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Abstract
Quinoa is a nutrient-dense pseudocereal that has garnered global attention for its 
potential to bolster food security and nutrition. Despite its celebrated status, the 
detailed nutritional profiles of various quinoa varieties remain poorly understood, 
which poses a significant barrier to the strategic cultivation and utilization of qui-
noa's genetic diversity to combat malnutrition. The impetus for this research lies 
in the urgent need to identify superior quinoa strains that can be tailored to meet 
specific nutritional requirements and adapt to diverse agro-ecological zones. Our 
findings reveal substantial variation in nutrient content across different quinoa va-
rieties, highlighting the variety ZLZX-8 as a particularly nutrient-rich strain with 
the highest levels of protein, fat, essential fatty acids, amino acids, and key miner-
als such as Mg, K, and Zn. Moreover, ZLZX-8's exceptional antioxidant capacity 
suggests it may have additional health benefits beyond its macronutrient profile. 
In contrast, ZLZX-7 stands out for its dietary fiber and phenolic content, which 
are critical for digestive health and disease prevention, respectively. Meanwhile, 
ZLZX-5, with its high starch content, could be better suited for energy produc-
tion in dietary applications. Notably, the study also uncovers a correlation between 
grain color and nutrient profile, with colored quinoa varieties exhibiting superior 
fiber, inositol, phenolic content, and antioxidant activity compared to their white 
counterparts. This work lays the groundwork for an informed selection of quinoa 
varieties that can enhance dietary quality, support local and global food systems, 
and contribute to the fight against malnutrition.
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1  |  INTRODUC TION

Quinoa (Chenopodium quinoa Willd.) is a pseudocereal of the 
Amaranthaceae genus (James,  2009). It is an annual plant with 
twin cotyledons, and there are currently about 250 varieties of 
quinoa (Navruz-Varli & Sanlier,  2016). Quinoa seeds are mostly 
oval, with different grain color characteristics such as white, pur-
ple, red, black, and yellow (Wang et al., 2016). Quinoa is the only 
monomeric plant that can meet the basic nutritional needs of the 
human body (Ocampo et al., 2023), it is referred to as “nutritional 
gold,” “super grain,” and “mother of food” by international nutri-
tionists. Quinoa grain has a high concentration of amino acids, 
fiber, minerals, vitamins, saponins, and phenolics that can help 
alleviate various biological diseases in the human body (Chen 
et  al.,  2023). Quinoa exhibits a diverse range of applications, 
including antioxidant properties, anti-cancer potentiality, anti-
inflammatory effects, as well as hypoglycemic and lipid-lowering 
abilities. Moreover, it demonstrates promising prospects in weight 
management. Consequently, quinoa holds the potential to enhance 
the overall nutritional status of populations while also serving as 
a preventive measure against various diseases (Jan et  al.,  2023; 
Navruz-Varli & Sanlier, 2016; Ren et al., 2023).

Due to genetic variations, the nutritional and active ingredient 
content of different quinoa varieties also varies. Therefore, it is 
essential to select the appropriate specialized variety based on the 
distribution characteristics of quinoa's nutritional and functional 
components during food processing. Consequently, a systematic 
analysis of the quality of diverse quinoa varieties becomes imper-
ative. In earlier studies, scholars have already conducted analyses 
on the primary nutritional components across various quinoa va-
rieties. For instance, Chen and Liao (2020) conducted a study on 
the nutritional composition of seven varieties of quinoa and found 
that Taiqi black quinoa is rich in protein, high in total dietary fiber, 
and low in fat, making it particularly suitable for weight-loss pur-
poses. Taiqi White Quinoa and Shangri-La Red Quinoa exhibited 
superior essential amino acid content scores, rendering them more 
appropriate for infants and young children. On the other hand, 
Shangri-La Black Chenoa demonstrated a high level of potassium 
and a low level of sodium, making it a suitable choice for middle-
aged and elderly individuals. Chen et al. (2023) provide a detailed 
evaluation of the abundant nutrients of quinoa seeds from thirty 
varieties with different colors and different origins, including sol-
uble protein, soluble sugar, amino acids, vitamins, fatty acids, and 
saponin. Despite numerous reports on the quality analysis of dif-
ferent quinoa varieties as a significant grain resource, there re-
mains a lack of comparability and systematic evaluation due to the 
utilization of scattered indicators in analysis and testing, particu-
larly within the same place of origin.

The present study investigated nine different quinoa varieties 
as the subjects of research, systematically analyzing and evaluating 
their main nutrients, fatty acid content, amino acid content, mineral 
elements, inositol, phenolic components, and antioxidant activities. 

These findings provide data support for understanding the quality 
variations among different quinoa varieties and establish a theo-
retical foundation for the development of differentiated quinoa 
products.

2  |  MATERIAL S AND METHODS

2.1  |  Materials and reagents

The quinoa samples, namely ZLZX-1 (white grain), ZLZX-2 (white 
grain), ZLZX-3 (white grain), ZLZX-4 (white grain), ZLZX-5 (white 
grain), ZLZX-6 (black grain), ZLZX-7 (black grain), ZLZX-8 (red grain), 
and ZLZX-9 (red grain), obtained from Jintang County in Chengdu 
and provided by the Key Laboratory of Coarse Cereal Processing, 
Ministry of Agriculture and Rural Affairs at Chengdu University, were 
utilized for this study. These samples, identified as Chenopodium 
quinoa Willd. in the amaranth family by Professor Zhao Gang, were 
ground and passed through a 60-mesh sieve.

2,2-Diaza-bis (3-ethyl-benzothiazole-6-sulfonic acid) diammo-
nium salt (ABTS) was procured from Shanghai Ampu Experimental 
Technology Co., Ltd.; 1,1-Diphenyl-2-trinitrophenylhydrazine 
(DPPH) from Sigma Aldrich Trading Co., Ltd.; Mg, K, Ca, Mn, Fe, 
Cu, Zn, and Na element mixed standard solution from the Chinese 
Academy of Metrology; tryptophan standard from Shanghai Ampu 
Experimental Technology Co., Ltd.; 17 amino acid standard solutions 
from a German company SYKAM; and 37 kinds of fatty acid methyl 
ester mixed standard solution from Shanghai Ampu Experimental 
Technology Co., Ltd. All other chemicals and solvents used in the 
study are analytical grade.

2.2  |  Determination of the nutritional 
content of quinoa

The analytical procedures for assessing the nutritional components 
of quinoa were meticulously adapted from established methods to 
ensure accuracy and reliability. The detection of quinoa protein 
was conducted using the AOAC Kjeldahl method with appropriate 
modifications (Grappin & Horwitz, 1988). Fat determination was 
performed through Soxhlet extraction, following the method of 
Patel et al. (2009) with appropriate modifications. Starch determi-
nation was carried out according to the method of Friedemann and 
Witt (1967) with appropriate modifications. Dietary fiber analysis 
followed the method of McCleary et  al.  (2010) with appropriate 
modifications. Fatty acid profiling was performed based on the 
procedure described by Golay et al. (2009) with appropriate modi-
fications. Amino acid quantification was conducted following the 
approach outlined by Elkin and Griffith  (1985) with appropriate 
modifications. Mineral element detection adhered to the meth-
odology proposed by Pacquette et  al.  (2018) with appropriate 
modifications.
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    |  4475TANG et al.

2.3  |  Amino acid score

The amino acid content of each variety of quinoa was converted into 
milligrams of amino acids per gram of protein, and subsequently, 
the nutritional value assessment was conducted based on the FAO/
WHO best ratio model. The amino acid score (AAS) and chemical 
score (CS) were then derived using the following formula:

AAS = [amino acid content in sample protein (mg/g)]/[corre-
sponding essential amino acid content in FAO/WHO scoring stan-
dard model (mg/g)];

CS = [Amino acid content in sample protein (mg/g)]/[Egg corre-
sponding essential amino acid content (mg/g)].

2.4  |  Determination of inositol

The inositol content in quinoa was determined using gas chromatog-
raphy, a method established by the research group during the initial 
phase (Zhang et  al.,  2021). The sample weighing 2.00 g should be 
placed in a 25-mL volumetric flask. Then, add two-thirds of the vol-
ume of a 70% ethanol solution to the flask and perform ultrasound 
extraction for 30 min. After that, adjust the volume to the scale with 
70% ethanol and mix thoroughly before filtering. Finally, transfer 5 mL 
of the filtered solution into a rotary evaporator (RE-52AA; Shanghai 
Yarong Biochemical Instrument Factory). Add 5 mL of absolute etha-
nol to the evaporation flask, followed by an additional 5 mL of abso-
lute ethanol for continuous spinning and evaporation until complete 
dryness is achieved. Subsequently, add 4 mL of silanization reagent to 
the evaporation flask and dissolve it on a mixer using vortexing. Place 
the mixture in an 80°C water bath for a derivatization reaction with a 
duration of 20 min. After completion, remove it from the water bath 
and allow it to cool down to room temperature. Add 10 mL of water 
and vortex thoroughly before adding 5 mL of n-hexane for extrac-
tion through vortexing for a period of 2 min. Transfer the resulting 
solution into a centrifuge tube and centrifuge at a speed of 8000 r/
min for 5 min. Collect the supernatant for determination using gas 
chromatography (Agilent Technologies Co., Ltd., Agilent7890B).

The HP-5 capillary column (30 m × 0.32 mm, 0.25 μm) was em-
ployed with a nitrogen flow rate of 1.0 mL/min. The inlet tempera-
ture was set at 280°C, while the FID (flame ionization detector) 
temperature was maintained at 300°C. A volume of 1.0 μL was in-
jected using the split injection mode with a split ratio of 10:1. The 
temperature program consisted of holding at 120°C for 2 min, fol-
lowed by an increase in temperature at a rate of 10°C/min until 
reaching 250°C and holding for another 5 min, then further increas-
ing the temperature at a rate of 30°C/min to reach and holding at 
300°C for an additional 5 min.

2.5  |  Determination of polyphenolic compounds

Appropriate adjustments were made to the method of determining 
quinoa polyphenolic compounds in the early stages of the research 

group (Ma et  al.,  2016; Wei et  al.,  2018). Accurately weigh 1.00 g 
of quinoa (ground and passed through a 60-mesh sieve) in a 50-mL 
Erlenmeyer flask. Add two-thirds of the volume of a 90% metha-
nol aqueous solution and perform ultrasound-assisted extraction 
in a water bath at 50°C for 30 min. Cool the mixture to room tem-
perature, adjust the volume to scale using a 90% methanol aque-
ous solution, vigorously shake, transfer 10 mL of the solution into a 
50 mL centrifuge tube, and centrifuge at 11179 g for 5 min. Collect 
the supernatant by passing it through an organic filter membrane 
with a pore size of 0.22 μm. The measurement was performed on 
a rapid-resolution liquid chromatography system (ACQUITY UPLC 
I-Class, Waters, USA).

The ACQUITY UPLC® BEHC18 column (2.1 mm × 50 mm, 1.7 μm) 
was used for analysis. The mobile phase consisted of methanol (A) 
and 0.2% aqueous glacial acetic acid (B). A gradient elution proce-
dure was employed with the following conditions: 10–25% A from 
0 to 3 min, followed by a linear increase to 40% A from 3 to 15 min, 
maintaining at 40% A from 15 to18 min, and finally decreasing back 
to10% A from 18 to 20 min. The detection wavelength was set at 
247 nm and the injection volume was kept at 1.0 μL. The column 
temperature was maintained at 30°C while the flow rate was set at 
0.2 mL/min.

Linear regression analysis using the concentration of each phe-
nolic component as the x-axis and the corresponding peak area as 
the y-axis allowed the determination of the phenolic content in 
quinoa.

2.6  |  ABTS•+  scavenging activity assay

The methodology employed in this study was adapted from Peng 
et al. (2015) with slight modifications. A total of 1 mL of quinoa phe-
nol extract was taken and placed into a 25 mL colorimetric tube. 
Subsequently, 4 mL of ABTS radical working solution was added 
to the tube and thoroughly mixed. After allowing the reaction to 
proceed for 30 min at room temperature under light-protected 
conditions, the absorbance was measured at a wavelength of 
734 nm. This determination process was repeated three times for 
accuracy. To establish a standard curve, various concentrations of 
Trolox were used as controls to determine absorbance values. The 
concentration of Trolox served as the x-axis, while its correspond-
ing absorbance value acted as the y-axis on the graph plot. The 
free radical scavenging capacity of quinophenol extract against 
ABTS+• was then calculated using the established standard curve, 
with results reported in Trolox equivalent units (μmol/100 g) per 
100 g of dry extract.

2.7  |  DPPH radical scavenging activity assay

The methodology employed in this study was adapted from Peng 
et al.  (2015) with slight modifications. Take 2 mL of polyphenol ex-
tract and add it to 2 mL of a 0.1 mmol/L DPPH• methanol solution. 
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Allow the reaction to occur at room temperature, protected from 
light, for a duration of 30 min. Measure the absorbance at a wave-
length of 517 nm and repeat this process three times. To establish 
a standard curve, use different concentrations of Trolox as controls 
and plot the absorbance values against corresponding Trolox con-
centrations on an xy graph. Calculate the DPPH• radical scaveng-
ing capacity based on this standard curve, expressing the results as 
Trolox equivalent (μmol Trolox/100 g) per 100 g of dry extract.

2.8  |  Statistical analysis

All compound content is expressed by dry weight. All quality index 
results are averaged over three measurements. The t-test was ana-
lyzed using IBM SPSS 19.0 (IBM Corporation, USA); the histogram 
was drawn using Origin 8.0 (OriginLab, Inc., USA) and the principal 
component analysis was analyzed using SIMCA-P 11.0.

3  |  RESULTS AND ANALYSIS

3.1  |  Nutritional content of various quinoa varieties

The protein, fat, dietary fiber, and starch contents of the nine dif-
ferent varieties of quinoa are presented in Figure 1. Protein is an 
important factor in determining the quality of cereals. The protein 
content of quinoa could range from 11% to 19%, which is higher 
than millet (Saleh et al., 2013). Wheat (Kumar et al., 2011), black 
rice (Ito & Lacerda,  2019), buckwheat (Luthar et  al.,  2021), and 
oats are comparable (Sangwan et al., 2014). In Chen et al.'s (2023) 
study, the protein content of 30 varieties of quinoa was measured, 
which ranged from 11.4% to 19%. In our study, the protein con-
tent ranged from 12.61 to 17.77 g/100 g across the nine quinoa 
varieties. This may be because the seed resources come from the 
same origin, so the difference in protein content will be smaller. 
Among them, ZLZX-8 (red grain) had the highest protein content 
and was significantly higher than that of other varieties (p < .05), 
and ZLZX-5 (white grain) had the lowest protein content. The fat 
content is 5.79–7.16 g/100 g. Quinoa contains many high-quality 
fatty acids, so the fat content is also significantly higher than other 
grains, similar to oats (Sangwan et al., 2014). Among them, ZLZX-8 
(red grain) had the highest fat content and was significantly higher 
than that of other varieties (p < .05). There was no significant dif-
ference in fat content between ZLZX-3 (white grain), ZLZX-9 (red 
grain), and ZLZX-5 (white grain), and ZLZX-2 (white grain) had the 
lowest fat content (p < .05). Comprehensive analysis showed that 
red quinoa had the highest fat content, followed by black qui-
noa, and white quinoa had the lowest. The dietary fiber content 
ranged from 6.53 to 8.61 g/100 g, with ZLZX-7 (black grain) ex-
hibiting the highest dietary fiber content, which was significantly 
higher than that of other varieties (p < .05). ZLZX-6 (black grain), 
ZLZX-8 (red grain), and ZLZX-9 (red grain) followed suit, showing 

significant differences in content compared to each other (p < .05), 
and white quinoa displayed the lowest dietary fiber content. The 
results showed that the dietary fiber content was significantly cor-
related with quinoa color. The starch content ranges from 60.73 
to 67.00 g/100 g, which surpasses the reported quinoa starch con-
tent in the U.S. National Nutrition Database (USDA,  2013). This 
may be related to the processing method of quinoa samples. The 
content of ZLZX-5 (white grain) exhibited the highest levels, sig-
nificantly surpassing those of other varieties (p < .05). Conversely, 
ZLZX-8 (red grain) displayed the lowest starch content. Generally, 
white quinoa varieties exhibited significantly higher starch con-
tent than colored ones. Moreover, the nutritional composition 
of nine different quinoa varieties was similar to that reported by 
Rubén Vilcacundo et al. (2017).

3.2  |  Fatty acid composition of various 
quinoa varieties

The fatty acid content was similar to that of Chen et  al.  (2023). 
The fatty acid composition of the nine different quinoa varieties 
is presented in Table S1 and Figure 2. It can be observed from the 
table that the total content of fatty acids in these nine quinoa va-
rieties ranges from 2732.37 to 4635.62 mg/100 g, with C18:2n6c, 
C18:1n9c, C16:0, and C18:3n3 being the predominant fatty acids 
present at levels exceeding 100 mg/100 g. On the other hand, lower 
amounts of C14:0, C15:0, C16:1, C17:0, C18:3n6, C22:2, and C24:1 
were detected. Notably, ZLZX-8 (red grain) exhibited significantly 
higher levels of fatty acids compared to other quinoa varieties 
(p < .05). Following this trend were ZLZX-3 (white grain), ZLZX-5 
(white grain), and ZLZX-9 (red grain), with no significant differences 
among them, whereas ZLZX-2 (white grain) displayed the lowest 
content of fatty acids.

Studies have found that unsaturated fatty acids have good 
therapeutic value in the prevention of oxidative stress, inflam-
mation, cardiovascular and cerebrovascular diseases, cancer, and 
osteoporosis (Liu et al., 2023). In our study, the percentage of un-
saturated fatty acids in the total fatty acids of nine quinoa varieties 
ranged from 83.53% to 86.78%, with ZLZX-5 (white grain) having 
the highest proportion, while there was no significant difference 
among the remaining quinoa varieties. The fatty acid composi-
tion of quinoa, as reported by Antonio Vega-Gálvez et al. (2010), 
predominantly consists of linoleic acid and linolenic acid, which 
aligns with our findings. The total content of these essential fatty 
acids in nine different quinoa varieties ranged from 1784.84 to 
2848.46 mg/100 g, accounting for 56.17–65.32% of the total fatty 
acids present. Among the tested varieties, ZLZX-8 (red grain) ex-
hibited the highest content, while ZLZX-1 (white grain) showed the 
lowest content of essential fatty acids. Furthermore, there was a 
consistent correlation between the levels of essential fatty acids 
and total fatty acids across all nine quinoa varieties examined in 
this study.
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3.3  |  Amino acid composition of various 
quinoa varieties

The amino acid composition of nine different quinoa varieties 
is presented in Table  S2 and Figure  3. It can be observed from 
the table that all nine quinoa varieties contain a total of 18 es-
sential amino acids. The total amino acid content ranges from 
9.69 to 17.15 g/100 g, with aspartic acid, glutamic acid, and argi-
nine being the predominant amino acids present at levels exceed-
ing 1 g/100 g. Additionally, quinoa exhibits a high lysine content, 
which surpasses that of rice and wheat by more than twofold. 
However, cystine, methionine, and histidine are found in lower 
quantities (<0.5 g/100 g). Notably, ZLZX-8 (red grain) displays the 
highest total amino acid and essential amino acid contents among 
all quinoa varieties examined (p < .05), significantly surpassing 
other cultivars such as ZLZX-4 (white grain), ZLZX-6 (black grain), 
and ZLZX-7 (black grain). Conversely, ZLZX-5 (white grain) exhib-
its the lowest content. The total amount of essential amino acids 
ranged from 3.26 to 5.31 g/100 g, with ZLZX-8 (red grain) exhibit-
ing the highest content and ZLZX-5 (white grain) having the low-
est content. The total amount of essential amino acids in all nine 
quinoa varieties was consistent with the overall amino acid levels 
observed. Furthermore, a comprehensive ranking revealed that 
red and black quinoa had higher amino acid contents compared 

to white quinoa, which aligns with the protein content findings 
mentioned above.

To compare the amino acid composition of nine quinoa varieties 
and evaluate their amino acid quality, Table  1 presents the amino 
acid score results. As depicted in the table, a higher score indicates a 
closer match between the essential amino acid content in quinoa and 
the recommended ratio, thus indicating a higher protein nutritional 
value. Among them, methionine + cystine exhibited the lowest 
amino acid score and chemical score among all nine quinoa varieties, 
making them the first limiting amino acids. The nine quinoa varieties 
showed high scores for threonine, leucine, phenylalanine + tyrosine, 
and lysine, with their contents surpassing FAO recommendations. 
ZLZX-8 (red grain), ZLZX-1 (white grain), and ZLZX-4 (white grain) 
had superior essential amino acid scores closest to those of egg pro-
tein, whereas ZLZX-2 (white grain), ZLZX-7 (black grain), and ZLZX-9 
(red grain) had lower scores.

3.4 | Mineral composition of various 
quinoa varieties

The mineral composition of nine different varieties of quinoa is 
presented in Table 2. All nine varieties exhibited high levels of Mg, 
K, Ca, Mn, Fe, Cu, Zn, and Na. Among the various cultivars, ZLZX-8 

F I G U R E  1  Nutritional general nutritional content of 9 varieties of quinoa. (a) protein content; (b) fat content; (c) dietary fiber content; (d) 
starch content; different lowercase letters are indicated for comparison at the 5% significance level.
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4478  |    TANG et al.

F I G U R E  2  Fatty acids of 9 varieties of quinoa. The heat map on the left shows the content of different fatty acids according to the shade 
of color, and the histogram on the right shows the total fatty acid content of different types of quinoa.

F I G U R E  3  Amino acids of 9 varieties of quinoa. The heat map on the left shows the content of different amino acids according to the 
shade of color, and the histogram on the right shows the total amino acid content of different types of quinoa.
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(red grain) displayed significantly elevated concentrations of Mg, 
K, and Zn compared to other varieties. Similarly, ZLZX-9 (red grain) 
demonstrated significantly higher levels of Mn and Fe than the 
rest. In contrast, ZLZX-5 (white grain) exhibited notably higher 
contents of Cu and Na relative to other cultivars. Lastly, ZLZX-4 
(white grain) showcased a significantly greater amount of Ca com-
pared to the remaining varieties. The content of Mn, Fe, Cu, Zn, 
and Na in quinoa is relatively low. From a health perspective, the 
high potassium and low sodium characteristics of quinoa align with 
the recommended intake levels for sodium and potassium in mod-
ern nutritional health guidelines. This can effectively contribute 
to the prevention and reduction of hypertension and cardiovas-
cular diseases, thereby promoting the well-being of middle-aged 
and elderly individuals. Additionally, variations in mineral content 
among different varieties of quinoa may be attributed to factors 
such as variety type, maturity stage, light exposure, temperature 
conditions, and soil composition, among others. Notably, though, 
there were no significant differences observed in mineral content 
across various grain colors.

3.5  |  Inositol content of various quinoa varieties

Inositol is a growth factor for animals and microbes, exhibiting ef-
fects similar to those of vitamin B1 and biotin. It plays a crucial role 
in promoting fat metabolism, reducing cholesterol and triglyceride 
levels in the body, as well as preventing and treating diseases such 
as fatty liver, cirrhosis, diabetes, and immunization (Chakraborty 
et  al.,  2011). The inositol content of 9 different varieties is pre-
sented in Figure 4. It can be observed that ZLZX-6 (black granule) 
and ZLZX-8 (red granule) exhibited the highest levels of inositol, 

with values reaching 16.76 mg/100 g and 16.67 mg/100 g, respec-
tively. There was no significant difference in the inositol content 
between these two varieties. Following closely were ZLZX-2 
(white granule), ZLZX-4 (white granule), ZLZX-7 (black granule), 
and ZLZX-9 (red granule), which showed comparable levels of 
inositol without any significant differences among them. On the 
other hand, the lowest content of inositol was found in ZLZX-1 
(leukogranule), as low as 13.68 mg/100 g. Overall, based on a com-
prehensive ranking analysis of quinoa's inositol content, it can be 
concluded that white quinoa has lower levels of this compound 
compared to red and black quinoa.

3.6  |  Polyphenol content and antioxidant activity

The polyphenol content of 9 different varieties is presented in 
Table 3. Among them, isoxonicin and p-coumaric acid were identi-
fied as the predominant phenolic components in quinoa, with con-
centrations exceeding 100 mg/kg, while caffeic acid and quercetin 
exhibited lower levels, below 30 mg/kg. The cumulative amount 
of six phenolic compounds ranged from 544.97 to 898.9 mg/kg. 
Notably, ZLZX-7 (black grain), ZLZX-8 (red grain), ZLZX-5 (white 
grain), and HR-3 (black grain) displayed higher total amounts 
compared to other varieties; however, no significant differences 
were observed among them. Conversely, ZLZX-3 (white grain) and 
ZLZX-1 (white grain) exhibited the lowest total amounts of phe-
nolic compounds. Furthermore, the total amount of phenolic com-
pounds in ZLZX-7 (black grain) was found to be approximately 1.6 
times greater than that in ZLZX-1 (white grain). Although differ-
ent quinoa varieties possessed distinct polyphenolic profiles, their 
composition ratios remained similar; notably, red and black quinoa 

F I G U R E  4  Content of inositol in 9 varieties of quinoa. Different lowercase letters indicate that it is performed at a significant level of 5%.
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demonstrated significantly higher polyphenol contents compared 
to white quinoa.

The determination of ABTS+• and DPPH radical scavenging 
rates can serve as indicators for assessing the antioxidant activity of 
total polyphenols in quinoa. It is evident from Table 3 that the ABTS+ 
and DPPH radical scavenging results of nine varieties of quinoa total 
polyphenols were largely consistent, with ZLZX-8 (red grain), HR-3 
(black grain), ZLZX-7 (black grain), and ZLZX-5 (white grain) exhibit-
ing higher and significantly superior ABTS+ and DPPH free radical 
scavenging rates compared to other varieties. Conversely, ZLZX-3 
(white grain) and ZLZX-1 (white grain) displayed the lowest ABTS+ 
and DPPH radical scavenging rates. The observed trends in ABTS+ 
and DPPH radical scavenging rates among the nine quinoa species 
corresponded to the levels of six polyphenolic compounds present, 
indicating a positive correlation between the higher content of these 
compounds and increased scavenging rates against both ABTS+• 
and DPPH radicals.

Based on the analysis of quinoa varieties, ZLZX-8 (red grain) ex-
hibits a high protein content, essential amino acids, fat, unsaturated 
fatty acids, exceptional antioxidant activity, as well as elevated levels 
of potassium and low sodium. These attributes make it particularly 
suitable for the production of nutritionally fortified foods targeted 
at elderly individuals and infants. Conversely, ZLZX-7 (black gran-
ule) demonstrates significant dietary fiber and phenolic compound 
content, making it more appropriate for the development of meal 
replacement products aimed at obese individuals. Lastly, ZLZX-5 
(white grain) possesses the highest starch content but lower protein 
levels compared to other varieties. It is rich in quinoa carbohydrates 
and promotes satiety effectively; therefore, it is best suited as a sta-
ple food or when combined with rice, flour, or corn in traditional 

diets. Other quinoa varieties exhibit minimal differences in nutrient 
composition and antioxidant activity while maintaining similar qual-
ity standards; thus, they can be utilized as raw materials for general 
quinoa-based food processing and production.

3.7  |  Principal component analysis

In order to investigate the laws and variations of 61 components in 9 
different varieties of quinoa, including nutrients, mineral elements, 
inositol, phenolic components, and antioxidant activity, SIMCA-P 
11.0 software was employed for data standardization and principal 
component analysis (PCA). Figure 5 illustrates the overall distribu-
tion trend of samples across groups. The first principal component 
accounted for 43.9% of the total variation, while the second prin-
cipal component contributed 16.9%, resulting in a cumulative con-
tribution rate of 60.8%. This comprehensive coverage effectively 
encapsulates sample information. Notably, discernible differences 
exist in nutritional content among various quinoa varieties; however, 
color does not significantly correlate with the quality of the quinoa 
flour. The pigment composition of quinoa with different colors will 
be further investigated in future studies.

4  |  CONCLUSION

The nutritional components of different quinoa varieties in China 
were systematically analyzed and compared in this study, highlight-
ing the potential benefits of quinoa as a food source. It was ob-
served that the genetic characteristics significantly influenced the 

F I G U R E  5  Principal component analysis.
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nutritional quality of quinoa, emphasizing the importance of select-
ing appropriate raw materials based on processing requirements. 
Moreover, colored varieties of quinoa exhibited superior levels of 
dietary fiber, inositol, phenolic compounds, ABTS+• scavenging 
activity, and DPPH free radical scavenging rate compared to white 
quinoa. However, no significant differences were observed in terms 
of protein content, amino acid composition, mineral element con-
centration, and inositol content. Future studies should consider ex-
panding sample sizes to include various colors of quinoa grains and 
exploring variations in other nutritional components. Additionally, 
the inclusion of “dark nutrition,” such as miRNA, should be consid-
ered. Overall, this research provides valuable insights for selecting 
raw materials for processing quinoa as well as data support for grad-
ing different types of this crop.
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