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ABSTRACT 
 

Aim: To evaluate the nutritional, anti-nutritional and sensory characteristics of Acha flakes, fortified 
with Bambara nut and crayfish powder. 
Methodology: Moistened Acha grains were steamed, oven-dried, milled and sieved to obtain 
Pregelatinized Acha Flour (PAF). Bambara nut seeds were soaked, dehulled, washed, steamed, 
dried, milled and sieved as Steamed Bambara nut Flour (SBF). PAF, SBF and crayfish powder 
were mixed in the ratio of 70:20:10, 60:30:10 and 50:40:10 and baked on foil lined oven tray to 
produce Flakes A, B and C. Chemical (proximate, minerals, Vitamin A, phytate and tannin) and 
sensory analysis were undertaken using standard methods. ANOVA was used to detect significant 
differences.  
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Results: Protein, ash and carbohydrate contents of products ranged from 16.68 – 17.98%, 2.96-
3.12% and 63.89-64.16%, respectively. Flake C had the highest (p<0.05) protein (17.98%) and fat 
(4.11%) contents while flake A had the lowest (16.68%, 3.75%) values. Calcium (141 mg/100 g) 
and iron (2.82 mg/100 g) contents were significantly highest in Flake B while Flake C had the 
highest Vitamin RE (269.86 μgRE) content. All products recorded low phytate (15.25-19.03 mg/100 
g) and tannin (5.90-8.65 mg/100 g) values. Addition of Bambara nut (40%) and crayfish (10%) to 
50% Acha flour increased the protein and Vitamin A contents by 8% and 10%, respectively. Flake 
C was rated highest in taste (8.04), flavour (7.80) and overall acceptability (8.40). 
Conclusion: Acha based flakes produced from 50% Acha flour fortified with 40% Bambara nut and 
10% crayfish was the best in terms of nutritional and sensory attributes. This locally produced 
breakfast cereal when offered to children may contribute to reductions in child under-nutrition. 
 

 
Keywords: Breakfast cereal; fonio; bambara nut; nutrient. 
 

1. INTRODUCTION 
 

The burden of hunger fueled by food shortage 
and food insecurity is much larger in Africa 
compared to other regions of the world [1]. Post 
Covid 19 pandemic effects, conflicts in 
Ukraine/Russia, climate change and 
insurgencies in some African countries 
aggravated the situation. Women and children as 
well as the elderly are the worst hit by food 
insecurity and the consequence is under-
nutrition. It is projected that almost 600 million 
people will be chronically undernourished in 
2030, making the chances of SDG 2 
achievement very low [1]. Under-nutrition during 
childhood results in shorter adult stature, poor 
academic achievement and reduced productivity 
in adulthood [2]. Low energy and nutrient intake 
due to poor food intake is a major cause of 
under-nutrition. 
 

Breakfast is the most skipped meal among 
children, adolescents and adults due to lack of 
time, unaffordability and unavailability [3]. 
Breakfast skipping and poor quality breakfast 
meals are major contributors to childhood 
undernutrition and poor academic performance 
[4,5]. Breakfast is considered as one of the 
important meal of the day since it helps to start 
nutrient metabolism and replenishes the body [6]. 
Reduction of the risk of some chronic diseases 
and weight gain has been cited as one of the 
benefits of breakfast consumption [7]. Flavia et 
al. [8] reported that breakfast skippers had lower 
dietary fibre and micronutient but higher 
saturated fat intake than breakfast cereal 
consumers. Thus, improved breakfast 
consumption would contribute to reducing the 
burden of both under-nutrition and over nutrition 
among children.  
 

Breakfast cereals are the most common type of 
breakfast meal among children. They are 

generally defined as foods obtained by soaking, 
grinding, rolling, shredding before puffing or 
roasting of cereals [9]. They often include a 
carbohydrate rich source such as maize, wheat, 
rice among others [10]. Locally produced 
breakfast meals include gruels made from 
cereals and other family meals. Ready-to-eat 
cereals are generally preferred because they are 
more convenient.  
 
 Development of breakfast cereals from locally 
available ingredients has attracted a lot of 
attention. Nutritionists, food scientists and 
researchers have employed several traditional 
and industrial based technologies to produce 
various breakfast meals from cereals such as 
maize, millet, wheat and rice among others [11]. 
These cereal based breakfast meals have also 
been enriched with plant and animal protein food 
sources including milk, soybean among others 
[12,13,14]. However, there are many cereals and 
legumes that are underutilized. The commercial 
ready-to-eat breakfast cereals are becoming too 
expensive. Locally Ready-to-eat breakfast meals 
can be produced from these underutilized crops 
to reduce the dependence on common ones as 
well as improve the utilization of underutilized 
foods [15].  
 
Acha and bambara nut are among the 
underutilized crops locally produced in Nigeria. 
They can be combined with plant and sea based 
animal source food to make nutritious meals. 
Use of traditional methods and sea based animal 
sourced food would contribute to sustainability as 
well as efforts to reducing carbon emissions. 
Fonio (Digitaria exilis) commonly called ‘acha’ is 
rich in amino acid; methionine and cysteine [16]. 
Acha (Digitaria exilis) is an indispensable source 
of antioxidant phenolics, dietary fiber and 
cholesterol-lowering waxes. It is less receptive to 
denaturation while its starch is made of 43.6%, 
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2.1% and 41.4% total, resistant and digestible 
starch, respectively with low glycemic index [17]. 
Bambara nut (Vigna subterranea) known as 
Gurjiya or Kwaruru (Hausa), Okpa (Ibo) and 
Eparoro (Yoruba) is an important legume that is 
rich in proteins and minerals [18]. The nut has 
anti-nutritional factors and does not de-hull easily 
[18]. Crayfish is a sea food high in protein, B 
vitamins and minerals [19]. Crayfish, also known 
as crawfish, crawdads, freshwater lobsters, 
mountain lobsters, mud bugs or yabbies, are 
actually freshwater crustaceans that look like a 
smaller version of a lobster. Taxonomically, they 
are members of the super families, Astacoidea 
and Parastacoidea [20]. The use of acha and 
bambara nut in breakfast meal production would 
improve their utilization as well as nutritional 
quality of the product.  
 

Thus, this study aimed at assessing the 
nutritional, anti-nutritional and sensory 
characteristics of breakfast cereal flakes 
produced from acha flour fortified with bambara 
nut flour and crayfish powder using simple 
household processes. 

2. MATERIALS AND METHODS 
 

2.1 Sample Collection 
 
Acha (Digitaria exilis), Bambara nut (Vigna 
subterranea), and Crayfish (Procambarus clarkii) 
were purchased from a local market (Bodija 
market Ibadan), Oyo State Nigeria. 
 

2.2 Production of Pregelatinized Acha 
Flour 

 
The acha grains were pregelatinized by a 
modification of the method described by Edema 
et al. [21]. The grains were cleaned by sorting to 
remove the dirts, husks and stones. It was then 
washed under running clean tap water five times 
for 20 minutes. The moistened acha grains were 
steamed over boiling water for 10 minutes. The 
pregelatinized seeds were dried at 50°C for 24 
hours to a constant weight and milled in a 
hammer mill. The samples were sieved through a 
450 micrometer pore-sized sieve, stored in 
polythene bags and designated as Pregelatinized 
Acha Flour (PAF). 

 
Sorting 

 
Winnowing 

 
Washing 

 
Conditioning 

 
Steaming (10 minutes) 

 
Drying at 50oC for 24 hours 

 
Dry milling 

 
Sieving 

 
Packaging 

 
Pregelatinized Acha flour 

 
Fig. 1. Flow chart for the production of Pregelatinized Acha Flour (PAF) [21] 
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2.3 Production of Steamed Bambara Nut 
Flour 

 
Bambara nut was sorted to remove stones and 
other extraneous materials. Using the method of 
Ikujenlola and Adurotoye [22], the seeds were 
soaked, dehulled, washed and steamed for 20 
minutes. The seeds were dried in the oven (60oC 
for 15 hours). During drying, the dehulled seeds 
were stirred at intervals of 120 minutes to ensure 
uniform drying. The dried seeds were milled 

using hammer mill and sieved before being 
packaged in a polythene bag and labeled 
steamed Bambara nut flour (SBF) (Fig. 2). 
 

2.4 Production of Crayfish Powder 
 
Crayfish was cleaned and extraneous materials 
removed. The crayfish was washed, oven dried 
at 80oC for 1 hour and milled into flour. It was 
packaged in a polythene bag and labeled as 
crayfish powder. 

 
Sorting 

 
Cleaning 

 
Soaked 

 
Dehulled 

 
Washing of seeds 

 
Steaming (20 minutes) 

 
Draining 

 
Drying at 60oC for 15 hours 

 
Dry milling 

 
Packaging 

 
Steamed bambara nut flour 

 
Fig. 2. Production of Steamed Bambara nut Flour (SBF) [22] 

 

2.5 Formulation of Flour Composite  
  

Table 1. Blending ratios of Acha, Bambara nut and Crayfish 
 

Sample code Acha Bambara nut Crayfish 

FLAKE A 70 20 10 
FLAKE B 60 30 10 
FLAKE C 50 40 10 
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2.6 Production of Acha Flakes  
 
Acha based flakes were prepared using the 
method of Mbaeyi and Uchendu [16] and 
Odimegwu et al. [23] with slight modifications. 
Pregelatinized acha and steamed bambara nut 
composite flours were mixed with crayfish 
powder in a bowl in their powdery form. Water 
was added little at a time, stirring until batter is 
smooth and thin to get a watery consistency 
similar to that of pancake batter. The mixture was 
precooked (heat treated) by steaming for 10 
minutes and then allowed to age at a 
temperature of 4°C in a refrigerator for about 6 
hours. The oven was preheated to 80°C and the 
baking tray was lined with foil and greased lightly 
with oil. The mixture was poured into the 
prepared pan and spread out evenly (0.5 cm 
thick). It was baked on the centre rack for 5 
hours until the dough has dried out and cracked. 
The tray was then removed from the oven and 
allowed to cool, and then a clean glove was worn 
on the hand and snack shaping moulds used to 
crack the dough into small flakes. The heat of the 
oven was lowered to 70°C and the cracked 

flakes were returned and allowed to bake on the 
centre rack for 70 minutes when pieces were 
toasted, crisp, and golden. It was left to cool 
completely under room temperature and stored 
in a packaging material (ziploc bag) in a cool dry 
place (Fig. 3). 
 

2.7 Chemical Analysis 
 
2.7.1 Determination of nutrient and anti-

nutrient composition 
 
The Association of Official Analytical Chemist 
(AOAC) method was used to determine the 
protein (Kjedahl method), moisture (hot air oven 
method), fat, ash and fibre content [24] 
Carbohydrate was calculated as the difference 
between 100 and other proximate values. 
Calcium was determined by flame photo-metric. 
Iron and Zinc were determined by atomic 
absorption spectrometer (AAS). Phytate and 
tannin contents of the formulated flakes were 
determined using standard methods as 
described in AOAC [24]. 

 
Composite Flours 

 
Mixing with water 

 
Batter  

 
Conditioning (heat treated) for 10 minutes 

 
Ageing (for 6 hours) 

 
Flaking (temperature of 80oC for 5 hours) 

 
Baked cracked flakes (temperature of 70oC for 70 minutes) 

 
Cooling (28oC) 

 
Packaging 

 
Acha flakes 

 
Fig. 3. Flow chart for production of Acha Flakes [16,23] 
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Fig. 4. Produced Acha-based flakes 
 

2.8 Sensory Evaluation 
 
Ready-to-eat fortified acha flakes was served to 
a 30-member semi-trained panelists comprising 
of mothers. The panelists were presented with 
the three samples of acha flakes and told to 
indicate their preferences based on taste, colour, 
flavour, texture and overall acceptability. The 
panelists were instructed to rinse mouth with 
water before and after the assessment of each 
product. Scoring was done on 9-point Hedonic 
scale where 9 and 1 represented liked extremely 
and disliked extremely, respectively [25].  
 

2.9 Statistical Analysis 
 

Data analysis was performed using SPSS 
version 20. Descriptive statistics was used to 
describe and summarize data. Data was 
expressed as means and standard deviations 

where applicable. Differences for continuous 
variable were evaluated using a one-way 
analysis of variance (ANOVA) and Duncan’s 
multiple range test was used to compare 
differences when the ANOVA was significant (p< 
0.05). 
 

3. RESULTS 
 

3.1 Nutrient and Anti-nutrient Properties 
of Acha, Bambara Nut and Crayfish 

 

Table 2 shows the proximate composition of the 
food samples (Crayfish, Bambara nut and 
Acha). Proximate parameters of the three food 
samples varied significantly. Crayfish sample 
was low in moisture, crude fiber and 
carbohydrate contents. However, crayfish was 
highest in protein content compared to bambara 
nut and acha flour, respectively having 54.56% 
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protein. Acha flour was richer in carbohydrate 
contents compared to Bambara nut flour and 
crayfish blend. 
 

Table 3 shows that crayfish was the richest in 
vitamin A, calcium, iron and zinc contents 
compared to Bambara nut and acha flours. It was 
also low in phytate. High ash content of crayfish 
shown in Table 2 is indicative that crayfish is rich 
in other minerals compared to Bambara nut and 
Acha flours. 
 

3.2 Proximate Composition of Breakfast 
Cereal Flakes Produced from Acha, 
Bambara Nut and Crayfish Blend 

 

As shown in Table 4, significant differences 
(p<0.05) were observed among all samples for 
moisture, crude fat, crude fiber and protein 
except for ash and carbohydrate contents. The 
moisture content of the formulated Acha flake 
samples ranged from 9.72-10.73% and was 
highest in 70% Acha flour based flakes. Flake C 
(50:40:10) had the highest protein content.  

3.3 Mineral, Vitamin A and Anti-nutrient 
Contents of Acha-based Flakes 
(mg/100 g) 

 

Table 5 indicates the vitamin A, iron, zinc and 
calcium contents of the produced flakes. Vitamin 
A and mineral contents in the three sample 
products differed significantly (p<0.05) except for 
Zinc with range of 0.18-0.22 mg/100 g. The three 
sample products were low in phytate and tannin.  
 

3.4 Sensory Properties of the Produced 
Flakes 

 

Fig. 5 shows the sensory evaluation of ready-to-
eat Acha flakes fortified with Bambara nut and 
crayfish which were served to a 30-member 
panel comprising of school-aged children and 
their mothers. Sample C (50% Acha flour, 40% 
Bambara nut flour and 10% crayfish) scored 
highest in all the sensory parameters compared 
to Sample A and B.  

 

 
 

Fig. 5. Sensory attributes of the produced flakes 
A= 70:20:10 (acha flour, bambara nut flour and crayfish) 
B= 60:30:10 (acha flour, bambara nut flour and crayfish) 
C= 50:40:10 (acha flour, bambara nut flour and crayfish) 

 

Vertical text box legends: 
 

1=Colour, 2= Taste, 3= Flavour, 4= Texture, 5= Firmness, 6=Overall acceptability 

0 1 2 3 4 5 6 7 8 9
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Table 2. Proximate composition of Acha, bambara nut and crayfish (% dry matter) 
 

Food Sample Moisture Crude Fat Ash Crude fiber CHO Protein 

Acha flour 11.21±0.08a 1.32±0.08a 2.71±0.03a 1.86±0.02a 76.09±0.08a 6.82±0.09a 
Bambara nut flour 9.88±0,06b 5.22±0.06b 4.10±0.04b 3.29±0.04b 59.76±0.27b 17.75±0.23b 
Crayfish blend 6.22±0.04c 6.17±0.03c 13.43±0.65c 0.82±0.08c 18.81±1.48c 54.56±0.83c 

Values in the column followed by the same superscript are not significantly different (p>0.05). Values are means and standard deviations of duplicate samples determinations 
A= 70:20:10 (acha flour, bambara nut flour and crayfish) 
B= 60:30:10 (acha flour, bambara nut flour and crayfish) 
C= 50:40:10 (acha flour, bambara nut flour and crayfish) 

 
Table 3. Mineral and anti-nutrient composition of Acha, bambara nut and crayfish 

 

Food sample Vitamin A 
(mcg RE) 

Iron 
 (mg/100 g) 

Zinc  
 (mg/100 g) 

Calcium 
 (mg/100 g) 

Phytate (mg/100 
g) 

Tannin 
 (mg/100 g) 

Acha 175.07±3.14a 1.02±0.01a 0.59±0.03a 79.5±0.71a 27.6±0.35a 16.5±2.12a 
Bambara nut 182.28±3.39b 4.26±0.01b 0.75±0.02b 64.5±0.71b 19.8±0.42b 60.5±3.53b 
Crayfish 431.98±4.50c 8.56±0.02c 1.32±0.01c 1448.0±1.41c 9.1±0.28c 23.5±3.53c 

Values in the column followed by the same superscript are not significantly different (p>0.05). Values are means and standard deviations of duplicate samples determinations 
A= 70:20:10 (acha flour, bambara nut flour and crayfish) 
B= 60:30:10 (acha flour, bambara nut flour and crayfish) 
C= 50:40:10 (acha flour, bambara nut flour and crayfish) 

 
Table 4. Proximate composition of Acha based flakes (% dry matter) 

 

Product Sample Moisture Crude Fat Ash Crude Fiber CHO Protein 

A 10.73a ± 0.02 3.75a ± 0.01 3.12a ± 0.03 1.56a ± 0.00 64.16a ± 0.04 16.68a ± 0.03 
B 10.21b ± 0.03 3.89b ± 0.02 3.03a ± 0.01 1.40b ± 0.00 64.41a ± 0.05 17.07b ± 0.04 
C 9.72c ± 0.02 4.11c ± 0.04 2.96a ± 0.01 1.35c ± 0.01 63.89a ± 0.04 17.98c ± 0.03 

Values in the column followed by the same superscript are not significantly different (p>0.05) 
A= 70:20:10 (acha flour, bambara nut flour and crayfish) 
B= 60:30:10 (acha flour, bambara nut flour and crayfish) 
C= 50:40:10 (acha flour, bambara nut flour and crayfish) 
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Table 5. Mineral, Vitamin A and anti-nutrient content of acha-based flakes (mg/100 g) 
 

Product Sample Vitamin A  (mcg RE) Iron (mg/100 g) Zinc (mg/100 g) Calcium (mg/100 g) Phytate  (mg/100 g) Tannin (mg/100 g) 

A 246.42c ± 0.06 1.02b ± 0.01 0.18a ± 0.00 124.5b ± 0.07 19.00a ± 0.04 5.90c ± 0.03 
B 254.08b ± 0.05 1.23b ± 0.03 0.18a ± 0.01 141.0a ± 0.03 16.70b ± 0.03 7.60b ± 0.02 
C 269.86a ± 0.14 2.82a ± 0.03 0.22a ± 0.03 93.8c ± 0.08 15.35c ± 0.16 8.65a ± 0.03 

Values in the column followed by the same superscript are not significantly different (p>0.05) 
A= 70:20:10 (acha flour, bambara nut flour and crayfish) 
B= 60:30:10 (acha flour, bambara nut flour and crayfish) 
C= 50:40:10 (acha flour, bambara nut flour and crayfish) 

 
Table 6. Contribution of serving portions of Acha-based flakes to daily energy and nutrient recommendations (Dietary reference intake*) 

 

Age groups 1-3 years 4-8 years 9-18 years 

Flake samples   A B C A B C A B C 

Serving portions (g) 50 50 50  100  100 100  100  100 100 
Energy (kcal)/day)  1200   1400  1800 
Energy/100 g of Flakes 357 361 365 357 361 365 357 361 365 
Energy/serving  179 181 183 357 361 365 357 361 365 
% of DRI 15% 15% 15% 26% 26% 26% 20% 20% 20% 

*Dietary Reference Intake (DRI) (Source: Judith Brown, Nutriton during Life Cycle, Cengage Learning, USA, 2017) 
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3.5 Contribution of Produced Flakes to 
the Daily Energy Requirement for 
Ages 1-18 Years 

 

Contributions of serving portions (50-100 g) of 
the acha flakes to the daily energy requirements 
for children, adolescents and teens are displayed 
in Table 6. Serving portions of the flakes provide 
about 15-26% of the daily energy requirements 
as displayed in the table. 
 

4. DISCUSSION  
 
Acha as a cereal grain has some nutritional 
limitations as posited by Glew et al. [26] in their 
analysis of four different varieties of Acha, 
particularly in lysine and minerals and therefore 
requires fortification to be nutritionally adequate 
as a meal. The findings of this study on the 
protein, iron and zinc contents of acha 
collaborate the reports of Glew et al. [26]. 
However, the iron and zinc values of acha used 
in this study were lower while calcium content 
was higher than the values reported in the 
mentioned study. In contrast, a higher mean 
value of calcium was found in acha in this study 
compared to 17.2 mg/100g and 36.5 mg/100g 
reported by Glew et al. [26] and Anuonye et al. 
[27], respectively. Bambara nut and crayfish had 
higher contents of iron and zinc and therefore 
used to fortify acha in this study. 
 
The moisture contents of the flakes produced 
from the blend of processed acha, bambara and 
crayfish were low and thus gives an indication of 
their safety and microbial stability. Low moisture 
content is desirable because high moisture 
content may predispose the product(s) to 
microbial growth due to high water activity. In 
addition, the observed moisture content in this 
study was lower than the values reported for rice-
based Masa (40 - 70%) [20]. Also moisture 
content of wheat and pawpaw puree bread was 
about two times higher than what was observed 
in this study [28]. In other studies, the moisture 
contents of ready-to-eat breakfast cereal 
produced from blend of rice, maize, African yam 
bean and defatted coconut were lower than what 
was found in this present study [29,30,31]. 
 

Addition of Bambara nut (40%)and crayfish 
(10%)flour to Acha flour (50%) increased crude 
fat, protein and Vitamin A contents of Acha-
based flakes by 9%, 8% and 10%, respectively. 
Crayfish is high in protein, ash content and fat 
compared to Acha flour and Bambara nut. Acha 
flour and Bambara nut are rich in carbohydrate 

and other nutrients. Thus, the combination of 
these food ingredients resulted to improved 
nutritional quality of the produced flakes. Values 
obtained for carbohydrate and protein for all 
Acha-based flake products were within the 
values reported for breakfast cereal from maize, 
African yam bean and defatted coconut blend 
[31] and rice, African yam and defatted coconut 
blend [29]. Fat contents of all the sample 
products were comparable to that of the blend 
produced by Edima-nyah et al. [14]. However, 
variation existed in the ash and fiber contents 
observed in this study and those reported by 
other researchers [14,20,28,31]. 
 
The iron and Vitamin A values of the produced 
flakes increased as the quantity of bambara nut 
flour rose from 20-40%. Edima-nyah et al., [14] 
(42-68 mg/100 g) and Usman [13] (9.81-14.1 
mg/100 g) reported higher iron values for 
breakfast cereals produced from blends of yellow 
maize/soyabean/unripe banana flour and african 
yam bean/maize/deffated coconut, respectively. 
Generally, there was an improved nutritional 
value in the produced flakes compared to acha 
which is attributable to the fortification of acha 
with bambara nut and crayfish. However, the iron 
and zinc contents of the produced flakes were 
lower than expected, despite the addition of 
crayfish which based on the analysis, had 
appreciable quantities of both minerals. Adepeju 
et al. [32] reported higher zinc (4.11-5.36 mg/100 
g) and iron (9.22-15.10 mg/100 g) levels of high 
temperature extruded breakfast cereal made 
from maize or sorghum fortfied with date palm. 
This occurrence might be atrributed to the 
difference in the type and quantities of 
ingredients used and effect of processes 
employed. The zinc and iron content can be 
upgraded by increasing the proportion of crayfish 
in the formulation. However, increasing crayfish 
portions may have sensory implications. 
Micronutrient supplementaton may also be 
considered.  
 
The anti-nutrients, phytate and tannin decreased 
by 28% and 86%, respectively in the produced 
flakes. The phytate content of the produced 
flakes was low and comparable to the value (18 
mg/100 g) reported by Ijarotimi and Keshinro [33] 
but higher than the level in local rice-african yam 
bean- coconut breakfast cereal developed by 
Edima-Nyah et al. [27]. However, the tannin 
content observed in this study was lower than the 
12.74-30.10 mg/100g in the rice based product 
[27]. The reduction in anti-nutrient contents might 
be attributed to the processing methods, 
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steaming and inclusion of animal source foods. 
High anti-nutrient content of foods is detrimental 
to health because it chelates vital minerals such 
as calcium, zinc and iron including proteins to 
form complexes and make them unavailable. 
Continuous consumption of high anti-nutrient 
foods may predispose vulnerable persons 
particularly, children to protein and micronutrient 
deficiency. 
 
Serving portions of 50-100g of the developed 
flakes would provide about 18-26% of the daily 
energy allowance for children and teens. In 
addition to desired physical attributes, ready-to-
eat cereals are mexpected to contribute 
substantially to the daily nutritional needs of the 
growing and active child. 
 

5. CONCLUSION 
 
Addition of Bambara nut and crayfish to acha 
grain increased the protein, Vitamin A, calcium 
and reduced the antinutrient contents of the Acha 
flakes. However, zinc values were not increased. 
Acha flake C (50% acha, 40% bambara nut and 
10% crayfish) was rated highest in all the 
examined sensory attributes. Fortification of acha 
with bambara nut and crayfish improved the 
nutritional value of acha based flakes. 
Consumption of the bambara nut and crayfish 
fortified acha breakfast cereal would contribute 
greatly towards reducing child undernutrition. 
Further research is required to explore the 
nutritional and sensory influence of either greater 
proportion of crayfish and/or mineral 
supplementation. 
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