601 36.246 + + + + 1.00 Monomorphic
0.626 34.091 + + + - 0.75 Polymorphic
0.650 32.143 - + - - 0.25 Unique
0.662 31.211 + - + + 0.75 Polymorphic
0.768 24.068 + + + + 1.00 Monomorphic
0.812 21.607 + + + + 1.00 Monomorphic
0.829 20.725 + + + + 1.00 Monomorphic
0.848 19.781 + + + + 1.00 Monomorphic
0.882 18.199 + + + + 1.00 Monomorphic
0.932 16.100 + + + + 1.00 Monomorphic

Table 4.b. SDS-PAGE protein gel data analysis and the mean of band frequencies
Lanes Polymorphism Gel Polymorphism

Bands
Wild

Egyptian American Rainbow Black Monomorphic bands 16

Monomorphic bands 16 16 16 16 Polymorphic (without unique) 3

Polymorphic bands (without unique) 2 2 3 1 Unique bands 2

Unique bands 1 1 0 0 Polymorphic (with unique) 5

Polymorphic bands (with unique) 3 3 3 1 Total number of bands 21

Total number of bands 19 19 19 17 Polymorphism (%) 23.81%

Mean of band frequency 0.881

and employing the Jaccard’s Coefficient was elu-
cidated in Figure 6 and Table 5. The Wild Egyp-
tian and the Rainbow quinoa varieties fell in one 
clade and were most related to each other by 90%. 
Then, the black quinoa variety was more related 
to them, rather than the American quinoa variety. 
The similarities between the Black and American 
quinoa to the Wild Egyptian quinoa were 89.5% 
and 81%, respectively. At the same time, the simi-
larities between the Rainbow quinoa to both the 
black and the American quinoa were 89.5% and 
90%, respectively. Meanwhile, the similarity be-
tween the American and the Black quinoa was 
80%. Balzotti et al. (2008) performed a relation-
ship analysis between quinoa and 49 other spe-
cies and found that amaranth is the most related 
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to quinoa. Recently, Galindo-Luján et al. (2021) 
employed the capillary electrophoresis technique 
to classify the colored quinoa varieties, black, 
red, white, and royal white. Their classification 
resulted in the separation of the red quinoa from 
the three other quinoa varieties. However, they 
grouped both the white and royal white quinoa 
into one class from the remnant black quinoa, 
which was slightly different from them.

CONCLUSIONS

In various agro-climatic zones, both envi-
ronmental and climatic factors affect the nutri-
tional composition of quinoa crops, including 
total protein content and its composition of the 
amino. In the protein composition, a comparison 
among the studied quinoa cultivars from dif-
ferent geographical cultivation areas was done. 

Figure 5. Lanes profiles for each of the studied quinoa varieties

Figure 6. Dendrogram for the relationship among the studied quinoa varieties

Table 5. The similarity matrix among the studied quinoa varieties using UPGMA and Jaccard’s Coefficient.
Variety name Origin Seed color

Wild Egyptian Egypt Pale yellow

American USA Yellow

Rainbow Argentina Red

Black USA Black



32

Journal of Ecological Engineering 2022, 23(1), 24–33

Wild Egyptian quinoa seeds proved to contain an 
adequate percentage of the valuable protein con-
tent. The Wild Egyptian and the Rainbow quinoa 
varieties fell in one clade and were most related 
to each other. Further in-depth agronomic, nutri-
tional, and molecular studies are necessary for 
the Wild Egyptian as a promising quinoa grain 
variety that can be cultivated widely in the arid 
lands for combating the food insecurity problem.
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