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Abstract  Amaranth and quinoa are low-input, climate-

smart crops that are highly nutritious and increasingly in 

demand. Their flours are utilized in various baking 

products and other applications, such as sauces. However, 

solvent-free extracted starches from these crops have not 

been compared to their flours in diverse products, including 

meat products. This study examined parameters 

contributing to functionality in products for water-

extracted starch from amaranth and quinoa, comparing it to 

their flours. Analyses included proximate components, 

technological properties, and functional properties of the 

flours and starches. Results indicated significant 

differences in the proximate content of quinoa, amaranth 

flours, starches, and corn starch (p<0.05). The protein 

content of hydro-extracted starches was higher compared 

to alkali-extracted starches from other studies. Corn starch, 

used as a control, showed no significant difference (p>0.05) 

in the porosity of all flours and starches. Porosity is crucial 

for fried meat products as it enhances oil uptake. In this 

study, it was desirably lower than 50% in all starches and 

flours. The water absorption index was within the 

recommended range for optimal functionality of flours and 

starches (2-3.5g/g). Swelling power was higher in extracted 

starches compared to their flours, which is advantageous 

for cooked products. The study indicates that quinoa and 

amaranth starch can serve as substitutes for corn starch in 

food products, as they exhibit similar properties to the more 

expensive corn starch. They exhibited better wettability 

and dispersibility properties. These parameters contribute 

to products like sausages, enhancing juiciness and texture, 

which are desirable traits for consumers. Additionally, the 

emulsion capacity of starches did not significantly differ 

between flours and starches. Therefore, quinoa and 

amaranth flours and starches can be used in emulsion 

products as fat replacements. The properties of water-

extracted starches analyzed in this study demonstrate their 

potential for use in other industries, such as 

pharmaceuticals, textiles, and packaging materials. 

Keywords  Product Development, Pseudo Cereals, 

Extracted Starches, Functional Properties 
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1. Introduction 

Amaranth (Amaranthus hypochondriacus) and quinoa 

(Chenopodium quinoa Willd) are climate-resilient pseudo 

cereals native to the Andes. Amaranth and quinoa 

outperform maize in harsh sub-Saharan environments 

exacerbated by climate change. While maize suffers from 

heat stress above 32°C [1], quinoa thrives between -4°C 

and 38°C [2]. Amaranth and quinoa yield 1.5 -2 and 4.3 

tons per hectare, respectively, in hot, dry conditions [3,4]. 

These pseudo cereals are cultivated in South America, 

Africa, and Asia [5]. Amaranth has also been produced for 

exportation in Africa [6]. Quinoa world production was 

about 173,000 metric tons in 2022 [6]. 

Amaranth grain composition is 12.5-17.6% protein, 1.9-

9.7% fat, 2.5-3.2% ash, 3.1-5.0% fiber, and 48-69% 

carbohydrates. Quinoa grain composition is 10-18% 

protein, 4.5-8.8% fat, 2.1-4.9% fiber, and 54.1-74.7% 

carbohydrates [7]. Amaranth’s starch accounts for about        

60% of the grain [8], while quinoa’s starch content is 70% 

[9]. Amaranth starch contains 1.2%, compared to 8.4% 

amylose in quinoa starch [10]. Amaranth has been reported 

to have 85-90% amylopectin, while quinoa has 70-80% 

[9,11]. 

Poor nutrition in developing nations in Africa has led to 

the production of commercial corn starch (starch that has 

been enhanced with either native proteins or proteins from 

other sources) [12]. This modification aims to improve the 

physicochemical properties of the starch, resulting in a 

product that typically contains between 3% and 10% 

protein, which is used in high-protein products like soups 

[12]. 

Amaranth and quinoa are used in the food industry. They 

are gluten-free and have reduced starch digestibility, which 

contributes to a low glycemic index and improved health 

outcomes [13]. Amaranth and quinoa grains are cooked like 

rice, while their flours are used in soups, salads, and sauces 

or in products like breakfast cereals, spaghetti, biscuits, and 

bread [14]. Additionally, wheat-amaranth blends improve 

organoleptic characteristics in baked goods [14,15]. Grain 

amaranth and quinoa starches are also used as thickening 

agents in various food products [16,17]. Despite the uses of 

amaranth and quinoa in the food industry, no systematic 

studies have compared the performance of these flours and 

their starches, which bring different characteristics to their 

products. 

The use of isolated starch requires its extraction from 

amaranth and quinoa grains. Noteworthy is that starch is 

typically extracted using chemical methods, such as 

soaking grains in sodium hydroxide [16]. This chemical 

extraction of starch can negatively impact the environment 

and may lead to the formation of undesirable compounds, 

thus compromising food-grade standards [18]. 

Additionally, the use of chemicals increases the production 

costs of starch. Despite the shortfalls of chemical extraction 

methods, there is a dearth of information on the properties 

of quinoa starch that has been obtained using green 

extraction techniques. Water-based green extraction has 

been employed in a limited number of studies for quinoa 

starch [19], but it has not yet been applied to amaranth. 

Therefore, this study investigated the proximate 

composition, technological, and functional properties of 

quinoa and amaranth grains’ hydro-extracted starches that 

were simultaneously compared to those of the same pseudo 

cereals’ flours, highlighting their potential in food product 

development. 

2. Materials and Methods 

2.1. Raw Materials 

Corn starch A was bought from WFM Starch Products 

Company, South Africa. The amaranth flour and quinoa 

grains were bought from Four Season Foods Company, 

Zimbabwe. 

2.2. Flour Preparation 

Prior to analysis, the quinoa grains were mechanically 

processed. Quinoa grains were first dehulled using mortar 

and pestle and then soaked in warm water overnight to 

remove saponins. After soaking, the quinoa grains were 

washed thoroughly and then sun-dried. The sun-dried 

grains were ground into flour using a laboratory blender 

(Hamilton Beach-HBF500S-CE). The milled quinoa and 

amaranth flour, which was bought as flour were sieved 

using a 500 µm sieve (Universal sieve). For control 

purposes, the corn starch was also sieved using a 500 µm 

sieve. 

2.3. Starch Extraction 

Quinoa and amaranth starch were extracted using a 

method by Jan et al. [19] with slight modification. Briefly, 

the flours were steeped in water using a ratio of 1:6 at 4°C 

for 24 h in a shaking incubator (Bio base -BJPX-100B). 

Wet milling was done to the mixture for 2 mins using a 

laboratory blender, and it was passed through 250 µm, 75 

µm, and 45 µm sieve. The filtrate was then centrifuged (Bio 

base -BKC-TH16) at 5500rpm for 15 mins, the supernatant 

was discarded, and a yellowish layer above the starch cake 

was removed. The starch cake was suspended in water four 

times, the centrifugation process was repeated, and the 

yellowish layer was removed until the cake starch was clear. 

The starch was dried at 40°C for 12 h in an oven (Scientific 

South Africa-225) and was kept in sealed plastics until 

analysis at room temperature. The starch yield of amaranth 

and quinoa starch was calculated as the amount of starch 

that was extracted compared to the whole sample mass. 

2.4. Proximate Composition Analysis 

Moisture, fat, ash, and crude protein for the flours and 



 Food Science and Technology 13(2): 127-136, 2025 129 

 

starches were determined following the AOAC 2005 

methods, AOAC-925.10, AOAC-2003.05, AOAC-923.03, 

and protein AOAC-960.52 respectively. Carbohydrates 

were calculated by difference. 

2.5. Functional Properties and Technological 

Properties 

Bulk density (BD) was analyzed using the procedure 

outlined by Hyacinthe et al. [20], where 50 grams of the 

amaranth flour, amaranth starch, quinoa starch, quinoa 

flour, and corn starch (samples) were placed in a 100 mL 

graduated cylinder. The volume (Vt) was recorded after 

leveling the sample with a spatula without tapping the 

cylinder. BD was then calculated as the mass divided by 

the recorded volume. Porosity was determined using the 

BD, and true density was obtained from the analysis. 

The wettability of the flour was assessed according to 

Hyacinthe et al. [20] by measuring the time (in seconds) 

required for the flour to become completely wet. Starches 

and flours weighing 1 gram were added to a 25ml 

measuring cylinder each. The measuring cylinder with the 

test sample was inverted with a finger placed over the open 

end and held at a 10cm height from the surface of 500ml 

distilled water, which was in a 600ml beaker. The finger 

was removed, and wettability was recorded by measuring 

the time (in seconds) required for the flour to become 

completely wet. For dispersibility, the method described by 

Mora-Escobedo et al. [21] was used with slight 

modifications. Dispersibility was defined as the difference 

between the total volume (V0) of the particles immediately 

after manual stirring and the volume (Vt) of the deposited 

particles recorded after one hour. 

Swelling power and solubility were evaluated using the 

method by Adebooye and Singh [22]. The amaranth flour, 

amaranth starch, quinoa starch, quinoa flour, and corn 

starch (samples) were measured to 500mg each. Distilled 

water (20ml) was added, and the mixture was heated at 

80°C for 30 minutes. It was then cooled to room 

temperature and centrifuged at 3000 x g for 20 minutes. 

The supernatant was poured into a weighed petri dish and 

left to dry at 100°C until there was no change in weight. 

The weight was recorded. The residues were used to 

estimate the swelling power, and solubility was calculated 

based on the supernatant weight. The oil absorption index 

(OAI) was determined using the method by Adebowale et 

al. [23], where the OAI was recorded as the weight of the 

residue after removing the supernatant per unit weight of 

the original dry sample. The water absorption index (WAI) 

and water solubility index (WSI) were measured following 

the method described by Dalbhagat and Mishra [24]. The 

starch and flour samples were weighed (2 grams) into 50 

ml centrifuge tubes, and 20 ml of distilled water was added. 

Mixing was done for 10 minutes, and it was further 

centrifuged for 20 minutes at 3000 rpm. The supernatant 

was then poured into an aluminum dish with known weight 

and was dried at 105°C for 24 hours in an oven. The weight 

of the gel and supernatant was recorded. WAI and WSI 

were calculated. 

2.6. Statistical Analysis 

One-way Analysis of Variance (ANOVA) was used to 

analyze proximate analysis and functional properties data 

using Genstat® 18th Edition (UK). Flours were milled 

once and sieved. Extractions were also done once for each 

flour. However, the proximate technological and functional 

properties analysis was done with three replicates for each 

sample. Significantly different means at alpha less than 

0.05 were separated using Fisher’s protracted least 

significance difference. 

3. Results and Discussion 

3.1. Starch Yield 

The amaranth and quinoa starch yield did not 

significantly differ (p > 0.05) at 44.72±4.88% and 

49.30±2.70%, respectively. The amaranth and quinoa 

starch yields were higher than the 41.2% reported by 

Kumar et al. [25] for amaranth and the 41–49% range 

observed by Jan et al. [19] for quinoa starch. The different 

extraction methods may have affected the starch yield, e.g., 

the alkali steeping method versus the aqueous steeping 

used in this study. 

3.2. Proximate Composition of Amaranth and Quinoa 

Flours and Starches 

The moisture contents of quinoa and amaranth flour, 

starches, and corn starch significantly differed (p < 0.05) 

(Table 1). Both quinoa and amaranth flours adhered to the 

moisture limits set by ISO 712:2011 and AACC 

International [26], which recommend a maximum of ≤14%. 

Similarly, starches had moisture levels within the ≤12–14% 

range specified by ISO 6494:2011. 

Amaranth and quinoa starches had significantly lower 

protein contents than that of corn starch (Table 1). 

Ramirez-Lopez et al. [27] observed a protein content of 

2.46% for quinoa starch, which was lower than the value 

obtained in this study. This could be attributed to the use of 

NaOH solution by Ramirez-Lopez et al. [27] in their 

extraction. Regarding flours, quinoa flour had a 

significantly higher protein content than that of all other 

samples. Similarly, amaranth flour had a significantly 

higher protein content than that of corn starch. The protein 

contents of quinoa and amaranth flours recorded in this 

study were within the 10–18% range reported by Jan et al. 

[7]. 
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Table 1.  Proximate composition 

 Moisture % Protein % Crude fiber % Fat % Ash % Carbohydrates % 

Quinoa starch 8.93±0.14a  3.33±0.03b 0.76±0.04a 0.48±0.07ab 0.64±0.04b 85.86±0.10e 

Amaranth starch 9.35±0.34a 2.78±0.05a 2.26±0.08b 0.91±0.06b 0.74±0.00c 83.96±0.42d 

Corn starch 10.02±0.35b 8.87±0.08c 0.80±0.17a 0.23±0.04a 0.26±0.01a 79.82±0.49c 

Quinoa flour 9.81±0.08b 14.40±0.15e 4.55±0.50c 3.84±0.14c 2.12±0.01d 65.72±0.61b 

Amaranth flour 10.18±0.17b 12.78±0.14d 5.03±0.14d 5.50±0.63d 2.86±0.06e 63.66±0.48a 

Values are means ± standard deviation; values with the same letter in a column are not significantly different (p > 0.05). Values are reported on 
dry basis; n = 3 

The crude fiber contents of quinoa starch and corn starch 

did not significantly differ (p > 0.05) (Table 1), whereas 

amaranth flour had the highest crude fiber (p < 0.05), 

followed by quinoa flour and amaranth starch. The crude 

fiber content of amaranth flour observed in the present 

study was higher than the 3.83% reported by Thakur et al. 

[28], whereas that of quinoa flour was lower than the 5.56% 

reported by the same study. On the other hand, Njoki et al. 

[29] reported a lower amaranth flour crude fiber value 

(4.27%) than that obtained in the current study. Amaranth 

starch in this study was within the 1–5% crude fiber range, 

and according to Omoregie [30], that range improves 

texture and consistency in food products. Quinoa starch 

crude fiber was similar to corn starch, suggesting potential 

use in products where the reference corn starch has been 

used. 

Amaranth starch fat content was significantly higher 

than that of corn starch, whereas that of quinoa starch was 

similar to that in the other starches (Table 1), all of which 

fell below the ranges reported by Mlakar et al. [31]. 

According to Mlakar et al. [31], amaranth and quinoa flour 

fat content ranged from 5.6 to 10% and 4.5 to 8.8%, 

respectively. On the other hand, the amaranth flour fat 

content was higher than the 4.08% reported by Sindhu and 

Khatkar [32]. Omoregie [30] reported that fat in starches 

enhances the texture and consistency of food products, 

resulting in a more refined texture. The starches in this 

study contained fat ranging from 0.23% to 0.91%, which 

may imply that they have a possibility of improving texture 

in products. However, when the fat content exceeds 0.1–

2%, it can also slow down starch digestion [30], and the 

starches in this study have fat content that might not slow 

down starch digestion. Notwithstanding, the starches in the 

current study were within the recommended range, with 

amaranth flour registering the highest fat content (p < 0.05). 

All the samples had significantly different (p < 0.05) ash 

contents (Table 1), with amaranth flour having the highest 

ash content, followed by quinoa flour, whereas corn starch 

had the lowest ash content. Thakur et al. [28] observed ash 

contents similar to those observed in the current study for 

both quinoa (2.15%) and amaranth (2.35%) flours. 

Amaranth flour ash content fell within the range reported 

by Mlakar et al. [31] (2.5–4%), whereas that in quinoa flour 

was lower than the 2.4–3.7% reported by Bertazzo et al. 

[33]. Amaranth, quinoa, and corn starch had ash content of 

less than 1.5%, and according to Omoregie [30], starch ash 

contents greater than 0.1–1.5% may compromise starch 

stability during processing, adversely affecting food 

product quality, as well as starch gelatinization and pasting 

properties [30]. Therefore, amaranth and quinoa starch, the 

same as corn starch, may be used in processed foods 

without affecting their stability. 

Starch and flour carbohydrate contents significantly 

differed (p < 0.05) among all samples (Table 1). Corn 

starch had a significantly lower carbohydrate content than 

that in amaranth and quinoa starches but significantly 

higher than that in quinoa and amaranth flours. The 

carbohydrate content of quinoa flour fell within                   

54.1–64.2% [33] and 48–69% [7] for amaranth starch. The 

carbohydrate content in the present study was lower than 

the 89.76% reported by Contreras-Jiménez et al. [34] for 

isolated quinoa starch. This difference could be attributed 

to the varying proximate components of the starches and 

extraction efficiency. 

3.3. Technological Properties 

3.3.1. Bulk Density 

The BD of starches and flours significantly differed (p < 

0.05) (Table 2). Corn starch BD was significantly higher 

than that of amaranth starch but not significantly different 

from those of quinoa starch and flour. The amaranth and 

quinoa starches’ BD were lower than the 0.63-0.69 g/cm³ 

reported by Sindhu and Khatkar [32] and Jan et al. [19]. In 

the current study, amaranth flour had a BD within the 0.45–

0.82 g/cm3 range reported by Singh and Liu [35]. Sm et al. 

[36] and Olawuni et al. [37] recorded BD values of 0.714–

0.72 g/cm³ for quinoa flours, higher than those in the 

present study. The starches herein exhibited slightly lower 

BD than the recommended range of 0.6–0.8 g/cm³ for 

optimal properties. 
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Table 2.  Technological properties 

 BD (g/cm3) Porosity % Wettability (seconds) Dispersibility % 

Quinoa starch 0.44±0.02ab 46.4±6.52a 20±1.34a 64.33±2.08b 

Amaranth starch 0.42±0.02a 47.6±16.34a 43±5.45a 58.33±2.52a 

Corn starch 0.46±0.00b 43.4±14.39a 5267±169.83b 59.00±1.73a 

Quinoa flour 0.45±0.01b 49.2±4.92a 32±4.22a 60.33±2.30a 

Amaranth flour 0.50±0.02c 48.3±3.60a 127±5.65a 71.33±0.58c 

Values are means ± standard deviation; values with the same letter in a column are not significantly different (p > 0.05). Values are reported on 
a wet basis; n = 3 

3.3.2. Porosity 

Porosity among the starch and flour samples did not 

significantly differ (p > 0.05) (Table 2). Sujka and Jamroz 

[38] reported a corn starch porosity of 52.15%, which is 

higher than the one obtained in this study. The results of 

this study suggest that amaranth and quinoa starches and 

flours can be used in the same products as corn starch, 

especially where porosity matters most. 

3.3.3. Wettability 

Corn starch had a significantly higher (p < 0.05) 

wettability than all other treatments (Table 2). Both 

amaranth and quinoa starches and flours did not 

significantly differ. Amaranth and quinoa flour and starch 

values were lower than the 193.67s wheat flour wettability 

reported by Hyacinthe et al. [20]. Quinoa and amaranth 

flour wettability values were greater than 22s of cornflour 

[39], while quinoa starch had a wettability value similar to 

that of corn flour. According to Swenson and Katen [40], 

wettability ensures texture consistency, physical and 

textural stability in food products, with an optimal range of 

10 to 40s. Quinoa starch and flour were in this range, 

making them potentially preferable for use in products. 

3.3.4. Dispersibility 

Amaranth starch, corn starch, and quinoa flour did not 

significantly differ in dispersibility (p > 0.05) (Table 1). 

However, amaranth flour had significantly higher 

dispersibility than that of quinoa starch (p < 0.05), which 

was also higher than that reported by Tanimola et al. [41] 

(14.92%). Corn starch dispersibility was lower than the 

75.50% reported by Awolu et al. [42], and the dispersibility 

of quinoa flour was approximately double the 34.91% 

reported by Sm et al. [36]. According to Ashogbon and 

Akintayo [43], a dispersibility above 50% ensures starches 

mix well with other ingredients, preventing clump 

formation and improving consistency, texture, and stability 

[43]. Samples in this exceeded 50% dispersibility, making 

them ideal for meat products where clumps are undesirable. 

Corn starch is valued in food products for its porosity, 

and for that property, it is often used in batters and coatings 

for fried items like chicken. Its porosity helps create a 

crispy texture by absorbing oil during frying. It is also used 

in potato chips or puffed snacks for its porosity, which 

contributes to their light and airy texture. Therefore, quinoa 

starch, quinoa flour, amaranth starch, and amaranth flour 

that were analyzed in this study can be used in the same 

products where corn starch was used because they 

exhibited porosity values that had no significant difference 

(p>0.05). For its wettability and dispersibility, corn starch 

was used in instant soups and sauces. It was used to ensure 

smooth dispersion in water, preventing clumping and 

creating a uniform texture for the soups and sauces. In 

products like beverage powders, puddings, and custards, 

corn starch is commonly utilized for its beneficial 

technological properties. However, this research suggests 

that quinoa starch, quinoa flour, amaranth starch, and 

amaranth flour could serve as viable alternatives. Notably, 

these alternatives demonstrated superior wettability, 

requiring fewer seconds to achieve the desired results 

compared to corn starch. 

3.4. Functional Properties 

3.4.1. Swelling Power and Solubility Index 

Amaranth starch showed the highest swelling power 

(Table 3), while the other samples had no significant 

difference in the swelling power. Amaranth and quinoa 

flour exhibited lower swelling power than that of the 

starches, suggesting the presence of amylose–lipid 

complexes owing to higher fat content in flours than in 

starches. Siwatch et al. [44] reported a swelling power of 

7.55 g/g for amaranth flour, whereas Sindhu and Khatkar 

[32] found 12.02 g/g. These differences might be due to 

starch damage due to high temperatures of around 85oC in 

the methods used for swelling power analysis [45]. Quinoa 

flour’s swelling power of 5.26 g/g [46] aligns with the 

findings of this study. Mir et al. [47] reported a corn starch 

swelling power ranging from 10.79 to 13.55 g/g, while 

Chandla et al. [48] found that amaranth starch had a 

swelling power ranging from 9.76 to 10.29 g/g. Quinoa 

starch’s swelling power of 9.25 g/g [49] exceeded that of 

the present study. Swelling power enhances water 

absorption and improves food product texture, with an 

optimal range of 3 to 6.6 g/g [50]. Based on this, quinoa 

starch, quinoa, and amaranth flours can be used in food 

products where the reference corn starch is used. 
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Table 3.  Functional properties 

 Swelling 

power % 

Solubility % Oil absorption 

capacity (g/g) 

WAI (g/g) Water 

solubility % 

Emulsion 

capacity % 

Emulsion 

stability % 

Quinoa starch 5.60±0.59a 0.76±0.16a 2.31±0.18a 2.36±0.02a 1.06±0.03a 4.33±0.75a 2.60±0.00a 

Amaranth starch 7.06±0.50b 0.96±0.35a 2.33±0.03a 2.29±0.02a 1.37±0.07a 6.05±1.42a 2.58±0.09a 

Corn starch 5.33±0.19a 5.15±0.53b 2.58±0.09a 3.80±0.10d 13.37±0.30d 5.17±0.04a 2.15±0.74a 

Quinoa flour 5.10±0.05a 6.04±0.96b 2.51±0.25a 2.95±0.02c 7.04±0.04c 3.50±0.73a 3.07±0.72a 

Amaranth flour 4.89±0.04a 8.51±0.41c 2.31±0.26a 2.70±0.05b 5.75±1.07b 18.0±5.32b 8.77±0.76b 

Values are means ± standard deviation; values with the same letter in a column are not significantly different (p > 0.05). n = 3. Solubility 
percentage is the amount of dry matter that remains soluble after boiling, and water solubility percentage is the dry matter that dissolves in 
water under standard conditions (room temperature -25oC). 

Amaranth flour had the highest solubility percentage 

(Table 3). Corn starch and quinoa flour had a solubility that 

did not differ significantly (p>0.05), whereas those of 

quinoa and amaranth starches were significantly lower than 

those of corn starch. However, previous studies reported 

higher amaranth flour solubility [32,44] (see also Singh & 

Liu [35]). Mir et al. [47] reported a corn starch solubility of 

9.54–10.42%, whereas Agustinisari et al. [51] recorded a 

range of 3.33–5.37%. In addition, a quinoa starch solubility 

of 4.9% was reported by Ramirez-Lopez et al. [27]. Soluble 

starches can replace fat, mimicking its mouthfeel and 

making products more appealing to consumers [30]. 

Therefore, like the reference corn starch, which may be 

used to replace fat, so can amaranth and quinoa starches. 

3.4.2. Oil Absorption Capacity 

All samples showed no significant differences in oil 

absorption capacity (p > 0.05) (Table 3). Thakur et al. [28] 

noted higher levels of quinoa flour than those found in this 

study, whereas Olawuni et al. [37] reported lower values. 

Jan et al. [19] reported a quinoa starch oil absorption 

capacity of 1.59 g/g, which is lower than the one reported 

in this study. Amaranth starch displayed a higher oil 

absorption capacity than the 1.86–1.93 g/g range reported 

by Chandla et al. [48], whereas Sindhu and Khatkar [32] 

recorded a 1.46 g/g oil absorption capacity lower than that 

in the current study. An oil absorption capacity of 1.5 to 2.5 

g/g is reportedly useful in baked foods and meat products 

[52]. It could be suggested that quinoa and amaranth 

starches, along with amaranth flour, might be suitable for 

use in baked and meat products based on the specified 

range [52]. 

3.4.3. Water Absorption Index and Water Solubility 

Percentage 

The WAI of starches and flours differed significantly (p 

< 0.05) (Table 3), with corn starch exhibiting the highest 

value. De Bock et al. [45] reported WAI values for 

amaranth flour ranging from 1.86 to 2.15 g/g, which are 

lower than those observed in this study. Coțovanu et al. [46] 

found a WAI of 2.50 g/g for quinoa flour lower than the 

current study value, whereas Olawuni et al. [37] reported 

3.10 g/g, higher than the value in this study. Contreras-

Jiménez et al. [34] reported a similar WAI of 2.36 g/g for 

quinoa starch. Chandla et al. [48] reported an amaranth 

starch value of 1.99 g/g and Sindhu and Khatkar [32] a 

value of 1.27 g/g, contrasting the 2.29 g/g reported in the 

current study. The higher WAI in quinoa and amaranth 

starch might be attributed to the protein content exceeding 

2% since proteins possess strong water-binding capacities. 

Ideally, a WAI of 2.0 to 3.5 g/g is suitable for baking 

products and binders in meat products [52]. In the present 

study, quinoa and amaranth starch and flour fell within the 

ideal WAI range, making them suitable for use in meat and 

baked products. 

The water solubility percentages of starches and flours 

differed significantly (p < 0.05) (Table 3), with corn starch 

having the highest solubility, followed by quinoa and 

amaranth flours. Thakur et al. [28] observed a 7.11% WSI 

for amaranth flour, higher than the one found in this study, 

whereas Coțovanu et al. [46] found a quinoa flour water 

solubility lower than that in this study by 2.0% value. 

Contreras-Jiménez et al. [34] reported a 4.56% WSI for 

quinoa starch, differing from the 1.06% reported in the 

current study. On the other hand, Rulahnia and Khatkar [49] 

reported a value of 1.13% for quinoa starch. Corn starch, 

as well as quinoa and amaranth flour, exhibited higher 

water solubility percentages than quinoa and amaranth 

starch, which might be owing to the lower protein content 

of the starches in comparison to the flour and corn starch. 

3.4.4. Emulsion Capacity and Stability 

The emulsion capacity of the starches and flours did not 

significantly differ (p > 0.05) (Table 3), except for 

amaranth flour, which had the highest emulsion capacity. 

The values in this study were higher than those reported by 

Vargas et al. [53] at 12.84% for amaranth flour. In this 

study, the amaranth grains used were cultivated in Southern 

Africa (Zimbabwe), whereas those used by Vargas et al. 

[53] were sourced from Colombia. Quinoa flour had a 

lower emulsion capacity than the 13.8% reported by Badia-

Olmos et al. [54]. Amaranth and quinoa starch values did 

not differ from the corn starch value, and according to 

Omoregie [30], an emulsion capacity range of 60–80% 

maintains consistent product texture. However, the values 

for all samples in this study were below the range suggested 

by Omoregie [30], likely affecting product quality. 

The emulsion stability values of flours and starches did 
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not significantly differ except for amaranth flour (p > 0.05) 

(Table 3). Amaranth flour had an emulsion stability higher 

than the 7% reported by Tanimola et al. [41] and lower than 

the 45.39% reported by Olawaye and Gbadamosi [55]. 

Vicente et al. [56] reported an emulsion stability of 16.8% 

for quinoa flour, which is higher than that in the present 

study. Amaranth and quinoa starch emulsion stability 

values were close to the reference corn starch, which might 

suggest the possible use of the amaranth and quinoa water-

extracted starches in emulsion products. 

The functional properties of corn starch, including its 

WAI, swelling power, OAI, and emulsion capacity, make 

it a valuable ingredient in baked goods. These properties 

contribute to improved texture and moisture retention, 

ultimately enhancing the overall quality of extruded snacks 

and breakfast cereals. Corn starch has been used in 

emulsified products like sausages or meatballs to improve 

emulsion stability, water, and oil retention. In bakery 

fillings, corn starch has been used to create smooth and 

stable fillings by absorbing water and maintaining 

consistency. Corn starch has also been used in plant-based 

milk or yogurt, where it aids emulsification and provides a 

creamy texture. In battered and breaded foods, it has 

improved oil absorption and helps achieve a crispy texture 

in fried items. Therefore, based on the results of the current 

study, quinoa starch, quinoa flour, amaranth starch, and 

amaranth flour can be used as alternatives in those products 

because their functional properties did not differ 

significantly from corn starch in most functional properties. 

4. Conclusions 

The proximate composition of water-extracted starch 

was similar to the literature values for quinoa and amaranth 

starches obtained via alkali methods, with the exception of 

protein content, which was higher in the hydro-extracted 

starches. Quinoa, amaranth, and corn starches had no 

significant difference in their functional properties. This 

suggests the potential use of these starches in meat products 

as thickeners and binders, while flours are better suited for 

baked goods because of properties such as WSI and water 

absorption capacity, which were significantly higher than 

those of the starches. Functional properties, including the 

WAI, swelling power, and emulsion capacity, were not 

significantly impacted by the extraction method. However, 

swelling power was higher in the starches, which is 

beneficial for baking and meat products. The WAI for both 

the flours and starches falls within the recommended range 

of 2-3.5 g/g, thereby ensuring optimal functionality in 

various products. 

Technological properties, such as porosity, which 

influence oil uptake, were comparable in both flours and 

water-extracted starches and were also similar to 

commonly used corn starch. This makes the water-

extracted starches suitable for products like fried sausages. 

Quinoa and amaranth starches extracted using water only 

have the potential to be used in other industries, such as 

pharmaceuticals, where moderate protein content is 

required. 

Pending investigations on the performance of the Quinoa 

and Amaranth flours and solvent-free extracted starches’ 

technological and functional properties in a real-life food 

system, it suffices to mention that the findings of this study 

clearly suggest potential commercial applications for 

quinoa and amaranth starch as alternatives to corn starch. 

These starches could be utilized in a variety of products, 

including gravies, puddings, custards, sausages, and 

meatballs, as effective binders. Additionally, they may 

serve as coatings for fried foods, thickening agents in soups, 

and ingredients in baked goods like bread, offering 

promising versatility in food industry applications. They 

may also be used in the pharmaceutical industry where corn 

starch has been incorporated as a binder in tablet 

formulations, as a coating of tablets, and stabilizer of 

emulsions in some pharmaceutical formulations. 

Acknowledgments 

We would like to thank Midlands State University, 

Zimbabwe, and the University of Namibia, Namibia, for 

providing their laboratory and equipment for the study. 

 

REFERENCES 

[1] Martin, A. R., Hale, C. E., Cerabolini, B. E. L., Cornelissen, 
J. H. C., Craine, J., Gough, W. A., Kattge, J., Tirona, C. K. 
F., “Inter- and intraspecific variation in leaf economic traits 
in wheat and maize,” AoB PLANTS, vol. 10, no. 1, ply006, 
2018. DOI: 10.1093/aobpla/ply006 

[2] Graf, B. L., Rojas-Silva, P., Rojo, L. E., Delatorre-Herrera, 
J., Baldeón, M. E., Raskin, I., “Innovations in health value 
and functional food development of quinoa (Chenopodium 
quinoa Willd.),” Comprehensive Reviews in Food Science 
and Food Safety, vol. 14, no. 4, pp. 431–445, 2015. DOI: 
10.1111/1541-4337.12135 

[3] Shonga, F. F., Fanuel, M., Maliro, A., Mbega, E., “Quinoa 
growth and yield performance in Tanzania: A prospect crop 
for food security,” International Journal of Biological 
Sciences, vol. 16, no. 3, pp. 627–637, 2020. Retrieved from 
https://dspace.nm-aist.ac.tz/handle/20.500.12479/1055 

[4] Mukuwapasi, B., Mavengahama, S., Gerrano, A. S., “Grain 
amaranth: A versatile untapped climate-smart crop for 
enhancing food and nutritional security,” SpringerLink, 
2024. Retrieved from https://link.springer.com/article/10.1
007/s44279-024-00057-8 

[5] Romero-Benavides, J. C., Guaraca-Pino, E., Duarte-Casar, 
R., Rojas-Le-Fort, M., Bailon-Moscoso, N., “Chenopodium 
quinoa Willed,” Pharmaceuticals, vol. 16, no. 12, 1728, 
2023. DOI: 10.3390/ph16121728 

[6] FAO. “The state of food security and nutrition in the world,” 
launch, 2020. Retrieved from https://sustainabledevelopme



134  Quinoa and Amaranth Flours and Solvent-Free Extracted Starches:   

Proximate Composition, Technological and Functional Properties 

nt.un.org/index.php?page=view&type=20000&nr=6909&
menu=299 

[7] Jan, N., Hussain, S. Z., Naseer, B., Bhat, T. A., “Amaranth 
and quinoa as potential nutraceuticals: A review of anti-
nutritional factors, health benefits and their applications in 
food, medicinal and cosmetic sectors,” Food Chemistry, vol. 
18, no. 18, 100687, 2023. DOI: 10.1016/j.fochx.2023.1006
87 

[8] Bet, C. D., de Oliveira, C. S., Colman, T. A. D., Bisinella, 
R. Z. B., Beninca, C., Lacerda, L. G., Ramos, A. P., 
Schnitzler, E., “Aqueous extraction of organic amaranth 
starch and their by-products: Characterisation before and 
after degreasing,” Journal of Thermal Analysis and 
Calorimetry, vol. 138, no. 4, pp. 2733–2749, 2019. DOI: 
10.1007/s10973-019-08374-7 

[9] Li, G., Zhu, F., “Quinoa starch: Structure, properties, and 
applications,” Carbohydrate Polymers, vol. 181, pp. 851–
861, 2018. DOI: 10.1016/j.carbpol.2017.11.067 

[10] Srichuwong, S., Curti, D., Austin, S., King, R., Lamothe, L., 
Gloria-Hernandez, H., “Physicochemical properties and 
starch digestibility of whole grain sorghums, millet, quinoa 
and amaranth flours, as affected by starch and non-starch 
constituents,” Food Chemistry, vol. 233, pp. 1–10, 2017. 
DOI: 10.1016/j.foodchem.2017.04.019 

[11] Shevkani, K., Singh, N., Isono, N., Noda, T., “Structural 
and functional properties of amaranth starches from residue 
obtained during protein extraction,” Journal of Food 
Measurement and Characterization, vol. 15, no. 6, pp. 
5087–5096, 2021. DOI: 10.1007/s11694-021-01070-x 

[12] Raji, A. O., “Utilization of starch in food and allied 
industries in Africa: Challenges and prospects,” Innovation 
in the food sector through the valorization of food and agro-
food by-products, 2020. Google Books, 24p 

[13] Tang, C., Guo, L., Gopinath, M., “A social-cognitive model 
of consumer well-being: A longitudinal exploration of the 
role of the service organization,” Journal of Service 
Research, vol. 19, no. 3, pp. 307–321, 2016. DOI: 
10.1177/1094670516637675 

[14] Aderibigbe, O. R., Ezekiel, O. O., Owolade, S. O., Korese, 
J. K., Sturm, B., Hensel, O., “Exploring the potentials of 
underutilized grain amaranth (Amaranthus spp.) along the 
value chain for food and nutrition security: A review,” 
Critical Reviews in Food Science and Nutrition, vol. 62, no. 
3, pp. 656–669, 2022. DOI: 10.1080/10408398.2020.1825
323 

[15] Burešová, I., Tokár, M., Mareček, J., Hřivna, L., Faměra, O., 
Šottníková, V., “The comparison of the effect of added 
amaranth, buckwheat, chickpea, corn, millet and quinoa 
flour on rice dough rheological characteristics, textural and 
sensory quality of bread,” Journal of Cereal Science, vol. 75, 
pp. 158–164, 2017. DOI: 10.1016/j.jcs.2017.04.004 

[16] Schmidt, D., Verruma-Bernardi, M. R., Forti, V. A., Borges, 
M. T. M. R., “Quinoa and amaranth as functional foods: A 
review,” Food Reviews International, vol. 39, no. 4, pp. 
2277–2296, 2023. DOI: 10.1080/87559129.2021.1950175 

[17] Fernández-López, J., Viuda-Martos, M., Pérez-Alvarez, J. 
A., “Quinoa and chia products as ingredients for healthier 
processed meat products: Technological strategies for their 
application and effects on the final product,” Current 
Opinion in Food Science, vol. 40, pp. 26–32, 2021. DOI: 

10.1016/j.cofs.2020.05.004 

[18] Dorantes-Fuertes, M.-G., López-Méndez, M. C., Martínez-
Castellanos, G., Meléndez-Armenta, R. Á., Jiménez-
Martínez, H.-E., “Starch extraction methods in tubers and 
roots: A systematic review,” Agronomy, vol. 14, no. 4, 865, 
2024. DOI: 10.3390/agronomy14040865 

[19] Jan, K. N., Panesar, P. S., Rana, J. C., Singh, S., “Structural, 
thermal and rheological properties of starches isolated from 
Indian quinoa varieties,” International Journal of Biological 
Macromolecules, vol. 102, pp. 315–322, 2017. DOI: 
10.1016/j.ijbiomac.2017.04.027 

[20] Hyacinthe, A. A., Bedel, F. J., Gisèle, K. A., Atta, A. H. F., 
Patrice, K. L., “Functional properties of composite flours 
produced with Ivorian taro (Colocasia esculenta L. Cv Fouê) 
corms flour and wheat (Triticum aestivum L.) flour,” GSC 
Biological and Pharmaceutical Sciences, vol. 15, no. 3, pp. 
164–176, 2021. DOI: 10.30574/gscbps.2021.15.3.0131 

[21] Mora-Escobedo, R., Robles-Ramírez, M. C., Ramón-
Gallegos, E., & Reza-Alemán, R., “Effect of protein 
hydrolysates from germinated soybean on cancerous cells 
of the human cervix: An in vitro study,” Plant Foods for 
Human Nutrition, vol. 64, no. 4, pp. 271–278, 2009. DOI: 
10.1007/s11130-009-0131-2 

[22] Adebooye, O. C., Singh, V., “Physico-chemical properties 
of the flours and starches of two cowpea varieties (Vigna 
unguiculata (L.) Walp),” Innovative Food Science and 
Emerging Technologies, vol. 9, no. 1, pp. 92–100, 2008. 
DOI: 10.1016/j.ifset.2007.06.003 

[23] Adebowale, A. A., Sanni, L. O., Fadahunsi, E. L., 
“Functional and pasting properties of cassava-sweet potato 
starch blends,” African Journal of Root and Tuber. Crops, 
vol. 9, no. 1, pp. 6–10, 2011 

[24] Dalbhagat, C. G., Mishra, H. N., “Effects of extrusion 
process conditions on system parameters; physicochemical 
properties and cooking characteristics of extruded fortified 
rice kernels,” Journal of Cereal Science, vol. 89, 102782, 
2019. DOI: 10.1016/j.jcs.2019.05.016 

[25] Kumar, N., Chauhan, A., Singh, S., Rana, J. C., “Process 
standardization for extraction of starch from amaranth 
cultivars,” International Journal of Biotechnology and 
Bioengineering, vol. 4, pp. 617–626, 2013. 

[26] AACC International, “Official methods of analysis of 
AOAC,” International (15th ed.), 2000. AACC 
International 

[27] Ramirez-Lopez, S., Ditchfield, C., Moraes, I. C., 
“Physicochemical properties of grain and starch from 
Kanihua (chenopodium Pallidicaule) compared with quinoa 
(Chenopodium Quinoa) originated from Peru,” Chemical 
Engineering Transactions, vol. 102, pp. 49–54, 2023. 

[28] Thakur, P., Kumar, K., Dhaliwal, H. S., “Nutritional facts, 
bio-active components and processing aspects of 
pseudocereals: A comprehensive review,” Food Bioscience, 
vol. 42, 101170, 2021. DOI: 10.1016/j.fbio.2021.101170 

[29] Njoki, J. W., Sila, D. N., Onyango, A. N., “Impact of 
processing techniques on nutrient and anti-nutrient content 
of grain amaranth (A. albus),” Food Science and Quality 
Management, vol. 25, pp. 10–17, 2014. 

[30] Omoregie, H. E., “Chemical properties of starch and its 



 Food Science and Technology 13(2): 127-136, 2025 135 

 

application in the food industry. In Chemical properties of 
starch,” IntechOpen, 2019, pp. 1–20. DOI: 10.5772/intech
open.87777 

[31] Mlakar, S. G., Turinek, M., Jakop, M., Bavec, M., Bavec, 
F., “Nutrition value and use of grain amaranth: Potential 
future application in bread making,” Agricultura, vol. 6, no. 
4, pp. 43–53, 2009. 

[32] Sindhu, R., Khatkar, B. S., “Characterization of amaranth 
(Amaranthus hypocondriacus) starch,” International 
Journal of Engineering Research and Technology, vol. 5, pp. 
463–469, 2016. 

[33] Bertazzo, A., Comai, S., Brunato, I., Zancato, M., Costa, C. 
V. L., “The content of protein and non-protein (free and 
protein-bound) tryptophan in Theobroma cacao beans,” 
Food Chemistry, vol. 124, no. 1, pp. 93–96, 2011, DOI: 
10.1016/j.foodchem.2010.05.110 

[34] Contreras-Jiménez, B., Torres-Vargas, O. L., Rodríguez-
García, M. E., “Physicochemical characterization of quinoa 
(Chenopodium quinoa) flour and isolated starch,” Food 
Chemistry, vol. 298, 124982, 2019. DOI: 10.1016/j.foodch
em.2019.124982 

[35] Singh, M., Liu, S. X., “Evaluation of amaranth flour 
processing for noodle making,” Journal of Food Processing 
and Preservation, vol. 45, no. 4, e15270, 2021. DOI: 
10.1111/jfpp.15270 

[36] SM, P., ML, R., Ravindra, U., Kalpana, B., Murthy, N., & 
Madhusudan, “Physico-chemical, functional and anti-
nutritional factors of the white bold quinoa (Chenopodium 
quinoa willd),” International Journal of Chemical Studies, 
vol. 9, no. 2, pp. 1103–1107, 2021, DOI: 10.22271/chemi.
2021.v9.i2p.11967 

[37] Olawuni, I. A., Uzoukwu, A. E., Ibeabuchi, J. C., Ofoedum, 
A. F., Nwakaudu, A. A., Alagbaoso, S. O., Anaeke, E. J., 
Ugwoezuonu, J. N., “Proximate, functional and sensory 
analysis of quinoa and wheat flour composite cake,” Asian 
Journal of Dairy and Food Research, vol. 43, no. 1, pp. 59-
64, 2023. DOI: 10.18805/ajdfr.DRF-340 

[38] Sujka, M., Jamroz, J., Stärke, S., “Characteristics of pores 
in native and hydrolyzed starch granules,” Starch – Stärke, 
vol. 62, no. 5, pp. 229–235, 2010. DOI: 10.1002/star.2009
00226 

[39] Ehoche, E. E., Oluwafunmi, A., Oluwafunmilola, A. F., 
“The Physiochemical properties, sensory evaluation and 
shelf life of corn flour supplemented with Acheta gossypii 
(cricket) flour,” Jurnal Teknologi Laboratorium, vol. 8, no. 
1, pp. 23–35, 2019. DOI: 10.29238/teknolabjournal.v8i1.1
50 

[40] Swenson, K. J., Katen, T. “Starch applications in meat 
products. In Proceedings of the 57th American Meat 
Science Association Reciprocal Meat Conference,” 
Lexington Book Company: Kentucky, 2004. pp. 89–96 

[41] Tanimola, A. R., Otegbayo, B. O., Akinoso, R., “Chemical, 
functional, rheological, and sensory properties of amaranth 
flour and amaranth flour-based paste,” African Journal of 
Food Science, vol. 10, no. 11, pp. 313–319, 2016. DOI: 
10.5897/AJFS2016.1422 

[42] Awolu, O. O., Odoro, J. W., Adeloye, J. B., Lawal, O. M., 
“Physicochemical evaluation and Fourier transform 
infrared spectroscopy characterization of quality protein 

maize starch subjected to different modifications,” Journal 
of Food Science, vol. 85, No. 10, pp. 3052–3060, 2020. DOI: 
10.1111/1750-3841.15391 

[43] Ashogbon, A. O., Akintayo, T. E., “Isolation, composition, 
morphological and pasting properties of starches from rice 
cultivars grown in Nigeria,” Starch – Stärke, vol. 64, no. 3, 
pp. 81–187, 2012. DOI: 10.1002/star.201100044 

[44] Siwatch, M., Yadav, R. B., Yadav, B. S., “Chemical, 
physicochemical, pasting and microstructural properties of 
amaranth (Amaranthus hypochondriacus) flour as affected 
by different processing treatments,” Quality Assurance and 
Safety of Crops and Foods, vol. 11, no. 1, pp. 3–13, 2019. 
DOI: 10.3920/QAS2017.1226 

[45] De Bock, P., Daelemans, L., Selis, L., Raes, K., Vermeir, P., 
Eeckhout, M., Van Bockstaele, F., “Comparison of the 
chemical and technological characteristics of wholemeal 
flours obtained from amaranth (Amaranthus sp.), quinoa 
(chenopodium quinoa) and buckwheat (Fagopyrum sp.) 
seeds,” Foods, vol. 10, no. 3, 651, 2021. DOI: 10.3390/foo
ds10030651 

[46] Coțovanu, I., Batariuc, A., Mironeasa, S. “Characterization 
of quinoa seeds milling fractions and their effect on the 
rheological properties of wheat flour dough,” Applied 
Sciences, vol. 10, no. 20, 7225, 2020. DOI: 10.3390/app10
207225 

[47] Mir, S. A., Bosco, S. J. D., Bashir, M., Shah, M. A., Mir, M. 
M., “Physicochemical and structural properties of starches 
isolated from corn cultivars grown in Indian temperate 
climate,” International Journal of Food Properties, vol. 20, 
no. 4, pp. 821–832, 2017. DOI: 10.1080/10942912.2016.1
184274 

[48] Chandla, N. K., Saxena, D. C., Singh, S., “Physico-
chemical, pasting and morphological characterization of 
grain amaranth starch,” Asian Journal of Chemistry, vol. 28, 
no. 11, pp. 2457–2460, 2016. DOI:10.14233/ajchem.2016.
20012 

[49] Rulahnia, K., Khatkar, B. S., “Isolation and characterization 
of starch from quinoa (Chenopodium Quinoa Willd),” 
International Journal of Innovative Research and Advanced 
Studies, vol. 7, pp. 1–6, 2020. 

[50] Abegunde, O. O., Adebowale, K. O., “Swelling power and 
water-soluble index of modified Bangka sago starch,” 
Indian Journal of Natural Products and Resources, vol. 4, no. 
2, pp. 123–130, 2013. DOI: 10.5730/ijnpr.4.2.123 

[51] Agustinisari, I., Luna, P., Joni Munarso, S. J. J., 
“Physicochemical and functional properties of starch 
extracted from Indonesian specialty corn: Efforts to 
increase the value of biodiversity,” In IOP Conference 
Series. IOP Conference Series: Earth and Environmental 
Science, vol. 1172, no. 1, 012055, 2023. DOI: 10.1088/175
5-1315/1172/1/012055 

[52] Awuchi, C. G., Igwe, V. S., Echeta, C. K., “The functional 
properties of foods and flours. International Journal of 
Advanced Academic Research, vol. 5, no. 11, pp. 139–160, 
2019. 

[53] Awuchi, C. G., Igwe, V. S., Echeta, C. K., “Physical-
chemical characterization of quinoa (Chenopodium quinoa 
Willd.), amaranth (Amaranthus caudatus L.), and chia 
(Salvia hispanica L.) flours and seeds,” Acta Agronómica, 
vol. 67, no. 2, pp. 215–222, 2018. DOI:10.15446/acag.v67



136  Quinoa and Amaranth Flours and Solvent-Free Extracted Starches:   

Proximate Composition, Technological and Functional Properties 

n2.63666 

[54] Badia-Olmos, C., Laguna, L., Haros, C. M., Tárrega, A., 
“Techno-functional and rheological properties of 
alternative plant-based flours,” Foods, vol. 12, no. 7, 1411, 
2023. DOI: 10.3390/foods12071411 

[55] Olawoye, B., Gbadamosi, S. O., “Influence of processing on 
the physiochemical, functional and pasting properties of 
Nigerian Amaranthus viridis seed flour: A multivariate 

analysis approach,” SN Applied Sciences, vol. 2, no. 4, 607, 
2020. DOI: 10.1007/s42452-020-2418-8 

[56] Vicente, A., Villanueva, M., Caballero, P. A., Muñoz, J. M., 
Ronda, F., “Microwave modification of quinoa grains at 
constant and varying water content modulates changes in 
structural and physico-chemical properties of the resulting 
flours,” Foods, vol. 12, no. 7, 1421, 2023. DOI: 
10.3390/foods12071421 

 


