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ABSTRACT
In agroindustry, quinoa is considered a functional food due to its health benefits. However, it is necessary to 
identify genotypes that have better physicochemical characteristics and high antioxidant capacity for selec-
tion in breeding programs. This study aimed to evaluate the physicochemical composition and antioxidant 
capacity of quinoa genotypes originating from Brazil, Colombia, and Ecuador grown in the Brazilian Savan-
na (Cerrado) environment. The sowing was carried out at Fazenda Água Limpa, Faculdade de Agronomia 
e Medicina Veterinária, Universidade de Brasília, located at 15º56’ S and 47º55’ W, at an altitude of 1,100 
m. The physicochemical analysis was performed in 2021 at the Centro de Pesquisa em Alimentação of the 
Universidade Passo Fundo, Rio Grande do Sul, and the antioxidant capacity analysis was carried out at the 
Universidad de Santiago de Chile. The moisture, ash, protein, carbohydrates (CHO), crude fiber, lipid, and 
antioxidant capacity were determined. The original data was submitted to analysis of variance, by the F test 
(P≤0.05), and the means compared by the Tukey test. Linear correlations (Fischer) (P≤0.01) and (P≤0.05) 
and hierarchical clustering analysis by the Ward method were performed. The genotypes showed variability 
in physicochemical characteristics and antioxidant activity. CHO was the major compound present in the 
seeds, exhibiting an average of 50.16%, the protein average was 15.27%, with the P88 genotype standing out 
with 16.28%. The lipids, fiber, and ash average content were 3.24, 14.13, 6.0%, respectively. CHO showed 
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In recent years, interest in pseudocereals has in-
creased for the development of functional food prod-
ucts and their health benefits. Among these plants 
are amaranth, buckwheat, and quinoa (Romano and 
Ferranti, 2023). Quinoa (Chenopodium quinoa Willd.) 
belongs to the Amaranthaceae family and is consid-
ered a crop originating from South America that has 
been cultivated for approximately 3,000-4,000 years 
(Ahmed et al., 2018).

In the agro-industry, quinoa is considered a super 
grain and functional food ingredient because it pro-
vides technological and health benefits (Sharma et al., 
2022). This grain has carbohydrates with a low glyce-
mic index, high biological value proteins containing 

all 20 amino acids, including the 10 essential ones. It 
also contains vitamins such as thiamine, riboflavin, 
niacin, and vitamin E, and antioxidant compounds 
such as saponins and polyphenols (Liu et al., 2022). 
The quality and vigor of quinoa seeds vary according 
to temperature, humidity, and storage time (Anchico 
et al., 2021). 

When ripe, it provides a protein content ranging from 
9 to 20% (Stikic et al., 2012; Nowak et al., 2016; Fisch-
er et al., 2017). The seed’s proteins include globulins 
such as quenopodin and albumin, accounting for ap-
proximately 37 and 35% of the total seed protein, 
respectively. In addition, quinoa seed has a low con-
centration of prolamins (0.5-7.0% of total protein), 

a positive correlation with the lipid parameter (r=0.858) and a significant negative correlation with protein (r=-
0.785). The Aurora cultivar expressed the highest antioxidant activity (1.96±0.01 mg Trolox/g).

Additional key words: protein; carbohydrates; ash; lipids; Chenopodium quinoa Willd.

RESUMEN
En la agroindustria, la quinua es considerada un alimento funcional para por sus beneficios para  la salud. Sin em-
bargo, es necesario identificar genotipos que proporcionen mejores características fisicoquímicas y alta capacidad 
antioxidante para la selección en los programas de mejoramiento genético. Este trabajo tuvo como objetivo evaluar 
la composición fisicoquímica y la capacidad antioxidante de genotipos de quinua originarios de Brasil, Colombia y 
Ecuador cultivados en condiciones de la Sabana Brasileña (Cerrado). La siembra se llevó a cabo en la Hacienda Agua 
Limpa de la Facultad de Agronomía y Medicina Veterinaria de la Universidad de Brasilia, ubicada a 15º56’ S y 47º55’ 
O, a una altitud de 1.100 m. El análisis fisicoquímico se realizó en año 2021 en el Centro de Investigación de Ali-
mentos de la Universidad de Passo Fondo, Río Grande do Sul, y el análisis de capacidad antioxidante se realizó en la 
Universidad de Santiago de Chile. Se determinó el contenido de humedad, cenizas, proteínas, carbohidratos (CHO), 
fibra bruta, lípidos y capacidad antioxidante. Los datos originales fueron sometidos a análisis de varianza, mediante 
la prueba F (P≤0,05), y la comparación de medias por la prueba de Tukey. Se realizarón análisis de correlación lineal 
(Fischer) (P≤0,01) y (P≤0,05), y análisis de agrupación jerárquico por el método Ward. Los genotipos presentaron 
variabilidad en las características fisicoquímicas y actividad antioxidante. Los CHO fueron los compuestos mayo-
ritarios presentes en las semillas, mostrando un promedio de 50,16%, el promedio de proteína fue del 15,27%, con 
mayores resultados para el genotipo P88 (16,28%). El contenido promedio de lípidos, fibra y cenizas fueron 3,24; 
14,13 y 6,0%, respectivamente. Los CHO mostraron una correlación positiva con el parámetro lipídico (r=0,858) 
y una correlación negativa significativa con la proteína (r=-0,785). El cultivar Aurora expresó una mayor actividad 
antioxidante (1,96±0,01 mg Trolox/g).

Palabras clave adicionales: proteína; carbohidratos; cenizas; lípidos; Chenopodium quinoa Willd.
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making it a suitable ingredient for patients with celi-
ac disease (Dakhili et al., 2019). Moreover, it contains 
high amounts of glutamic acid and aspartic acid with 
lower levels of proline and arginine than other cereals 
(Bhargava et al., 2006; Elsohaimy et al., 2015; Dakhili 
et al., 2019). 

This species can also exhibit high variations in the 
content of other nutritional components such as fi-
ber and lipids. Studies have shown variations in the 
range of 4.0 to 7.6% for lipids and 8.8 to 14.1% for 
fiber. On the other hand, minerals such as calcium, 
zinc, magnesium, and potassium are found in qui-
noa in bioavailable forms, making it suitable for a 
balanced diet (Vilcacundo and Hernández-Ledesma, 
2017).

The usefulness and functionality of any grain as hu-
man food depend on the quantity and quality of these 
chemical constituents, which can change according 
to variety, irrigation, and processing. Quinoa has dif-
ferent forms of use and applications. Due to the high 
protein contents in the straw (10.6 to 19.9%), it is 
considered a dual-purpose species for grain produc-
tion and animal feed, generating several economic 
benefits for the producer (Asher et al., 2020). On 
the other hand, in the human diet, there are studies 
that demonstrate that this species can be used as a 
vegetable because its leaves can be consumed during 
the early stages of development, which, according to 
the genotypes, may present variations in the content 
of carbohydrates, lipids, proteins, dietary fibers, vi-
tamins, and minerals (Stoleru et al., 2022). Its nutri-
tional composition has generated interest, leading to 
its propagation in various regions of the world, due 
to the culture’s ability to face many limitations such 
as water deficit, salinity, frost, or poor soils (Hafeez 
et al., 2022).

Given the nutritional and functional importance of 
this grain, this research aimed to evaluate the physi-
cochemical composition and antioxidant capacity of 
11 quinoa genotypes originating from Brazil, Colom-
bia, and Ecuador, grown under Brazilian cerrado con-
ditions. To determine the effect of these genotypes 
on the physicochemical composition of the grains to 
establish future genetic improvement programs.

MATERIALS AND METHODS

Growing location. The experiment was conducted 
at Fazenda Água Limpa, Faculdade de Agronomia e 

Medicina Veterinária (FAV), Universidade de Brasília, 
located at 15º56’ S and 47º55’ W, with an altitude of 
1,100 m. The area has an AW climate type, accord-
ing to the Köppen classification, characterized by a 
rainy summer season from October to April and a 
dry winter season from May to September (Kottek 
et al., 2006). Each plot had 30 plants/m and the use-
ful area was 1 m2. The soil was prepared 30 d before 
sowing with the application of organic fertilizer and 
limestone. Planting and cover fertilizations were car-
ried out according to soil analysis and following the 
recommendations of Spehar (2007), which were 60 
kg ha-1 of N, 60 kg ha-1 of P, and 60 kg ha-1 of K.

Evaluated progenies. The study evaluated 11 qui-
noa genotypes obtained from Brazil, Colombia, and 
Ecuador. The seeds were prepared by manual thresh-
ing and cleaning with a fan to remove impurities. 
The seeds were then stored in paper bags at -4°C until 
the evaluation of the following genotypes.

BRS Syetetuba: A cultivar developed in Brazil. It has 
a cycle of around 120 d, an average plant height of 
180 cm, cylindrical and flattened grains with a white 
pericarp surrounded by the perigone, which opens 
during maturation. The seeds have high quality with 
tolerance to high-stress environments (Alencar et al., 
2021), an average weight of 2.5 and 3.3 g (weight of 
1,000 grains) in summer and winter crops, respective-
ly, containing up to 18% of protein, grain yield of 2.3 
t ha-1, and dry matter of 7.5 t ha-1. It has no pigmen-
tation (Spehar et al., 2011). The genotypes used from 
this cultivar were BX1, BX2, BX3, BX4, BX5, BX6, 
BX8, and BX10.

Aurora: A variety selected by the Faculty of Agricul-
tural Sciences of the Universidad de Nariño - Colom-
bia, adapted to altitudes between 2,300 and 3,000 m. 
The Aurora variety is classified as early, with a cycle 
of approximately 85 to 140 d. It has a short stature 
with a size of 90 to 130 cm and a production of 1.8 to 
2.4 t ha-1. The grains are uncovered at maturity and 
have less shelling tolerance. The seeds are small and 
white, with a diameter of less than 2 mm (Sañudo et 
al., 2005). The Aurora variety has pigmentation. The 
genotype used in this experiment selected from this 
variety was A88.

Piartal: A variety originating from the province of 
Carchi, northern Ecuador. The plant has a purple 
color, can reach up to 240 cm in height, and is sus-
ceptible to mildew. The grain is opaque white, with 
a diameter of approximately 2 mm. It has an average 
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yield of 2.3 t ha-1 (Alvarez et al., 1990). The Piartal 
variety has pigmentation. The genotype used in this 
experiment selected from this variety was P88.

Tunkahuan: Originating from Ecuador, it presents 
high adaptability in altitudes situated between 2,400 
and 3,200 m. Under Andean conditions, it reaches a 
plant height of 144 cm, with a cycle of 150 to 210 
d, purple plant and orange-yellow clustered panicle, 
white grain, grain size from 1.7 to 2.1 mm, low sa-
ponin content of 0.06%, and 15.73% protein with 
an average yield of 2.2 t ha-1 (Nieto et al., 1992). The 
genotype used in this experiment was T88.

Physicochemical analysis

The physicochemical analysis was performed at the 
Centro de Pesquisa em Alimentação of the Universi-
dade Passo Fundo (UFP), Rio Grande do Sul (RS), and 
the analysis of antioxidant capacity at the Packaging 
Laboratory (LABÉN) of the Technological Faculty of 
the Universidad de Santiago de Chile.

Moisture content determination: It was determined 
by the gravimetric method (931.04, AOAC, 1995). 
First, 10 g of the sample were placed in a previously 
dried metal capsule (m0) and weighed on an analyti-
cal precision balance. The capsules with the samples 
were weighed again (m1). Subsequently, they were 
taken to a drying oven at a controlled temperature of 
105±0.2°C for approximately 24 h until they reached 
constant weight. At the end of this period, the cap-
sule was removed and immediately covered with the 
lid to be taken to the desiccator to cool the sample. 
Finally, the capsule with the lid and the dried sample 
(m2) were weighed again. The moisture content (U) 
of the sample was determined according to the fol-
lowing formula and was expressed as a percentage of 
moisture (Eq. 1):

% U=
(m1 – m2) × 100

(1)
m1 – m0

Ash determination: The ash content was determined 
according to the AOAC 920 by the gravimetric meth-
od (920.153, AOAC, 1995). First, a previously dried 
crucible was weighed (M0). Then, a quantity of 3 to 5 
g of a well-homogenized sample (M1) was weighed on 
a precision scale. The sample was calcined in a muffle 
at approximately 550°C until the ashes were slightly 
gray or of constant weight. Continuously, the crucible 

was cooled in a desiccator. Finally, the capsule was 
weighed (M2). The ash content (AC) of the sample 
was determined according to the following formula 
and was expressed as a percentage (Eq. 2):

% AC=
M2 – M0 × 100 (2)
M1 – M0

Protein determination: It was performed using the 
Kjeldahl method, according to AOAC 981.10 (AOAC, 
1995). Approximately 2 g of the homogenized sample 
were weighed and quantitatively transferred to the 
digestion tube. Then, concentrated sulfuric acid and 
hydrogen peroxide were added. The digestion tube 
was continuously placed in a temperature ramp block 
up to 420°C, until the resulting solution became clear. 
The digestion tube was cooled to 50-60°C and the 
digestion and titration process was performed. The 
result was expressed as % protein. The conversion to 
crude protein was made using the factor 6.25 (Muji-
ca-Sánchez et al., 2001).

Determination of crude fiber: It was performed by 
digesting the material in a 1.25% w/v H2SO4 solution 
for 30 min, followed by a 1.25% w/v NaOH solution 
for another 30 min (AOAC, 1995). The result was ex-
pressed as a percentage.

Lipid determination: It was obtained using the solvent 
extraction method (n-hexane), hot, in a Soxhlet ex-
tractor. Firstly, a flask was previously dried at 103 °C, 
cooled and weighed (P0). Then, 5 g of sample (P1) were 
weighed and immediately subjected to liquid-solid 
extraction. Hexane was used as a solvent in a Soxhlet 
extractor for 5 h at 60°C. After the oil extraction was 
completed, the organic solvent was evaporated in a 
rotary evaporator for 30 min at 100 °C. The flask was 
cooled in a desiccator and continuously weighed (P2). 
The ether extract was determined by the following 
formula (Eq. 3):

%L=
P2 – P0 × 100 (3)

P1

Carbohydrate (CHO) determination: Carbohydrates 
were calculated by difference according to the follow-
ing formula (Eq. 4) and the result was expressed as a 
percentage:

%CHO = 
100 – (% moisture + % ash + 
% protein + % Fiber+% lipids) (4)
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Evaluation of antioxidant activity

Initially, the extraction of bioactive compounds in 
quinoa grains was carried out by hydroalcoholic ex-
traction (ethanol/water, 1:1) at 40°C for 3 h. The re-
sulting extract was then filtered through paper and 
used for antioxidant activity analysis using the ABTS 
[2,2´-azinobis (3-ethylbenzothiazoline-6-sulfonic 
acid)] radical reduction method, prepared by reacting 
an aqueous solution of ABTS (7 mmol L-1) with po-
tassium persulfate (140 mmol L-1). The solution was 
kept protected from light at room temperature for 16 
h and then diluted in ethanol until an absorbance of 
0.70 nm was obtained at a wavelength of 734 nm. 
Aliquots of the extracts were added to the ABTS+ 
solution, and the absorbance was measured at 734 
nm after approximately 6 min using a spectropho-
tometer. The antioxidant capacity of the sample was 
calculated relative to the activity of the antioxidant 
Trolox, under the same conditions, and the results 
were expressed in equivalence (mg ET/g) (Kuskoski 
et al., 2004).

Statistical analysis

All analyses were performed in triplicate, and the 
data were presented as means. Analysis of variance 
(ANOVA) was performed using the F-test, and the 

means of the genotypes were compared using the 
Tukey test (P≤0.05). Additionally, correlation analy-
sis (Fischer-test, P≤0.01and P≤0.05) was performed 
using the statistical program SPSS, and a dendro-
gram was constructed using hierarchical clustering 
analysis by the Ward method, with the formation 
of groups based on moisture (%), carbohydrates (%), 
protein (%), lipids (%), fiber (%), and ash (%) for the 
11 quinoa progenies.

RESULTS AND DISCUSSION

The analysis of variance revealed significant dif-
ferences among the genotypes for all the evaluated 
physicochemical parameters, as indicated by the F 
test (P≤0.01 and P≤0.05) (Tab. 1). Higher F values 
(>2) were obtained, demonstrating a high degree 
of experimental precision in this research, in accor-
dance with Resende and Duarte (2007). The grains 
moisture content had an average of 11.21%, which is 
lower than the recommended value of 12% for seed 
storage processes that promote seed vigor and ger-
mination (Souza et al., 2016). Additionally, the low 
moisture level in the seeds can increase their shelf life 
by inhibiting the growth of microorganisms. On the 
other hand, seed moisture plays a crucial role in all 
biological and metabolic activities, which can influ-
ence the longevity or deterioration of seeds during 

Table 1. 	 Composition of quinoa grains (%) from 11 genotypes, sowed under Brazilian Savanna (Cerrado) conditions.

Genotypes Moisture Carbohydrate Protein Lipid Fiber Ash

P88 11.66 a 45.30 d 16.28 a 2.09 c 18.27 a 6.37 ab

T88 11.39 b 46.35 cd 15.59 ab 2.78 b 17.26 a 6.61 a

BX6 11.31 bc 51.68 ab 15.27 bc 3.45 ab 12.86 b 5.40 c

BX8 11.19 cd 50.65 ab 15.10 bcd 3.38 ab 13.74 b 5.92 bc

BX10 11.18 cd 51.13 ab 14.92 bcd 3.40 ab 13.51 b 5.84 bc

A88 11.17 cd 52.66 a 14.32 d 3.35 ab 13.11 b 5.37 c

BX1 11.16 cd 52.55 a 14.65 cd 3.45 ab 12.26 b 5.90 bc

BX2 11.12 d 51.09 ab 14.61 cd 3.30 ab 13.80 b 6.05 ab

BX4 11.07 de 51.06 ab 15.68 ab 3.53 a 12.76 b 5.87 bc

BX3 11.05 de 48.93 bc 15.80 ab 3.41 ab 14.38 b 6.41 ab

BX5 10.92 e 50.28 ab 15.67 ab 3.47 ab 13.45 b 6.19 ab

Average 11.21 50.16 15.27 3.24 14.13 6.0

F 27.75* 11.14* 9.88* 8.49* 13.63* 10.12*

CV (%) 1.76 4.75 3.93 13.24 13.45 6.5

Means followed by the same letters, in each column, do not differ from each other according to Tukey’s test (P≤0.05).
*significant in the F test (P≤0.01).
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storage (Bakhtavar and Afzal, 2020). The Tukey test 
also revealed significant differences among the geno-
types. Specifically, the F values ranged from 8.49 for 
lipids to 27.75 for moisture.

Carbohydrates (CHO) are the main constituents of 
cereals and grains, but they have also been increas-
ingly used in the development of new products in the 
food and pharmaceutical industries, such as coatings, 
cosmetics, and sanitary uses, among others (Contre-
ras-Jiménez et al., 2019; Zhang et al., 2021). In this 
study, carbohydrates were the major compounds in 
the seeds, with an average of 50.16% (Tab. 1). These 
results are lower than the carbohydrate levels (59.62-
69.36%) found by Velásquez-Barreto et al. (2021) in 
different Andean quinoa grains. Depending on the 
different genotypes and types of grain, carbohydrate 
levels can vary widely, as demonstrated in studies 
on the physicochemical characterization of quinoa. 
Stikic et al. (2012) reported values of 49.55%, while 
Pereira et al. (2019) found levels of 75-77% in different 
varieties of quinoa from Spain and Peru. In this study, 
carbohydrate values fluctuated in the range of 45.30-
52.66% (Tab. 1), which are lower than other grains 
such as wheat, rice, and corn (71.1, 81.7, and 74.3%, 
respectively). The genotypes did not differ statistical-
ly in terms of their carbohydrate content, except for 
the P88 genotype from Ecuador, which had a lower 
carbohydrate content in its physicochemical compo-
sition. A lower carbohydrate content in the grains 
may be a consequence of the fiber content, but a 
higher fiber content tends to decrease the content of 
carbohydrates and other compounds, such as lipids.

The protein of the evaluated genotypes showed 
significant differences according to the Tukey test 
(P≤0.05) with an average of 15.27% (Tab. 1). Ve-
lásquez-Barreto et al. (2021) found lower protein 
content values ranging from 9.66 to 12.19% in white, 
red, and black quinoa varieties. However, the protein 
content can vary depending on various factors such 
as grain type (white, red, or black), variety, origin, ex-
posure to saline conditions, among others (Stikic et 
al., 2012; Mohamed et al., 2019; Pereira et al., 2019). 
Fischer et al. (2017) reported that water availability 
and washing processes in seeds can affect protein 
contents, which are stored in the endosperm and em-
bryonic tissues. Therefore, all mechanical practices in 
seed processing should be carried out with great care 
to avoid damage that can result in the loss of phe-
nols, proteins, and vitamins (Ninfali et al., 2020). Ad-
ditionally, protein content may decrease with time 
and temperature during storage (Kibar et al., 2021). 

Protein percentages ranged from 14.32 to 16.28% 
(Tab. 1). In this sense, genotype P88 had the highest 
protein content, while genotype A88 had the lowest 
protein content (14.32%) compared to the others. 
Spehar (2007) and Rocha (2011), reported higher pro-
tein content data for the same conditions as those of 
the present study. The nutritional quality of a food 
is determined by the content and quality of its pro-
tein, which is directly related to its amino acid con-
tent, digestibility, and other factors. In this study, the 
different genotypes evaluated showed an average of 
15.27% protein, which exceeds the values reported 
in barley (11%), rice (7.5%), and corn (13.4%) and is 
comparable to the protein content in wheat (15.4%) 
(Satheesh et al., 2018). Valencia-Chamorro (2016) ar-
gues that the embryo of the quinoa seed constitutes 
a significant proportion of the total weight, which 
may explain the presence of higher levels of protein 
compared to other cereals. Therefore, quinoa pro-
duced under specific conditions in the Brazilian Sa-
vannah is an ideal option to complement the diet in 
tropical regions and add high nutritional value.

This study found an average lipid content of 3.24% 
in quinoa grains, which is similar to the findings of 
Rodríguez et al. (2021) who reported values of ap-
proximately 3.9% for the European variety (Pot_4). 
However, other studies have reported higher lipid 
contents of up to 6.8%, depending on the genotype 
and grain type (Stikic et al., 2012; Pereira et al., 2019; 
Velásquez-Barreto et al., 2021). In this study, it was 
observed that the P88 genotype differed statistically 
from the other results, exhibiting the lowest lipid 
content (2.09%). The other genotypes did not differ 
statistically from each other but had higher lipid con-
tent than P88.

Regarding fiber content, variation was observed 
between 12.86 to 18.27%, with an average value 
of 14.13% (Tab. 1). Several studies on quinoa have 
shown lower results than those found in this study 
(Stikic et al., 2012; Velásquez-Barreto et al., 2021). 
Rodríguez et al. (2021) reported similar fiber content, 
ranging from 12.55 to 22.71%. It was observed that 
genotypes originating from Ecuador had the high-
est fiber content, with values of 18.27 and 17.26% 
in genotypes P88 and T88, respectively. The other 
genotypes had lower values, without significant dif-
ferences between them.

Significant differences were found for ash content, 
with an average value of 6.0%. Similar results were 
found in other studies related to ash content in 
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quinoa (Pereira et al., 2019; Rodríguez et al., 2021; 
Velásquez-Barreto et al., 2021). The ash percent-
ages found in this study exceed the reported values 
for wheat, corn, and rice (1.1, 0.7, and 0.2%, respec-
tively) (USDA, 2015). However, ash content can 
vary depending on the genotype, fertilization, stor-
age, minerals, and soil type (Nasir et al., 2015). This 
study showed that quinoa offers desirable nutritional 
characteristics for food, with higher protein, total fat, 
fiber, and ash content than conventional cereals such 
as wheat, corn, and rice (Nisar et al., 2017). Due to 
its physicochemical composition, quinoa has vari-
ous technological applications for developing food 
products.

To establish and observe the relationships between the 
studied variables, linear correlation analyses (P≤0.01) 
and (P≤0.05) were performed among the following 
parameters: moisture (%), protein (%), carbohydrates 
(CHO%), lipids (%), fiber (%), and ash (%) (Tab. 2). 
It was observed that the moisture parameter had a 
negative correlation with CHO (r=-0.643) and lipids 
(r=-0.873). Thus, high moisture values were associ-
ated with low carbohydrate and lipid values. How-
ever, this parameter presented a decreasing positive 
correlation with fiber (r=0.756), protein (r=0.334), 
and ash (r=0.189). In this sense, the percentage of 
moisture can influence the nutritional contents of 
quinoa, exhibiting a significant correlation with fiber 
and protein (Kibar et al., 2021).

The carbohydrate (CHO) content showed a positive 
correlation with lipids (r=0.858) and a significant 
negative correlation with the protein (r=-0.785), 
ash (r=-0.814), and fiber content (r=-0.965). These 
results confirm the relationship between carbohy-
drates and lipids. Studies have shown an inverse re-
lationship between the carbohydrate content and the 

protein, fiber, and ash content (Rocha, 2011; Bonifa-
cio et al., 2015). Therefore, selecting genotypes with 
lower carbohydrate content may result in higher pro-
tein content.

In terms of protein, a positive correlation was ob-
served with fiber content (r=0.621), and a negative 
correlation was found with lipid content (r=-0.525). 
In contrast, lipid content showed a strong negative 
correlation with ash content (r=-0.521) and fiber 
(r=-0.937). These findings enable the selection of 
genotypes with lower lipid content, resulting in a 
higher fiber content, which is a desirable characteris-
tic in the food industry for developing products using 
extrusion processes (Repo-Carrasco-Valencia et al., 
2011).

The hierarchical analysis provided a comprehensive 
grouping of genotypes based on their similarities 
in measured characteristics (Fig. 1). The grouping 
was determined by the Euclidean distance between 
the detected differences (Freddi et al., 2008), result-
ing in four distinct clusters with cluster III and IV 
consisting of genotypes from Ecuador (T88 and P88, 
respectively) (Fig. 1). These two groups exhibited 
similarities not only in physicochemical composition 
but also in other agronomic variables such as plant 
height, grain yield, panicle size, inflorescence color, 
and thermal accumulation of phenological cycles 
(Anchico et al., 2020; Anchico-Jojoa et al., 2021).

Cluster II was formed by 7 genotypes, with 6 select-
ed from the BRS Syetetuba cultivar (BX2, BX3, BX4, 
BX5, BX8, BX10) and one genotype selected from the 
Colombian Aurora cultivar (A88). Genotypes from 
Brazil were predominantly associated with Cluster 
III, indicating a significant association between ori-
gin and composition due to similar physicochemical 

Table 2. 	 Pearson correlation coefficients between moisture, carbohydrates (CHO), protein, lipids, fiber, and ashes of quinoa 
genotypes.

Characteristic Moisture CHO Protein Lipid Fiber Ash

Moisture 1 -0.643* 0.334 -0.873** 0.756** 0.189

CHO 1 -0.785** 0.858** -0.965** -0.814**

Protein 1 -0.525 0.621* 0.638*

Lipids 1 -0.937** -0.521

Fiber 1 0.712*

Ash 1

*Significant at 5% probability.
**Significant at 1% probability.
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composition. The A88 genotype from Colombia was 
also associated with Cluster III, which may suggest 
that it has tolerance to high-stress environments 
characteristic of the Brazilian Cerrado, as it exhibited 
a physicochemical composition similar to most of the 
BRS Syetetuba genotypes.

Cluster I was composed of two genotypes selected 
from BRS Syetetuba (BX1 and BX6), which shared 
similarities in characteristics such as CHO, fiber, and 
lipids (Fig. 1). Overall, the grouping allowed for the 
identification of genotypes with similar physico-
chemical compositions, which could aid in the selec-
tion of genotypes for specific purposes, such as the 
development of products with extrusion processes in 
the food industry.

Antioxidants are substances that can effectively 
delay or inhibit substrate oxidation at low concen-
trations. When added to food, they can minimize 
rancidity, delay the formation of toxic oxidation 
products, maintain nutritional quality, and increase 
shelf life (Sies and Stahl, 1995; Miranda et al., 2010). 
The antioxidant activity is related to the presence of 
bioactive compounds such as phenols, saponins, an-
thocyanins, and vitamins in different food matrices 
(Song et al., 2016).

According to the results observed (Tab. 3), it can be 
concluded that the Aurora cultivar sample, originating 
from Colombia, showed the highest antioxidant ac-
tivity (1.96±0.01 mg Trolox/g) compared to the other 
genotypes. BRS Syetetuba followed closely, with an 
antioxidant activity of 1.93±0.01 mg Trolox/g, while 
Tunkahuan, originating from Ecuador, showed the 
lowest antioxidant activity (1.30±0.02 mg Trolox/g). 

In the development of functional foods, the Aurora 
cultivar is recommended to enhance the antioxidant 
activity of the food, which may be due to the pres-
ence of pigmentation and a greater contribution of 
anthocyanins, which are attributed to the antioxi-
dant activity.

Table 3. 	 Antioxidant activity of Aurora, BRS Syetetuba, 
Piartal, and Tunkahuan quinoa grains.

Cultivars ABTS (mg Trolox/g)

Aurora 1.96±0.01 a

BRS Syetetuba 1.93±0.01 b

Piartal 1.42±0.01 c

Tunkahuan 1.30±0.02 d

Average 1.65

CV (%) 0.5

F 6997.50*

Means followed by the same letters in each column do not differ significantly 
according to Tukey’s test (P≤0.05).

n±standard deviation. * Significant at 5% probability.

Quinoa is known to possess antioxidant activity, al-
though this activity varies depending on the cultivar 
and its origin. For instance, Escribano et al. (2017) 
reported concentrations of antioxidant activity us-
ing the ABTS method of 0.318 mmol Trolox/kg of 
extract in 29 quinoa genotypes originating from Peru. 
Meanwhile, studies conducted on different quinoa 
varieties from Brazil and Bolivia showed variations in 
antioxidant activity using the ABTS method (69.47-
131.84 and 56.88 - 171.11 µmol Trolox/g, respective-
ly), which may be attributed to the genotype origin 
(Polari, 2017). 
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Figure 1.	 Dendrogram resulting from hierarchical clustering analysis using Ward’s method with the formation of groups based 
on data on moisture (%), carbohydrates (%), protein (%), lipids (%), fiber (%) and ash (%) for 11 quinoa genotypes.
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This study provides evidence of the nutritional 
characteristics in a group of quinoa varieties grown 
in a common environment. This suggests that any 
differences observed among the varieties are due to 
distinctive genetic factors rather than environmen-
tal influences or genotype-environment interactions. 
Therefore, the findings of the relationships between 
the nutritional traits could serve as a useful indica-
tor for the development of future improvement pro-
grams aimed at enhancing the nutritional attributes 
of this species.

CONCLUSION

The carbohydrate content varied between 45.30 and 
52.66%, while the protein content varied between 
14.32 and 16.28%. The lipid content in quinoa grains 
was on average 3.24%, with variations among geno-
types. The fiber content ranged from 12.26 to 18.27%.

Protein showed a positive correlation with fiber and 
negative correlation with lipid and carbohydrates, 
while lipid showed a strong negative correlation with 
ash and fiber content. These results allow for the se-
lection of genotypes with specific nutrient contents 
to meet the needs of the food industry.

Genotype A88, originating from Colombia, was as-
sociated with group II in the hierarchical analysis due 
to having similar physicochemical characteristics to 
genotypes from the Brazilian region, indicating a pos-
sible tolerance to high-stress environments character-
istic of the Brazilian cerrado.

The Aurora cultivar, originating from Colombia, 
showed the highest antioxidant activity, followed by 
BRS Syetetuba, while the Tunkahuan cultivar, origi-
nating from Ecuador, showed the lowest antioxidant 
activity. Additionally, the presence of pigmentation, 
mainly anthocyanins, may contribute to the antioxi-
dant activity of functional foods.
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