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A B S T R A C T   

Quinoa bran is a by-product during quinoa processing, which is not well used due to its high content of anti-
nutritional factors. The nutritional, antinutritional, antioxidative and mineral content were analyzed in quinoa 
bran from five producing areas (Hebei, Shanxi, Qinghai, Inner Mongolia and Gansu Province) in China. The 
results showed that the mean values of protein, starch, fat, fiber, reducing sugar, ash, moisture and energy in 
quinoa bran were 9.35%, 47.37%, 8.26%, 10.74%, 3.68%, 6.25%, 9.29% and 360.2 kcal/100 g, respectively. 
Although the protein content in quinoa bran is lower than that in quinoa grain, it is comparable to that in other 
grains (rice, corn, millet and sorghum) and brans (wheat, oat and rice), so it has the commercial potential to be 
processed into animal feed or other edible food. The contents of antioxidant flavonoids (460.9 mg/100g) and 
polyphenols (477.8 mg/100 g) in quinoa bran were higher than those in quinoa grain, suggesting that quinoa 
bran had better antioxidant capacity. The contents of saponins, tannins and phytic acid in quinoa bran were 
18.65, 0.30 and 0.73%, respectively. The content of saponins was nearly one times higher than that in quinoa 
grain, the contents of tannins and phytic acid, however, were lower than those in quinoa grain. Therefore, the 
removal of saponins is the key to eliminate the antinutritional properties of quinoa bran. The contents of 
macroelements (sodium, potassium, calcium, magnesium, phosphorus) and microelements (iron, manganese, 
copper, zinc, cobalt, molybdenum, selenium, barium) in quinoa bran were generally higher than those in quinoa 
grain, which was consistent with the results of ash determination. In summary, quinoa bran was found to be a 
rich source of nutritional and bioactive components and minerals. If the antinutritional problem can be over-
come, quinoa bran has great potential for application in the food industry.   

1. Introduction 

Quinoa is a new food crop introduced in China from South America 
in recent years. After more than ten years of development, quinoa has 
been expanded to more than 10 provinces, and the planting area has 
reached more than 20,000 hm2 (Liu et al., 2021; Chen, 2021). According 
to the yield of quinoa per hectare at 2.25 t/hm2, the total annual yield of 
quinoa in China has reached 45,000 tonnes (Cui et al., 2019). Globally, 
the annual yield of quinoa stands at 175,188 tonnes (Chaudhary et al., 
2023). Quinoa is a kind of pseudocereal of Chenopodiaceae family 
(Thakur et al., 2021), in which the achenes (seeds) are the traditionally 
edible parts. However, the seed coat contains saponins with bitter taste 
(Galwey et al., 1990; Han et al., 2019; Wang et al., 2020a), which not 
only affects its consumption, but also has certain antinutritional effects 
on animal and human health (Reichert et al., 1986; Ma et al., 1989; Vo 
et al., 2017; Hou et al., 2018). Therefore, the saponins should be 

removed before consumption. Currently, the main methods for the 
removal of saponin from quinoa were mechanical pearling, water 
washing and combinations of both (Ridout et al., 1991; Nickel et al., 
2016; Ma, 2020; Cao et al., 2023), among which the mechanical peeling 
is the most widely used method. During the quinoa seeds hulling pro-
cess, approximately 10% (weight percentage) of quinoa bran is pro-
duced (Carlson et al., 2012). According to the annual yield of quinoa in 
China (45,000 tonnes) (Cui et al., 2019) and the world (175,188 tonnes) 
(Chaudhary et al., 2023), the annual output of quinoa bran is about 4500 
and 17518 tonnes, respectively. 

Quinoa bran has high nutritional value (Zhang et al., 2020; Song 
et al., 2022). Xue et al. (2019) reported that the crude protein content of 
quinoa bran prepared by milling method was up to 30%, which has the 
potential to be used in animal feed. However, the antinutritional factors 
such as saponins, phytic acids and tannins (Thakur et al., 2021; Ruales 
and Nair, 1993a) in quinoa bran may affect the animal appetite and 
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inhibit the bioavailability and absorption of nutrients and some of them 
are toxic (Improta and Kellems, 2001; Zhang et al., 2020). In the case of 
saponins, although the husk of quinoa accounted for only 10–12% of the 
seed weight (Hemalatha et al., 2016), it contained 86% of the total sa-
ponins (Ando et al., 2002; Ruiza et al., 2017; Sun et al., 2019; Rafik 
et al., 2021). Therefore, the saponin content of quinoa bran is higher 
than that of quinoa grain. Carlson et al. (2012) showed that the saponin 
content in hull meal from quinoa grown in South America was as high as 
28.7%, and the bitter taste of quinoa bran affected the appetite of do-
mestic piglets. When the piglets had been fed a diet containing 500 
mg/kg quinoa hull meal, the feed intake and weight gain were numer-
ically lower, indicating that the concentration of quinoa hull meal 
should not exceed this level to avoid negative effects on the production. 
Therefore, it is of practical significance to systematically evaluate the 
nutritional, antinutritional and biological activities of quinoa bran for its 
comprehensive utilization. 

However, the potential use of quinoa bran in the food industry has so 
far escaped the attention of researchers. In order to evaluate the nutri-
tional value and application potential of quinoa bran and to provide 
ideas for solving this problem, five representative samples of quinoa 
bran were collected from the major quinoa planting provinces (Qinghai, 
Gansu, Inner Mongolia, Shanxi and Hebei) in China. The contents of 
nutrients (protein, starch, fat, crude fiber, reducing sugar, ash), anti-
oxidant components (flavonoids, polyphenols), antinutritional compo-
nents (saponin, tannin, phytic acid) and minerals were comprehensively 
analyzed to explore the application potential of quinoa bran in food and 
feed, and to provide important reference for the development and uti-
lization of quinoa bran. 

2. Materials and methods 

2.1. Materials 

The quinoa bran samples and their sources are shown in Fig. 1. 
Quinoa bran of HB was provided by North Wheat Ecological Agriculture 
Limited Company, Guyuan County, Hebei Province. Quinoa bran of SX 
was provided by Shanxi Yilong Quinoa Development Limited Company, 
Jingle County, Shanxi Province. Quinoa bran of QH was provided by 
Qinghai Rongqia Ecological Agriculture Science and Technology 
Limited Company, Huzhu County, Qinghai Province. Quinoa bran of NM 
was provided by Inner Mongolia Yiji Biotechnology Limited Company, 
Hohhot City, Inner Mongolia Autonomous Region. Quinoa bran of GS 
was provided by Gansu Purity Plateau Agricultural Technology Limited 

Company, Wuwei City, Gansu Province. The chemical reagents used in 
the present study were of analytical grade and purchased from Sigma 
Chemical Co., Merck China and Xilong Scientific Co., China. 

2.2. Proximate composition of quinoa bran 

The protein content of quinoa bran was determined by Kjeldahl 
method and the amount of protein was calculated as 6.25 × N (Nitrogen 
content) (Pedrali et al., 2023; Ruales and Nair, 1992). Fat was measured 
in a Soxtec system by extraction with petroleum ether (boiling range 
30–60 ◦C). The reducing sugar content was determined on the basis of 
cupric reduction (Bhinder et al., 2021). The starch content of quinoa 
bran was determined according to GB/T 5009.9-2016 (State Food and 
Drug Administration of China, 2016). The starch was hydrolyzed into 
monosaccharides by amylase and hydrochloric acid successively, then 
the content of reducing sugar was determined. The content of starch was 
calculated based on the reducing sugar. The total ash content was 
determined by Muffle furnace burning method at 550 ± 25 ◦C for 4 h. 
The moisture content was determined by drying method at 105 ± 2 ◦C 
for 2 h. The crude fiber content of quinoa bran was determined by acid 
hydrolysis method (Zerlasht et al., 2023). 

The total carbohydrate content of quinoa bran was calculated by 
subtracting the percent content of protein, fat, crude fiber, ash content 
and moisture from 100. Energy value was estimated based on the con-
tents of fat, protein, total carbohydrate and crude fiber using the 
Atwater factors of 9.0, 4.0, 4.0 and 2.0 kCal/g of each component, 
respectively (Thakur et al., 2021; Gómez et al., 2021, 2023). The results 
are expressed as kCal 100 g− 1 fresh weight. 

2.3. Antioxidant potential evaluation 

2.3.1. Determination of flavonoid content 
The flavonoid content of quinoa bran was determined according to 

the method of Sharma et al. (2022) with some modifications. Instead of 
refluxing extraction twice with 20 mL acidified methanol, the quinoa 
bran (1.0 g) was extracted with 30 mL 80% ethanol (acidified with 0.1% 
HCl) at 50 ◦C for 120 min. After centrifugation and filtration through a 
0.22 μm membrane, the supernatant was diluted 30 times. The diluted 
flavonoid extract solution (0.5 mL) was transferred into a test tube, 
followed by 0.4 mL NaNO2 solution (5%), 0.4 mL Al(NO3)3 solution 
(5%), and 4 mL NaOH solution (4%). The volume of the solution was 
adjusted to 10 mL with 75% ethanol and left to stand for 15 min after 
evenly mixed. The absorbance of the sample solution was measured at 
510 nm by using ultraviolet–visible spectrophotometer (TU-1810, Bei-
jing Puxi General Instrument Co., Ltd, China). Rutin was used as the 
standard and the concentration of rutin in the standard curve ranged 
from 0 to 0.05 mg/mL. The content of flavonoids in quinoa bran was 
expressed as mg rutin equivalents per 100 g of dry sample (Abeysinghe 
et al., 2007; Lim et al., 2020). 

2.3.2. Determination of total polyphenol content 
The total polyphenol content of quinoa bran was measured according 

to the method of Hirose et al. (2010). The quinoa bran was extracted 
with ethanol: water (2:1 v/v) at 50 ◦C for 60 min. The extract was 
centrifuged and filtered through a 0.22 μm membrane. Ten millilitre of 
water and 0.5 mL polyphenol solution were mixed with 1.0 mL 
Folin-Ciocalteu reagent. After 5 min, 1.0 mL 10% sodium carbonate 
solution was added. The volume of the mixture was adjusted to 20 mL by 
using distilled water. Absorbance was measured at the wavelength of 
765 nm against a blank by using ultraviolet–visible spectrophotometer 
(TU-1810, Beijing Puxi General Instrument Co., Ltd, China), and the 
polyphenol content in the sample was calculated by gallic acid standard 
curve. The concentration of gallic acid in the standard curve ranged 
from 0 to 0.1 mg/mL. The total polyphenol content in the quinoa bran 
was expressed as mg gallic acid equivalents of per 100 g of dry sample. 

Fig. 1. Quinoa bran from five provinces and autonomous regions in China. 
SX: Shanxi Province; GS: Gansu Province; QH: Qinghai Province. 
HB: Hebei Province; NM: Inner Mongolia. 
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2.3.3. Antioxidant activity 
Antioxidant activity of quinoa bran was measured by DPPH (1,1- 

diphenyl-2-picrylhydrazyl) radical scavenging percentage (Sharma 
et al., 2022). Three milliliters of DPPH standard solution (0.2 mmol/mL) 
and 0.5 mL sample extract solution was mixed with 2.0 mL anhydrous 
ethanol. The mixtures were allowed to react in the dark for 30 min. The 
absorbance (A1) was measured at the wavelength of 517 nm by using 
ultraviolet–visible spectrophotometer (TU-1810, Beijing Puxi General 
Instrument Co., Ltd, China). In the second test tube, the absorbance (A2) 
was measured by replacing the DPPH standard solution with anhydrous 
ethanol. In the third test tube, the absorbance (A0) was measured by 
replacing the sample extract solution with anhydrous ethanol. The 
DPPH free radical scavenging percentage was calculated according to 
following formula. 

DPPH radical scavenging percentage (%)=

(

1 −
A1 − A2

A0
× 100

)

2.4. Antinutritional factors evaluation 

2.4.1. Determination of saponin content in quinoa bran 
The saponin content of quinoa bran was performed according to the 

method of Medina-Meza et al. (2016) with some modifications. Instead 
of reflux extraction with 80% methanol for 3 h, the quinoa bran (1.0 g) 
was transferred into a conical flask (150 mL) and extracted with 30 mL 
ethanol (75%) in a water bath shaker at 50 ◦C for 6 h. After centrifu-
gation, the extract solution was diluted 30 times. Under the condition of 
ice bath, a saponin extract solution (0.5 mL) was transferred into a test 
tube and mixed with 0.5 mL vanillin-anhydrous ethanol solution (8%) 
and 4 mL sulfuric acid solution (77%). After mixing evenly, the mixtures 
were heated at 60 ◦C in a water bath for 30 min. The test tube was taken 
out and put into an ice bath to terminate the color reaction. The 
absorbance of the sample solution was determined at 535 nm by using 
ultraviolet–visible spectrophotometer (TU-1810, Beijing Puxi General 
Instrument Co., Ltd, China). The saponin content in quinoa bran was 
calculated using oleanolic acid standard curve, and the concentration of 
oleanolic acid in the standard curve ranged from 0 to 0.02 mg/mL. 

2.4.2. Determination of tannin content in quinoa bran 
Quinoa bran (1.0 g) was placed in a conical flask (150 mL) and 

extracted with 20 mL dimethylformamide solution (75%) in a water 
bath shaker at 30 ◦C for 1 h. After extraction, the conical flask was 
allowed to stand for 10 min. Six milliliters of solution were taken out 
from the upper layer of the extract and transferred into a 50 mL 
centrifuge tube. After centrifugation (5000 g for 5 min), the supernatant 
was filtered through a 0.22 μm membrane. Then 1.0 mL of tannin extract 
solution was mixed with 4.0 mL of distilled water, 1.0 mL of ferric 
ammonium citrate solution (3.5 g/L) and 1.0 mL of ammonia solution (8 
g/L). The mixtures reacted at room temperature for 10 min away from 
light. The absorbance of the reaction solution was measured at wave-
length 525 nm by using ultraviolet–visible spectrophotometer (TU- 
1810, Beijing Puxi General Instrument Co., Ltd, China), and the tannin 
content was calculated by the tannic acid standard curve (Wang et al., 
2020b; Martinez et al., 2020; Bhinder et al., 2021). The concentration of 
tannic acid in the standard curve ranged from 0 to 0.07 mg/mL. 

2.4.3. Determination of phytic acid content in quinoa bran 
Quinoa bran (1.0 g) was placed in a conical flask (150 mL) and mixed 

with 30 mL hydrochloric acid solution (2.4%, w/w). After being treated 
with ultrasonic water bath for 5 min, they were transferred to a shaker 
and extracted at 30 ◦C for 3 h. After centrifugation and filtration (0.22 
μm membrane), 1.0 mL of extract solution was mixed with 5.0 mL of 
hydrochloric acid solution (2.4%), 0.6 mL of ammonium ferric sulfate 
solution (0.76 mmol/L) in a test tube. They were put into a boiling water 
bath to react for 20 min, and then quickly cooled to room temperature. 
0.2 mL 10% ammonium thiocyanate solution was added to the test tube 

for color reaction. The absorbance of the samples was determined at 500 
nm against distilled water by using ultraviolet–visible spectrophotom-
eter (TU-1810, Beijing Puxi General Instrument Co., Ltd, China). The 
phytic acid content of the samples was calculated by using the standard 
curve of sodium phytic acid (Haug and Lantzsch, 1983; Wang et al., 
2020b; Bhinder et al., 2021). The concentration of sodium phytic acid in 
the standard curve ranged from 0 to 0.04 mg/mL. 

2.5. Determination of mineral contents 

Quinoa bran samples were analyzed for macroelements (sodium, 
potassium, calcium, magnesium, phosphorus) and microelements (iron, 
manganese, copper, zinc, cobalt, selenium, molybdenum and barium) by 
inductively coupled plasma mass spectrometer (ICP-MS, Agilent 7900, 
Agilent Technologies Co. Ltd., USA). Briefly, quinoa bran (0.6 g) was 
placed in a microwave digestion tube, and then added 8.0 mL of nitric 
acid (guaranteed reagent). After overnight soaking, 2.0 mL of hydrogen 
peroxide (30%) was added and left to stand for 0.5 h before the digestion 
tube was put into the microwave oven. The microwave digestion pro-
cedure was shown in Table 1. 

After the digestion of samples was completed, the tube was taken out 
from the microwave oven and left to cool at room temperature. The 
tubes were transferred into the heating furnace to evaporate the 
remaining acid to about 1.0 mL. After cooling to room temperature, the 
solution in tube was transferred to a volumetric bottle (25 mL) with 
deionized water. The content of mineral elements was determined by 
ICP-MS. 

2.6. Statistical analysis 

All experiments were performed in quintuplicate. Data were 
analyzed using one-way analysis of variance (ANOVA) with SPSS soft-
ware (IBM Corporation, NY, USA). Results were reported as means ±
Standard Deviation (SD). The significance level is p < 0.05. The corre-
lation coefficients between the content of flavonoids or polyphenols and 
the antioxidant activity (DPPH) were calculated by Microsoft Office 
Excel (2019), and the significance was tested by unitary linear regres-
sion method. 

3. Results and discussion 

3.1. Proximate composition of quinoa bran 

The results of proximate composition of five kinds of quinoa bran in 
China are shown in Table 2. 

The protein content of quinoa bran ranged from 6.61 to 12.25%, 
showing significant differences in origin zones (p < 0.05) (except SX and 
GS). Of the five origin zones, the quinoa bran from QH and HB had the 
highest and lowest protein content (p < 0.05), respectively. The average 
protein content was 9.35%, which was lower than that of quinoa grain 
(11.51–18.8%) (Navruz-Varli and Sanlier, 2016; Bhinder et al., 2021; 
Pedrali et al., 2023), but was comparable to the protein content of rice, 
corn, millet and sorghum (6.8–9.8%) in dairy feeding (The Ministry of 
Agriculture of the People’s Republic of China, 2004). The protein con-
tent of quinoa bran was slightly lower than other brans such as rich, 
wheat and oat brans (10.05, 10.1 and 11.6% respectively) (Zerlasht 
et al., 2023). The average starch content of quinoa bran was 47.37% 

Table 1 
Microwave digestion program of quinoa bran.  

Procedures Powder/ 
w 

Heating up time/ 
min 

Temperature/ 
◦C 

Heating time/ 
min 

1 1200 6 120 5 
2 1200 4 150 3 
3 1200 3 180 20  
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(43.48–57.61%), which was lower than that of quinoa grain (52–69%) 
(Navruz-Varli and Sanlier, 2016; Lu et al., 2023). The quinoa bran from 
HB had a higher starch content (p < 0.05) than those from SX, QH, NM 
and GS. No statistical differences were found between SX, QH, NM and 
GS (p > 0.05). The fat content of quinoa bran ranged from 4.33 to 
10.89% with significant difference among Hebei, Inner Mongolia and 
Gansu. The average fat content of quinoa bran was 8.26%, which was 
higher than that of quinoa grain (4.9–7.7%) (Pedrali et al., 2023; Pereira 
et al., 2019). The fat content of quinoa bran was lower than that of rice 
bran (14.72%) but was higher than those of wheat and oat brans (5.20 
and 7.23% respectively) (Zerlasht et al., 2023). The crude fiber content 
of quinoa bran was between 8.33% and 13.33% with significant dif-
ference among Hebei, Gansu and Inner Mongolia. The average crude 
fiber content of quinoa bran was 10.74%, which was higher than that of 
quinoa grain (2.8–10.32%) (Stikic et al., 2012; Valcárcel-Yamani and 
Caetano da Silva Lannes, 2012; Navruz-Varli and Sanlier, 2016; Li et al., 
2022; Jiang et al., 2022) and other brans such as rich, wheat and oat 
brans (7.22, 1.50 and 3.54% respectively) (Zerlasht et al., 2023). The 
animal experiment indicated that the dietary fiber could protect the 
gastric mucosa (Stikic et al., 2012), therefore, quinoa bran is suitable for 
animal feed. The average content of reducing sugar in quinoa bran was 
3.68%, which was slightly higher than that in quinoa grain (about 2%) 
(Pereira et al., 2019; Fu et al., 2020), and was similar to the soluble sugar 
content (2.30–3.44 g 100 g− 1 fresh weight) in quinoa grain (Gómez 
et al., 2021). 

The average ash content of quinoa bran was 6.25%, which was twice 
as high as that of quinoa grain (2.7–3.8%) (Valcárcel-Yamani and Cae-
tano da Silva Lannes, 2012; Navruz-Varli and Sanlier, 2016), meaning 
that the quinoa bran contains more mineral elements. The ash content of 
quinoa bran was lower than that of rice bran (7.50%) but was higher 

than those of wheat and oat brans (4.99 and 3.85% respectively) (Zer-
lasht et al., 2023). The average moisture content of quinoa bran was 
9.29%, which was higher than that of quinoa grain (6.1–8.3%) (Pedrali 
et al., 2023). This may be due to the stronger water absorption of quinoa 
bran. Therefore, the storage of quinoa bran needs to be moisture-proof 
treatment. The average energy of quinoa bran was 360.2 kcal/100 g, 
which was slightly higher than that of quinoa grain (315.2–355 
kcal/100 g) (Gómez et al., 2021, 2023). This may be due to the high 
content of protein, fat and fiber in quinoa bran. 

3.2. Antioxidant properties of quinoa bran 

The content of flavonoids and polyphenols in quinoa bran are shown 
in Fig. 2. 

Flavonoids and polyphenols were associated to antioxidant activities 
(Repo-Carrasco-Valencia, et al., 2010). The content of flavonoids in 
quinoa bran ranged from 388.4 to 608.6 mg/100 g, showing significant 
differences in origin zones (p < 0.05) (except HB, 392.5 mg/100 g). Of 
the five origin zones, the quinoa bran from NM and GS had the highest 
and lowest flavonoids content (p < 0.05), respectively. The average 
flavonoids content in quinoa bran was 460.9 mg/100 g, which was 
higher than that in quinoa grain (224.56 mg/100 g) (Han et al., 2019). 
The content of polyphenols in quinoa bran ranged from 290.5 to 625.4 
mg/100 g, showing significant differences in origin zones (p < 0.05). 
Nevertheless, no statistical differences were found between SX and QH. 
Of the five origin zones, the quinoa bran from QH and GS had the highest 
and lowest polyphenols content (p < 0.05), respectively. The average 
polyphenols content quinoa bran was 477.8 mg/100 g, which was 
higher than that in quinoa grain (97.6–200.4 mg/100 g) (Nickel et al., 
2016; Han et al., 2019). The above results meant that the antioxidant 

Table 2 
Proximate composition of quinoa bran in China.  

Origin zone Protein (%) Starch (%) Fat (%) Fiber (%) RS* (%) Ash (%) Moisture (%) CH* (%) Energy (kCal/100g) 

HB 6.61 ± 0.22d 57.61 ± 1.73a 4.33 ± 0.27c 8.87 ± 1.47c 3.77 ± 0.64b 5.72 ± 0.39b 11.64 ± 0.27a 62.83 ± 1.27a 334.5 ± 4.2c 
SX 8.66 ± 0.32c 45.25 ± 1.68b 8.06 ± 0.72ab 11.9 ± 0.94ab 2.99 ± 0.43b 5.53 ± 0.80b 10.68 ± 0.34a 51.17 ± 2.03b 357.7 ± 6.0b 
QH 12.25 ± 1.06a 44.26 ± 1.52b 10.89 ± 0.90a 8.33 ± 0.87c 3.46 ± 0.57b 8.14 ± 0.46a 8.16 ± 0.11b 51.86 ± 1.85b 380.1 ± 6.4a 
NM 10.84 ± 1.02b 43.48 ± 1.86b 9.59 ± 1.07a 11.1 ± 1.05b 2.68 ± 0.61b 5.83 ± 0.46b 9.73 ± 0.16b 51.85 ± 3.04b 373.7 ± 10.5a 
GS 8.39 ± 0.67c 46.26 ± 1.51b 8.45 ± 0.66b 13.33 ± 0.72a 5.49 ± 0.62a 6.04 ± 0.31b 9.35 ± 0.15b 53.68 ± 0.76b 355.0 ± 5.6b 

Average 9.35 ± 2.09 47.37 ± 5.41 8.26 ± 2.31 10.74 ± 2.10 3.68 ± 1.11 6.25 ± 1.06 9.29 ± 1.68 54.28 ± 4.69 360.2 ± 17.1 

RS*: Reducing sugar; CH*: Carbohydrates. All data were represented as the means and standard deviations of quintuplicate determinations. Superscript (a-d) indicate 
significant differences (P < 0.05) in the same column. 

Fig. 2. The content of flavonoids, polyphenols of quinoa bran in China 
All experiments were performed as quintuplicate and the values are given as their mean values. 
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activities of quinoa bran may be higher than that of quinoa grain. The 
antioxidant activity (DPPH radical scavenging percentage) of five kinds 
of quinoa bran (HB, SX, QH, NM and GS) were 84.81, 88.68, 90.67, 
72.74 and 79.97% respectively, showing certain significant differences 
in the origin zone (p < 0.05). 

The correlation coefficients between the content of flavonoids or 
polyphenols and the antioxidant activity (DPPH) were 0.5527 and 
0.8767 (Figs. are not shown), respectively, which did not reach the 
significant level (P > 0.05). Since the critical value of correlation coef-
ficient was 0.878 (α = 0.05), the correlation coefficient between the 
contents of polyphenols and DPPH was close to the significance level. In 
addition, its correlation coefficient was higher than that between the 
contents of flavonoids and DPPH, suggesting that the antioxidant ac-
tivity of polyphenols was higher than that of flavonoids. 

3.3. Antinutritional characteristics of quinoa bran 

The saponins, tannins and phytic acids are important antinutrients of 
quinoa (Thakur et al., 2021; Bhinder et al., 2021; Ruales and Nair, 
1993a), therefore, the anti-nutritional characteristics of quinoa bran can 
be predicted by analyzing the contents of these substances. 

The content of saponins in quinoa bran ranged from 11.34 to 22.48% 
(Fig. 3), showing certain significant differences in origin zones (p <
0.05). Of the five origin zones, the quinoa bran from SX and HB had the 
highest and lowest saponins content (p < 0.05), respectively. The 
average saponins content in quinoa bran was 18.65%, which was much 
higher than that in quinoa seeds (5.6–7.5%) (Gómez-Caravaca, et al., 
2011). Interestingly, there was no significant difference in saponin 
content between Inner Mongolia and Shanxi, or Qinghai and Gansu, but 
there was a significant difference between other provinces. The possible 
reasons for the above phenomena are that Inner Mongolia and Shanxi, or 
Qinghai and Gansu are geographically adjacent. The tannin content in 
quinoa bran ranged from 0.18 to 0.41%, and no statistical differences 
were found between SX, NM and GS (p > 0.05). Of the five origin zones, 
the quinoa bran from HB and QH had the highest and lowest saponins 
content (p < 0.05), respectively. The average tannin content in quinoa 
bran was 0.30%, which was lower than that in quinoa seed (0.53–1.7%) 
(González et al., 1989) and in quinoa hull (0.92%) (Chauhan, et al., 
1992). The phytic acid content in quinoa bran was between 0.66% and 
0.77%, the highest value being for HB, SX and QH with respect to NM 

and GS (p < 0.05). The average saponins content quinoa bran was 
0.73%, which was lower than that in quinoa grains (1.03–1.04%) 
(Ruales and Nair, 1993a; Thakur et al., 2021). Sharma et al. (2022) 
reported that the phytic acid will be harmful to health when its content 
was greater than 1%. Since the phytic acid content in quinoa bran is 
below the harmful limit, it does not affect the nutrient absorption. 

Through the above analysis, saponins are the main antinutrients in 
quinoa bran. Besides the bitter taste, saponins can form insoluble com-
plexes with iron, zinc, calcium and other mineral ions, or form insoluble 
substances with fat soluble vitamins (VE, VA, VD3) to affect intestinal 
absorption (Milgate and Roberts, 1995; West and Greger, 1978; West 
et al., 1978). Therefore, the removal of saponins from quinoa bran is the 
key to reduce its antinutritional effect. The extraction of saponins by 
water (Gil-Ramirez et al., 2018), alcohol (Xue et al., 2020) and deep 
eutectic solvent (Taco et al., 2022) is worthy of further study. 

3.4. The content of macroelements in quinoa bran 

Mineral elements are divided into macroelements and microele-
ments according to their content in animal body (Zhang and Zhang, 
2021). Macroelements are also called major elements, whose content 
accounts for more than one in ten thousand of the total body weight. The 
macroelements mainly include sodium, potassium, calcium, magnesium 
and phosphorus (Tkacz et al., 2021). The content of macroelements in 
quinoa bran in China are shown in Table 3. 

As can be seen from Table 3, the macroelement with highest and 
lowest content in quinoa bran was potassium (819–7477 mg/100 g) and 
sodium (19.5–49.8 mg/100 g), respectively. The contents of calcium 
(327–770 mg/100 g), magnesium (392–529 mg/100 g) and phosphorus 
(273–432 mg/100 g) were between potassium and sodium. 

The content of sodium in quinoa is related to the physical and 
chemical properties of soil. Because quinoa is a salt-tolerant crop, the 
absorption of sodium ions by quinoa is enhanced when the content of 
salt in soil is high (Roman et al., 2020; Derbali et al., 2021). It was re-
ported that the sodium content in quinoa seeds ranged from 1.47 to 220 
mg/100 g (Stikic et al., 2012; Marmouzi et al., 2015). It was even re-
ported that sodium content in quinoa was lower than the detection limit 
(Nascimento et al., 2014). The above results were consistent with this 
study. 

The content of potassium in quinoa bran (819–7477 mg/100 g) was 

Fig. 3. Content of saponins, tannins and phytic acids in quinoa bran in China 
All experiments were performed as quintuplicate and the values are given as their mean values. 
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higher than that in quinoa grains (452.72–1980 mg/100 g) (Kozioł, 
1992; Palombini et al., 2013; Bhinder et al., 2021; Gómez et al., 2021), 
but the phosphorus content in quinoa bran (273–432 mg/100 g) is 
equivalent to that of the raw quinoa (330–357 mg/100 g) (Chauhan, 
et al., 1992; Nascimento et al., 2014; Mota et al., 2016). The contents of 
calcium (327–770 mg/100 g) and magnesium (392–529 mg/100 g) in 
quinoa bran were higher than those in most quinoa grains (the content 
of calcium was 20–390 mg/100 g, and the content of magnesium was 
130–460 mg/100 g) (Kozioł, 1992; Palombini et al., 2013; Nascimento 
et al., 2014; Mota et al., 2016; Gómez et al., 2021; Bhinder et al., 2021), 
but lower than those in Ecuadorian quinoa grain (the content of calcium 
and magnesium was 874 and 2620 mg/100 g, respectively) (Ruales and 
Nair, 1993b). 

3.5. The content of microelements in quinoa bran 

Microelements refer to the content of less than 0.01% in the body, 
but they are essential for the animal life activities and play an important 
role in maintaining animal health (Wang et al., 2020c). Microelements 
mainly include iron, manganese, copper, zinc, cobalt, selenium, mo-
lybdenum, etc. (Zhang and Zhang, 2021). The content of microelements 
in quinoa bran in China are shown in Table 4. 

The contents of manganese (8.93–23.8 mg/100 g) and iron 
(7.21–67.2 mg/100 g) in quinoa bran were higher than those in most 
quinoa grains (the content of manganese and iron was 1.89–3.35 mg/ 
100 g and 2.6–13.96 mg/100 g, respectively) (Ogungbenle, 2003; 
Miranda et al., 2010; Stikic et al., 2012; Nascimento et al., 2014; Mota 
et al., 2016; Bhinder et al., 2021; Gómez et al., 2021), but lower than 
those in Ecuadorian quinoa grain (the content of manganese and iron 
was 33 ± 1.2 and 81 ± 0.9 mg/100 g, respectively) (Ruales and Nair, 
1993b). The content of copper in quinoa bran ranged from 0.26 to 2.3 
mg/100 g, which was similar to that in most quinoa grains 
(0.502–0.87mg/100 g) (Bruin 1964; Miranda et al., 2010; Nascimento 
et al., 2014; Mota et al., 2016; Bhinder et al., 2021), but lower than the 
results reported by Ogungbenle (2003) (7.5 mg/100 g) and Ruales and 
Nair (1993b) (10 ± 0.4 mg/100 g). The content of zinc in quinoa bran 

ranged from 1.42 to 13.8 mg/100 g, which was similar to that of most 
quinoa grains (Ranhotra et al., 1993; Ogungbenle, 2003; Nascimento 
et al., 2014; Mota et al., 2016; Bhinder et al., 2021), but which was lower 
than the results reported by Alamri et al. (2023) (the content of zinc was 
45.0 ± 0.70 mg/100 g) and Ruales and Nair (1993b) (the content of zinc 
was 36 ± 2 mg/100 g). 

The content of cobalt in quinoa bran was between 0.19 and 0.33 mg/ 
kg, which was higher than that in most quinoa grains (0.035–0.051 mg/ 
kg) (Bruin 1964; Kozioł, 1992; Nascimento et al., 2014), but lower than 
that reported by Ruales and Nair (1993b) (0.5 ± 0.02 mg/100 g). The 
content of selenium in quinoa bran was between 0.06 and 0.13 mg/kg, 
which was higher than the result reported by Nascimento et al. (2014) 
(lower than the limit of quantification). However, it was lower than the 
selenium content reported by Ruales and Nair (1993b) (3.6 mg/kg) and 
Zhao et al. (2019) (10–150 mg/kg). The content of molybdenum in 
quinoa bran was between 0.16 and 0.34 mg/kg, which was similar to the 
results reported by Nascimento et al. (2014) (0.228 ± 0.68 mg/kg), and 
it was slightly higher than that in quinoa seeds (0.1 mg/kg) (Bruin, 
1964). However, the content of molybdenum was much lower than that 
in Ecuadorian quinoa grain (28 mg/kg) (Ruales and Nair, 1993b). 

The content of barium in quinoa bran ranged from 1.6 to 3.4 mg/kg. 
Nevertheless, to our knowledge, the content of barium in quinoa grain 
has not been reported. Although the existing studies have not confirmed 
that barium does not have a recognized biological role in humans (Peana 
et al., 2021). Wang et al. (2009) reported that barium is a non-essential 
and non-toxic rare trace element. Unless the barium salt is over absorbed 
by the body, otherwise it will not produce acute and chronic toxic effects 
on the human and animal health. 

4. Conclusions 

Quinoa bran is a by-product of the processing of quinoa grain with 
rich nutritional value. Compared with quinoa grain, the quinoa bran had 
lower protein and starch content but higher fat, fiber content and energy 
value. Since the protein content of quinoa bran is comparable to that in 
other grains (rice, corn, millet and sorghum) and brans (wheat, oat and 
rice), it has commercial potential for processing into animal feed or 
other edible products. The contents of antioxidant flavonoids and 
polyphenols in quinoa bran were higher than those in quinoa grains, 
suggesting that quinoa bran had better antioxidant capacity. The cor-
relation coefficient between polyphenols and DPPH radical scavenging 
was higher than that of flavonoids, meaning that the polyphenols had 
stronger antioxidant capacity. The content of antinutritional saponins in 
quinoa bran was much higher than that in quinoa grains, the content of 
tannin and phytic acid, however, was lower than that in quinoa grains. 
Therefore, the removal of saponins was the key to eliminate the anti-
nutritional properties of quinoa bran. The contents of macroelements 
(sodium, potassium, calcium, magnesium, phosphorus) and microele-
ments (iron, manganese, copper, zinc, cobalt, molybdenum, selenium, 
barium) in quinoa bran were generally higher than those in quinoa 
grains, which was consistent with the results of ash content. The study 
also showed that the nutritional, antinutritional, antioxidative, and 
mineral content characteristics of quinoa bran have a certain 

Table 3 
The content of macroelements in quinoa bran in China.  

Origin 
zones 

Content of macroelements (mg/100 g) 

Sodium Potassium Calcium Magnesium Phosphorus 

HB 19.5 ±
2.4d 

5136 ±
111d 

327 ±
12d 

494 ± 12b 273 ± 14d 

SX 49.8 ±
4.4a 

6155 ±
124b 

490 ±
15b 

392 ± 15c 432 ± 14a 

QH 31.8 ±
3.5c 

819 ± 22e 770 ±
16a 

473 ± 17b 364 ± 23b 

NM 31.6 ±
3.7c 

7477 ±
136a 

400 ±
22c 

406 ± 30c 355 ± 24b 

GS 41.1 ±
3.6b 

5303 ±
125c 

411 ±
15c 

529 ± 21a 304 ± 16c 

All data were represented as the means and standard deviations of quintuplicate 
determinations. Superscript (a-d) indicate significant differences (P < 0.05) in 
the same column. 

Table 4 
The content of microelements in quinoa bran in China.  

Origin zones Content of microelements (mg/100 g) Content of microelements (mg/kg) 

Iron Manganese Copper Zinc Cobalt Selenium Molybdenum Barium 

HB 67.2 ± 2.6a 23.8 ± 2.3a 0.26 ± 0.04a 1.68 ± 0.07b 0.33 ± 0.08a 0.13 ± 0.03a 0.25 ± 0.03a 1.9 ± 0.13c 

SX 51.7 ± 1.6b 8.93 ± 1.6d 0.39 ± 0.08a 1.57 ± 0.13b 0.26 ± 0.04ab 0.08 ± 0.02b 0.34 ± 0.06a 1.9 ± 0.14c 

QH 11.9 ± 1.0c 13.4 ± 1.4bc 2.3 ± 0.2a 13.8 ± 1.0a 0.19 ± 0.04b 0.06 ± 0.01b 0.17 ± 0.07a 3.4 ± 0.19a 

NM 7.21 ± 0.61d 15.0 ± 1.4b 0.48 ± 0.06a 2.06 ± 0.32b 0.21 ± 0.05b 0.11 ± 0.02a 0.26 ± 0.05a 1.6 ± 0.14d 

GS 51.6 ± 1.0b 12.2 ± 1.0c 0.37 ± 0.06a 1.42 ± 0.11b 0.31 ± 0.06a 0.13 ± 0.02a 0.16 ± 0.04c 2.3 ± 0.2b 

All data were represented as the means and standard deviations of quintuplicate determinations. Superscript (a-d) indicate significant differences (P < 0.05) in the 
same column. 
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relationship with the planting regions. In summary, quinoa bran was 
found to be a rich source of nutritional and bioactive components and 
minerals. Nevertheless, since it contains more antinutritional factors 
than quinoa grains, the removal of antinutrients is key to the commercial 
development of quinoa bran. If saponins can be developed into pesti-
cides, medicines and cosmetics, the further processing of quinoa bran 
will achieve a win-win situation. 
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