
ABSTRACT

Background: Drying is a crucial food preservation technique because it guarantees a longer shelf life. 

Unfortunately, almost all drying techniques degrade the product's quality and reduce its value. Therefore, 

the impact of drying methods on the quality of dried plantain was investigated. Objective: The study 

looked at how different drying techniques affect the proximate, sensory, and functional characteristics of 

plantain flour, as well as the nutritional value and acceptability of the plantain-soy flour mixtures.

Methods: The ratios of the plantain-soy flour mixtures were 100:0, 95:5, 90:10, and 85:15. Using 

acceptable procedures, the samples' proximate compositions and functional characteristics were 

assessed. A seven-point hedonic scale was used to rate the sensory evaluation of the reconstituted thick 

paste.

Results: The soy-plantain flours' approximate compositions were as follows: moisture content, 

8.54–17.73%; crude protein, 3.32–7.86%; crude fat, 1.00–4.00%; ash, 0.56–3.49%; crude fibre, 

0.28–1.76%; and carbohydrate, 63.24–78.34%. Functional characteristics included a 2.15–2.29% water 
3absorption capacity, a 36.25–44.75 percent swelling capacity, a bulk density of 0.74–1.78 g/cm , and a 

40.22–51.19% gelation rate. According to the sensory analysis, the panelists' favourite product was a thick 

paste made from oven-dried ingredients with a 15% soy flour substitution.

Conclusion: The results revealed that oven drying offered a superior alternative to the traditional natural 

sun and solar drying methods in terms of protein, moisture, fibre, and sensory qualities.
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The Inuence of Drying Techniques on the Proximate,
Functional, and Sensory Properties of Soy-plantain Flour

INTRODUCTION

Plantains are one of Nigeria's most crucial crops 

for the food security of farming households (Musa 

paradisiaca) (1). In West and Central Africa, about 

70 million people get more than 25% of their 

carbohydrates from plantains, making it a good 

source of energy (2). It serves as a good 

alternative to the typical staple foods with a 

nutritional value similar to that of yams or 

potatoes. In Nigeria, plantains are primarily 

eaten in fried, boiled and roasted forms. It is also 

processed as snacks like chips, dodo-ikire, etc. It 

is also processed into our to produce thick paste 

by dissolving an appropriate amounts of boiling 

water (3). Plantains are increasingly being used in 

composite our preparations and complementary 

food formulations.

More than half of the world's plantains are 

produced in Africa, with Nigeria making up one of 
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the top ve producers with an average annual 

growth rate of 2.69% (4). Thus, plantain 

production in Nigeria generates a respectable 

amount of prot. Still, it could grow if more young 

entrepreneurs were interested in it and the 

government implemented policies that would 

encourage the export of plantains to other nations 

(4). Nigeria's consumption and exportation of 

plantains have increased signicantly in recent 

years as a result of the country's rapid 

urbanisation and the high demand for quick and 

convenient food among the non-farming urban 

communities (3). In addition to being a well-

known staple food for diets, plantains are also a 

rich source of nutrients, containing 35% 

carbohydrates, 0.2–0.5% fat, 1.2% protein, and 

0.8% ash (2). Notwithstanding these nutritional 

benets, total reliance on plantains has been 

reported not to satisfy daily protein needs (3), 

therefore protein supplementation becomes a 

necessity. Soya bean supplementation becomes 

essential to prevent the problem of malnutrition 

that could result from plantains' lack of protein. 

Soybeans are known to be more protein-rich than 

any common vegetable or animal food source 

found in Nigeria, with an average protein content 

of 40% (5). Thus, it is expected that the addition of 

soybeans to plantain our will give consumers 

access to adequate diet and improve the 

nutritional quality of such products with new 

functional and sensory characteristics.

Moreover, the fresh plantain's high perishability is 

primarily caused by its moisture content, which is 

about 59.77% (6). Also, inadequate handling, 

storage, and transportation of plantains, causes a 

signicant portion of the harvested crop to be lost 

from the farm gate to the market (3). As a result, 

the high moisture content will be reduced by 

drying it, extending its shelf life and making it 

always available. The dried samples can be 

processed into our and added to other products 

like soy our to complement their nutritional 

content. However, adding soy our to plantain 

our might alter the our's physicochemical 

characteristics and affect how well the thick 

reconstituted paste made from this composite 

our is received (7). The proximate, functional, 

and nutritional properties of the our will 

undoubtedly be affected differently by the various 

drying techniques that will be used (8, 9). 

Therefore, the purpose of this study is to ascertain 

how different drying techniques affect the 

proximate, sensory, and functional characteristics 

of soy-plantain our.

MATERIALS AND METHODS

Fresh, semi-ripe plantains and soybeans were 

purchased from a neighbourhood market in the 

southwest of Nigeria for this study. They were 

brought to the Ladoke Akintola University of 

Technology's (LAUTECH) Department of Crop 

Production and Soil Science in Ogbomoso, Oyo 

State, Nigeria, for identication.

PREPARATION OF PLANTAIN AND SOYBEAN 

FLOUR

After being divided into separate bunches, 

plantains are detached. The ngers were cleaned, 

peeled, and cut into thin slices measuring 5 mm 

thick with a stainless kitchen knife. Browning was 

then prevented by pretreating the slices for 15 
ominutes at 50 C with sodium metabisulphite 

water. The pretreated plantain slices were divided 

into equal batches of the same quantity after 

being drained with a plastic sieve. The solar, sun, 

and oven dryers were used to dry each batch 

separately. The dried plantains were ground into 

ne our using a commercial grinding machine 

after drying, and they were then put through a 

sieve with a 1 mm mesh screen. For further 

examination, the plantain our was contained in 

a plastic bag.

On the other hand, using the process outlined by 

Abioye et al. (10) soybean seed was transformed 

into defatted our. The defatted soybean was 

ground into ne our using a commercial mill and 

put through a sieve with a 1 mm mesh size. A 

plastic container containing the soybean our 

was used to store it for later analysis.

PREPARATION OF VARIOUS FLOUR BLENDS

The our blends were produced by combining the 

necessary amounts of the individual ours in a 

Kenwood blender (Philips HR 2001, China) until 

they were homogenous and contained varying 

percentages of soybean our (0 to 15%) and 
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plantain our (100 to 85%). The plantain to soy 

our ratios that were obtained were 100:0, 95:5, 

90:10, and 85:15.

DETERMINATION OF PROXIMATE AND 

FUNCTIONAL PROPERTIES

According to the AOAC (11) method, samples 

produced from various combinations of soy and 

plantain our were examined for moisture, crude 

protein, crude fat, ash, crude bre, and 

carbohydrate content. The Hussein et al. (12) 

method was used to calculate the samples' bulk 

density and water absorption capacity. The 

analyses were completed at the LAUTECH, 

Ogbomoso, food engineering department's food 

processing laboratory.

SENSORY EVALUATION

Fifty grams of the our mixture and 15 mL of 

boiling water were used to create a thick paste 

(amala). Using a 7-point Hedonic scale, the 

samples were evaluated for their appearance, 

taste, texture, avour, and general acceptability 

(13). The hedonic scale has seven points, with 1 

denoting extreme dislike and 7 denoting extreme 

like. Twenty semi-trained panelists received the 

thick paste on clear plastic plates and were 

instructed to rinse their mouths with fresh, room-

temperature water before receiving the next 

serving. To prevent crowding and to allow for 

impartial judgement, the containers containing 

the samples were coded and kept far apart. The 

panellists were chosen in accordance with the 

fundamental criteria, including availability for the 

entire evaluation period, interest, willingness to 

serve, good health (free of colds), and lack of 

allergy or sensitivity to the product emulated.

STATISTICAL ANALYSIS

Statistical Analysis of Variance (ANOVA) was used 

to determine whether the difference in the 

experimental data was statistically signicant (p< 

0.05). The mean and standard deviation of three 

replicate analyses are used to calculate all values. 

The data were examined using one-way ANOVA 

for multiple comparisons, followed by Duncan's 

post hoc analysis.

RESULTS

Table 1 shows the outcomes of the soy-plantain 

our's proximate compositions made after the 

drying of the plantain using various drying 

techniques. The moisture contents ranged from 

8.54% to 17.73% and were signicantly different 

(p<0.05). The protein content of the mixed 

samples varied between 3.32 and 7.86%, with a 

signicant difference (p<0.05) present. The crude 

fat content varied signicantly (p<0.05) and 

increased the more soy our was substituted. It 

ranged from 1.00 to 4.00% for 0 percent to 15 

percent soybean substitution levels. The ash 

contents were signicantly different (p<0.05). 

The solar-dried our blend (whole plantain our) 

had the lowest ash content (0.74%), whereas the 

sun-dried our blend (15 percent soy our 

substitution) had the highest (3.49%).

For all of the mixes, the crude bre content varied 

signicantly (p< 0.05) and ranged from 0.28 to 

2.01%. With increasing amounts of soy our 

substituted in the blends, the composite our's 

carbohydrate content decreases.

Table 2 shows the functional properties of soy-

plantain our.  P lantain-soy ours have 

signicantly different bulk densities (p<0.05), 
3which varied between 0.7 and 1.7 g/cm . The 

water absorption capacity (WAC) of plantain-soy 

ours ranged from 2.17% to 2.39% with no 

discernible difference (p>0.05). The percentage 

of swelling capacity varied from 36.25% to 

44.75%. With the substitution of soy our, the 

swelling capacity decreased but was not 

statistically different (p>0.05). The percentage of 

gelation capacity varied from 40.92% to 51.19%. 

As the substitution of soy our increased, the 

gelation capacity fell.

The amala's sensory characteristics varied 

signicantly (p<0.05) as shown in Table 3. A 

signicant factor is appearance, which also 

affects how consumers judge something. The 

range of the appearance rating is 2.26 to 6.07. 

The panellists' top pick was a thick paste made 

from oven-dried ingredients with a 15% soy our 

substitution. Foods must also have avour, which 

is a crucial ingredient. A thick paste made from 

oven-dried ingredients with a 5% soy our 
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substitution received the highest taste ratings, 

with ratings ranging from 3 to 6.67. The 

acceptability of the avour ranged from 2.93 to 

6.27; the most favoured was a thick paste made 

from oven-dried ingredients with a 5% soy our 

substitution. 

Table 1: Proximate Composition of Soy-Plantain Flour (%)

Values are expressed as mean ± standard deviation of triplicate determination, means with the same

superscript along the same column are not signicantly different (p>0.05)

Keys: 

SO = Solar dried our blend, 

SU = Sun dried our blend 
oOV = Oven dried our blend at 50 C

A = 100:0 plantains to soy our, 

B = 95:5 plantains to soy our, 

C = 90:10 plantains to soy our and 

D = 85:15 plantains to soy our
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Table 2: Functional Properties of Soy-Plantain Flour

Values are expressed as mean ± standard deviation of triplicate determination, means with the same

superscript along the same column are not signicantly different (p>0.05)

Keys: 

BD = Bulk Density, 

WAC = Water Absorption Capacity, 

SC = Swelling Capacity, 

GEL = Gelation Capacity, 

SO = Solar dried our blend, 

SU = Sun dried our blend 
oOV = Oven dried our blend at 50 C

A = 100:0 plantains to soy our, 

B = 95:5 plantains to soy our, 

C = 90:10 plantains to soy our and 

D = 85:15 plantains to soy our



DISCUSSION

The amount of moisture in food indicates how 

long they should last on the shelf. The moisture 

content of the soy-plantain our is somewhat 

higher than the malted sorghum-soy composite 

our reported by Bolarinwa et al. (14) but fall 

within range reported for dried water yam and 

cocoyam (15). Higher moisture may affect the 

foods' ability to be stored properly (16). The oven 

dr ied samples  f rom th i s  i s  w i th in  the 

recommended safe limit of less than 10% by 

FAO/WHO but the sun and solar dried samples 

exceeded the FAO/WHO advised safe limit. 

According to Msheliza et al. (16), materials like 

our and starch with moisture contents of over 

12.5 percent are less stable in storage than those 

with lower moisture contents. A low moisture 

content is necessary for a long storage life. Fungal 

growth will undoubtedly be seen on moist food 

samples during storage. Food poisoning, such as 

aspergillosis, may be made more likely by fungi 

contaminating food. Oven-dried our has a lower 

residual moisture content, making it the better 

choice because it resists fungal and other 

microbial infestations during storage better than 

undried food samples. As a result, the shelf life of 

oven-dried our blends will be longer than that of 

sun-dried and solar-dried our blends.

As the amount of soybean our increased from 

0% to 15%, the protein content increased, 

Table 3: Sensory Qualities of Reconstituted Plantain Soy Thick Paste (Amala)

Values are expressed as mean ± standard deviation of triplicate determination, means with the same

superscript along the same column are not signicantly different (p>0.05)

Keys: 

SO = Solar dried our blend, 

SU = Sun dried our blend 
oOV = Oven dried our blend at 50 C

A = 100:0 plantains to soy our, 

B = 95:5 plantains to soy our, 

C = 90:10 plantains to soy our and 

D = 85:15 plantains to soy our
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indicating nutrient enhancement. This might be a 

result of the substantial amount of protein in 

soybeans (10). Since high-protein foods can be 

expensive, the soy-plantain mixes' high protein 

content will be crucial for nutrition, especially in 

developing nations like Nigeria, where protein-

energy malnutrition is a serious problem. The soy 

plantain our produced by the oven drying 

method had a signicantly higher crude protein 

content than our created by the solar and sun 

drying methods. This might be a result of the oven 

drying process' consistency and quick drying time. 

Hussein et al. (9) reported a similar nding for 

oven-dried okra in comparison to sun-dried and 

solar-dried varieties. Due to this, oven drying is a 

suitable technique for the creation of nutrient-

dense foods. Due to the rising percentage of soy 

our substitution, the crude fat, ash, and crude 

bre contents followed the same trend as the 

protein content. As the percentage of soy our 

subs t i tu t ion increased,  the amount  o f 

carbohydrates decreased.

The oven-dried our had the lowest value for 

crude fat among the complemented ours. 

Although the ours' fat contents were found to be 

lower, the fortied our's fat content increased, 

which may have been brought on by the addition 

of soybean our. For malted sorghum-soy 

composite our, Bolarinwa et al. (14) reported a 

similar increase as the level of substitutions 

increased. According to Bolarinwa et al. (14), fat 

has a big impact on how long food products stay 

fresh, so our products may not want to have a lot 

of fat in them. Because all fats and foods 

containing fats have the potential to become 

rancid due to oxidation, the storage life of oven-

dried soy plantain our may be prolonged as a 

result of its low-fat content (17). High mineral 

content in the our blend is indicated by the high 

ash content. The bre contents found in this study 

were considerably lower than those found in the 

wheat and soy composite our reported by Ndife 

et al. (18) and the malted sorghum-soy composite 

our reported by Bolarinwa et al. (14), which had 

bre contents ranging from 3.64 to 4.66%. Falola 

et al. (19) reported a lower bre content (1.20-

1.72%) for rice and soybean our blends.

There are claims that eating foods high in bre 

will improve the digestive system's functions (20). 

Additionally, bre eliminates some diseases like 

obesity, diabetes, gallstones, and coronary heart 

disease and lowers the incidence of colon cancer 

(20). Therefore, the signicant amount of bre in 

these our blends as soy inclusions rise suggests 

that they may aid in maintaining the digestive 

system's health and proper operation. The 

amount of carbohydrates in the our blends 

varied signicantly (p< 0.05), and the amount of 

sorghum-soy our in the blends decreased as the 

proportion of sorghum-soy our increased. This 

demonstrated that, when compared to other 

legumes, soybeans are not a good source of 

carbohydrates. The ndings of Okoye et al. (21), 

who reported a decrease in carbohydrate content 

(73.40-34.90%) of wheat-soy bean our with 

increasing soy our substitution, are similar to the 

ndings of this study. According to Oluwamukomi 

et al. (22), the carbohydrate content of wheat-

cassava-and-soy composite our decreased by 

74.50% to 69.20%. For malted sorghum-soy 

composite our, Bolarinwa et al. (14) also noted a 

73.83-69.50% decline in the amount of 

carbohydrates.

When compared to our made using other drying 

methods, the oven-drying method's carbohydrate 

content showed a signicant decrease. This might 

be as a result of the oven drying process's 

consistency, higher moisture loss, and quick 

drying time. Hussein et al. (9) reported a similar 

nding for oven-dried okra in comparison to sun-

dried and solar-dried varieties. The oven-dried 

plantain soy our has a low carbohydrate content, 

making products made from these our blends 

suitable for people with diabetes and other 

related health issues.

The application and use of food ingredients for 

different food products is determined by their 

functional properties. The bulk densities obtained 
3were higher than the results (0.42-0.46 g/cm ) for 

plantain-soy our reported by Abioye et al. (10). 

With increasing levels of soy our substitution, it 

was found that the bulk density decreased, with 

100% plantain our being the densest of all the 

samples. Food packaging and transportation are 

affected by bulk density; products with a higher 

bulk density have better packaging characteristics 
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than those with a lower bulk density. High bulk 

density is preferable because it provides a better 

packaging advantage, allowing for the packaging 

of a larger volume of product (23).

The WAC was considerably lower than the 

8.00–8.25% range for fermented and roasted 

sorghum–soy our reported by Msheliza et al. 

(16). The plantain-soy our substitution raised the 

WAC because of the higher protein content. By 

combining soy our with plantain our, the 

plantain our gains a high capacity to bind water, 

which enhances its textural and reconstitution 

properties (24). Due to the presence of protein 

and the damage that the milling process causes to 

starch, the addition of soybean our aids in the 

water-binding properties.

Swelling capacity is the amount of space, 

expressed in millilitres, that 1 g of food material 

will occupy during swelling under particular 

circumstances. The addition of soybean our to 

the plantain our may have reduced the ability to 

swell. High swelling capacity has reportedly been 

listed among the requirements for a quality 

product (25). However, drying techniques do not 

appear to have a big impact on these 

characteristics. This depends on how much starch 

is in the our. According to Awuchi et al. (26), 

starches with a higher concentration of branched 

amylopectin have a greater capacity to cause 

foods and ours to swell. However, depending on 

the plant source, different amounts and ratios of 

amylose and amylopectin can be found in starch. 

This explains why the swelling capacities of 

various ours derived from various plant sources 

and species vary. As a result, the ndings 

indicated that adding soybean our to plantain 

our signicantly reduced the our's ability to 

swell, which may be related to the our's lower 

starch content.

The ability to form a gel from a food system using 

biopolymers like starch or protein is referred to as 

gelation capacity, also known as gel transition 

property or gelation property (26). According to 

Sun et al. (27), the rate at which proteins gel is 

inuenced by temperature, heating time, and 

protein concentration. The result showed that 

increasing the soy our inclusion lowers the 

carbohydrate level and lowers the our blends' 

ability to gel. This supported the nding of Awuchi 

et al. (26) that proteins and carbohydrates, 

particularly starch, are responsible for good 

gelling properties. Additionally, the presence of 

c a r b o h y d r a t e s  l o w e r s  t h e  p r o t e i n ' s 

thermodynamic afnity for an aqueous solution. It 

improves the gelling capacity by increasing the 

degree of protein molecule interactions (26).

The ndings suggest that avour inuences 

whether a consumer has a pleasant or unpleasant 

sensory experience by increasing their appetite 

and possibly causing satiety. A reconstituted thick 

paste made from oven-dried ingredients (15% soy 

our substitution) was rated the best overall 

among the samples because it had the highest 

mean sensory score from the panelists. Of all the 

sensory attributes considered, a thick paste made 

from oven-dried our was the most preferred.

CONCLUSION

The study's results demonstrated that adding soy 

our to plantains improved their nutritional value. 

The highest nutrient content is found in our with 

the highest substitution ratio. This suggests that 

adding soy our to plantains will help prevent 

nutritional deciencies. The obtained plantain-

soy mixtures have some useful qualities that 

might be useful in industrial applications, such as 

bulk density and water holding capacity. The 

outcome also made it clear that oven drying was a 

superior technique for drying plantain our than 

the conventional natural sun and solar 

techniques, particularly in terms of enhancing 

protein, moisture, bre, and sensory qualities. 

However, more research needs to be done on the 

products' shelf stability and micronutrient content.
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