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Abstract 

 

Quinoa (Chenopodium quinoa Willd.) is a seed crop native to the Andean region, known for its ability to grow in diverse 

agro-ecological conditions and its high nutritional value. Its seeds contain significant amounts of various micro- and 

macronutrients that are beneficial for both animal and human health. In the current study, protein profiling, quantification and 

proximate chemical composition were evaluated for food purposes. Five quinoa varieties (BLK, Q-8, Q-8/39, Q-11 and Q-13) 

selected for their favorable agronomic traits, were analyzed for biochemical composition and quality characteristics. The 

highest protein concentration (21.5 mg/g, 15.2 mg/g) was found in seed extract of varieties Q-8 and BLK at 25°C and 4°C, 

respectively. SDS-PAGE profiling of reduced seed extract displayed protein with molecular weight up to 150 kDa and 50 kDa 

at 25°C and 4°C, respectively. In non-reduced samples, the highest molecular weight observed was 70 kDa and 60 kDa at 

25°C and 4°C, respectively. The highest values for protein content (13.9%), crude fiber (1.3%), crude fat (3.3%), ash content 

(1.95%), moisture content (10.5%) and carbohydrate content (66.5%) were observed across different varieties. The maximum 

carbohydrates content (65.9%) was found in Q-13, while BLK exhibited the lowest crude fiber content (1.1%) among the 

varieties studied. These findings provide valuable insights for the development of high-quality quinoa-based products. 
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Introduction 

 

Quinoa (Chenopodium quinoa Willd) is a seed crop, 

and it is mainly cultivated in Andean region for many 

years. Its nutritive value is very high, so it is considered 

an important crop. It has become an interested crop 

worldwide because it can grow in different agro-

ecological conditions (Jacobsen, 2011) and also being 

introduced for cultivation in different climatic region of 

England, Italy, Greece, and other European countries 

(Pulvento et al., 2010). The global population is 

increasing at an alarming rate, along with metabolic 

diseases and climate change, therefore, food security and 

health are important issues. It is expected that in 

upcoming year’s ecosystems will face increasing 

variation in climate and ratio of extreme events (Perez et 

al., 2010). It is estimated that total global food demand 

will increase by approximately 50-60% between 2019 

and 2050, driven by both population growth and rising 

per capita consumption (Falcon et al., 2024). According 

to research, one out of nine individuals are facing 

problems of under nourishment (Anon., 2014). Quinoa 

can fulfill this need of food. Diabetes and metabolic 

disorders are also increasing day by day (Zimmet et al., 

2014). It is also estimated that the median age people of 

the world increased up to 26.8% in 2000 and will be 

increased up to 31.3% in 2050 (Lutz et al., 2008), so, age 

related diseases like osteoporosis and cardiovascular 

diseases are also increasing (Lunenfeld & Stratton, 

2013). To combat with metabolic disorders and diseases 

which are age related, food can play an important role in 

prevention and disease treatment. Food products which 

have special beneficial effects on human health are called 

functional food (Bigliardi & Galati, 2013). 

Grain food or grain like food crops plays a great role in 

agriculture, currently 32 to 72% daily energy needs are 

derived from these crops (Poutanen et al., 2014). Quinoa is 

grain-like crop which has been fulfilling the food 

requirements of Andean region from thousands of years but 

now it is being used worldwide. Quinoa has stress tolerant 

characteristics; more research work is required to explore its 

dietary composition to use it as food. Its global production 

can complete the demands of food of ever growing 

population of world in upcoming years. Quinoa is also being 

used in cosmetics, pharmaceuticals and in botanical 

supplements. It has balanced amount of essential amino 

acids e.g. lysine, lysine is one of the essential amino acids in 

most cereals. In quinoa lysine content is higher (27%) than 

corn, rice and wheat. Quinoa proteins also have histidine, 

and it is also higher than wheat and rice. Due to variation in 

climatic conditions amino acids contents varied and some 

essential amino acids like, lysine, tryptophan and tyrosine 

are found in quinoa (Gonelez et al., 2012). As essential 

amino acids are present in quinoa at high level, so, it is 

considered as a plant which can provide all essential amino 

acids, which match to human nutritional standard which is 

stetted by FAO (Anon., 2013). 

Quinoa's natural starch, characterized by consistently 

small granules measuring less than 3 µm in diameter, 

offers intriguing functional possibilities (Vega-Gálvez et 

al., 2010). Notably, quinoa starch displays a low 

gelatinization temperature range (between 54-71◦C) and 

a relatively low enthalpy value (11 J g-1 starch). When 

compared to wheat and barley starch, quinoa stands out 

with its higher maximum viscosity, increased water 

absorption capacity, and superior swelling power (Filho 

et al., 2017). Quinoa oil boasts a high content of essential 

fatty acids, including oleic (ranging from 19.7% to 
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29.5%), linoleic (from 49.0% to 56.4%), and linolenic 

(8.7% to 11.7%). Approximately 87% to 88% of the total 

fatty acids present in the seed are comprised of poly-

unsaturated fatty acids (Angeli & Miguel, 2020; James, 

2009). These compounds have gained significance due to 

their ability to promote various health advantages, such 

as enhancing the immune system, supporting 

cardiovascular health, aiding in cell membrane function, 

and increasing insulin sensitivity (Präger et al., 2018). 

Plants can be used for phytosteroid and quinoa seeds 

are best for this purpose because high level of 

phytosteroids is present in quinoa. There are many other 

known effects e.g. control of molt in insects and some 

hormones in mammals (Foucault et al., 2012). Most 

common ecdysteroids is 20- hydroxyecdyson, which is 

present in many plants including quinoa. Among the 13-

14 types of phytoecdysteroids identified in quinoa, 20- 

hydroxyecdyson is the most abundant and comprising of 

63% to 92% present of the total phytoecdysteroid content 

(Graf et al., 2015; Vidueiros et al., 2015). Quinoa has a 

lot of health benefits for sports man, helps in improving 

their performance in that field, for diabetes patients, 

patients of anemia and for children. All these good 

features are due to the presence of vitamins, lot of fatty 

acids, minerals and quinoa’s phytochemicals, making 

quinoa more beneficial than the other crops with respect 

to the human food and health (Vega galvez et al., 2010). 

Keeping in view the importance of quinoa as a food crop, 

the current investigation was planned to study protein 

profiling, protein quantification and proximate analyses 

of different quinoa varieties. Specifically, the focused on 

locally adopted varieties cultivated in Pakistan including 

BLK, Q-8, Q-8/39, Q-11 and Q-13, which have shown 

promising agronomic performance under local agro-

climatic conditions. 
 

Materials and Methods 

 

Plant material: For this study seeds of five varieties 

(BLK, Q-8, Q-8/39, Q-11, Q-13) of quinoa were collected 

from Nuclear Institute for Agriculture and Biology 

(NIAB), Faisalabad, Pakistan. 

 

Protein sample preparation: Seeds of five varieties (BLK, 

Q-11, Q-13, Q-8, and Q-8/39) of quinoa were ground 

separately in an electric blender. Seed powder one gram each 

of the five verities was taken in five Para film covered 

beakers separately with 10 ml phosphate buffer solution of 

pH 7. Then samples were stirred on magnetic stirrer 

(SCILOGEX-H550-S) for 3 to 4 hours at room temperature 

(25°C). Stirring was performed on 4°C as well. Ten stirred 

sample at 25oC and 4oC of all varieties were centrifuged at 

5000 g for 40 minutes. Supernatants were filtered by using 

Whatman filter paper. 0.01% sodium azide (NaN3) was 

added in each protein sample to store the samples for further 

processing. Bradford reagent 2 ml along with 40 µl of 

protein sample were taken in cuvette and absorbance was 

checked at 595 nm in spectrophotometer (UV/V 

spectrophotometer HALO SB-1 (Bradford, 1976).  

 

Protein profile by SDS-PAGE: In all samples, protein 

content was assessed and integrated after running 12% 

SDS-PAGE (E-VS10-SYS, omniPAGE mini-System, 

Germany) according to (Laemmli, 1970). The general 

protocol was adopted for the preparation of 12% gel for the 

visualization of protein samples. Reduced and non-reduced 

dyes were used to visualize protein bands. Samples were 

mixed with 1:3 with both reduced and reduced dye. In case 

of reduced dye samples were heated at 95°C for 5 minutes 

before loading samples in gel wells to break the disulfide 

linkage present in the samples. Protein marker (Thermo 

Fisher Scientific, Cat # 26614) was used to check the mass 

of protein. Coomassie Brilliant Blue R-250 (CBB R-250) 

dye was used to stain gel. 

 

Determination of proximate analysis  

 

Moisture content: To determine the seed moisture 

contents AOCA (2000) method was followed for which 

three ground samples of each verity of C. quinoa 

(weighed 5g) were taken in China crucible and dried in 

hot air oven for 12 hours at 70°C and then immediately 

transferred into desiccators for cooling. Average weight 

loss of three samples were calculated, loss in weight 

showed the moisture content. 

 

Moisture content =  
Weight loss of maize (g) 

x 100 
Weight of the original maize (g) 

 

Crude protein: The protein content in all the quinoa 

samples was studied according to the procedure of 

Association of Official Analytical Chemists (AOAC), 2000) 

using Kjeldahl apparatus. Weighed sample (1g) was 

digested with 50ml conc. sulphuric acid and 20 g digestion 

mixture (Copper.Sulphate (CuSO4) and Potassium.Sulphate 

(KSO4) in the ratio of 1:9) in Kjeldahl digestion flask until 

its color completely turned into blue. By adding water its 

volume changed into 500ml. 100 ml of this solution was 

taken in distillation flask and 400ml water and 200ml of 40% 

sodium hydroxide were added in it to neutralize the acid. 

And then distillation flask immediately fixed into condenser 

having a 500ml flask containing.40 ml of 4% boric acid. 

with mixed indicator and marked the Flask at 200ml. About 

200ml of distillates having ammonium borate were collected 

and titrated against standard.0.1 N H2SO4. 

 

% Nitrogen = 
Volume of 0.01 NH2SO4 used 

X 0.0014 X 100 
Weight of sample 

 

% Crude protein = % Nitrogen X 6.25 

 

Crude.fat: To find crude fat, moisture free samples of each 

variety (5g) were poured into the cotton covered thimble 

(AOCA, 2000). Then the thimble was transferred in 

beakers containing Soxhlet assembly. Petroleum. Ether 

(40-60°C) was added in the flask having 1.5 times capacity 

of Soxhlet Assembly. For the circulation of cold water 

apparatus was fitted with condenser to tap. water. The 

apparatus was run for 18 hours at 60°. After the addition of 

ether, fatty constituents were dissolved in ether. After some 

time, the ether was evaporated left over fat was weighed. 

 

Crude fat % = 
Weight of fat (g) 

x 100 
Weight of sample (g) 
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Crude.fiber: Crude fibers were determined according to 

Association of Official Analytical Chemists (ACOIC, 2000) 

for which 200ml of 1.25 % sulphuric acid was taken in a 

beaker and 5g sample (moisture free) was added in it. After 

30 minutes it was filtered by using muslin cloth and funnel. 

The residue left in muslin cloth was washed with hot water 

to make it acid free and then transferred into the beaker and 

200ml of 1.25 % sodium hydroxide was added and again it 

was refluxed for 30 minutes. After 30 minutes it was filtered 

by using muslin cloth and residue were washed with hot 

water and transferred into pre weighed china crucible and 

dried in hot air oven at 130°C for 2 hours or until weight was 

recorded constant. Then, it was transferred into muffle 

furnace and loss in weight was recorded. 

 

Crude fiber % = 
Weight of residue (g) – Weight of ash after ignition (g) 

x 100 
Weight of sample taken (g) 

 

Ash content: Ash contents were analyzed by following the 

AOAC (2000) method, for which 5g ground seed sample 

was taken in china crucible, and it was put in the muffle 

furnace for 5 hours at 550°C. Then left over residue was 

weighed after cooling. 

 

Ash contents % = 
Weight of ash (g) 

x 100 
Weight of sample (g) 

 

Carbohydrates content: By adding proximate, 

composition and subtracting from.100 carbohydrates 

contents were calculated according to AOAC (2000) 

method. 

 

Statistical analysis: By using the analysis of variance and 

means, the data of proximate analysis of C. quinoa were 

examined and compared by Tukey’s test using the software 

CoStat (Analytical Software, 2005). 

 

Results 

 

Protein quantification: Seeds of different varieties 

exhibited significantly (p<0.05) different protein 

concentration at room (25oC) temperature and 4°C (Table 

1). The highest protein content was observed (20.91 mg g-

1) in Q-13 and the lowest in Q-8/ 39 (18.4 mgg-1) at room 

temperature (Fig. 1a). While at 4°C, the maximum values 

for protein contents (15.53 mg g-1) were recorded in BLK 

and while minimum protein contents (14.2 mg g-1) were 

found in Q-8/39. Quinoa variety Q-11 and Q-8 showed 

statistically similar protein concentration 14.24 mg g-1 and 

14.5 mg g-1rotein when extracted at 4oC (Fig. 1b). 
 

Protein profiling: At 25°C, protein profiling of non-

reduced samples was loaded in separate gel and their results 

were compared with protein marker which was loaded in 

lane M. In Q-11, Q-13, Q8/39 and BLk varieties same 

molecular weight of proteins bands. 40, 60 and 70 kDa were 

observed except in Q-8 where no protein bands were visible 

under non-reduced form as illustrated in (Fig. 2a). In reduced 

samples displayed that 40, 60, 70 and 150 kDa bands were 

visible in all varieties of quinoa (Fig. 2b). It is clear that seed 

extract at 25oC of all varieties showed same bands under 

reduced form. These results showed that quinoa varieties 

have different types of proteins, and these proteins also have 

disulphide linkage under the reduced form. 

At 4oC, Varieties Q-11, Q-8, Q8/39 showed the 

different molecular weight of proteins i.e. 22, 35, 40, 60 and 

70 kDa while varieties Q-11 and BLK showed no protein 

band under non-reduced form (Fig. 2c). Approximately 20, 

30, 35, and 50 kDa protein bands were visible in the varieties 

Q-11, Q-13, Q-8, Q-8/39, and BLK under the reduced form. 

These results indicated that 70 kDa protein bands have 

disulphide linkage under reduced form and different types of 

proteins are present in all varieties of quinoa. 

 

Proximate analysis: Results displayed that moisture % 

slightly varied in seeds of different varieties (Table 2). 

Moisture content varied non-significant among all the 

quinoa varieties however, the highest moisture contents 

were found in Q-8/39 (10.5%) statistically similar values 

were noted in, Q-11 (10.15%), Q-13 (10.10%), BLK 

(10.09%), and Q-8 (10.067) (Fig. 3a). 

The current findings demonstrated significant 

variations in seed protein content among different varieties 

of quinoa (Table 2). The highest seed protein content was 

noted in variety BLK (14%) and minimum level of protein 

content was found in Q-13 (11.33%), closely followed by 

Q-8 (11.64%). Similarly, Q-11 (12.88%) and Q-8/39 

(12.51%) had statistically similar values for protein 

contents (Fig. 3b). 

Crude fat analysis of seeds of different quinoa 

varieties showed a significant variation (Table 2). The 

highest crude fat content was recorded for Q-13 (3.28%) 

which was statistically similar to that of Q-8/39 (2.94%) 

and Q-11 (2.85%) [Fig. 3c]. The quinoa variety BLK (2.13 

%) contained minimum amount of crude fat which was at 

par to that of Q-8 (2.19%) [Fig. 3c]. 

The results for seed crude fibers analysis showed non-

significant variations among all quinoa varieties (Table 2). 

However, the variety Q-13 (1.3%) had the maximum seed 

crude fibers contents (Fig. 3d) while the minimum seed 

crude fibers were obtained for BLK (1.1%) [Fig. 3d]. 

 

Table 1. Mean square values regarding analysis of variance showing temperature effect on protein extraction 

during quantification in different varieties of C. quinoa seeds. 

Source DF Protein extraction at 25oC Protein extraction at 0oC 

Varieties 4 3.89078*** 1.72537*** 

Error 10 0.00159 0.14114 

Total 14 1.1128 0.59378 

Note: *** Highly significant at p<0.05  
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Fig. 1. Total protein concentration (mg/g) of five varieties of C. quinoa seeds: a, at 25oC; b, at 4oC. Different letters demonstrate 

significant differences among quinoa varieties. 

 

 
 

Fig. 2. Protein profile of different varieties of C. quinoa crude extract at 25oC and 4oC. (Lane M represents 5µl protein marker): a, 

represents non-reduced form at 25oC; b, represents reduced form at 25oC; c, represents non-reduced form at 4oC; d, represents 

reduced form at 4oC. 
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Fig. 3. a, moisture content; b, protein content; c, crude fat content; d, crude fiber contents in seed of different varieties of C. quinoa. 

Bars sharing similar letters show non-significant differences among quinoa varieties(p<0.05). 

 

  
 

Fig. 4. a, ash content (%); b, content (%) of different varieties of C. quinoa. The data is represented as means ± SE of 3 replicates. Non-

identical letters indicate significant difference among the varieties. 

 

Table 2. Mean square values regarding analysis of variance showing variations in moisture, protein crude fat, 

crude fibers, ash and carbohydrates contents in different varieties of C. quinoa seeds. 

S. variation DF 
Moisture 

(%) 

Protein 

(%) 

Crude fat 

(%) 

Crude fibers 

(%) 

Ash 

(%) 

Carbohydrates 

(%) 

Variety 4 0.9467NS 2.65356** 0.75279** 0.01079NS 0.20574* 22.0706*** 

Error 10 0.05104 0.14533 0.06366 0.01720 0.04599 0.2859 

Total 14 0.06351 0.8619 0.26055 0.0154 0.09163 6.5101 

Note: * = Significant; ** Highly significant at p<0.05; *** = highly significant at p<0.001; NS = Non-significant 
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Seed ash content analysis also indicated significant 

differences among all the quinoa varieties (Table 2). In Q-

8 the values for ash content were the highest (1.98%), 

closely followed by Q-11 (1.92%), BLK (1.82%), and Q-

8/39 (1.75%) [Fig. 4a]. Minimum ash content was noted 

for Q-13 (1.32%) [Fig. 4a]. 

The level of carbohydrate also exhibited significant 

differences (Table 2) among all the quinoa varieties used 

in current studies. The maximum carbohydrates contents 

were found in Q-11 (68.62%), followed by Q-8 

(66.42%), > Q-13 (64.02%), > BLK (62.9%),> and Q-

8/39 (61.98%) [Fig. 4b] The variations for 

carbohydrates contents among all the quinoa varieties 

were significant except Q-13 and BLK both have 

statistically similar values for this parameter and same 

was the case with Q-8/39 and BLK (Fig. 4b). 
 

Discussion 
 

In the current study protein profiling of seeds of C. 

quinoa was done and proximate chemical composition 

was also checked. This study was conducted on five 

different varieties of C. quinoa. During the experiment 

crude extract at 25oC and 4oC of seeds of all varieties was 

used to determine the molecular size of protein and seeds 

powder was used for proximate analyses (Fig. 1). Taking 

into account the obtained data, it was evident that in all 

quinoa samples carbohydrates were the major 

macronutrient, followed by protein and moisture content. 

Drzewiecki et al., (2003) reported that quinoa have 

protein content almost equal to cereal, but quinoa has 

high quality protein but resembling more with legume 

protein content (Valcárcel-Yamani & Lannes, 2012). 

Average protein in quinoa is 14% to16% (Hager et al., 

2012; Scanlin et al., 2024), however, these values may 

be fluctuated in different verities from 7% to 20% 

(Bhargava et al., 2007). Similarly in current study, 

average protein content ranges between 11 to 14 % in 

different varieties (Fig. 3b). Sulphur containing amino 

acid, lysine and arginine are essential amino acids, and 

quinoa has high level of these amino acids (Vega Glavz 

et al., 2010). Quinoa has balanced amounts of essential 

amino acids e.g. lysine, which is one of the essential 

amino acids in most cereals (Parker-Gibson, 2015). In 

quinoa lysine content is higher than corn and wheat, it is 

almost 27% higher compared to rice. Quinoa proteins 

also have histidine, and it is also higher than wheat and 

rice (Dakhili et al., 2019). Moreover, an adequate 

amount of aromatic amino acids are present in quinoa 

which can fulfill the need of children but these are in low 

quantity compared to wheat and rice (Hernández-

Ledesma, 2019; Khaliq et al., 2022). Variation in 

essential amino acids is present which is due to growing 

in different regions. Lysine, tryptophan and tyrosine 

found in quinoa are limiting amino acids (González et 

al., 2012). The protein profiling present investigation is 

in line with the supported above findings (Fig. 2). 

In the current findings, carbohydrates content ranged 

from 61- 69% (Fig. 4b) among various varieties of 

quinoa. There is a high percentage of maltose and D- 

xylose and low amount of glucose and fructose in quinoa 

flour which makes it ideal to use in malted drink 

formulations (Ogunbengle, 2003; Kohajdová et al., 

2023). A high content of minerals e.g calcium zinc and 

copper are present in quinoa (Repo-Carrasco et al., 2003; 

Rybicka & Gliszczyńska-Świgło, 2017). Mineral (ash) 

concentration in quinoa is greater than most of the grain 

crops (Vega-Gálvez et al., 2010). All of the above 

minerals present in quinoa is in balanced amount for 

human diet (Schlick & Bubenheim, 1996). Quinoa’s 

starch granules to enzyme susceptibility were checked, 

such as isoamylase and β-amylase (Tang et al., 2002), 

Porcine pancreatic α-amylase (Li et al., 2016) at 38oC has 

been reported. Complete hydrolysis of starch granules of 

Chenopodium quinoa after 30-31h reported by Tang et 

al., (2002). And their study shows that starch granules of 

quinoa are susceptible to enzyme digestion. Hydrolyses 

of starch is depend on structural characteristics and size 

of granules (Perez-Rea et al., 2013). 
Quinoa seeds are rich in a variety of vitamins and 

minerals, including noteworthy levels of calcium, iron, 

potassium, and magnesium, as highlighted in studies by 

Nowak et al., (2016) and Vilcacundo & Hernández-

Ledesma (2017). Additionally, dietary fiber and 

bioactive compounds such as polyphenolic compounds 

are also present. Furthermore, the lipid content in quinoa 

is notably abundant in essential fatty acids like linoleic 

(Ω-6) and α-linolenic (Ω-3) polyunsaturated fatty acids 

(PUFA), aligning closely with the recommended Ω-6 to 

Ω-3 ratio for a healthy diet (5:1-10:1), according to 

Farinazzi-Machado et al., (2012). Although a healthy 

ratio of Ω-6 to Ω-3 is generally considered to be between 

1/1 and 4/1, studies suggest that individuals adhering to 

a typical western diet may have a ratio ranging from 

15/1 to nearly 17/1, as noted by Simopoulos (2006). The 

mean fat contents were not significantly different, 

spanning only from 2.1% to 3.3% in all the different 

varieties (Fig. 3c). The nutritional makeup of this seed 

has attracted attention from both producers and 

consumers, leading to numerous scientific studies 

exploring its exceptional nutritional value and diverse 

potential applications. For instance, Encina-Zelada et 

al., (2017) conducted research on the composition of 

various Peruvian samples of Chenopodium quinoa 

grains using Near-Infrared Transmission Spectroscopy. 

Their findings were generally comparable to the results 

obtained in the current study (Fig. 3). 

The contents of fiber did not show much differences 

among different varieties (Fig. 3d). The study of Repo-

Carrasco & Serna, (2011) demonstrates that these 

differences are not due to varieties but are true analytical 

differences. Our data aligns with previous literature 

findings (Alvarez-Jubete et al., 2010) regarding the 

substantial unsaturation present in quinoa fat. In 

comparison to rice, quinoa exhibits an excess of 20 times 

more unsaturated fatty acids, particularly linoleic acid 

(C18:2). When juxtaposed with soybean, quinoa displays 

roughly half the amount of unsaturated fatty acids and a 

tenfold reduction in saturated fatty acids (Rao & Shahid, 

2012). These variations can be attributed to the lower fat 

content in rice and the higher fat content in soybeans. The 

daily human diet can be bettered by addition of quinoa 

varieties in raw as well processed form as the quinoa is rich 

in fiber, protein, fat content and carbohydrate content.  

https://www.sciencedirect.com/science/article/pii/S0308814615003027#b0290
https://www.sciencedirect.com/science/article/pii/S0308814615003027#b0290
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Conclusion 

 

Nutritional composition in quinoa seeds, with particular 

emphasis on protein assessment and characterization, was 

investigated on five quinoa varieties (BLK, Q-8, Q-8/39, Q-

11 and Q-13). Various nutritionally significant compounds 

that could play a crucial role in promoting the consumption 

of this pseudo-cereal were identified. The highest protein 

and carbohydrates contents were found in seed extract of 

varieties Q-8 and Q-13 respectively, while ash content, 

moisture content, crude fat and crude fiber were also present 

in sufficient amounts to meet the nutritional requirements for 

human consumption.  
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