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Food insecurity (FI) is still endemic in most parts of Low and Middle Income Countries (LMICs), 
including Ghana. This study was a quasi-experimental design carried out in the Wa Municipality. We 
assessed the proximate and minerals in African locust fruit pulp (Parkia biglobosa) and biscuits made 
from composite flours. We also did sensory evaluation on the formulated biscuits. We also assessed 
the acceptability of biscuits manufactured. We performed proximate analysis and used two treatments: 
control sample, wheat flour (WF) and ALFPF at 100, 75, 25, and 0%. A total of 100 respondents randomly 
selected, sensory evaluate the products based on appearance, texture, scent, taste, and acceptability, 
based on a nine-point hedonic scale questionnaire. Generally, the mineral and nutrient quantities were 
higher in the composite biscuit compared to the control except for fat and oil. Protein, fibre, 
carbohydrate content was statistically significantly (p < 0.001) higher for the sample with 25% flour and 
75% ALFPF compared to the control and 50/50 and 75/25. Probably, this consumption can improve food 
insecurity and the consumption of this can improve food insecurity, hidden hunger levels among the 
population.  

Key words: Parkia biglobosa, African locust bean, proximate, minerals, Wa municipality, Ghana. 

INTRODUCTION 

Hunger and malnutrition persist in many parts of Ghana, 
especially the zone of influence which is made up of the 
regions in the northern part. About 18% of the food 
insecure live in the Upper East region; in the Northern 
region it is 17%; and in the Ashanti region it was found 
to be 13%. Nationally, Upper East region records 49% 
food insecurity and this is the highest prevalence in the 
country (CFSVA Ghana, 2020).  Stunting  is  endemic  in 

the Northern egion (where approximately 33% of children 
are short-for-their-age) (GSS, GHS and ICF, 2015). 
There have been many calls for the use of biodiversity as 
a means to reduce FI and improve nutritional status 
(Burlingame et al., 2012; Charrondière et al., 2013; 
Chhikara et al., 2018). Although, the African locust bean 
tree (Parkia biglobosa) is perennial, it is is a rich source 
of plant  protein (Quansah et al., 2019). This leguminosae 
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Table 1. Proportion of Dankote wheat flour to Parkia biglobosa  flour (ALFPF) used 
to produce composite biscuits. 

Treatment Wheat flour (g) Parkia biglobosa flour (g) 

A 100 100 

B 125 75 

C 75 125 

D (Control) 100 0 

Source: Authors 

is one of Northern Ghana's most popular trees (Zakari et 
al., 2015). And there is the need to use it in the use of 
low-cost local commodities (Awogbenja and Ndife, 2012). 
Essential eatable wild fruits improve health, food security, 
and income generation (Aworh, 2015; Bvenura and 
Sivakumar, 2017). Maroyi and Cheikhyoussef urged 

millions of people worldwide to take advantage of the local 
available edible fruits (Maroyi and Cheikhyoussef, 2017).  

According to Ikhimalo(2019)., the fruits of African locust 
bean are mostly used as condiment, but it is a legume 
and its nutrients can be exploited. P. biglobosa fruit pulp 
exploitation is limited, aside from its application in 
cooking local delicacies (Adeloye and Agboola, 2022) 
with just a few uses for porridge and fresh meals (Amoa-
Awua et al., 2014). The tree is available in Northern parts 
of Ghana (Alrayyes, 2018). The fruits are plucked when it 
is season and the yellow pulp is sucked and the seed 
which is high in minerals and nutrients is thrown away 
(Adeloye and Agboola, 2022). The avenue for exploiting 
the potential of the beans of the tree by making it part of 
a meal has not been exploited. Although Ghana is 
struggling to achieve the Sustainable Development Goal 
2 of zero hunger. Although this wild fruit has been 
available in the Northern section of Ghana, food 
insecurity and malnutrition is highest there. It is important 
to harness the potential of this plant as a way of 
diversifying food consumption to reduce food insecurity 
and improve nutritional status (Ikhimalo, 2019). Cereal-
based products are nutritious and can reduce food 
insecurity (Alrayyes, 2018). Wild fruits such as African 
locust beans have the potency of curing multiple 
disorders because of their rich fiber and antioxidant 
components (Ajayi et al., 2018; Alissa and Ferns, 2017; 
Shaheen et al. 2017). Cereal fortification with legumes 
(Singha and Muthukumarappan, 2018) has proven to be 
incredibly advantageous since both cereals and beans 
supplement each other in terms of unobtainable 
indispensable amino acids (Yu et al., 2016).. 

The use of the flour from P. biglobosa as composite 
flour for preparing biscuits remains a warm area in the 
quest to reduce food security and improve nutritional 
status in Ghana. Previous studies advocated for increase 
use of the fruit without formulating any food product. This 
study determined the levels of proximate and minerals 
and consumer acceptance of biscuits formulated from 
African   locust   bean   pulp   powder  composite  through 

sensory evaluation. 

MATERIALS AND METHODS 

Study area 

The study was conducted at Upper West Region of Ghana 
specifically, Wa Municipality at the time the fruit was in season. The 
Wa Municipality is bounded to the south by the Northern Region of 
Ghana and to the west by the Black Volta. The distance of Wa from 
the capital city of Ghana, Accra, is about 560 km.  

Study design 

The quasi-experimental research design is employed since this 
enables us to determine the physico-chemical characteristics of the 
study materials. 

Sources of raw material 

The local raw materials used for the development of the biscuits 
include ALBFP from dried fruits, fresh eggs, sugar, butter, and milk 
powder. The ALBFP for the biscuit formulation was obtained from 
the Upper West Region Wa. The other materials were bought from 
the super market in Wa. 

Formulation of blends 

The study adopted a completely randomized design with two 
treatments made up of commercially available flour made from 
wheat (Dankote brand) and the flour made from P. biglobosa. Table 
1 shows the percentages of P. biglobosa flour used to replace 
Dankote brand flour at 100, 75, 25, and 0%. Composite biscuits 
were made from the formulations according to the method 
described in Vaclavik et al. (2021). 

Preparation of P. biglobosa African locust bean fruit pulp flour 

The fruit was harvested when it was in season in August-
September. Maturity of the fruit was determined through its 
brownish colour and the sound it makes when the fruit is shaken. 
The method described by Vaclavik et al. (2021) was used in the 
formulation of P. biglobosa flour. The pods were de-husked 
manually followed by the removal of seeds from the yellow fruit 
pulp. The pulp was then desiccated for 9 h at 60°C (Genlab 
Widnes, Model T1211) to a moisture content of 10% at the research 
laboratory of School/Faculty of Agriculture and Natural Sciences, 
University of Cape Coast. The dried fruit was then milled with a 
hammer mill (Christy Hunt, England), thereafter, we sieved this with 
a 0.5 mm mesh. This flour was then wrapped in polythene bags and 
kept  at  room  temperature  at the same research laboratory (Stone  
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and Sidel, 2004). 
 
 
Preparation of the composite biscuit from P. biglobosa  
 
This was made using the creaming method (Akubor et al., 2017; 
Awotedu et al., 2018) with components being margarine, P. 
biglobosa flour, sugar, salt, eggs and milk powder. All ingredients 
were weighed before use. 
 
 
Preparation of the composite biscuit 
 
The ingredients for the composite biscuit were mixed kneaded into 
stiff dough for 10 min. After this, though was careened out on a 
even surface to a sheet of even breadth of about 0.5 cm. Weighed 
amounts were then consigned on greased baking salvers, masked, 
left for about 15 minutes and heated for 20 min at 180°C in an 
oven. There after, the composite biscuits were then taken out of the 
oven packaged in an air-tight container after it was allowed to cool. 
 
 
Sample size and sampling approach for sensory evaluation 
 
As is consistent with the standards of the hedonic method of 
sensory evaluation, a total of 100 staff and students from the Home 
Science Department were randomly sampled in Wa Senior High 
Secondary School with sensory evaluation of the new products. 

 
 
Proximate analysis of WF and ALBFP  
 
Moisture, ash, protein, dry matter, fats/oils, and fibre contents were 
determined using AOAC recommended techniques (AOAC, 2019).  

 
 
Mineral analysis of ALBFP and composite biscuits 
 
The minerals were determined through methods that led to acid 
oxidation before a complete elemental analysis was carried out. A 
flame photometer was used to determine the amounts of potassium 
and sodium in the digested samples. The calculation of the amount 
of minerals was based on the method described (Ifesan et al., 
2017). The calcium and magnesium were determined by the 
method that involves chelation of the cations with ethylene 
diaminetetra-acetic acid (EDTA). Amount of mineral was calculated 
using the procedure of Ifesan et al. (2017), phosphorus was 
assessed by applying the ascorbic acid procedure by D’souza et al. 
(2014). 

 
 
Sensory evaluations 
 
This assessment of the sampled biscuits was performed within 24 h 
of baking by 100 untrained people from Wa Technical Secondary 
Senior High School. Samples of the prepared biscuits with varying 
codes were arranged in a suitable area. Each biscuit was presented 
on its own plate. Before going on to the next coded biscuit, the 
assessors were provided with bread which they ate and rinse their 
mouths with water afterwards. The texture, appearance, 
acceptability and taste were accessed (Stone and Sidel, 2004). A 
nine-point hedonic scale was used to rate the parameters for the 
sensory evaluation. The items were scored as: 1 = liked extremely; 
2 = liked very much; 3= liked moderately; 4= liked slightly; 5= liked 
or disliked, 6 = disliked slightly; 7= disliked very much; 8= disliked 
moderately; and 9= disliked extremely (Dahouenon-Ahoussi et al., 
2012).  

 
 
 
 
Statistical analysis 
 
One way analysis of variance (ANOVA) was used to analyse the 
data generated from the study. Proportions and numbers were 
presented for the proximate, minerals and sensory results. The 
statistical significance between the means of the dependent 
variables were determined at 5%. Tukey post hoc test procedure 
was applied to determine where the differences in the averages of 
the estimates assessed exist.  
 
 
Ethical consideration 
 
Approval for the sensory evaluation study was provided granted by 
the Department of Vocational and Technical Education research 
committee, University of Cape Coast. Written consent was provided 
by all who took part in the study. Permission was also sought from 
the School of Agriculture and Natural Science where laboratory 
analysis was done. Institutional Review Board of the University of 
Cape Coast (UCCIRB/CES/2021/95) gave approval for the study. 

 
 
RESULTS 
 
Proximate constituents of wheat locust pulp flour and 
composite flour 
 
Compared to the control (WF), locust pulp fruit had the 
highest amount of protein (12.06%), and fibre (6.2%). 
Among the composites, protein and fibre were highest in 
the blend of 25% wheat flour and 75% of locust pulp flour 
(25/75) proportion. Statistical significances observed 
were denoted with different letters at the 5% probability 
level (Table 2). 
 
 
Mineral composition of wheat locust flour and 
composite flour  
 
The locust pulp had the greater quantities of all five 
minerals determined in relation to the wheat flour 
(control). The proportions of the minerals were higher 
than blend of 25 parts of wheat flour and 75% of locust 
pulp flour. Means with similar variables are insignificant, 
while means with different variables are statistically 
significant at 5% probability level (Table 3).  
 

 
Proximate composition proportions of composite 
biscuit 
 

It was noticed that even after blending the proportion of 
the protein in the 25/75 was higher compared to all other 
mixtures and the control. Similar observation was made 
for the proportion of fibre, however, the fat/oil proportion 
was higher in the 75/25 proportion. Means with similar 
variables are insignificant, while means with different 
variables are significant at the 5% probability level (Table 
4).  

The amounts of phosphorus, potassium, sodium (µg/g), 
and  the  proportions  of  calcium  and  magnesium   were  
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Table 2. Proximate constituents of wheat, locust pulp flour and composite flour. 

Sample 
Dry matter 

(%) 
Moisture 

(%) 
Ash 
(%) 

Protein 
(%) 

Fat/Oil 
(%) 

Fibre (%) 
Carbohydrate 

(%) 

Wheat flour 89.21
a

10.79
e

0.57
a

10.24
d

0.99
e

0.428
a

85.95
e

Locust Pulp 92.59
e

7.41
a

1.91
c

12.06
b

0.28
a

6.202
e

81.37
b

50/50 90.93
c

9.07
c

2.66
d

11.48
e

0.39
b

5.099
d

78.06
a

75/25 90.00
b

10.00
d

1.56
b

8.21
c

0.85
d

3.238
b

82.87
c

25/75 91.57
d

8.43
b

3.59
e

13.79
a

0.65
c

3.577
c

83.98
d

ANOVA 

p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

l.s.d. 0.2937 0.2937 0.1279 0.2305 0.01568 0.2083 0.3172 

Cv 0.2 1.8 3.4 1.1 1.4 3.1 0.2 

50/50 = blend of 50% of locust pulp flour and 50% of wheat flour; 75/25 =  blend of 75% of wheat flour and 25 parts of locust 
pulp flour; 25/75 = blend of 25% of wheat flour and 75% of locust pulp flour; in a row and column, the percentages denoted  
by the alphabets are not statistically different at P< 0.05.  
Source: Authors 

Table 3. Mineral composition of wheat locust flour and composite flour. 

Sample 
Phosphorus 

(µg/g) 
Potassium 

(µg/g) 
Sodium 
(µg/g) 

Calcium (%) 
Magnesium 

(%) 

Wheat flour 136
a

1058
a

461.0
a

0.78
a

0.051
ab

Locust Pulp 168
d

6509
e

974.6
d

0.98
c

0.054
b

50/50 154
c

4427
c

958.6
cd

0.86
b

0.052
ab

75/25 143
b

2975
b

908.7
b

0.76
a

0.050
a

25/75 155
c

5477
d

933.2
bc

0.85
b

0.052
ab

ANOVA 

p-value <0.001 <0.001 <0.001 <0.001 0.043 

l.s.d. 20.4 84.4 26.5 0.017 0.0024 

cv (%) 0.7 1.1 1.7 1.1 2.5 

50/50 = Blend of 50% of locust pulp flour and 50% of wheat flour , 75/25 =  blend of 75% of wheat flour and 25 parts of 
locust pulp flour, 25/75 = blend of 25%of wheat flour and 75% of locust pulp flour. In rows and columns, the percentages 
denoted by the alphabets are not statistically different. 
Source: Authors 

higher in the 25/75 blend of composite biscuits. Generally, 
the values of these minerals increased above the level of 
non-biscuit levels. Means with similar variables are 
insignificant while means with different variables are 
significant at 5% probability level (Table 5). 

Sensory analysis 

Appearance 

Biscuit prepared from wheat as well as composite 
biscuits was scored for appearance. More than half of the 
respondents (53.4%) satisfied with the appearance of 
biscuits prepared with 100% wheat, While 42.2 and 
38.5% immensely liked the appearance of 50/50 and 
25/75 biscuit samples, respectively (Figure 1). 

Texture 

The composite biscuit with locust wheat flour obtained 
the greatest texture score (47.9) (Figure 2). Among the 
composite biscuits, 25/75 had the highest score of 46% 
compared to 50/50 and 75/25 which had lower values of 
34.2 and 31.5%, respectively. 

Taste 

The results showed 38.8% of panelists liked sample 
25/75 very much, 45.2% liked sample 50/50 slightly, 
20.4% neither liked nor disliked sample 25/75, 8.2 disliked 
sample 50/50 and 11 disliked the biscuit prepared 
form25/75 flour blend (Figure 3).  
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Table 4. Proximate estimates of composite biscuits. 
 

Sample 
Dry matter 

(%) 
Moisture 

(%) 
Ash (%) 

Protein 
(%) 

Fat/Oil 
(%) 

Fibre 
(%) 

Carbohydrate 
(%) 

Wheat flour 95.32
c
 5.32

b
 2.57

a
 7.04

b
 18.19

b
 1.34

a
 69.81

c
 

50/50 93.06
a
 6.71

c
 3.17

b
 7.72

a
 16.32

a
 1.72

b
 68.25

b
 

75/25 95.32
c
 4.68

a
 2.69

a
 7.16

b
 22.08

d
 1.24

a
 66.27

a
 

25/75 93.30
a
 6.94

c
 3.32

b
 8.09

c
 19.11

c
 2.28

c
 71.63

d
 

        

ANOVA 
       p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

l.s.d. 0.22 0.22 0.13 0.098 0.199 0.096 0.324 

Cv 0.1 2 2.3 0.7 0.6 3.1 0.2 
 

50 = Blend of 50% of locust pulp flour and 50% of wheat flour , 75/25 = blend of 75% of wheat flour and 25 parts of locust pulp flour, 
25/75 = blend of 25% of wheat flour and 75% of locust pulp flour. In rows and columns, the percentages denoted by the alphabets are 
not statistically  different. 
Source: Authors 

 
 
 

Table 5. Mineral composition of composite biscuits. 
 

Sample Phosphorus (µg/g) Potassium (µg/g) Sodium (µg/g) Calcium (%) Magnesium (%) 

Wheat flour 1528
b
 1326

a
 859.1

a
 0.70

b
 0.048

a
 

50/50 1680
c
 2776

c
 885.8

a
 0.69

b
 0.051

ab
 

75/25 1376
a
 1942

b
 862.7

a
 0.64

a
 0.049

a
 

25/75 1697
c
 3259

d
 990.5

b
 0.81

c
 0.054

b
 

      

ANOVA 
     p-value <0.001 <0.001 <0.001 <0.001 0.004 

l.s.d. 41.5 98.4 32.24 0.031 0.003 

Cv 1.4 2.2 1.9 2.3 3.2 
 

50 = Blend of 50% of locust pulp flour and 50% of wheat flour, 75/25 = blend of 75% of wheat flour and 25 parts of locust 
pulp flour, 25/75 = blend of 25% of wheat flour and 75% of locust pulp flour. In rows and columns, the percentages denoted 
by the alphabets are not statistically  different. 
Source: Authors 

 
 
 

  
 

Figure 1. Results of sensory evaluation of the appearance of composite 
biscuit.  
Source: Authors 
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Figure 2. Results of sensory evaluation of the texture of composite biscuits.  
Source: Authors 

 
 
 

  
 

Figure 3. Taste of composite biscuits.  
Source: Authors 

 
 
 
Overall acceptability 
 
The overall acceptability of the samples increased as the 
quantities of parkia flour content increased. Almost half of 
the panelist (46.5%) liked biscuits prepared from 25/75 
parts of wheat and parkia flour and 43.8% liked biscuits 
prepared with equal proportion 50/50 of flour (Figure 4).  

DISCUSSION 
 
Physicochemical characteristics of wheat locust pulp 
and composite flour 
 
The proximate and minerals in African Bean locust fruit 
pulp (P. biglobosa)  and  biscuits  made   from  composite 
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Figure 4. Overall acceptability of composite biscuit.  
Source: Authors 

 
 
 
flours were assessed. The nutrients and mineral 
proximate were generally higher in locust pulp flour in 
relation with the control sample (wheat flour). The protein  
found in the locust pulp flour and composites was more 
than 4.29% indicated by Dahouenon-Ahoussi et al. 
(2012) and akin to 6.56% found by Egbebi et al. (2016). 
Parkia pulp is a Leguminosae fruit therefore contains a 
high amount of lysine with about 22.56% crude protein 
and a rich source of indispensable amino acids 
(Nyadamu et al., 2017). This biscuit may improve protein 
intake among populations that need to improve protein 
nutrition. The composite biscuits had higher crude fibre 
content compared to wheat flour (WF) and this was 
similar to that reported by Olujobi (2012). They indicated 
that the increase in these proximal characteristics 
including fibres may be attributable to their abundance in 
parkia flour Olujobi (2012). The dry matter content is 
similar to the study of Kusuma (2015) and Ogunyinka et 
al. (2017), who during their study reported dry matter for 
parkia flour within 77 to 81% and 90.48 to 91.1% (Iheke 
at al., 2017).  
 
 
Mineral composition of prepared wheat locust pulp 
and composite flours 
 
Generally, locust pulp has been reported to have a high 
mineral content, including calcium, magnesium, 
potassium, phosphorus, and iron (Ogunyinka et al., 
2017). The phosphorus content in the parkia pulp flour 
obtained was higher than that reported by (2017) and 
may be due to the variety used for the study and the 
amounts increased in biscuits as the quantity of parkia 
flour used augmented. The same pattern was observed 
for   potassium   and    this   has   also  been  reported  by  

Nyadanu et al. (2017) and Iheke et al. (2017) 
Jide et al. (2018) indicated sodium composition of 1795 

mg/kg for parkia fruit pulp which is greater than the 
amount of sodium obtained in the study. Iheke et al. 
(2017) claimed that locust flour is a good source of 
calcium during their study. Our results agree with the 
aforementioned since locust pulp flour had 0.98% 
calcium, which was significantly greater than the calcium 
content of wheat flour. A direct relationship was observed 
between the magnesium content of composite flour with 
augmenting proportion of locust pulp flour.  
 
 
Mineral content of composite biscuits 
 
Phosphorus matter of the biscuit increased with 
augmenting content of locust pulp flour substitution. That 
was because the mineral is high in the pulp flour (Table 
3). This could be because of the big initial amount of 
phosphorus in the locust pulp flour used in blends. The 
finding is consistent with that reported by Ndekwe and 
Solomon (2017). Processing into the biscuit did not 
reduce the amount of the mineral. An increase in 
potassium content of the biscuit was observed with 
increasing percentage locust pulp flour as well. 
Increasing amount of potassium content of the composite 
with increasing locust pulp flour content could be due to 
the high amount of potassium in the flour (Ndukwe and 
Solomon, 2017). Olatoye et al. (2019) reported a 
substantial amount of potassium in a biscuit prepared 
from cassava, wheat, and parkia flour blends. The results 
suggest that processing did not reduce the amount of 
minerals and therefore these minerals could be available 
to the body after consumption. 

Composite    biscuits    contained    significantly   higher  



amounts of magnesium and calcium than biscuits 
prepared from wheat flour. This mineral content of 
composite bread increases when wheat flour is partially 
replaced with flour from locally cultivated grain legumes 
(Kennedy et al., 2017). 

Sensory attributes 

The yellow colour of parkia flour enhanced the overall 
appearance of the composite biscuits. This finding 
corroborates those of Adeloye and Agboola (2022) who 
posited that the yellow colour of parkia makes the product 
attractive and appealing to consumers. They observed 
appearance scores increased with increased parkia 
concentration in a product. Similarly, an observation was 
made by Ogunyinka et al. (2017) who reported increase 
in the appearance of parkia based cookies with 
increasing parkia concentration. The taste score of the 
parkia blended biscuit increased with increased parkia 
flour content probably due to highly digestible 
carbohydrates, such as natural sugars and this was also 
observed by Stone and Sidel (2004). The overall 
acceptability of the prepared biscuit samples was high for 
biscuits prepared with an increased proportion of parkia 
flour. This might be attributed to the appearance, taste, 
and texture of the parkia wheat blend biscuit. Such 
observation could be due to the sweetness of parkia, 
which improves the taste of the biscuit (Adeloye and 
Agboola, 2022).  

Conclusions 

The African locust bean pulp is suitable for composite 
biscuits with wheat flour. The minerals and nutrients were 
not lost during processing. Composite biscuits had higher 
nutrient composition compared to the control sample. 
Phosphorus, calcium, sodium, and magnesium content 
increase with increased African locust bean pulp flour, 
with sample 25/75 recording the highest mineral content. 
The acceptability of composite biscuit samples was high 
and this increases for biscuits prepared with an enhanced 
percentage of African locust bean pulp flour. It is believed 
that encouraging consumers to patronize the formulated 
composite biscuits would improve food insecurity and 
improve nutritional status. 
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The influence of extrusion factors on bulk density, water absorption capacity, and oil absorption 
capacity of aerial yam-soybean flour mixture was examined utilizing a research facility scale single-
screw extruder with the flour blending proportion of 25% aerial yam: 75% soybean. Response surface 
strategy in light of Box-Behken plan at three factors, five levels of barrel temperature (95, 100, 105, 110, 
and115℃), screw speed (85, 100, 115, 130, and145 rpm) and feed moisture (31, 33, 35, 37, and 39%) were 
utilized in 20 runs. The results showed that bulk density ranged from 0.4779±0.003 to 0.7211±0.003 
g/cm

3
; water absorption capacity from 2.52±0.032 to 3.89±0.007 g/g; while oil absorption capacity 

ranged from 1.12±0.028 to 2.88±0.007 g/g. The best extrusion condition combinations were 110°C barrel 
temperature, 130 rpm screw speed and 33% feed dampness for bulk density; 105°C barrel temperature, 
115 rpm screw speed and 35% feed dampness for water absorption capacity; and 110°C barrel 
temperature, 130 rpm screw speed and 37% feed dampness for oil absorption capacity. Analysis of 
variance showed that barrel temperature, screw speed, and feed dampness significantly (p<0.05) 
affected the bulk density, water absorption capacity, and oil absorption capacity of the extrudates. 
 
Key words: Optimization, functional properties, extrusion, aerial yam, response surface. 

 
 
INTRODUCTION 
 
Airborne sweet potato (Dioscorea bulbifera) is an 
arrangement of sweet potato filled in specific region of 
the planet. This bulbils-bearing sweet potato has a place 
with the solicitation Dioscoreal, Family Dioscoreaceae, 
and Genus Dioscorea, and is detested by animals among 
the satisfactory sweet potato species. It is native to 
Southeast  Asia,   West   Africa,  and  South  and  Central 

America. Furthermore, wild species are predominant in 
both Asia and Africa (Nwosu, 2014). 

Flying sweet potato (D. bulbifera) is recorded to be an 
unsavory sweet potato among the palatable sweet potato 
species which unlike the conventional sweet potato 
produces elevated bulbils that appear to be potatoes thus 
the name elevated/air potatoes (Ojinnaka et al., 2017). 
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This kind of sweet potato is consumed by couple of 
organizations and is generally underutilized both at asset 
and business levels because of multiple factors (Igyor et 
al., 2004). These incorporate, having a decently terrible 
following sensation dissimilar to other sweet potato 
species, being dark to a significant number of people, 
and much work has not been completed on it to propose 
usages to which it will generally be put to. Anyway, there 
are numerous applications for flying sweet potato, 
including the use of its wholesome and utilitarian 
properties to convey grouped current items, as well as its 
monetary value (Sanful and Engmann, 2016). 

D. bulbifera has been for the most part used in the 
Chinese clinical system as a significant zest during the 
time spent redoing and staying aware of kidney work 
(Ahmed et al., 2009). In Asia, this flavor has been 
enthusiastically proposed for treating diabetes. It has 
been customarily used to cut down glycemic levels, 
giving a more upheld sort of energy and better insurance 
against heftiness and diabetes; regardless, this property 
has not yet been consistently illustrated (Brand-Miller et 
al., 2003). 

Flying yam (D. bulbifera), as a less well-known food 
crop, has not been financially well-managed. It is only a 
small portion of the harvest that is processed into second 
sweet potato flour, which is especially noticeable in 
Yoruba-speaking areas of West Africa and less so in 
other parts of the continent (Orkwor et al., 1998). 
Processing aerial sweet potato to flour can help reduce 
our reliance on wheat flour for warmed foods and post-
harvest adversities (Prince-will and Ezembaukwu, 2015). 

Soybean (Glycine max), a large oil seed in the 
Leguminosae family, is primarily grown as a food crop. 
Soybean processing and use as food dates back to the 
11th century B.C. in ancient China. It was then filled in 
various parts of the world only in the twentieth century. 
The major transporting nations are the United States, 
Brazil, China, and Argentina (Iwe, 2003). Soybean is 
primarily grown for its seeds, which are used for human 
food and animal feed, as well as for oil extraction. Soy 
food sources are likely the fastest developing 
arrangements in the food industry, with things ranging 
from conventional soy food assortments to protein 
trimmings and from dairy and meat alternatives to various 
kinds of Western and traditional food assortments 
progressed with soybean flour and its parts (Iwe, 2003). 

As a food crop, the flying sweet potato has yet to gain 
global recognition. Handling it into a stable flour/blend 
and then expulsion handling to make pasta will increase 
the detectable quality of the gather in the food trade, 
highlighting its potential food uses/values to the food 
business (Princewill-Ogbonna and Ezembaukwu, 2015). 

Furthermore, the extension of well-known food-
handling systems, for example, expulsion cooking, and 
the use of D. bulbifera beyond the pharmacological 
viewpoint could mean introducing new techniques and 
food items, thereby offering choice to customers. 

 
 
 
 
This research also highlights the impact of expulsion 
process limits or factors on the utilitarian properties of an 
aeronautical sweet potato soybean flour combination 
using response surface methodology. 
 
 
MATERIALS AND METHODS 
 
Collection of soybean seeds and aerial yam bulbs 
 
Soybean seeds and aerial yam bulbs used in this study were 
purchased from Uyo Urban market in Uyo Local Government Area, 
Akwa Ibom State, Nigeria. 
 
  

Sample preparation 
 
The flour samples used in this research were prepared in the Food 
Processing Laboratory, Department of Food Science and 
Technology, University of Uyo, Uyo, Akwa Ibom State, Nigeria. 
 
  

Preparation of aerial yam Flour 
 
This was done as shown by the methodology depicted by Olurin et 
al. (2006). The Aerial sweet potato bulbs were cleaned and 
organized to kill bothersome materials, before stripping with sharp 
edge, washed with clean water and sliced to 10 mm thickness using 
sharp edge. The cuts (chips) were then dried using an oven at a 
temperature of 60°C for 12 h. The dried cuts (chips) were then 
handled using utilizing CAST IRON 1A 2A grinding machine and 
sieved with lab sifter of 600 µm opening size. The flour was 
packaged in a polyethene pack for following use. 
 
 

Preparation of soybean flour 
 

This was finished by the method portrayed by Iwe (2003). Seeds 
were screened to dispense with new materials, parts, and hurt 
beans, trailed by washing and roll bubbling at 100°C for 30 min. It 
was then grill-dried at a temperature of 70°C for 12 h and 
processed, utilizing CAST IRON 1A 2A grinding machine. The 
handled full-fat soybean was sieved using a 100 µm network 
standard sifter. The flour was then taken care of in fixed shut 
polyethene sack at room temperature for additional usage. 
 
 

Arrangement of sample blend 
 

The aerial sweet potato-soybean flour blend was prepared in the 
ratio of 25:75, conveyed in proportions of 25% flying sweet potato 
flour and 75% soybean flour. 
 
 

Extrusion cooking 
 

Expulsion cooking was done using a privately created single-screw 
research center scale extruder in the Department of Food Science 
and Technology Laboratory, Federal University of Agriculture, 
Abeokuta, Ogun State, Nigeria. 200 g of the flour blend (25% 
airborne sweet potato flour, 75% soybean flour) was definitively 
assessed and preconditioned by the ideal clamminess levels, 
allowed to stay for two 2 min to ensure uniform hydration of the raw 
substance. This was to ensure that any dry community was cleared 
out (Strahm, 2000). The privately created extruder was turned on, 
and the barrel temperatures (95 to 115°C) and the screw speeds (in 
upset each moment rpm) of the extruder were set by the preliminary  



 
 
 
 
arrangement. The normal substance was dealt with through the 
compartment into the extruder. The extrudates were collected as 
they exit through the die; grill dried, and packaged in impervious zip 
lock polyethylene sacks for additional laboratory examination. 
Twenty runs were done by and large, during the expulsion cycle, 
according to the preliminary arrangement. 
 
 

Determination of functional properties 
 

The following functional properties of the extruded aerial yam-
soybean flour mixture were determined. 
 

Bulk density  
 

The flour test was filled in a 10 ml dried estimating chamber and the 
lower part of the chamber tapped a few times on the research 
center table until there could have been no further lessening of the 
sample level subsequent to filling to the 10 ml mark. 
 

The bulk density (g/cm
3
)   =     

                    

                       
 

 
 

Water absorption capacity  
 

Water absorption capacity of the extrudate was determined 
according to the methods described by Onwuka (2005). Ten 
milliliters (10 ml) of refined water was blended in with one gram (1 
g) of test in a blender and homogenized for 30 s, kept at room 
temperature for 30 min, and centrifuged at 5000 rpm for 30 min. 
The volume of the supernatant (free water) in a graduated chamber 
was noted. The amount of water ingested (all out short free) was 
increased by its density for transformation to grams. Density of 
water was thought to be 1 g/ml. 
 

                          
     

 
                  

 

Where: v1 = initial volume of water (10 ml); v2 = final volume after 
centrifugation; w = weight of sample (1 g) 

 
 
Oil absorption capacity  
 

The oil absorption capacity of the extrudate was determined 
according to the methods described by Onwuka (2005). Precisely 
one gram (1 g) of flour mix test was blended in with 10 ml of 
vegetable oil. The oil and the sample were homogenized for 30 s 
and allowed to stand for 30 min at room temperature, and afterward 
centrifuged at 5,000 rpm for 30 min. The volume of free oil 
(supernatant) was noted straightforwardly from the graduated 
rotator tube. The amount of oil ingested (total minus free) was then 
multiplied by its density to convert into grams. Density of oil was 
taken to be 0.88 g/ml for faded palm oil. 
 

                        
     

 
                

 

Where: V1 = Initial volume of oil; V2 = Final volume after 
centrifugation; w = Weight of sample.      

 
 
Experimental design/ statistical analysis 
 

Design expert (variant 11.0.1), a Statistical Computer Application 
Software Package was used in the preliminary arrangement. Focal 
composite randomized design (CCRD) was used with a three 
variable   preliminary    set up    at   five   levels   each,   with   barrel 
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temperature (X1), screw speed (X2), and feed dampness levels 
(X3) as the free factors (Table 1). 

Reaction surface methodology (RSM) was used to examine the 
effects of the independent components or variables on the reliant 
elements (the reactions). Coded values for the autonomous 
elements used were - 2, - 1, 0, 1, 2, where - 2 tends to the least, 0 
tends to the medium (mid-point), and 2 tends to most critical levels 
independently. 

 
 
RESULTS AND DISCUSSION 
 
Functional properties of extruded aerial yam-soybean 
flour mixture 
 
The results of the effects of extrusion process conditions 
on the functional properties of extruded aerial yam-
soybean flour mixture are presented in Table 2. 
 
 
Bulk density 
 
The mass thickness of the extrudates increased in the 
range of 0.4779 ± 0.003 and 0.7211 ± 0.003 g/cm

3
, as 

shown in Table 2. This range of mass thickness values is 
greater than 0.24 ± 0.05 to 0.36 ± 0.03 for sorghum-
based expelled thing upgraded with soy supper flour 
(Tadesse et al., 2019); 0.0202 to 0.3503 g/cm

3
 for 

expelled rice flour-pineapple waste squash powder-red 
gram powder (Anjineyulu et al., 2013); and 0.19 to 0.31 
g/cm

3
 for fish-maize (Omohimi et al., 2014). 

Mass thickness is a measure of puffing and is clearly 
related to the outer layer of the possible outcome of 
expanded starch-based extrudate. It is not completely 
established by the combination of advancement and 
resulting shrinkage or breakdown of water rage ascends 
in extrudates and by the effect of kick the can broadening 
because of the adaptable property of the broken down 
matrix (Tadesse et al., 2019). Light thickness suggests a 
sensitive plan, which is appealing in this type of situation. 
 
 
Water absorption capacity 
 
The eventual outcomes of water absorption capacity of 
the expelled flying sweet potato soybean flour 
combination are presented in Table 2. The recorded 
characteristics ranged from 2.52 ± 0.032 to 3.89 ± 0.007 
g/g. This extent of values is imperceptibly higher than 2.5 
to 3.56 g/g for cassava/soybean extrudates (Olusegun et 
al., 2016); 1.667 to 2.320 g/g for meat straightforward 
from mucuna bean seed flour (Omohimi et al., 2014), yet 
lower than 3.918 to 5.997 g/g for pineapple waste squash 
rice flour-red gram powder based extrudates (Anjineyulu 
et al., 2013); 4.92 to 6.07 g/g for fish-maize based 
expelled snacks (Nkubana et al., 2020), and 3.922 ± 
0.079 to 6.017 ± 0.018 g/g for arranged to-eat beat based 
snacks (Alemayehu et al., 2019). 

Water  retention  limit  provides  information   about  the 
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Table 1. Coded and actual values of different experimental variables. 
  

Factor Units Code 
Level 

Interval of variation 
-2 -1 0 1 2 

Barrel temp. ℃    95 100 105 110 115 5.0 

Screw speed rpm    85 100 115 130 145 15.0 

Feed moisture  %    31 33 35 37 39 2.0 
 

Source: Author  

 
 
 
Table 2. Effects of extrusion conditions on functional properties of extruded aerial yam-soybean flour mixture. 
 

S/N BT (℃  SS (rpm) FM (%) Bulk Density (g/cm
3
) Water Absorption Capacity (g/g) Oil Absorption Capacity(g/g) 

1 105 115 31 0.6969±0.004 2.60±0.003 1.72±0.028 

2 105 115 35 0.4885±0.003 3.89±0.007 1.94±0.007 

3 105 115 35 0.4790±0.003 3.81±0.007 1.98±0.007 

4 105 85 35 0.6708±0.002 2.91±0.014 1.69±0.021 

5 100 130 33 0.6712±0.002 3.06±0.004 1.63±0.002 

6 110 100 37 0.6249±0.002 2.94±0.014 1.95±0.014 

7 100 100 37 0.6175±0.003 2.88±0.021 1.76±0.007 

8 110 130 33 0.7211±0.003 2.69±0.014 2.64±0.021 

9 105 115 35 0.4787±0.003 3.83±0.007 1.91±0.007 

10 115 115 35 0.6933±0.003 2.69±0.003 2.80±0.021 

11 95 115 35 0.7167±0.003 2.58±0.141 1.12±0.028 

12 105 115 39 0.6755±0.001 2.57±0.007 2.62±0.014 

13 105 115 35 0.4779±0.003 3.82±0.007 1.90±0.007 

14 100 100 33 0.6598±0.002 2.71±0.014 1.34±0.014 

15 110 130 37 0.6043±0.002 2.80±0.007 2.88±0.007 

16 110 100 33 0.6985±0.004 2.95±0.071 1.92±0.014 

17 105 145 35 0.6982±0.005 2.52±0.032 1.62±0.004 

18 100 130 37 0.7011±0.002 2.68±0.022 2.31±0.001 

19 105 115 35 0.4788±0.003 3.81±0.007 1.98±0.007 

20 105 115 35 0.4784±0.003 3.80±0.007 1.92±0.007 
 

Values are mean ± standard deviation of triplicate determination, BT= Barrel temperature, SS= Screw speed, FM= Feed moisture. 
Source: Author 

 
 
 
level of gelatinization of starch in feed trimmings in 
general by assessing how much water is polished off by 
starch granules as a result of the thing's initial overflow of 
water (Olusegun et al., 2016). Water retention properties 
depend on the openness of hydrophilic social affairs 
which bind water particles and the gel-outlining limit of 
the macromolecules being referred to. 
 
 

Oil absorption capacity 
 

In Table 2, the eventual outcomes of the effects of 
expulsion conditions on the down to earth properties of 
expelled flying sweet potato-soybean flour combination 
showed that oil absorption capacity of the extrudates 
increased from 1.12 ± 0.028 to 2.88 ± 0.007g/g. This 
recorded extent of values is within the extent of 1.761 to 
2.389 g/g for meat basic  from  mucuna  bean  seed  flour 

(Omohimi et al., 2014). Oil retention limit can be used as 
a document of the hydrophobicity of an expelled thing 
(Tabibloghmany et al., 2020). The results of regression 
analysis/ANOVA of the models for the responses: 
functional properties of extruded aerial yam-soybean flour 
mixture are presented in Table 3. 
 
 
Model selection/equation for optimization of 
extrusion process parameters for bulk density 
 
The final regression model for bulk density is given in 
Equation 1. 
 

 
                                                                                       (1)             

 

The final regression model for bulk density is given in Equation 1.  

𝐵𝐷 = 36.44 − 0.3947𝐵𝑇 − 0.04170𝑆𝑆 − 0.7262𝐹𝑀 − 0.00016𝐵𝑇𝑆𝑆 + 0.0023𝐵𝑇𝐹𝑀 + 

                        0.00012𝑆𝑆𝐹𝑀 + 0.00233𝐵𝑇2 + 0.00024𝑆𝑆2 − 0.0134𝐹𝑀2                 

 

where:𝐵𝐷 = Bulk density (g/cm
3
), BT= Barrel Temperature (

0
C), SS = Screw Speed (rpm), 

𝐹𝑀 = Feed moisture (%) 

The final regression model for bulk density is given in Equation 1.  

𝐵𝐷 = 36.44 − 0.3947𝐵𝑇 − 0.04170𝑆𝑆 − 0.7262𝐹𝑀 − 0.00016𝐵𝑇𝑆𝑆 + 0.0023𝐵𝑇𝐹𝑀 + 

                        0.00012𝑆𝑆𝐹𝑀 + 0.00233𝐵𝑇2 + 0.00024𝑆𝑆2 − 0.0134𝐹𝑀2                 

 

where:𝐵𝐷 = Bulk density (g/cm
3
), BT= Barrel Temperature (

0
C), SS = Screw Speed (rpm), 

𝐹𝑀 = Feed moisture (%) 
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Table 3. Coefficient of Regression/ANOVA for Functional properties. 
  

 
               Bulk  density      Water absorption capacity               Oil absorption capacity 

Coeff. p-values Coeff. p-values Coeff. p-values 

   36.44 
 

-250.14 
 

-10.11 
 

Linear      

   -0.394 0.6366 2.55 0.5611 0.0714 < 0.0001 

   -0.04170 0.1513 0.4482 0.0448 0.0097 0.0355 

   -0.7262 0.0307 5.39 0.7130 0.0991 0.0069 

Interaction      

     -0.00016 0.2079 -0.00092 0.1140 
  

     0.0023 0.0276 0.00388 0.3520 
  

     0.00012 0.6835 -0.001792 0.2055 
  

Quadratic      

  
  0.000233 < 0.0001 -0.0123 < 0.0001 

  
  

  0.00024 < 0.0001 -0.00128 < 0.0001 
  

  
  -0.0134 < 0.0001 -0.0799 < 0.0001 

  
Test for model adequacy     

   0.9663  0.9757  0.7418  

Pred.    0.7415  0.8240  0.5159  

Model F-value 31.85  44.63  15.32  

Lack of fit 70.80  164.46  77.84  
  

Xo = intercept, X1 = Barrel temperature (BT), X2 = Screw speed (SS), X3 = Feed moisture (FM), Significance at p< 0.005. 
Source: Author 

 
 
 

Where, BD = Bulk density (g/cm
3
), BT = Barrel 

Temperature (°C), SS = Screw Speed (rpm), FM = Feed 
moisture (%) 
 
In Equation 1, the positive terms suggest direct 
association between the expulsion cycle limits (BT, SS 
and FM), and their correspondences (straight and 
quadratic) with mass thickness, while the negative terms 
show a converse association between them. It was seen 
that all the three expulsion process limits (BT, SS and 
FM) have switch relationship with the response, mass 
thickness (BD), construing that mass thickness 
decreased with development in the expulsion cycle limits. 
The results of regression analysis/ANOVA of the models 
for viable properties in 3 show a model F-worth of 31.85 
for mass thickness, which is exactly what the model 
recommends. Potential gains of "prob>F" under 0.0500 
gathers that the model terms are basic, beside BT, SS, 
BT×SS and SS×FM with p-potential gains of 0.6366, 
0.1513, 0.2079, and 0.6835 independently (Table 3). 

The "Shortfall of fit F-value" of 70.80 for mass thickness 
recommends that the "Shortfall of fit" is not basically 
similar with the pure slip-up. This model can subsequently 
be used to investigate the arrangement space. The 
model was tremendous with a decent coefficient of 
confirmation, R

2
 of 0.9663 (Table 3). The high coefficient 

of confirmation showed astonishing connection between 
the free factors (barrel temperature, screw speed and 
feed clamminess) and the response, and this implies  that 

the response (mass thickness) model is adequate, and 
can figure out 96% of the total irregularity in the 
response. 
 
 
Model selection/equation for optimization of 
extrusion process parameters for water absorption 
capacity 
 
The final regression model for water absorption capacity 
is given in Equation 2. 
 

  (2)                                                           
 

Where, WAC = Water absorption capacity (g/g), BT= 
Barrel Temperature (

0
C), SS = Screw  

Speed (rpm), FM = Feed moisture (%) 
In Equation 2, the positive terms suggest direct 

association between the expulsion cycle limits and their 
participations with the levels of water retention limit, 
however, the negative terms show a retrogressive 
association between them. For this present circumstance, 
it was seen that all the three expulsion process limits (BT, 
SS and FM) have direct relationship with the response 
(water ingestion limit). This proposes that water retention 
limit (WAC) showed a straight addition with development 
in the expulsion cycle limits.  

 The final regression model for water absorption capacity is given in Equation 2.  

 𝐴𝐶 = −250.14 + 2.55𝐵𝑇 + 0.4482𝑆𝑆 + 5.39𝐹𝑀 − 0.00092𝐵𝑇𝑆𝑆 + 0.00388𝐵𝑇𝐹𝑀 − 

                              0.001792𝑆𝑆𝐹𝑀 − 0.0123𝐵𝑇2 − 0.00128𝑆𝑆2 − 0.0799𝐹𝑀2                                                                               

 

where: 𝐴𝐶 = Water absorption capacity (g/g), BT= Barrel Temperature (
0
C), SS = Screw  

Speed (rpm), 𝐹𝑀 = Feed moisture (%) 
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Table 4. Output for numerical optimization of extrusion process parameters for functional properties. 

Extrusion criteria Unit Lower limit Upper limit Optimization goal Relative importance Output 

Barrel temperature ℃ 95.00 115.00 Maximize 3 112.85 

Screw Speed 85.00 145.00 Maximize 3 144.99 

Feed Moisture 31.00 39.00 Range 3 35.12 

Bulk Density 0.4779 0.7211 Range 3 0.8165 

WAC  2.52 3.89 Range 3 1.58 

OAC  1.12 2.88 Range 3 2.85 

Desirability 0.972 

WAC = Water absorption capacity, OAC = Oil absorption capacity. 
Source: Author 

The model F-value of 44.63 induces that the model is 
basic. Potential gains of "prob>F" under 0.0500 surmises 
that the model terms are basic, beside BT, FM, BT×SS, 
BT×FM and SS×FM, with p-potential gains of 0.5611, 
0.7130, 0.1140, 0.3520 and 0.2055 exclusively (Table 3). 

The "Shortfall of it F-value" of 164.46 for water 
assimilation limit in Table 3 indicates that the "Shortfall of 
fit" isn't fundamentally similar to the pure bungle. As a 
result, this model could be used to investigate the 
arrangement space at any time. The model was massive, 
with a satisfying coefficient of confirmation, R

2
 of 0.9750

(Table 3). This implies that the response (water retention 
limit) model is adequate and can account for 97% of the 
response's total variance. 

Model selection/equation for optimization of 
extrusion process parameters for oil absorption 
capacity 

The final regression model for oil absorption capacity is 
given in Equation 3. 

   (3) 

Where, OAC = Oil absorption capacity (g/g), BT= Barrel 
Temperature (°C), SS = Screw Speed (rpm), FM   Feed 
moisture (%) 

In Equation 3, the positive terms suggest direct 
association between the expulsion cycle limits and the 
level of oil assimilation limit. All the expulsion interaction 
limits (BT, SS and FM), apparently had direct relationship 
with the response (OAC). This suggests that oil retention 
limit (OAC) of the extrudates extended with extension in 
barrel temperature (BT), screw speed (SS), as well as 
feed soddenness (FM). 

From the outcomes of regression assessment/ANOVA 
in Table 3, the model F-value of 15.32 shows that the 
picked model is gigantic, and potential gains of "prob>F" 
under 0.0500 deduces that the model terms are basic. 
Here, the model straight terms; BT, SS, and FM recorded 
p-potential gains of < 0.0001, 0.0355, and 0.0069 
independently,   showing   that  they  are  basic  (p< 0.05)  

(Table 3). 
The "Shortfall of fit F-value" of 77.84 for oil assimilation 

in Table 3 recommends that the "Shortfall of it" is not 
colossal similar with the pure bumble. This model can 
subsequently be used to investigate the arrangement 
space. The high coefficient of confirmation, R

2
 worth of

0.7418 (Table 3), showed a fair connection between the 
independent elements (barrel temperature, screw speed 
and feed moistness) and the response, showing that the 
model is adequate, and can figure out 74% of the total 
capriciousness in the response. 

Mathematical optimization of extrusion process 
parameters for functional properties 

The most extreme conceivable barrel temperature and 
screw speed, followed by the reach for feed moisture, 
were the fundamental rules for imperatives advancement 
of the expulsion interaction boundaries. The enhancement 
objective for the reactions was the reach. The ideal 
enhancement objectives and result for every expulsion 
cycle boundary and reaction is introduced in Table 4.  

The ideal extrusion process boundaries were 112.85°C 
for barrel temperature, 149.99 rpm for screw speed, and 
35.12% for feed dampness. Likewise, the ideal practical 
properties were 0.8165 g/cm

3
 for bulk density, 1.58 g/g

for water absorption capacity, and 2.85 g/g for oil 
absorption capacity, with an attractiveness of 0.972%. In 
the interim, the advancement results got for the objective 
of upgrading the reach for the reactions were 0.4779 to 
0.721 g/cm

3
 for bulk density, 2.52 to 3.89 g/g for water

absorption capacity, and 1.12 to 2.88 g/g for oil 
absorption capacity. 

Response surface plots for the functional properties 
of aerial yam-soybean flour mixture 

Effects of extrusion process parameters on bulk 
density 

Figures  1  to  3 depict the response surface plot showing 

 𝐴𝐶 = −10.11 + 0.0714𝐵𝑇 + 0.0097𝑆𝑆 + 0.0991𝐹𝑀                (3) 



 
 
 
 

 
 

Figure 1. Response surface plot showing the influence of barrel 
temperature and screw speed on bulk density. 
Source: Author 

 
 
 

 
 

Figure  2. Response surface plot showing the influence of barrel 
temperature and feed moisture on bulk density 
Source: Author 

 
 
 

the impact of barrel temperature and screw speed; 
impact of barrel temperature and feed clamminess; 
impact of screw speed and feed soddenness on mass 
thickness of expelled ethereal sweet potato soybean flour 
combination. 

Figure 1 shows the response surface plot for impact of 
barrel temperature and screw speed of the extruder on 
mass thickness of the extrudates.  It  was  seen  from  the  
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Figure 3. Response surface plot showing the influence of screw 
speed and feed moisture on bulk density. 
Source: Author 

 
 
 

plot that, development in barrel temperature and screw 
speed achieved quadratic extension in mass thickness of 
the extrudates. This insight is at distinction with that of 
Omohimi et al. (2014); Alemayehu et al. (2019), and 
simultaneously with that of Anjineyulu et al. (2013).  

Moreover, the response surface plot showing the 
effects of barrel temperature and feed moisture on mass 
thickness (Figure 2) showed that extension in both barrel 
temperature and feed sogginess achieved quadratic 
development in mass thickness of the extrudates. The 
discernment that development in feed moisture extended 
the mass thickness is in agreement with that of Peluola-
Adyemi and Idowu (2014); Tiwari and Jha (2017), and 
despite a past report by Guldiken et al. (2019) for desi 
chickpea-grain extrudates. Extension in mass thickness 
with extension in feed soddenness may be attributed to 
diminished flexibility of combination and lower 
improvement (Anjineyulu et al., 2013; Tiwari and Jha, 
2017). 

In Figure 3, the response surface plot showing the 
effects of screw speed and feed clamminess on mass 
thickness exhibited that increasing the screw speed and 
feed sogginess achieved quadratic development in mass 
thickness of the extrudates. This discernment that 
accelerates results in extended mass thickness of the 
extrudates is in agreement with that of Omohimi et al. 
(2014), but disregarding that of Tiwari and Jha (2017). 
The extension in mass thickness as screw speed 
additions might be a direct result of heightened effect of 
temperature on extrudate mellow under extended shear 
environment, which could construct the level of 
gelatinization process subsequently gave extrudates with 
higher mass thickness (Omohimi et al., 2014). 

Examination  of  vacillation (ANOVA) at 5% significance  
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Figure 4. Response surface plot showing the influence of barrel 
temperature and screw speed on Water absorption Capacity. 
Source: Author 

 
 
 

 
 

Figure 5. Response surface plot showing the influence of barrel 
temperature and feed moisture on Water Absorption Capacity 
Source: Author 

 
 
 

level, for the effect of barrel temperature, screw speed 
and feed moistness on mass thickness of the expelled 
flying sweet potato soybean flour combination showed 
that the expulsion interaction conditions (Barrel 
temperature, Screw speed and Feed moisture) had 
colossal effect (p< 0.05) on mass thickness of the 
extrudates. 

The "Preliminary of between-subjects" effects of the 
expulsion   interaction   conditions    on   mass   thickness  

 
 
 
 

 
 

Figure 6. Response surface plot showing the impact of screw 
speed and feed dampness on Water Absorption Capacity. 
Source: Author 

 
 
 
showed that the cycle limits, including their associations, 
similarly had gigantic effect (p < 0.05) on mass thickness 
of the extrudates, except for SS×FM, which showed non-
basic (p > 0.05) influence on mass thickness. 
 
 
Effect of extrusion process parameters on water 
absorption capacity 
 
Figures 4 to 6 show response surface plot for the impacts 
of barrel temperature, screw speed and feed dampness 
on water retention limit of the extrudates. In Figure 4, the 
response surface plot for the effect of barrel temperature 
and screw speed on water assimilation limit exhibited that 
extension in barrel temperature and screw speed 
achieved quadratic diminishing in water retention limit of 
the extrudates. This validation is like that of Omohimi et 
al. (2014), yet contrary to that of Anjineyulu et al. (2013). 

Basically, Figure 5, which shows the response surface 
plot for effect of barrel temperature and feed clamminess, 
exhibited that climbing the barrel temperature of the 
extruder and feed sogginess provoked a quadratic 
decreasing in water retention limit of the extrudates. This 
affirmation is in any case, contrary to that of Lin et al. 
(2000); Lazou and Krokida (2010). 

In Figure 6, the response surface plot showing the 
effect of screw speed and feed soddenness exhibited that 
accelerating the extruder up to 115 rpm and increasing 
feed moistness up to 35% caused development in water 
assimilation limit. These insights confirm the past 
revelations by Peluola-Adeyemi and Idowu (2014) and 
Tabibloghmany et al. (2020). Further increase in the 
screw  speed beyond 115 rpm and feed sogginess above  
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Figure 7. Response surface plot showing the effect of barrel 
temperature and screw speed on Oil Absorption Capacity. 
Source: Author 

 
 
 

 
 

Figure  8. Response surface plot showing the effect of barrel 
temperature and feed moisture on Oil Absorption Capacity. 
Source: Author 

 
 

 
35%, achieved a slight decrease in water retention limit of 
the extrudates. 

Water retention limit or record gives information about 
the level of gelatinization of starch in the feed fixing 
generally by assessing how much water is polished off by 
starch granules following expansion in excess water at 
first present in the thing (Altan et al., 2008). Gelatinization,  
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Figure 9. Response surface plot showing the effect of screw 
speedand feed moisture on Oil Absorption Capacity. 
Source: Author 

 
 
 
the change of unrefined starch to a cooked and eatable 
material by the utilization of hotness and water, is one of 
the huge effects of expulsion of the starch portions of 
food sources (Ding et al., 2006). 

Along these lines, the decrease in water retention limit 
of the extrudates may be credited to the weakening or 
defilement of starch. Examination of vacillation (ANOVA) 
at 5% significance level, for the effect of barrel 
temperature, screw speed, and feed sogginess on water 
assimilation limit of the extrudates showed that the 
expulsion interaction conditions (barrel temperature, 
screw speed and feed clamminess) had enormous effect 
(p< 0.05) on water ingestion limit of the extrudates. The 
"preliminary of between-subject effect" of the expulsion 
interaction limits on water assimilation limit showed that 
the expulsion cycle limits, including their 
correspondences, had immense effect (p< 0.05) on the 
water retention limit of the extrudates. 
 
 
Effect of extrusion process parameters on oil 
absorption capacity 
 
Figures 7 to 9 present the response surface plot for the 
effect of barrel temperature and screw speed on oil 
retention limit; effect of barrel temperature and feed 
clamminess on oil limit; effect of screw speed and feed 
moistness on oil assimilation limit. 

Oil ingestion limit is the limit of a thing to absorb oil, and 
this deal with the flavor and augmentation mouth feel of a 
food material. In Figure 7, the response surface plot 
exhibited    that    development    in    barrel   temperature  
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provoked an immediate extension in oil retention limit, 
while acceleration achieved a decrease in oil assimilation 
limit of the extrudates. This discernment agrees with the 
earlier revelations by Omohimi et al. (2014). The extension 
in oil assimilation limit may be credited to increased level 
of starch defilement in the extrudates due to high 
commitment of atomic power (Omohimi et al., 2014). 

The response surface plot showing the effect of barrel 
temperature and feed moistness on oil assimilation limit 
is presented in Figure 8. It was seen from the plots that 
extension in both barrel temperature and feed sogginess 
achieved a sharp development in oil retention limit of the 
extrudates. In Figure 9, the response surface plot 
showing the effect of screw speed and feed moisture 
exhibited that acceleration was achieved early on 
extension in oil assimilation limit. Further acceleration 
achieved decrease in oil retention, while development in 
feed clamminess provoked extension in oil assimilation 
limit of the extrudates. These discernments are in 
agreement with the earlier disclosures of Tabibloghmany 
et al. (2020). 

Examination of distinction (ANOVA) at 5% significance 
level, for the effect of barrel temperature, screw speed 
and feed soddenness on oil ingestion limit showed that 
the expulsion cycle limits: barrel temperature (BT); screw 
speed (SS); feed moistness (FM) generally (p< 0.05) 
influenced the oil assimilation limit of the extrudates. 

The "Preliminary of between-subject effect" of expulsion 
process conditions on oil assimilation limit showed that 
the expulsion cycle conditions and their associations, 
beside BT×SS×FM, had tremendous effect (p< 0.05) on 
oil ingestion limit of the extrudates. 
 
 

Conclusion 
 

This study has shown that extrusion process conditions: 
barrel temperature; screw speed; feed dampness, and 
their interactions have both positive and adverse impact 
on bulk density, water absorption capacity, and oil 
absorption capacity of the extruded aerial yam-soybean 
flour mixture. The bulk density of the extrudates was 
altogether impacted by all the extrusion process 
conditions. With the exception of the connection of screw 
speed and feed dampness, which significantly affected 
the bulk density of the extrudates, the associations of the 
extrusion conditions also had a meaningful effect on bulk 
density. The extrusion boundaries and their co-operations 
significantly affected the water absorption capacity of the 
extrudates. Oil absorption capacity of the extrudates was 
altogether impacted by the three extrusion conditions. 
The co-operations of the process conditions likewise 
affected oil absorption capacity, with the exception of the 
connection of barrel temperature, screw speed, and feed 
dampness. The best extrusion condition blends were 
110°C barrel temperature, 130 rpm screw speed and 
33% feed dampness for bulk density; 105°C barrel 
temperature,  115 rpm   screw  speed    and    35%   feed 

 
 
 
 
dampness for water absorption capacity; and 110°C 
barrel temperature, 130 rpm screw speed and 37% feed 
dampness for oil absorption capacity. 
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Tubers from wild Tacca leontopetaloides plants are frequently used as a food commodity, but when 
consumed raw it has a bitter taste and can be toxic, thus threatening food security. This study aimed to 
evaluate the nutritional composition of flour from T. leontopetaloides subjected to distinct washing 
treatments, hoping to improve its suitability as a pivot food commodity in regions affected by poverty 
and food insecurity, such as Muanza (Sofala, Mozambique). To remove the bitter taste and potentially 
toxic compounds, flour from T. leontopetaloides was subjected to a single washing (SW) and to 13 
sequential deep washing cycles (DW). Samples were analysed for several nutritional and mineral 
parameters, including carbohydrates, proteins, lipids, fibre, energy, phosphorous, potassium, calcium, 
magnesium, and sodium. Flours prepared with SW had (per 100 g): 5.25 mg proteins, 0.73 mg fats, 0.43 
mg fibres, 935 mg phosphorous, 833.7 mg potassium, 120 mg calcium, 275.3 mg magnesium, and 333.6 
mg sum. Deep washing significantly decreased protein (80%) and mineral contents (by at least 27%) and 
eliminated the presence of glycosides and quinones, but a rich nutritional profile was still preserved 
after this procedure. Overall, T. leontopetaloides flour has a balanced nutritional profile when 
adequately washed, thus serving as a promising food commodity. 
 
Key words: Food processing, food safety, macronutrients, micronutrients, nutritional composition, mineral 
profiling, washing process. 

 
 
INTRODUCTION 
 
Muanza is one of the poorest districts in Sofala Province, 
where agriculture is the basis for the population's 
sustenance (Pacheco, 2009). However, the prevalence of 

drylands and cyclical droughts, which characterize this 
region, compromise subsistence agriculture, leading the 
population to resort to wild tubers that may be  poisonous  



 
 
 
 
for food consumption (Ogbonna et al., 2017). This is the 
case of Tacca leontopetaloides, locally known as 
“pirinde”, which is commonly used as a flour for human 
consumption (Uachisso et al., 2019). T. lentopetaloides is 
a perennial herbaceous species with a tuberous rhizome, 
belonging to the Taccaceae family. Tubers of T. 
leontopetaloides are similar in appearance to potatoes, 
usually with 10 to 15 cm in diameter but reaching 30 cm 
in rich soils, average weight from 70 to 340 g, but up to 1 
kg. They are rich in starch but are generally bitter and 
almost unpalatable when raw (Murai et al., 1958; Kay, 
1987). Several studies have shown that this tuber has 
anti-nutritional compounds, including cyanogenic 
compounds such as taccalonolides, which can cause 
death when the flour is not processed properly (Jiang et 
al., 2014; Ogbonna et al., 2017; Agus et al., 2021). 
Processing by immersion in water at room temperature 
tends to minimize the concentration of these anti-
nutritional factors, some of which have beneficial health 
effects if present in minimal amounts (Ogbonna et al., 
2017), allowing to significantly increase its safety for 
human consumption. The flour from T. leontopetaloides is 
commonly used as a food source in the District of 
Muanza, in Mozambique, to make a traditional bread 
(locally known as “micate”) and porridge (“xima”), thus 
contributing to mitigating hunger arising from the 
unavailability of food, especially during the dry season. 
However, its agronomical exploitation is still limited 
because this tuber is not cultivated in Africa, having 
persisted in its wild state. Moreover, there is scarce 
accurate information about its nutritional properties. For 
many of the developing world's poorest farmers and food-
insecure people, tubers, serve as a critical source of 
food, nutrition and cash income, and they have been 
particularly important in areas where local agri-food 
systems are under stress (Scott, 2021). 

According to FAO, the number of people affected by 
hunger has been growing in the last three years, arising 
to similar values of a few decades ago. This problem is 
further exacerbated by climate changes, which 
contributed to the economic slowdown due to extreme 
climatic variations, negatively impacting food security and 
sustainable agriculture (FAO, 2018). Extreme climatic 
variability is the key factor behind the increase in hunger 
and the cause of serious food crises, hence, the need to 
invest in the consumption of foods that do not depend 
much on climatic variations, such as T. leontopetaloides 
that grows in the forest, and can be found even in the dry 
season. When properly processed before consumption, 
the flour from T. leontopetaloides has great potential as a 
food source, since it provides several minerals including 
calcium,   iron,   potassium,   and    other    micronutrients 
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necessary for the proper functioning of the human 
organism (Ogbonna et al., 2017). However, the methods 
used to prepare the flour vary from region to region, 
potentially resulting in different nutritional compositions 
(Murai et al., 1958; Roger et al., 2012; Omojola, 2013; 
Ogbonna et al., 2017). In Muanza region, flour can be 
obtained by two processes. The first consists of leaving 
the tubers immersed in the running water of the rivers for 
seven days, to be later peeled, air-dried and turned into 
flour. The second process consists of peeling and 
subsequent immersion and washing cycles (changing the 
water with each wash). For making traditional bread 
(micate), a portion of the flour is used still moist (sluge), 
while the remaining portion is air-dried fully for later use. 
Most of the population in the district of Muanza uses 
these techniques; however, there is a lack of knowledge 
of the effect of these handling procedures on the 
nutritional value of the flour obtained. As such, this study 
aimed to evaluate the nutritional composition of flour 
obtained from T. leontopetaloides, after the tubers were 
submitted to single and multiple washing procedures, in 
order to identify the nutritional values of the final product 
consumed by the population. 
 
 
MATERIALS AND METHODS 

 
Plant and sample preparation 
 

Tubers (ca. 5-6) of T. leontopetaloides were harvested from 35 
plants growing in wild conditions in the District of Muanza (Sofala, 
Mozambique, latitude 19° 16'43 "S, longitude 34° 53'60" E, altitude 
109.7 m), with hot and humid tropical climate and poorly evolved 
alluvial soils. Samples, collected during the month of October after 
their physiological maturation (assessed through organoleptic 
evaluation), had an approximate diameter of 15 cm and 300 g of 
weight. 

For flour preparation (summarized in Figure 1), tubers (with a 
starting weight of 11 kg) were washed with running water to remove 
soil residues, peeled and further washed and weighed again (10 
kg). Thereafter they were grossly laminated with a cutter, and 
exposed to room conditions under the sun until drying.  

Grinding was carried out in a shredder, and the flour obtained 
was subjected to immersion in water to separate the sediment from 
the supernatant, which was discarded. In each washing cycle, 
samples were submerged in 15 L of water (inside a fabric mesh), 
hand mixed, and left to rest for 6 min. After this procedure, they 
were strained using a plastic mosquito net (with a mesh diameter of 
0.8 mm) and allowed to settle for 40 min. Sample SW corresponded 
to flours subjected to a single washing cycle (final weight ca. 4 kg), 
while samples DW were prepared through the same washing 
procedure repeated until the reddish colour disappeared from the 
supernatant (13 times, final weight 2.5 kg).  

The sedimented portion of each sample, corresponding to the 
flour, was air-dried during 12 h at 28°C, mown using a sieve (mesh 
size of 0.6 mm), and stored in plastic jars with a screw cap at 4°C 
until  analysis.   
 

*Corresponding author. E-mail: susana.carvalho@fc.up.pt. Tel: +351 220 402 850. 

 

Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution 

License 4.0 International License 

mailto:susana.carvalho@fc.up.pt
http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US


124          Afr. J. Food Sci. 
 
 
 

 
 

Figure 1. Schematic overview of the procedure used for the preparation of flour from T. leontopetaloides.  
Source: Authors. 

 
 
 

This  methodology  was  implemented  to  mimic,  as much as 
possible, the procedure most commonly applied by the local 
population. Samples were subjected to bromatological analysis for 
the determination of humidity, dry matter, ash, crude fibre and fat, 
nitrogen (N, for protein calculation), sodium (Na), calcium (Ca), 
magnesium (Mg), potassium (K), and phosphorus (P) (at the 
Institute of Agricultural Research of Mozambique). Phytochemicals 
qualitative analysis was performed at the Faculty of Natural 
Sciences and Mathematics of the Pedagogical University of Maputo 
(Mozambique). 

 
 
Bromatological analysis  

 
For the determination of humidity and total ash, 5 g of each flour 
sample was placed in a preheated oven at 105°C for 2 h, followed 
by cooling in the desiccator. Sample moisture percentage was 
determined by the weight difference before and after drying. Total 
ash was obtained by sample calcination at 600°C for 24 h  (AACC, 
1995). Fibre determination was based on the destruction of the 

non-cellulosic   organic   matter   and  part  of  the  mineral  matter  
in  two successive digestions (acid digestion, followed by basic 
digestion), as described by Campos et al. (2004). Fat content was 
determined by the Soxhlet method for 6 h in an extractor, using n-
hexane as a solvent (AOAC, 1980). Total proteins were determined 
by the Kjeldahl method based on the determination of total nitrogen 
and using the conversion factor 6.25 for conversion to crude protein 
(AOAC, 1980). Carbohydrates were obtained by difference between 
100 and the sum of the percentages of other nutrients (Quadros et 
al., 2009). 

The determination of sodium (Na) and potassium (K) was done 
by flame photometry (Model DM-ESPEC1, Digimed, São Paulo, 
Brazil), phosphorus (P), magnesium (Mg) and calcium (Ca) by 
complexometric titration, as described by Campos et al. (2004). 

 
 
Phytochemical analysis  
 

Tannins were determined  according   to   Matos   (1997),   by   
heating  sample  extracts  in  a  water bath at 60°C, after which they
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Table 1. Nutritional composition of the flours obtained from T. leontopetaloides tubers, collected in the wild in 
Mozambique, after single washing (SW), and after 13 sequential deep washing cycles (DW) (n = 3).  
 

Parameter (%) Single washing (SW) Deep washing (DW) p-value 

Humidity  12.47 ± 0.14 15.82 ± 0.01 ˂ 0.0001 

Dry matter  87.46 ± 0.28 84.13 ± 0.01 ˂ 0.0001 

Carbohydrates  78.80 ± 0.12 75.36 ± 0.04 ˂ 0.0001 

Proteins  5.23 ± 0.01 0.88 ± 0.01 ˂ 0.0001 

Lipids  0.73 ± 0.01 0.75 ± 0.01 ˃ 0.9999 

Fibre  0.42 ± 0.01 0.13 ± 0.01 0.9956 

Ash  2.35 ± 0.03 7.06 ± 0.01 ˂ 0.0001 

Energy 342.67 ± 0.53 312.02 ± 0.41 ˂ 0.0001 
 

Significant p-values are highlighted in bold case.  
Source: Authors. 

 
 
 
were filtered, and 5% ferric chloride was added. The presence of 
tannins was evaluated by the intensity of the dark green colour 
resulting from the reaction. Saponins were determined by the foam-
agitation test, involving the addition of 5 mL of distilled water to a 
portion of the sample extract, followed by strong agitation and the 
addition of a few drops of oil. The formation of permanent foam 
indicated the presence of saponins (Matos, 1997). Steroids were 
determined using 2 mL of sample extract, 2 mL of chloroform, 
followed by 2 mL of concentrated sulfuric acid. The appearance of a 
reddish-brown ring indicated the presence of steroids (Zucula, 
2011). 

The presence of flavonoids was determined by the Shinoda test, 
through reaction with concentrated hydrochloric acid and fragments 
of magnesium oxide. The appearance of a pink colour indicated the 
presence of flavonoids. Glycosides were evaluated by the 
Liebermann test, using 2 mL extract to which 2 mL of chloroform 
and 2 mL of acetic acid were added. The presence of glycosides 
was indicated by the appearance of violet to blue to green 
colouration. The Salkowski test was used for alkaloids 
quantification, using 2 mL of extract, to which a few drops of 
Hager's reagent were added. The appearance of a yellow 
precipitate indicated the presence of alkaloids. 

Terpenoids were assessed using a mixture of 5 mL of sample 
extract with 2 mL of chloroform and 3 mL of H2SO4. The 
appearance of a reddish-brown colour in the interface layer 
indicated a positive result. The identification of quinones was 
evaluated by adding 1 mL of an alcoholic extract of each sample to 
0.5 mL of 10% NaOH. After gentle stirring for 2 min, the appearance 
of pink, red or violet colour indicated the presence of quinones. The 
aforementioned determinations were based on the method of Matos 
(1997), adapted by Yadav et al. (2014) and Soni and Sosa (2013). 

 
 
Statistical analysis 

 
Differences between treatments were tested through analysis of 
variance (ANOVA) and mean separation was done using Student’s 
T-test (p < 0.05) in GraphPad Prism v7.0 (GraphPad Software, Inc., 
California, USA). 

 
 
RESULTS 
 

The washing procedure affected the yield of flour 
obtained from T. leontopetaloides tubers as the single 
washing  procedure    yielded    36%    of   flour,   

whereas   the  deep washing procedure resulted in a 
yield of 23%. The analysis of the proximal composition of 
the flours before and after a prolonged wash is as shown 
in Table 1. Flours subjected to a single wash (SW) had 
(per 100 g): 78.80 mg carbohydrates, 5.23 mg proteins, 
0.73 mg fats, and 0.42 mg fibre, providing 342.67 kcal. 
Significant differences between samples from SW and 
DW were observed in terms of humidity, dry matter, 
carbohydrates, protein, ash and energy, whereas fat and 
fibre were not affected by the washing procedure. Protein 
content was the most affected by the washing 
procedures, with the flour subjected to deep washing 
(DW) having only 0.88 mg protein per 100 g of flour (that 
is, 83.1% less than SW). After deep washing, dry matter 
and carbohydrates also decreased (by 3.8 and 4.4%, 
respectively), but flour humidity and ash content 
significantly increased (by 26.9 and 200%, respectively). 

Mineral analysis (Table 2) revealed a significant 
reduction in phosphorus (89.7%), potassium (98.8%), 
calcium (50.0%), magnesium (27.3%) and sodium 
(91.4%) after deep washing. Nevertheless, the mineral 
composition of these flours (DW) remained high, with 
96.3 mg of phosphorus, 9.7 mg of potassium, 60.0 mg of 
calcium, 200.2 mg of magnesium and 28.7 mg of sodium. 

Qualitative analysis of phytochemical compounds 
revealed the presence of alkaloids, glycosides, quinones 
and saponins in flour samples subjected to just one 
washing procedure (Table 3). After deep washing, only 
alkaloids and saponins were detected, that is glycosides 
and quinones were successfully removed from the T. 
leontopetaloides flour. Steroids, flavonoids, tannins and 
terpenoids were not detected in none of the flour types 
(Table 3). 

 

 
DISCUSSION 
 
In Mozambique, the wild production of T. 
leontopetaloides, locally known as “pirinde”, constitutes 
an   important  food   source   from   which   flour  can  be  
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Table 2. Mineral composition of the flours obtained from T. leontopetaloides after a single 
washing (SW), and after 13 sequential washings (deep washing, DW) (n = 3).  
 

Minerals (mg/100 g) Single washing (SW) Deep washing (DW) p-value 

Phosphorous 937.43 ± 1.48 96.27 ± 0.01 ˂0.0001 

Potassium 833.37 ± 0.24 9.73 ± 0.01 ˂0.0001 

Calcium 120.00 ± 0.12 60.0 ± 0.12 ˂0.0001 

Magnesium 275.30 ± 0.17 200.20 ± 0.12 ˂0.0001 

Sodium 333.57 ± 0.12 28.67 ± 0.09 ˂0.0001 
 

Significant p-values are highlighted in bold case.  
Source: Authors 

 
 
 

Table 3. Qualitative phytochemical composition of the flours obtained from T. leontopetaloides after a single washing (SW), 
and after 13 sequential washings (deep washing, DW). 
 

Phytochemical compound Analytical procedure 
Result 

Single washing (SW) Deep washing (DW) 

Alcaloids Hager test Present Present 

Steroids Salkowski test Absent Absent 

Flavonoids Shinoda test Absent Absent 

Glycosides Liebermann test Present Absent 

Quinones Bortraenger test Present Absent 

Saponins Foam test Present Present 

Tannins Braymer test Absent Absent 

Terpenoids Salkowski test Absent Absent 
 

Source: Authors 

 
 
 

extracted and used to make traditional bread and 

porridge. 
Here, different washing procedures resulted in distinct 

flour yields, with multiple washing cycles resulting in the 
lowest yield (23%), likely due to biomass loss during 
supernatant removal after soaking. Nevertheless, this 
value is still higher than the yield of flour recovery from T. 
leontopetaloides tubers estimated in previous reports (18 
to 20%) (Vu et al., 2017). Previous works by other 
authors have demonstrated a great heterogeneity in the 
proximal nutritional and mineral composition of this tuber 
(Table 4), most likely related to the distinct procedures 
used to obtain the final product destined for consumption, 
or to the specific climatic edaphic conditions of each 
region and time of harvest that can influence its 
composition (Borokini, 2012; Binh and Dao, 2020).  

In the present work, although the 13 subsequent 
washes of the flour allowed to remove its naturally bitter 
taste (based on the experience and familiarity with the 
product from members of this research team and 
colleagues, which performed a sensorial evaluation), this 
procedure significantly increased the humidity (Table 1). 
Therefore, the drying time of the final product should be 
increased to more than 12 h (which was the drying period 
used in this work) to improve its shelf life. Due to the 
washing procedure, a significant reduction in protein 

content was observed (Table 1). Nevertheless, deep-
washed flours from this study had similar or higher 
protein contents  when compared with previous works by 
other  authors,  in which no washing or saltwater washing 
were employed (Murai et al., 1958; Roger et al., 2012; 
Omoloja, 2013) (Table 4). This evidence supports the use 
of the deep washing procedure employed in the present 
work to improve the consumption of flours from T. 
leontopetaloides.  

In fact, T. leontopetaloides could be a good source of 
protein to mitigate its nutritional deficit in children, 
pregnant women and adults who are subject to a great 
deal of physical effort during their activities in the 
agricultural fields. Carbohydrates and energy were also 
slightly decreased with the deep-washing procedure, but 
their contents remained high, with carbohydrates being 
inclusively higher in this work than in previous ones by 
other authors (Murai et al., 1958; Roger et al., 2012; 
Omoloja, 2013) (Tables 1 and 4).  

Nonetheless, as potential losses of protein, 
carbohydrates or energy in this food commodity are of 
upmost relevance for the local population (Uachisso et 
al., 2019), additional efforts in the agronomical and 
processing handling of T. leontopetaloides should be 
dully  pursued  to improve  its  nutritional  profile.  Lipids 
and  fibre  contents  were  not  affected  by   the  washing  
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Table 4. Description of the traditional processes used in the preparation of flours from T. leontopetaloides, and its nutrient and mineral composition. Abbreviations: NA = not analysed. 
 

Reference Ogbonna et al. (2017) Omojola (2013) Roger et al. (2012) Murai et al. (1958) 

Study site and year Nigeria (Shendam), 2017 Nigeria (Abuja), 2013 Cameroons, 2012 Marshall Islands, 1958 
Grinding procedure Milling device Grate Adapted pottery facility Sharp stone 
Washing procedure No washing No washing No washing Repeated immersion in salt water (inside a cloth) 
Filtration procedure Sari fabric No filtration Adapted pottery facility Cloth 
Sedimentation Phase present Phase present Phase absent Phase present 
Humidity (%) 8.66 ± 0.01 9.15 ± 0.02 85 ± 10 12.10 

Ash (%) 0.41 ± 0.04 0.20 ± 0.04 1.1 ± 0.0 1.89 

Fibre (%) 5.44 ± 0.03 2.10 ± 0.06 2.5 ± 0.7 NA 

Lipids (%) 0.51 ± 0.04 0.09 ± 0.01 0.1 ± 0.0 NA 

Proteins (%) 6.79 ± 0.02 1.5 ± 0.02 0.99 ± 0.00 0.18 

Carbohydrates (%) 78.2 ± 0.05 88.1 ± 0.00 10.31 ± 5.30 85.74 

Energy (Kcal) 340 354 46 346 

Phosphorous (mg/100 g) 0.06 ± 0.02 NA NA 7.2 

Potassium (mg/100 g) 40.2 ± 0.12 NA NA NA 

Calcium (mg/100 g) 0.25 ± 0.13 NA 2.6 ± 0.2 58.0 

Magnesium (mg/100 g) 1.40 ± 0.01 NA 0.2 ± 0.0 NA 

Sodium (mg/100 g) 34.7 ± 0.55 NA NA NA 

Copper (mg/100 g) 0.68 ± 0.04 NA 1.2 ± 0.0 NA 

Iron (mg/100 g) 1.37 ± 0.15 NA 3.7 ± 0.8 0.55 

Zinc (mg/100 g) NA NA 8.2 ± 1.7 NA 

Manganese (mg/100 g) 0.72 ± 0.26 NA 7.3 ± 1.2 NA 
 

Source: Authors 

 
 
 
procedure and, while the flours of the present 
work had higher lipid content than the ones from 
previous works, fibre content was lower (Tables 1 
and 4). It is clear that the  handling  procedures  
used  to obtain the final product play a major role 
in the final composition of the flour, but it is 
noticeable that even after thirteen washes T. 
leontopetaloides flour still has a high nutritional 
value and can serve as a food amenity for the 
local community, particularly during critical 
drought periods where the food crisis is 
aggravated. 

The flour from T. leontopetaloides of the present 

work was very rich in ash, compared with previous 
works by other authors (Tables 1 and 4), providing 
an indication of its richness in minerals. As 
macrominerals make up more than 0.005% of the 
human body and we require more  than  100 mg  
of macrominerals        per                    day       , including          

calcium, magnesium, phosphorus, potassium, 
sodium and sulphur (Hark, 2005), the flour from T. 
leontopetaloides has potential to meet this dietary 
requirement, making it a good resource as food 
and feed (Bosha et al., 2015). Nevertheless, we 
observed that the method used to obtain the flour 
plays a major role not only in its ash content, but 

also in its mineral composition (Table 2). Although 
deep washing significantly decreased 
phosphorous, potassium, calcium, magnesium 
and sodium (from 27.3 to 98.8%), compared with 
flours resulting   from    a    single     washing,     
phosphorous, calcium, magnesium remained 
elevated, being inclusively higher than the values 
reported by other authors (Tables 1 and 4). The 
daily intake of phosphorous, required for several 
metabolic processes of the muscular and nervous 
systems and an integral part of many enzymatic 
systems, should be around 700 mg/day, while 
calcium, the main mineral present in bones and 
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teeth and involved in the blood clotting process and 
neuromuscular functions, has a daily intake value of 600 
to 1000 mg/day. A fraction of these levels could be met by 
a provision of T. leontopetaloides-derived food products,   
after safety components have been assured. 
Phosphorous and calcium deficiency can remain hidden 
for several years, causing e.g., anaemia, bone and 
muscle weakness and stunted growth (Hark, 2005). Thus, 
to suppress their dietary needs, the daily intake of deep-
washed flours from T. leontopetaloides should be at least 
700 g, reason why its consumption should be 
complemented with other food amenities to guarantee the 
minimum daily intake of these minerals. In contrast, 175 g 
of deep-washed flours from T. leontopetaloides are 
sufficient to ensure the minimum daily intake of 
magnesium (350 mg/day). This mineral plays a vital role 
in the formation of bones and teeth, and together with 
other minerals it is involved in the transmission of 
nervous signals and muscle contraction, also contributing 
to the synthesis of proteins (Hark, 2005). Therefore, T. 
leontopetaloides is a good source of magnesium, 
particularly for the population of the district of Muanza 
that have access to a limited variability in their food 
options (Uachisso et al., 2019).  

It has been demonstrated that the preparation process 
negatively affects the content of the several anti-nutrient 
compounds in flours from T. leontopetaloides. Repeated 
immersion of the tuber for 36 h led to a 90% reduction in 
these compounds (Ndouyang et al., 2015). Variations in 
the presence of alkaloids and glycosides were observed 
in leaves and tubers of T. leontopetaloides, with 
environmental factors having a small effect on the 
phytochemical content of plants from different locations 
(Borokini et al., 2012).  

Qualitative analysis of the phytochemical composition 
of the flours from T. leontopetaloides (Table 3) revealed 
the presence of alkaloids and saponins. Similar results 
were observed by Borokini et al. (2012) in flours of this 
tuber, raising questions on food security due to their 
toxicity and anti-nutritional character. Nevertheless, this 
limitation can be overcome with heat treatment during the 
cooking procedures, improving the beneficial role of 
these metabolites in promoting human health when 
consumed in lower concentrations (Benevides et al., 
2011).  

Borokini et al. (2012) also reported the presence of 
tannins, anthraquinones and glycosides, which were not 
detected or were lost with the deep-washing procedure. 
Contrastingly, increased concentrations of antinutrients, 
such as oxalates, phenolics, tannins and cyanides, were 
reported after tuber soaking for 72 h (Ndouyang and 
Schinzoumka, 2022). These differences in the 
phytochemical composition of flours from T. 
leontopetaloides likely result from intraspecific differences 
among distinct geographical areas and, most importantly, 
from the preparation procedure employed. As such, the 
consumption of this flour would benefit from a  

 
 
 
 
standardized preparation method to minimize the toxic 
effects and enhance the nutritional properties of this wild 
plant (Omojola, 2013). Therefore, it will be relevant for 
governmental entities to make recommendations both in 
agricultural production, concerning the cultivation of this 
tuber, and in the technology applied to obtain this food 
amenity. 
 
 
Conclusion 
 
Results showed that T. leontopetaloides flour has a 
relevant nutritional value to serve as an alternative 
source of food for the population of the district of Muanza, 
where food shortages and “hidden hunger” are a reality. It 
is also concluded that the studied deep washing 
procedure (13 times) leads to relevant losses in terms of 
nutrients and bioactive compounds (glycosides and 
quinones). Therefore, further studies are needed to 
evaluate the impact of less intensive washing 
procedures, to minimize the loss of beneficial minerals 
and nutrients, but still ensuring food safety. The 
implementation of standardized procedures by official 
entities concerning the production of flours from T. 
leontopetaloides could increase its nutritional value and 
consumption, thus contributing to mitigating the dietary 
challenges endured by local populations. 
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