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Abstract: The most persistent public health problem in all developing countries including Nigeria 

is Childhood malnutrition. The focus of the study was on the evaluation of complementary food 

produced by solid-state fermentation of Fonio and Soybean using Rhizopusoligosporus (2710) and 

Orange-fleshed sweet potatoes (OFSP) using Lactobacillus planterum, (B-41621). Solid state fermen-

tation (SSF) was carried out by inoculating Fonio and Soybean with spore suspension 

(1×10⁶spores/ml) of Rhizopusoligosporus (2710) and OFSP with spore suspension (1×10⁶spores/ml) of 

Lactobacillus planterum(B-41621). The samples were blended in the following ratios: Fonio and Soy-

bean 100: 100 (AS), fonio/soybean and OFSP 50: 50(ASO), and compared with a commercial infant 

formula which served as the control (CTRL). Quality characteristics of the samples were evaluated. 

Results showed that moisture, crude protein, fibre, ash content, beta carotene and titratable acidity 

increased significantly (p<0.05) as fermentation progressed. The iron content ranged from 6.57–

8.41mg/100g while the beta carotene content ranged from 15.80 –17.35mg/100g. Viscosity ranged 

from 8200 –15400cP, while that of swelling capacity ranged from 2.25-3.41(g/g). In sensory scores, 

there were no significant (p>0.05) difference between the average mean scores of the samples. SSF 

improved the nutritional content and flavour of the developed complementary food which is 

needed for infant growth and development. 

Keywords: complementary food; solid state fermentation; infant malnutrition; orange-flesh sweet 

potato; Fonio 

 

1. Introduction 

Childhood malnutrition is one of the primary persistent community health chal-

lengesall through developing countries as well as in Nigeria. Geographic and wellness 

survey data from twenty-one developing countries suggested that impoverished comple-

mentary feeding of infants aged 6-23 months adds to unfavourable growth trends [1]. In 

sub-Saharan African countries, poor infant eating habit as well as impoverished nutri-

tional attributes of complementary foods, micronutrient deficiencies coexisting withper-

sistent infections adds to high mortality rates among infants and young children [2]. Mal-

nutrition for example, has been accountable for directly or indirectly 10.9 million (60%) of 

the global yearly under five infant deaths [3]. Therefore to decrease the issue of malnutri-

tion amid children in the public, development of complementary food ample in essential 

nutrient for maximum growth and development of infants, is crucial. Complementary 

food has been defined as any healthful and energy containing solid, semisolid or liquid 

meal consumed by infants besides human milk or formula [4]. Complementary foods are 

essentially introduced from the period of 4-6 months when breast milk considered being 

the choicest and safest meal for young babies, can no longer provide the nutrients and 

energy requirements needed to enable the child to grow and thrive.Given the comparative 
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insignificant amounts of complementary foods that are ingested at 6-24 months, the nu-

trient bulkiness of complementary foods needs to be very high to satisfy these needs. One 

of the most important ways of improving nutritional status of a food is primarily through 

fortification. This could be achieved by developing foods made from different blends of 

plant produce to enhance the nutritional benefits of the final products. Therefore, this 

work is aimed at investigating the use of solid-state fermentation to enhance the nutri-

tional quality of fonio (acha), soyabean and orange-fleshed sweet potatoes utilizingRhizo-

pusoligosporus and Lactobacillus planterum thereby enhancing their suitability for use as 

complementary foods. 

2. Materials and Methods 

Procurement of raw materials  

Fonio/acha (Digitariaexilis) and soybeanwas obtained from Ogige market, Nsukka in 

Enugu state, Nigeria, Orange fleshed sweet potatoes was procured from a research insti-

tute in Yenogoa, Bayelsa state, Nigeria, bacterial culture: Rhizopusoligosporus(2710) and 

Lactobacillus plantarum(B-41621) was obtained from the United States Department of Ag-

riculture (USDA), Agricultural Research Service, ARS culture collection centre, USA.  

Culture preparation  

The organisms, Lactobacilliusplantarum (B-41621)andRhizopusoligosporus (2710) ob-

tained from USDA were preserved in a dormant state inside tubes. A file scratch was 

made in the centre of the tube and wiped with 70% alcohol. The tube was broken open 

using a paper towel to cushion hands. The pellet was transferred to approximately 1-2ml 

suitable broth medium and was allowed to dissolve for several minutes. It was finally 

homogenized by finger-vortex before using the suspension as inoculum. 

Preparation of raw materials 

One kilogram of the unprocessed materials were immersedsingly each in four (4) 

volumes of 0.9M acetic acid for 16 h, cleanse with clean water, steam cooked for 7 minutes 

at 121°C, allowed to cool at room temperature. Solid state fermentation (SSF) was 

achieved by inoculating Fonio and Soybean with spore suspension (1×10⁶spores/ml) of 

Rhizopusoligosporus (2710) and OFSP with spore suspension (1×10⁶spores/ml) of Lactobacil-

lus planterum(B-41621), allowed to ferment for 72hours, after which it was dried at 50°C 

for 24hours, milled and sieved. The samples were blended in the following ratios: Fonio 

and Soybean 100: 100 (AS), fonio/soybean and OFSP 50: 50(ASO), and made into gruel.  

Proximate composition  

Moisture content, crude fibre, ash, protein, fat were determined using [5] method 

while carbohydrate content was determined by difference. 

Determination of Selected Micronutrient Content of the Samples 

Determination of Iron using atomic absorption spectrophotometer (AAS). 

Sample Preparation 

Iron was determined using AAS as described by [5]. One gram (1g) of the sample 

was first digested with 30ml of aqua regia which is a mixture of concentrated HNO3 and 

HCL in the ratio of 1: 3. The digested sample was filtered and made up to 50ml with de-

ionized water. The aliquots of the digested filtrate were used for AAS using filters that 

match the different elements. 

Determination of Beta-carotene 

Beta-carotene was determined using the method [5]. One gram (1 g) of the sample 

each was extracted by mixing with 20 ml of petroleum ether. The extract was evaporated 
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to dryness and the residue dissolved with 0.2 ml chloroform-acetic anhydride mixture. 2 

ml of trichloro-acetic acid (TCA) was also added to the extract mixed thoroughly and the 

absorbance read at 620 nm within 15 seconds. With the absorbance value, beta-carotene 

was calculated thus: 

Concentration (mg)  =
Abs ×  volume of cuvette ×  Df

E
 

Abs = Absorbance 

Df = Dilution factor 

E = Extinction coefficient 

Determination of Vitamin C 

Vitamin C content was determined according to the method of[6] . Five gram of the 

sample was weighed into a 100ml volumetric flask, 2ml of 20% meta-phosphoric acid was 

added as stabilizing agent and the solution was diluted to volume with distilled water. 

Ten (10) ml of the solution was pippeted into a small flask and 2.5ml of acetone added. 

The solution was titrated with indophenols solution until a faint pink colour persisted for 

15 seconds. The vitamin C content was calculated as mg/100ml. 

Determination of Zinc 

Zinc content of the sample was determined according to [5]. Five (5 ) ml of the filtrate 

was pipette into duplicate tubes to which 4.6 ml of actetateacetic acid buffer solution was 

added followed by gentle shaking 10 minutes. Dithizone (0.4 ml) was added and the pH 

adjusted to 4.5 with 20 % NaOH before the absorbance was taking at 520 nm in a spectro-

photometer. 

Determination of Calcium 

The calcium content was determined according to the method of[5] . One millilitre of 

the filtrate was pipette into duplicate tubes, then 3 ml calcium working reagent consisting 

of dye solution salt (0.18 g) methythymol blue, 6.0 polyvinyl pyrolidone, 7.2 g hy-

droxyquinoline, 10 ml hydrochloric acid concentrated, 1 litre of distilled water) was added 

and shaken for 10 minutes, absorbance was taken at 612 nm against a blank using a spec-

trophotometer. 

Determination of Vitamin B1 (Niacin) 

Thiamine was determined by using [5]. Five grams (5 g) of the samples were homog-

enized in 5ml normal ethanoic sodium hydroxide solution. The homogenate was filtered 

and made up to 100ml with the extract solution. Ten millilitres (10 ml) aliquot of the ex-

tract was dispensed into a flask and 10ml of potassium dichromate solution were added. 

The resultant solution was incubated for 15minutes at room temperature (25±1℃). The 

absorption was obtained from the spectrophotometer at 360 nm using a reagent blank to 

standardize the instrument at zero.  The thiamine content was calculated as follows 

Thiamine mg/100g= 100   x     au     x   C x    d 

                         w        as             

Microbial Analysis  

Total Viable Count  

Pour plate method as described by [7] was used. One gram of the sample was mac-

erated into 9ml of Ringers solution and mixed thoroughly by shaking. Then 0.1ml dilution 

was transferred from each dilution bottle into the corresponding plate and 15ml of sterile 

nutrient agar medium was poured and mixed thoroughly with the inoculum by rocking 

the plates. The plates were incubated at 380C for 24hours after which the colonies formed 

were counted and expressed as colony forming units per gram (cfu/g). 
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Mould Count 

The pour plate method as described by[7] was also used. The sample dilution weigh-

ing 0.1ml was transferred from each dilution into corresponding plates and 15ml of sterile 

Sabourand Dextrose Agar (SDA) medium was poured and mixed thoroughly with the 

inoculum by rocking the plates. The plates were incubated at ambient temperature for 

three days after which colonies formed were counted and expressed as colony forming 

units per gram (cfu/ml). 

Sensory Evaluation 

The complementary food samples were evaluated for colour, taste, texture, mouth 

feel, aftertaste and overall acceptability on a 9-point Hedonic Scale, where 1=dislike ex-

tremely, 5= neither like nor dislike, and 9= like extremely as described by[8]. The evalua-

tion was done by a 20- man panellists selected randomly from among nursing mothers 

and pregnant women of Ziks Flat University of Nigeria, Nsukka.   

Statistical Analysis 

Data analysis was done using one-way analysis of variance (ANOVA) based on com-

pletely randomized design (CRD). Mean separation was done using Duncan New Multi-

ple Range Test using SPSS version 23.0 computer software. 

3. Results and Discussion 

Effect of Fermentation (SSF) Time on the Proximate Composition (%) of the Fermented Raw 

Material 

Table 1 shows the effect of fermentation (SSF) time on the proximate composition of 

the fermented raw materials. 

The moisture content of the fermenting raw materials ranged from 54.97 – 56.27% 

with sample AS0 having the least moisture content and AS72 the highest value. From the 

result, it can be deduced that as fermentation progressed, there was an increase in mois-

ture content. The increase in moisture content is consistent with the findings of [9] who 

observed that fermentation increased the moisture content of pigeon pea flour. This could 

be credited to the catabolic breakdown of substrates due to fermentation which releases 

water. There were significant (P<0.05) differences among the samples. 

The protein content of the fermenting raw materials ranged from 17. 10 – 19.02% with 

sample AS0 having the least protein value and sample AS72 having the highest protein 

content. There was a gradual increase in the protein content as the fermentation time in-

creased. There was a significant (p<0.05) difference among the protein content of the sam-

ples at different fermentation time. The observed increase in protein content of the sam-

ples is similar to that observed by [10] . He reported that solid state fermentation (SSF) 

increased the protein content of common bean flour to 21.7%.   

The fat content of the fermenting raw materials ranged from 5.81– 4.52% with sample 

AS0 having the highest value and AS72 having the least value. The fat content of the fer-

mented samples decreased with increasing fermentation time (Table 1). Ruiz-Teran and 

Owen [11],reported that during SSF of soybean a considerable depletion in crude lipids 

takes place during the initial stages of fermentation. They attributed this reduction to the 

oxidation and utilisation of fatty acids by the fungus as a source of energy. Fatty acids 

present in glycerides have been reported to decrease during fermentation of soy bean 

from 30% natural lipid by the action of lipases activity [12].[13] reported a reduction in the 

fat content of Barley during SSF by R.oligosporusfrom 2.13- 1.62%. 

The ash content of the blends ranged from 2.09 – 2.38% with sample AS0 having the 

least ash content value and AS72 having the highest value. The ash content is the index of 

the mineral content of food samples which is vital for infant growth and development. 

There was significant (p<0.05) difference between the samples. The ash content increased 

as the fermentation time increased. This observation is in agreement with that of [14], who 

observed an increase in ash content of fermented maize-cowpea blends.  
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The carbohydrate content of the fermenting raw materials ranged from 12.95 – 

10.21% with AS0 having the highest value and AS72 having the least value. The carbohy-

drate content of the samples decreased with increased fermentation time. A decrease in 

carbohydrate level during fermentation could be due to the incomplete removal of non-

starch component in the course of solid state fermentation process. It has also been re-

ported that during the fermentation process of cereals, proteases, lipases, phytases and a 

variety of carbohydrases are created resulting in the breaking down of macromolecules 

into lower weight products thereby enhancing the nutritional quality of fermented prod-

uct [12]. There was significant (p>0.05) difference among the samples.   

The pH of the fermenting samples decreased as the fermentation progressed from 0 

hour to 72 hours of fermentation. This decrease in pH is attributed to the production of 

organic acids in the fermenting samples. A similar result was observed by [15]. The pH 

ranged from 4.72 – 3.11 with sample AS0 having the highest value and AS72 having the 

least value. There were significant (p<0.05) differences among the samples. 

Titratable acidity (TTA) increased with time over the entire fermentation period. A 

similar increase in acid production was observed by [14]  during the production of wean-

ing food from maize-cowpea blends. The increase in acidity is of great significance as it is 

reported to reduce the incidence of diarrhoea in infants.   

Table 1. Effect of Fermentation (SSF) Time on the Proximate and Physical Composition (%) of the 

Fermenting Raw Materials  . 

SAMPLES MOISTURE PROTEIN FAT FIBRE ASH CHO pH TTA 

AS0 54.97a±0.08 17.10a±0.13 5.81d±0.07 7.08a±0.16 2.09a±0.14 12.95a±0.12 4.72c±0.22 0.16a±0.07 

AS24 55.39b±0.03 17.32b±0.04 5.41c±0.05 7.30b±0.02 2.21ab±0.04 12.37b±0.02 3.99b±0.03 0.29b±0.01 

AS48 56.27c±0.18 17.61c±0.12 5.18b±0.08 7.39bc±0.01 2.33b±0.02 11.37c±0.14 3.68ab±0.16 0.39bc±0.01 

AS72 56.27c±0.18 19.02d±0.99 4.52a±0.06 7.60c±0.02 2.38a±0.02 10.21d±1.88 3.59a±0.14 0.48c±0.04 

Values are average mean ± standard deviation of two determinations. Means with different superscript on the 

same column are significantly (p>0.05) different. 

Key: AS0= unfermented samples, AS24= samples of Fonio and soybean fermented at 24hours, AS48= samples of 

Fonio and soybean fermented at 48hours, AS72= samples of Fonio and soybean fermented at 72hours 

Proximate Composition (%) of Complementary Food Formulated from Fonio, Soybean and 

Orange-flesh sweet potato flour Blends 

Table 2 shows the proximate composition of the formulated complementary food 

from Fonio, soybean and orange-flesh sweet potato flour blends. 

The protein content of the complementary food blend ranged from 22.5- 30.52% with 

the control sample having the least protein value and sample AShaving the highest pro-

tein content. The result showed that Solid State Fermentation increased the protein con-

tent of the blends compared to the control sample which did not undergo the same treat-

ment. The recommended daily allowance for protein intake by infants is within the range 

of 9 – 14%, and all the samples ranked above this range. SSF process increased the total 
protein quality of maize flour from 9.1g/100g to 13.4g/100g [16]. Lena et al[17] 

have also reported increase in crude protein content of wheat bran during SSF with white-

rot fungus. 

The moisture content of the complementary food blend ranged from 2.42 – 3.39% 

with the control sample (commercial product) having the least moisture content and sam-

ple ASO having the highest value. The samples varied significantly (p˂ 0.05.) The values 

obtained in this study agreed with the report of [18], who reported that low moisture con-

tent of flour prevents food spoilage and growth of pathogenic organisms, thus extending 

the shelf life of the product. The samples met the required moisture content of the Codex 

Alimentarius Commission for complementary foods [19]. 

The fat content of the blends ranged from 6.25 – 8.40% with the control sample (com-

mercial product) having the least value and sample AS having the highest value. Fat plays 
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a role in determining the shelf-life of foods [20]. A high amount of fat could accelerate 

spoilage by promoting rancidity which could lead to the production of off flavours and 

odours.  The values obtained in this study are in line with the recommended fat content 

of not less than 6% for complementary diets [21]. Ruiz-Teran and Owen[11] demonstrated 

that during SSF of soybean, a substantial reduction in the fat content occurs. The reduction 

is attributed to the oxidation and utilisation of fatty acids by the fungus as a source of 

energy. The samples varied significantly (p˂ 0.05).  

The ash content of the blends ranged from 1.5 – 3.4% with sample CTRL (commercial 

product) having the least ash content value and samples AS and ASO having the highest 

value. The ash content is the index of the mineral content of food samples which is vital 

for infant growth and development. They are important in fighting infections and for 

other metabolic activities in infants [22]. The results obtained indicates that the comple-

mentary food contain appreciable amount of important minerals for proper growth and 

development. There was significant (p˃0.05) difference between the samples. The recom-

mended daily allowance (RDA) value for infants is between 2-5%. Samples AS and 

ASOmet the requirements. 

The carbohydrate content of the samples ranged from 49.34--64.53% with AS having 

the least value and sample CTRL (commercial product) having the highest value. Carbo-

hydrates in foods provide energy. The decrease in carbohydrates could be attributed to 

the ability of the micro-organisms to hydrolyze and metabolize the carbohydrate as car-

bon sources or substrate to synthesize cell biomass. The observed increase in protein con-

tent of the blends may be attributed to the decrease in carbohydrate content [23]. There 

was significant (p>0.05) difference among the blends.  

Table 2. Proximate composition (%) of the complementary food blends. 

SAMPLES MOISTURE PROTEIN FAT FIBRE ASH CHO 

CTRL 2.42a± 0.05 22.5a±0.01 6.25a±0.02 2.8a±0.16 1.5a±0.14 64.53c±0.12 

AS 3.38b±0.03 30.5b±0.03 8.4c±0.08 5.18b±0.02 3.18b±0.04 49.36a±0.02 

ASO 3.39b±0.21 29.8c±0.15 7.48b±0.05 5.05b±0.01 3.40b±0.02 50.56b±0.14 

Values are average mean ± standard deviation of duplicate determinations. Means with different superscript on 

the same column are significantly (p>0.05) different. 

Key: CTRL= Control commercial product (Cerelac Maize+Soya); AS = 100% Fonio 100% Soyabean ; ASO = 50% 

Fonio/Soybean + 50% OFSP. 

Effects of SSF on the Functional Properties of the Complementary Food 

The functional properties of complementary food formulated from blends of Fonio, 

soybean and orange-flesh sweet potato flour are shown in Table 3. 

The viscosity ranged from 8200±1.71 - 15400±0.71cP with sample CTRL (commercial 

product) having the least value and sample ASO having the highest value. There were 

significant (p<0.05) differences among the samples. Their variations in viscosity could be 

due to the effect of Solid-State Fermentation as SSF could be applied in the modification 

of flour. Lactic acid bacteria fermentation enhanced the viscosity of Kefir grain flour. The 

kefiran produced increased the binding ability of kefir grain flour with water and in-

creased interaction of flour with water in the presence of protein [24]. 

Water absorption capacity represents the ability of a product to associate with water 

under conditions where water is limited [25]. It is desirable for food systems to improve 

yield and consistency and to give body to the food. The values for water absorption ca-

pacity ranged from 450 – 551.3%. There were significant (p<0.05) difference between sam-

ple CTRL (commercial product) and the other samples. Samples AS and ASO had the 

highest content as a result of the effect of SSF on the flour blends. SSF increased the water 

absorption index of QPM flour from 1.25 to 2.93g gel/g dry flour [16]. Water absorption 

capacity is a critical function of protein in various food products like soups, dough and 
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baked products [26]. Increase in protein content, had a positive influence on the water 

absorption capacity of the samples. 

The swelling capacities of the samples ranged from 2.25 – 3.31% with sample AS hav-

ing the highest value and sample CTRL(commercial product) having the least value. High 

swelling capacity value of sample AS and ASO could be due to the effect of SSF on the 

sample. There were significant (p<0.05) difference among the samples. SSF increased the 

swelling power and solubility of finger millet flour from 12 to 20.04 and from 17.25 to 

13.25 due to change in gelatinization properties of the flour [27].  

Table 3. Functional Properties of the formulated Complementary Food. 

SAMPLE Ph VISCOSITY (cP) 
WATER  

ACTIVITY (%) 

WATER APSORPTION 

CAPACITY (%) 

SWELLING  

CAPACITY(g/g) 

CTRL 6.8b±0.2 8200a ±1.71 0.20a ±0.01 450.29 a ±1.48 2.25 a ±0.03 

AS 5.0a±0.1 18400c±3.36 0.15b ±0.01 691.9 c ±1.27 3.41 b ±0.07 

ASO 5.3a±0.1 15400b ±0.00 0.17ab ±0.01 551.3b ±1.73 3.31 b ±0.31 

Values are average mean ± standard deviation of duplicate determinations. Means with different superscript on 

the same column are significantly (p>0.05) different. 

Key: CTRL = commercial product (Cerelac maize and soya); AS = 100% fonio/soyabean, 0%OFSP; ASOC = 50% 

fonio/soybean + 50% OFSP. 

Micronutrient Content of the Formulated Complementary Food 

Minerals 

Table 4 shows the mineral and vitamin composition of the complementary food for-

mulated from blends of Fonio, soybean and orange-flesh sweet potato flour. 

The iron content of the complementary food ranged from 6.57 – 8.41mg/100g with 

sample ASO having the least value and sample CTRL (commercial product) having the 

highest value. Although sample CTRL had the highest value due to fortification, samples 

AS and ASO also contained good amounts as Soybean which is a constituent of the for-

mulated food is a rich plant source of Iron. Iron is crucial for cognitive development and 

transportation of oxygen in the body [28]. The recommended daily allowance for iron in-

take by infants is between 0.27 and 11mg [29]. All the samples contained acceptable quan-

tities of iron when compared to the recommended daily allowance. There was a significant 

(p>0.05) difference among the samples. 

Calcium is necessary for optimal growth and development of infants and young chil-

dren [30] .The calcium content of the complementary food ranged from 96.23-

327.12mg/100g with sample ASO having the least value and sample CTRL (commercial 

product) having the highest value. The samples contained significant amount of the 

element and as such makes it an ideal meal for children and adults alike.  

Zinc is also beneficial to children with diarrhoea because is an indispensable micro-

nutrient necessary for protein synthesis, cell growth, and differentiation, immune func-

tion and intestinal transport of water and electrolytes [31]. The Zinc content in this work 

ranged from 2.43-5.52mg/100g with samples CTRL (commercial product) having the 

highest value and sample ASO having the least value. The recommended daily intake for 

zinc in infants (6 – 12 months) is 0.6mg [32], and this values observed in this study is 

higher than the recommended zinc intake. 

The vitamin A content of the complementary food blend ranged from 1134-

2560(µg/100g) with sample ASO having the highest value and sample AS the least value. 

There was significant (p<0.05) difference among the samples. Sample ASO had the highest 

content because it contained orange-flesh sweet potato which is a rich source of Pro Vit A. 

One of the easiest ways to introduce more Vitamin A into an infant’s diet is by addition 

of carotene-rich plant based foods. Vitamin A is an essential nutrient that helps build up 

the immune system of infants against a number of infections and sustains the integrity of 
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the epithelial linings [33].  These values were higher than 1380.00 to 1623.33(µg/100g) re-

ported by [34]) for moringa-fortified orange fleshed sweet potato complementary food. 

The Vitamin C content ranged from 18.32 – 65.07mg/g with sample CTRL (commer-

cial product) having the highest value and sample AS having the least value. There were 

significant (p<0.05) difference among the samples and their content were generally low. 

Vitamin C helps to form and repair red blood cells, bones, and tissues; it also helps cut 

and wounds to heal, boosts the immune system and keep infections away. The RDI of 

Vitamin C for infants 7-12 months is 50mg/ day. Sample AS and ASO were less than the 

required intake but sample CTRL (commercial product) was above the RDI, this could be 

because it is a fortified food. 

Table 4. Micronutrient Value of the Formulated Complementary Food. 

SAMPLE IRON(mg/g) ZINC(mg/g) 
CALCIUM 

(mg/100g) 

VIT. A 

(µg/100g) 

VIT. C 

  (mg/100g) 

VIT. B1 

(mg/100g) 

CTRL 8.41c ±0.12 5.52c ±0.03 327.12c±0.08 1316b±0.02   65.01c±3.1 0.5 a± 1.21 

AS 7.25b ±0.02 3.48c ±0.02 104.21b±0.04 1134a±0.60 18.32a±0.02 0.9b± 0.32 

ASO 6.57a±0.02 2.43a±0.01 96.23a ±0.04 2560c±0.20 22.42b±2.01 1.05c±2.01  

Values are average mean ± standard deviation of duplicate determinations. Means with different superscript on 

the same column are significantly (p<0.05) different. 

Key: CTRL = the control; commercial product (Cerelac maize and soya); AS = 100% Fonio 100% soyabean; ASO 

= 50% Fonio/soybean + 50% OFSP. 

Effect of SSF on the retention of Beta-carotene content in OFSP 

Sweet potatoes, especially orange-fleshed sweet potatoes (OFSP) varieties contain 

significant amounts of β-carotene (CIP, 2017). The effect of SSF on the retention of β-caro-

tene content in OFSP is shown in Figure 1. The content ranged from 15.80-17.35 (µg β-

carotene/g) with sample OFSP0 having the least value and sample OFSP72 with the high-

est value. There was significant (p˃0.05) difference between the samples. The β- carotene 

content increased as fermentation time increased. This was similar to the finding of [35], 

who reported that lactic acid fermentation using Lactobacillus plantarumproduced Lacto 

pickles from Zapallo OFSP with 93.97% β-carotene retention and adequate shelf-life. 

 
Figure 1. Effect of SSF on the retention of Beta-carotene content of OFSP. 
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Effects of Fermentation (SSF) Time on the Total Viable Count and Mold Counts of the 

Fermenting Raw Materials 

Table 5 shows the effect of fermentation time on the total viable and mould count of 

the fermenting samples  

Total viable count gives a quantitative idea about the presence of microorganisms in 

the sample The total viable count (cfu/ml)) for the blends ranged from 2.8x105 (AS0), 

2.2x105 (AS24), 4.0x104 (AS48) to 1.7x104 (AS72) while the values for the finished products 

ranged from 2.0x104 (AS) to 2.4x104 cfu/ml(ASO). It was observed that the value was high-

est on the 48th hour. This could be as a result of the microbial organisms growing and 

multiplying as that was the peak of the fermentation period. After 48 hours of fermenta-

tion period, the microbial count of the blends decreased gradually. In the final product, it 

was observed that the TVC count increased. This could be as a result of the mild heat 

treatment used in drying which still allows the microbial strains to thrive. The microbial 

strains are beneficial to the intestinal guts of children as they are probiotic. However, the 

samples were within safe limits recommended for foods [36]. 

The Mold count in (cfu/ml)) for the fermented complementary ranged from 2.0×10 

(AS0), 4.0×10 (AS24), 2.0×10 (AS48) to 1.0×10 (AS72). Mold count was recorded throughout 

the fermentation time. This was as a result of the microbial strain (Rhizopusoligosporus) 

used to ferment the samples which is a Fungus. The growth of mold during the fermen-

tation process signifies that the fermentation is progressing. The mold count increased at 

the 24th hour of fermentation and decreased on the 72nd hour. On the final product, the 

mould count ranged from 1.8×10-2.0×10. This could be as a result of the mild heat treat-

ment used in drying which still allows the microbial strains to thrive. The microbial strains 

are beneficial to the intestinal guts of children as they are probiotic. The microbial contents 

in the samples were within safe limits recommended for foods. [36]. 

Table 5. Effect of SSF on the Microbial count of the Complementary Food. 

SAMPLES TVC(cfu/ml) MOLD(cfu/ml) 

AS0 2.8×105 2.0×10 

AS24 2.2×105 4.0×10 

AS48 4.0×104 2.0×10 

AS72 1.7×104 1.0×10 

AS 2.0×104 1.8×10 

ASO 2.4×104 2.0×10 

Values are average mean ± standard deviation of two determinations. Means with different superscript on the 

same column are significantly (p>0.05) different. 

Key: AS0= unfermented samples, AS24= samples of Fonio and soybean fermented at 24hours, AS48= samples of 

Fonio and soybean fermented at 48hours, AS72= samples of Fonio and soybean fermented at 72hours. AS = 100% 

Fonio 100% soyabean; ASO = 50% Fonio/soybean + 50% OFSP. 

Sensory Properties of Complementary Food formulated from Fonio, Soybean and Orange-flesh 

sweet Potato flour blends 

Table 6 shows the average mean sensory scores of complementary food samples from 

blends of Fonio, soybean and orange-flesh sweet potato flour. 

The sensory scores for colour ranged from 7.55 -7.75. Sample CTRL (commercial 

product) had the highest score for colour while samples AS and ASO had the least score 

for colour but there was no significant (p>0.05) difference in all the samples. Sample CTRL 

(commercial product) and sample AS had milky colour while sample ASO had slight or-

ange colour as a result of the addition of OFSP. Fermentation produced a slightly darker 

colour, which may be attributed to the influence of mycelia colour and drying. However, 

all the colours were generally accepted by the panellist. Colour is one of the most 
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important parameter in any new developed food product because it can affect the accept-

ability of the product [37]. 

The sensory score for taste ranged from 6.45-7.65. The CTRL sample had the highest 

score for taste as a result of additional artificial flavors added while sample ASO had the 

least score; this could be attributed to the addition of the OFSP. There was no significant 

(p>0.05) difference between samples CTRL and AS, but the panellists had more preference 

for the control sample. 

The sensory scores for the after taste ranged from 5.80-7.35 with the control sample 

having the highest score. There was no significant (p>0.05) difference between samples 

AS and ASO. Sample CTRL was preferred compared to the other samples because it had 

sweeter after-taste. 

The sensory scores for flavor ranged from 6.20-7.85. The control sample had the high-

est score for flavor and samples ASO had the least score. There was no significant (p>0.05) 

difference in the flavours of sample CTRL and AS. The results obtained in this study are 

higher than the values (5.92 to 6.58) reported by [38] for orange fleshed sweet potato-sor-

ghum-soy flour complementary food.   

The sensory scores for the mouth-feel ranged from 5.75-6.80. Sample AS had the high-

est score and there was significant (p˂0.05) difference between the samples. The panellists 

preferred sample AS because it had a smoother texture than the other samples.The texture 

of the weaning food indicates how coarse, rough or smooth the samples were. The sensory 

score for texture ranged from 5.75-6.85 with sample ASO having the least and sample 

CTRL having the highest score. There was no significant (p˂0.05) difference between the 

samples and they were generally accepted by the panellists. 

The sensory scores for consistency ranged from 7.40 to 7.05. Sample CTRL had the 

highest score while sample ASO had the least score. The low values of consistency for 

sample ASO could be as a result of high percentage of OFSP in the blends which resulted 

in high viscosity. The pseudo-plastic nature of OFSP feels sticky in the mouth after eating 

[39. The results obtained in this study are higher than the values (5.10 to 6.68) reported by 

[38] for orange fleshed sweet potato-sorghum-soy flour complementary food.   

The sensory score for the overall acceptability of the formulated complementary food 

ranged from 6.20-7.80. Sample CTRL had the highest score while sample ASO had the 

least score. There was no significant (p>0.05) difference between samples CTRL and AS. 

From the results, it can be deduced that panellist least preferred sample ASO as a result 

of the addition of OFSP as it has a less sweeter taste that the other samples and is less 

smoother in the mouth than sample AS. 

Table 6. Sensory scores of Complementary Food Produced from Blends of Fonio, Soyabean and 

Orange- fleshed Sweet Potatoes with a Commercial control. 

Samples                                    

 
Colour    Taste    Aftertaste       Flavour   Mouth feel      Texture   Consistency 

Overall   

                    

Acceptability 

CTRL 7.15a ± 1.42 7.65b ± 0.93   7.35b ± 1.14    7.85b ± 1.18    6.75a ± 1.65 6.50ab ± 1.73   7.40a ± 1.00   7.80b ± 0.70 

AS 7.70a ± 1.08   7.15ab ± 1.42  6.10a ± 1.97    6.80a ± 1.80    6.80a ± 2.07   6.85b ± 1.57 7.35a ± 0.93      7.55b ± 1.37 

ASO 7.55a ± 1.10   6.45a ± 1.15 5.80a ± 1.61    6.20a ± 1.61    5.75b ± 1.62   5.75a ± 1.59 7.05a ± 1.10      6.20a ± 1.61 

Values are average mean ± standard deviation of twenty panelists. Means with different superscript on the same 

column are significantly (p<0.05) different. 

Key: CTRL = the control. Commercial product (Cerelac maize and soya); AS = 100% Fonio 100%soyabean; ASO 

= 50% Fonio/soybean + 50% OFSP 

4. Conclusion  

Complementary food produced by solid-state fermentation of Fonio, Soybean and 

Orange-fleshed sweet potatoes, improved the protein, fibre and ash contents while the 

carbohydrate content decreased. SSF improved the Pro-vitamin A content of the food by 
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the addition of OFSP and also improved some of the mineral content of the formulated 

food such as Vitamin A and B1. Although the commercial sample (Cerelac Maize+Soya) 

was most preferred, the sensory scores indicated that sample AS, (100% fonio/soybean 

blend) is recommended compared to other blend as there was no significant (p<0.05) dif-

ference between the sample and the control. This study showed that acceptable physico-

chemical and nutritious weaning food can be produced from Solid-state fermentation of 

Fonio, Soybean and OFSP. The low moisture medium and use of beneficial microorgan-

isms Rhizopusoligosporus(2710) and Lactobacillus plantarum(B-41621), improved the nutri-

tional content of the formulated food, will act as probiotics in the intestinal guts of the 

children and may reduce childhood illnesses such as diarrhoea. OFSP can be a year round 

source of Vitamin A in developing countries. 
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