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Comparative evaluation of functional 
properties of composite flours made from Amaranth, 
Rice and raw Banana 

 

Salunke Shivam, Genitha Immanuel  

 

Abstract 

Exploring the functionality of composite flours from Rice, Amaranth and 
Raw banana for various food products can be advantageous in food 
industry as it has more benefits. Therefore the purpose of the plan of the 
current study is to examine the functional characteristics of these 
composite flours at various proportions. Composite flours were blended 
in six treatments in the ratio of 100:0:0 (T0), 0:100:0 (T00), 49:49:2 (T1), 
48:48:4 (T2), 47:47:6 (T3) and 46:46:8 (T4) respectively. The different 
functional properties of the blend such as water absorption capacity, oil 
absorption capacity, swelling capacity and foaming capacity were 
determined. It was revealed that the capacity for water and oil absorption 
was decreased for T00 and decreased with the addingpercentage of raw 
banana powder in the flour blend from T1 to T4. Also the foaming 
measurement and swelling measurement of the flour blend ranged 
between 8% to 14% and 8ml to 17ml respectively. These flours can be 
used for making the pasta and similar products, because of its high 
nutritional quality which is beneficial for human health. 
 
Keywords amaranth flour, composite flours, functional properties, raw 
banana powder, rice flour  

Introduction 

Evidence of possible health advantages for consumers is an increase in 
need for processed food with beneficial components for health like 
soluble fibre. Reduction of several chronic infection, as well as adult-onset 
diabetes, cancer, cardiovascular illness and various gastrointestinal 
ailments are few diseases. Amaranth has stabled amino acids, along with 
the necessary amino acid lysine that is already found in many of grains 
[1]. 

The "Amaranth family" is the collective name for the 
Amaranthaceous family. Currently, it is also referred to as a third 
millennium crop plant. There are over 400 species in the genus 
Amaranthus, just a few of which are found throughout the world. 
According to historical data, the Mayan civilization of south and Central 
America was the first to domesticate and cultivate Amaranthus some 
8000 years ago. The majority of historical evidence indicates that 
amaranths, also known as huahtli, were a staple crop farmed in Mexico 
during the time of the Aztec civilization [2]. After analysing the flour, 
starch, and protein concentrations from Amaranthus cruentus BRS 
Alegria, [3] came to the conclusion that they have consider going for 
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usage as food components. Kaur et al., [4] had done research on the variety of amaranth lines' 
plant, grain, and flour properties. Addressing their physicochemical and functional qualities, the 
literature has discussed amaranth proteins, starch, and fibre [5]. World's leading food crops, bananas 
are widely farmed in areas that are tropical and subtropical. The banana fruit is high in dietary fibre, 
antioxidants like vitamins as well as minerals like potassium, magnesium, and phosphorus [6].One of 
the novelty to use it is to dry raw bananas and turn them into raw banana flour. The bacterial micro 
flora in the large intestine may access the resistant starch found in green bananas, which has health 
benefits like lowering blood sugar. But during ripening this starch reserve decreases due to 
enzymatic action. Therefore, pasta was produced using raw banana flour [7]. 

The amount of broken kernels in the rice component can range from 5 to 7 percent, but all of 
them have nutritional value equivalent to that of whole grains and can be found easily for a 
reasonable cost. About 7.3 percent of rice is protein, 2.2 percent is fat, 64.3 percentage of its 
accessible CHO, 0.8 percent is fibre, and 1.4 percent is ash [8]. Since it has a bland flavour, a pleasing 
white colour, is hypoallergenic, and is simple to digest, rice flour has increased in popularity as a 
component in the extrusion business [9]. According to Kadan et al., [10], an increasing variety of 
innovative meals, including tortillas, drinks, prepared meats, dessert, salad flavouring and gluten-free 
bakery stuffs, now use rice, mainlyrice flour, on account of its distinct effective qualities. 

The aim of this study was to appraise the functional attributes of blended flours made from 
amaranth, rice, and raw bananas in various ratios. 

Methodology  

Materials 
For this investigation, the rice and amaranth flours were purchased from local market of Prayagraj. 
The raw banana powder was prepared in the laboratory. The experiments were conducted at 
Department of Processing and Food Engineering, Vaugh Institute of Agricultural Engineering and 
Technology, SHUATS, Prayagraj. 
 
Raw Banana powder preparation 
Raw bananas were procured from the local market in Prayagraj, UP. They were cleaned, peeled and 
cut to a 2 mm thickness. The slices were dried in a tray dryer (Make-SD electronics and model- SD 
100) for 2.5 hours at 60 °C. The dried slices were milled and sieved (100µ). This powdered raw 
banana was kept for future investigation. Figure 1, shows the flow chart for making raw banana flour 
 

 
Figure 1. Preparation of raw banana powder 
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Functional properties 
Determinationof swelling capacity 
The procedure for calculating swelling capacity was reported by Chandra et al., [11]. One g of flour 
sample was placed in a measuring cylinder of 10ml capacity. After carefully adding 5 ml of water, the 
sample's volume was measured. After one hour of standing in water without being disturbed, the 
sample was measured for the volume it had filled after swelling, and equation 1 was used to calculate 
it. 
 

Swelling Capacity =
Volume occupied by sample before swelling

  Volume occupied by sample after swelling 
…………(1) 

 
Determination of water absorption capacity 
Using a variant of the method described by Chandra et al., [11], the flours ability to absorb water was 
assessed. After standing at ambient temperature (30±2 °C) for half an hour, 10 ml of distilled water 
were added to 1 g of the sample, and it was centrifuged for half an hour at 3,000 rpm. Calculated from 
equation 2, water absorption was measured by the percentage of water bound per grams of flour. 
 

WAC =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑤𝑖𝑡ℎ 𝑐𝑒𝑛𝑡𝑟𝑖𝑓𝑢𝑔𝑒 𝑡𝑢𝑏𝑒−𝑤𝑡.𝑜𝑓 𝑐𝑒𝑛𝑡𝑟𝑖.𝑡𝑢𝑏𝑒

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑠𝑎𝑚𝑝𝑙𝑒
× 100 …………(2) 

 
Determination of oil absorption capacity 
Using a modified method Chandra et al., [11] the oil absorption capacity was evaluated. After standing 
at ambient temperature (30±2 °C) for half an hour, 10 ml of soya oil were added to one grams of the 
sample. (Sp. Gravity: 0.9092), and the mixture was then centrifuged at 300 rpm for half an hour. 
Equation 3 was applied to find out the percentage of oil that was bonded to each gram of flour. 
 

Oil Absorption Capacity =  
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑤𝑖𝑡ℎ 𝑐𝑒𝑛𝑡𝑟𝑖𝑓𝑢𝑔𝑒 𝑡𝑢𝑏𝑒−𝑤𝑡.𝑜𝑓 𝑐𝑒𝑛𝑡𝑟𝑖.𝑡𝑢𝑏𝑒

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑠𝑎𝑚𝑝𝑙𝑒
× 100…………(3) 

 
Determination of foaming capacity 
Using a modified method of Narayana and Rao [12]. In a measuring cylinder, sample of 1.0 g was 
added to 50 ml of distilled water. The suspension was blended and shaken for five minutes. Equation 
4 was used to calculate the foaming capacity and express the magnitude of the foam after whipping 
for 30 seconds. 
 

Foaming capacity =
𝑣𝑜𝑙.𝑜𝑓 𝑓𝑜𝑎𝑚 𝐴𝑊−𝑣𝑜𝑙.𝑜𝑓 𝑓𝑜𝑎𝑚 𝐵𝑊

𝑣𝑜𝑙.𝑜𝑓 𝑓𝑜𝑎𝑚 𝐵𝑊
× 100…………(4) 

 
Statistical Analysis 
Unless otherwise noted, each analysis had been done in triplicate. Analyzing variance in one sided 
(ANOVA) was used to evaluate statistical consequence and findings were reported as the mean 
standard deviation. 

Results and Discussion 

When developing new food products, functional qualities of composite flours are important. The 
functional properties of various flours, such as swelling, foaming, water absorption and oil absorption 
capacity were studied. The percentages used for the composite flour mix in the treatments below are 
T0 = 100%, T00 = 100%, T1 = 49% Rice flour + 49% Amaranth flour + 2% Raw banana flour, T2 = 48% 
Rice flour + 48% Amaranth flour + 4% Raw banana flour, T3 = 47% Rice flour + 47% Amaranth flour 
+ 6% Raw banana flour, T4 = 46% Rice flour + 46% Amaranth flour + 8% Raw banana flour. Table 1 
shows the various functional properties of different composite flours. 
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Table 1. Functional properties of composite flours 

Sample SC(ml) FC (%) WAC (%) OAC (%) 

T0 11.5±0.5 14.02±0.3 397.7±03 251.3±0.7 
T00 8.04±0.5 10.03±0.3 201.8±0.2 198.3±0.3 
T1 13.3±0.5 12.04±0.3 269.9±0.7 253.4±0.4 
T2 11.3±0.3 11.05±0.5 255.7±0.3 234.5±0.3 
T3 9.6±0.5 10.02±0.5 240.05±0.4 220.3±0.4 
T4 8.03±0.1 8.12±0.5 230.07±0.4 203.8±0.4 

Mean ± standard deviation.  

Values within a column followed by the same superscript letter are not significantly different from each other (p > 0.05). 

SC=Swelling Capacity, FC= Foaming Capacity, WAC=Water Absorption Capacity, OAC=Oil Absorption Capacity 

 
Swelling capacity 
Variations in swelling capacity (SC) are a representation of the amount to which the internal 
structure of the flour's starch was exposed to the action of water. As the capacity of starch to absorb 
water molecules and swell is measured by its swelling capacity, which also indicates the level of 
accessory forces inside starch granules. The range of various flours' swelling capacities was 8.03 ml 
to 13.3 ml. Table 1 shows that T4 and T00 had the lowest swelling capacity values (8 ml), whereas T1 
had the highest values (13.03 ml). Swelling capacity of blended flours increased with higher levels of 
rice, green gram and potato flour incorporation ratio and reduced with higher levels of wheat flour 
[11]. Given that millet flour has a high starch, it is clear that the amount of millet flour has a 
significant impact on the swelling capacity of blended flours [13]. Because swelling capacity measures 
how well starch can absorb water molecules and swell, it also provides information about the 
strength of the associative forces present in starch granules. T00 was significantly different from other 
samples. Swelling Capacity is a result of the product's size expansion when it comes into contact with 
water [14]. Unripe banana flour has very low water solubility [7], so it can be derived that this is 
because it has a low absorption capacity, rice and amaranth flour have higher starch contents than 
banana flour, and as the proportion of these flours decreases, the composite flour's ability to swell 
also decreases. 
 
Foaming capacity 
A protein's ability to create foam determines how much interfacial area it can produce [15]. A particle 
made up of various gas bubbles that have been trapped in liquid or solid termed foam. Thin liquid 
films surround tiny air bubbles. According to Table 1, the foam capacity of several flours ranged from 
8 to 14 percent. The maximum recorded foam capacity was for T0 (14.02%), followed by T00 
(10.03%), T1 (12.04%) and lowest T4 (8.12%). According to Kaushal et al., [16], due to its increased 
protein content, amaranth flour had the maximum foam capacity. Surface tension at the water-air 
contact may be reduced by protein in the dispersion, thus, protein has always been responsible for 
creating a continuous cohesive layer covering foam air bubbles, also the amount of protein in the 
flour affects foaming capacity; since amaranth and rice flour contains more protein than raw banana 
flour, the amount of amaranth and rice flour in the compound flour would decrease the capacity of 
foam. 
 
Water absorption capacity 
Water absorption capacity (WAC) is the capability of flour to soak water and swell for better food 
uniformity [17]. As per the research, the relative starch content of amaranth and unripe bananas 
causes foods to have higher WAC [18]. Table 1 shows information on the capacity of composite flours 
to absorb water. For all flours, the WAC varied from 202% to 398%. The WAC was found to be 
highest in treatment T0 (397.7%), lowest in treatment T00 (201.7%), second highest in treatment T1  
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(269.9%), and third lowest in treatment T3 (230.7%). The outcome suggests that the amount 
of water absorption was afflicted by the addition of amaranth flour. After incorporating millet flour to 
a blend; the WAC may have increased because of increased amylase leaching and solubility as well as 
starch crystalline structure degradation. Protein's combined hydrophile and hydrophobe nature 
allows it to interact with the water in meals [19]. Various protein concentrations, their level of 
interaction with water, and structural properties may be to blame for the observed difference in 
various flours [19]. According to the study, increasing the amount of rice flour and amaranth flour in 
composite flour raises WAC, while increasing the amount of raw banana flour has no effect on WAC 
alone and decreases the WAC of the other two flours. 
 
Oil absorption capacity 
All of the flours had an OAC varying from 198.3 % to 253.4 %, with T1 having the highest OAC 
(253.4%), and T00 having the lowest (198.3%). The highest OAC of amaranth was reported by Rustagi 
et al., [20], and T0 (251.3%), i.e., amaranth flour, showed similar results. Amaranth's high OAC may be 
a result of its high protein content. According to Rodríguez-Ambriz et al., [21], OAC is mainly caused 
by the physical entrapment of oil by non-covalent connections within the starch structure and is 
connected to the hydrophilic nature of starch found in the raw banana flour. It acts as a measure of 
how quickly proteins bind to fat in food compositions [22]. According to Chandra and Samsher [23], 
the capacity of wheat proteins to bond with oil is advantageous in food systems where optimal oil 
absorption is required. According to the study, reducing the amount of amaranth and rice flour causes 
the OAC of the composite flour to decrease from T1 to T4. 

Conclusion 

In the current study, it was shown that, as the percentage of raw banana powder in the rice and 
amaranth flour increased from treatment T1 to T4, the functional properties that are water absorption 
and oil absorption capacity decreased. Due to the replacement of raw banana powder for a 
proportion of the amaranth and rice flours, the foaming capacity of composite flour decreased from 
T1 to T4. By reducing the amaranth flour from composite flour, its protein level falls, which causes a 
decrease in foaming capacity. Also, the flour mixture's swelling capacity ranged from 8 to 17 ml. For 
amaranth flour, it was less, and for treatment T1, it was highest. By replacing raw banana powder for 
the rice and amaranth flour in composite flour blends, swelling capacity is reduced. 
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