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Cookies were formulated using a combination of Bambara groundnut and cassava flour to optimise 
the quality of food nutrients of the final product. The proximate and phytochemical characteristics 
of cookies produced were analyzed in this study. The cookies were prepared using different 
proportions: 30:70, 40:60, 50:50, 60:40 and 70:30 of Bambara nut and cassava flour, respectively 
using 100% cassava flour and 100% wheat flour as negative and positive controls, respectively. The 
samples were then tested for their nutritional content as well as their phytochemical content. 
Proximate characteristics of the prepared cookies indicated that Bambara nut and cassava flour 
composite significantly reduced the carbohydrate content and it ranged from 50.86 - 61.67% while 
the controls had a very high carbohydrate content of 81.71%. Protein content ranged from 13.47 - 
23.77% with the highest value observed in the protein content in blend 40:60 while fat content 
ranged between 10.58 and 12.00%, these values possess are greater than the control. The 
phytochemical properties of the flour combination were way higher than the control with Tannin 
and Saponin content ranging from 0.06 – 0.18 mg/100g and 0.43 – 0.77 mg/100g, respectively. 
Cyanide content was comparably low in all the blends. This indicated that incorporating Bambara 
nut flour in the composite blend effectively minimized the cyanide concentration. This research 
showed that the mixture of Bambara flour with cassava flour promotes cookies production by 
improving its protein content. Production of cookies by adding Bambara nut of about 40% in 
cassava flour will ensure a more nutritional balance, better product with considerable amount of 
phenolic compounds. 
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Introduction 

Cookies are convenient baked snacks with low 
moisture content, commonly ingested by adults and 
children alike for energy. They are also a great way to add 
high-quality, reasonably priced proteins, minerals, and 
vitamins to food products, and they have been employed to 
boost diets. 

Bambara nut is a crop high in legumes with significant 
potential in combating malnutrition. However, its 
consumption remains notably low in many developing 
nations (Akintola and Anifowose, 2025). Bambara nut, 
being a legume, provides an affordable, non-perishable, 
and easily transportable source of protein for both rural and 
urban populations, especially in developing countries 
(Oyedeji et al. 2021). In several West African nations, 
Bambara groundnut is a key dietary component and ranks 

third in terms of nutritional composition, following cowpea 
and groundnut (Alain et al. 2007; Aremu et al. 2022).  This 
crop is primarily cultivated for its protein-rich edible seeds 
rather than for oil extraction. Once dried, the seeds become 
extremely hard and are typically consumed only after being 
milled into flour. Cassava (Manihot esculenta) is a widely 
consumed carbohydrate-rich crop and serves as a primary 
energy source in the diets of people in regions where it is 
extensively cultivated. According to FAO (2002), cassava 
serves as a supplementary staple food for over 200 million 
people in Africa and is also commonly used as feed for 
monogastric animals. Cassava is one of the most 
extensively cultivated staple crops, notable for its high 
levels of cyanogenic compounds. Cassava is an important 
root crop in the tropic (FAO, 2002). The most serious 
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problem with cyanide present in cassava is its deleterious 
effects. Because cassava is rich in carbohydrates but low in 
protein, combining it with other flours to produce cookies 
helps to lower carbohydrate concentration and boost 
overall nutritional quality (Olatunde et al., 2021). Many 
have acknowledged the importance of developing 
strategies to utilize affordable local resources for 
producing foods like cookies. 

The use of blended flour in baking has undergone 
evolution recently especially for cake and biscuit (Adeleke 
and Odedeji, 2000). A composite flour formulation 
integrating Bambara nut and cassava flour could 
potentially boost the functional and nutritional quality of 
cookies while enhancing food security and lowering 
reliance on wheat-based products (Uchenna et al., 2023). 
Cookies served with ice cream create a popular summer 
dessert. They can be prepared ahead of time without risk of 
spoilage and are available in various forms, typically based 
on a ratio of four key ingredients: flour, sugar, fat, and 
lipids such as milk and/or eggs. Most cookie types are 
adaptations of a basic recipe, with the pound cake formula 
often serving as a foundational reference due to its 
balanced ingredient proportions. 

According to this study, the substitution of Bambara 
flour with cassava flour in various ratios promoted 
production of cookies produced with the protein content 
significantly improved in our cookies. This research thus 
investigated the effect of complementing cassava flour 
with Bambara flour on the proximate composition and 
selected phytochemical properties of the cookies produced. 

 
Materials and Methods 

 
Production of Bambara Nut Flour 
Foreign particles and defective Bambara nut seeds were 

removed during sorting. The sorted seeds were then soaked 
in tap water at room temperature for 12 hours, manually 
dehulled, and oven-dried till the weight remained constant. 
The seeds were grinded into fine flour with the help of a 
hammer mill. Figure 1 illustrates the process flow for 
producing Bambara nut flour.  

 
Cassava Flour Processing 
After being harvested, the cassava roots were peeled, 

cleaned and crushed. The mash obtained was placed within 
a bag and pressed using a hydraulic press to remove excess 
moisture. The pressed cake was dried in a thermo-regulated 
oven (Galen, BS model 0v-160) at 60°C for 3–4 hours. The 
dried product had been sieved and ground to obtain flour 
with a particle size of 250 μm. Figure 2 displays the flow 
chart used to produce cassava flour. 

 
Production of Cookies 
The flour used for cookies was from blends of Bambara 

nut flour and cassava flour. The flour was obtained by 
mixing in the ratio of (70:30, 60:40, 50:50, 40:60 and 30:70 
cassava flour: Bambara nut flour). 100% cassava flour and 
100% wheat flour cookies were used as negative and 
positive controls, respectively. Powdered sugar and 
shortening were blended at low speed for 10 minutes using 
a dough mixer, after which a solution of sodium and 
ammonium bicarbonate in 50 ml of water was added. 
While mixing continued slowly, vanilla, sodium 

metabisulfite, and fructose syrup were incorporated. 
Skimmed milk, flour in designated ratios, and remaining 
ingredients were then added and mixed at low speed for 
another 10 minutes. Additional water was introduced, and 
mixing proceeded at high speed for 20 minutes until the 
dough was fully developed.  

 

 
Figure 1. Flow diagram for the preparation of Bambara 

nut flour (Otunola et al., 2004) 
 

 
Figure 2. Flow chart for Cassava flour Production 

 
Proximate Composition 
Proximate composition was determined, while the 

carbohydrate was determined by difference according to 
AOAC (2005). 

 
Protein Content 
The samples were digested for 1 hour at 420C using a 

method by EN ISO 20483:2006, the tube racks were taken 
out, put on a stand, and left to cool for 10 - 20 minutes. 
After that, the tubes were transferred to the distillation 
apparatus, and the safety door was secured. Subsequently, 
the addition of 80 ml of deionized water to each tube, and 
25–30 ml of receiver solution was poured into a conical 
flask, which was positioned in the distillation unit with the 
distillate outlet immersed in the mixture. Following this, 50 
ml of (NaOH) was added, and distillation was carried out 
for 4 minutes. The percentage protein content was 
determined in Equation 1 reported by Oyefeso et al. (2023). 

 
% Protein = (T−B) x N x 14.007 x 100

W1(mg)
×  F   (1) 

 
Where: 
W₁ = weight of the sample in milligrams (mg) 
T = volume of titrant used for the sample in milliliters (ml) 
B = volume of titrant used for the blank in milliliters (ml) 
N = normality of the acid, expressed to four decimal places 
F = nitrogen-to-protein conversion factor, which is 6.25 for 
food and feed samples 
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Ash Content 
Ash content of a material refers to non-organic 

materials that are left behind after either the mineral 
content or biological substances of the sample has been 
destroyed. For 4-6 hours, the silica dish was held in a 
muffle furnace set to 525°C. The ash's weight was 
measured and calculated. The % ash by formula was given 
in standard method as shown in Equation 2 as reported by 
Akintola et al. (2023). 

 

% ash content = weight of ash
weight of sample

× 100  (2) 
 
Fat 
Using a Soxhlet extraction device, the ether-soluble 

substance found in the seeds was recovered from the dried 
sample. Ether was evaporated, and the leftover material 
was weighed. The sample was fully dried before being 
extracted with petroleum ether; thus, water-soluble 
components were not removed. The ash content was 
determined as shown in Equation 3 (Adejumobi et al., 
2021). 

 
% fat content = WSM

WS
× 100   (3) 

 
WSM: weight of ether soluble material 
WS   : weight of sample 
 
Crude Fibre 
After the sample has been processed under controlled 

settings with standardized boiling acid and alkali solutions, 
the residue left behind is known as crude fiber. The Fibro-
tron is a highly advanced apparatus for analyzing sample 
crude fiber using conventional method. Equation 4 (Aremu 
and Akintola, 2014) shows the amount of crude fibre 
present in the sample. 

 
% Crude fiber = loss in weight

weight of sample
× 100  (4) 

 
Carbohydrate Content (CC%) 
The difference method according to AOAC (2010) was 

used to determine the Carbohydrate content as shown in 
Equation 5:  

 
CC% =  100 −  (M +  F +  A +  P +  CF)  (5) 
 
M : % moisture 
F : % fat 
A : % ash 
P : % protein 
CF : % Crude fiber 
 
Determination of Anti-nutrients 
Oxalate content 
One gram of each sample was placed into a conical 

flask, then 75 ml of H₂SO₄ was added and filtered. From 
the filtrate, 25 ml was transferred into a beaker, then methyl 
red indicator was added in two drops. The solution was 
heated nearly to boiling and heated while titrating with 0.05 
M (KMnO₄) until a light shade of pink colour appeared. 
Oxalate content was determined as indicated in Equation 6 
(AOAC, 2005). 

 

Oxalate (mg/ 100g)  =  titre value × 2.2 × DF
 W

 (6) 
 
Each milliliter of 0.05 M KMnO₄ solution corresponds 

to 2.2 mg of oxalate. 
DF = dilution factor, calculated as the total sample 

volume divided by the volume used for titration. 
W = weight of the sample in grams (g). 
 
Phytic Acid Content  
After weighing two grammes of the material into a 

conical flask, 100 ml of concentrated HCL was added. It 
was filter through two layers of hardened filtered paper, 
50ml of filtrate was pipette into 250ml beaker and to 
increase acidity, 100 ml of distilled water were added It 
was titrated FeCl3 solution until the colour turns brownish 
yellow. The phytate content was then determined as shown 
in Equation 7 (AOAC, 2005).  

 
Phytic acid =  0·00195 × VC × DF

 Sample weight
  (7) 

 
VC : volume of FeCl3 consumed 
 
DF = Total volume of extraction solvent added

    Volume of aliquot taken for the titration
  

 
 
Tannin Content (TAC) 
A gram of dry well-blended sample was weighed into a 

flask, after adding 10ml of distilled water, it was stirred. 
The solution was diluted to 10ml with distilled water and 
incubated for 30 minutes at room temperature. The tannic 
acid concentration of the sample was gotten from Equation 
8. 

 
𝑇𝑇𝑇𝑇𝑇𝑇 =  𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐.𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑖𝑖𝑖𝑖 𝑚𝑚𝑚𝑚/ 𝐿𝐿 × 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 × 𝐷𝐷𝐷𝐷

   𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡
(8) 

DF represents the dilution factor; if no dilution was 
performed, DF is equal to 1. 

 
Hydrocyanic Acid Content 
The cyanide content can be determined by titration 

according to 
 
Ag+ + 2CN- = Ag (CN)2 
 
The cyanide concentration was observed to be above 

1.0 mg/l for titrimetric determination, the distillate 
collected in the receiver flask was titrated with 0.01M 
AgNO3 containing a few drops of rhodamine indicator until 
the yellow colour changes to salmon pink as shown in 
Equation 9. 

 
CN (mg/l)  =  (a−b) x C x f x 1000

V
  (9) 

 
a = ml AgN03, sample 
b = ml AgN03, blank 
C = AgN03, concentration, M 
f = 52.04 (1 mole Ag+ complexes 2 mole CN-, 2x 26.02 

= 52.04) 
V= volume of sample (ml) 
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The hydrocyanic acid (HCN) composition of the 
sample was calculated using AOAC (2005). 5g of the 
sample was mixed with 100ml of distilled water and 
incubated for 16 hours at a temperature of 380 C. Filter 
paper that had been toughened twice was used to filter the 
mixture. The filtrate was distilled into a 50ml flask mixed 
with 5ml of freshly prepared Mg (OH)2.  It was titrated with 
0.1N AgNO3 using potassium chromate (KCrO4) as 
indicator. 1ml of 0.1N AgNO3 = 0.0027 

 
Statistical Analysis 
Statistical analysis of the laboratory data was carried 

out using analysis of variance (ANOVA). Mean 
differences were evaluated and separated at a significance 
level of p < 0.05 using the Least Significant Difference 
(LSD) test with SPSS software version 15.0. 

 
Results and Discussion 

 
Proximate Composition 
Table 1 presents the proximate composition of cookies 

made from 100% cassava flour (used as the negative 
control), 100% wheat flour (positive control), and five 
different Bambara nut–cassava flour blend ratios. Moisture 
content in the cookies ranged from 9.35 to 14.00%, 
aligning with findings by Igbabul et al. (2013), who noted 
reduced moisture in flours derived from cereals and 
legumes. The formulation containing 70% Bambara nut 
recorded the highest protein level at 24.87%, while the 
30% blend had the lowest at 16.37%. A statistically 
significant variation (p < 0.05) was noticed in protein 
content across the flour blends, attributable to the high 
protein concentration in Bambara nut. The blends' fat 
contents varied from 10.58 to 12.00%. The fat content in 
the flour blends differs significantly (p<0.05) from both 
negative and positive control. Ayo et al. (2003) reported a 
similar trend for defatted legumes such as pigeon pea and 
groundnut. Ash content in the cookies formulated from 
Bambara nut and cassava flour ranged between 0.97 and 
1.40%. A significant difference (p < 0.05) was noted 
between the blended samples and the control groups.  

Crude fiber content varied from 0.69% to 0.98%, and 
all values fell within range of the suggested daily intake, 
which advises a maximum of 5 g of nutritional fiber per 
100 g of solid material (Adeyanju et al., 2018). 
Carbohydrate levels in the cookies were found to range 
between 50.86 and 61.87%. The carbohydrate content of 
the blends showed that there has been a drastic reduction 
in the carbohydrate content thereby; ensuring other 
nutrients such as protein and fat are major components of 
the cookies. 

 
Phytochemical Characteristics 
The phytochemical contents of the flour blends sample 

are presented in Table 2. The phytochemical properties of 
the blends were significantly higher than full cassava flour 
except for cyanide content which reduced from 0.15 to 
0.01mg/100g as the ratio of cassava flour reduces and very 
negligible in wheat flour. This agrees with Rampersad et 
al. (2003) who reported that the cyanide content of cassava 
flour reduced significantly when it was supplemented with 
pigeon pea.  Tannin contents values ranged from 0.06 to 
0.18 g/100g. The result obtained was consistent with the 
findings of Omeire et al. (2010) who stated that higher 
tannin content may inhibit protein digestion. Phytate levels 
in the blends varied between 0.71 and 1.31 mg/100g, with 
higher values observed as the proportion of cassava flour 
increased. According to Adeyanju et al. (2018) the 
acceptable intake range for phytate is 250 to 500 mg/100g. 
Thus, the cassava–Bambara nut composite flours fall well 
within the safe consumption range. 

 
Conclusion 

 
This research showed that the inclusion of Bambara 

flour enhanced the protein content of cookies compared to 
those made with conventional wheat flour. Substituting up 
to 40% of cassava flour with Bambara nut flour in cookie 
formulation can improve nutritional balance, enhance 
acceptability, enrich phenolic and antioxidant levels, and 
encourage greater use of Bambara nut. 

 

Table 1. Proximate composition of the cookies. 

Treatment Moisture 
(%) 

Protein 
(%) 

Fat 
(%) 

Ash 
(%) 

Crude fibre 
(%) 

Carbohydrate 
(%) 

BC 30:70 9.67±0.23d 16.37±0.37b 10.75±0.25bc 0.97±0.02d 0.69±0.0.02d 61.55±0.02a 
BC 40:60 10.93±0.12c 17.53±1.66bc 10.58±0.38c 1.09±0.01c 0.78±0.01c 59.09±1.78a 
BC 50:50 11.67±0.64b 19.47±1.93d 11.0±0.00b 1.17±0.06b 0.83±0.05b 55.86±2.68a 
BC 60:40 12.20 ±0.20b 23.77±1.33a 11.08±0.14b 1.22±0.02b 0.87±0.02b 50.86±1.69c 
BC70:30 14.00±0.20a 24.87±0.35cd 12.00±0.00a 1.40±0.2a 0.98±0.03a 46.75±0.29b 
100% Cassava 9.35±0.81c 2.10±0.10c 5.64±0.05bc 3.89±0.25c 2.31±0.09b 76.71±0.14d 
100% Wheat flour 9.70±0.08c 3.12±0.06c 10.10±0.2c 2.08±0.01a 1.84±0.24b 73.18±0.82d 

B= Bambara nut, C= Cassava 
 

Table 2. Phytochemical characteristics of cookies produced from bambara nut - cassava blends. 

Treatment Tannin 
(mg/100g) 

Phytate 
(mg/100g) 

Saponin 
(g/100g) 

Oxalate 
(mg/100g) 

Cyanide 
(mg/100g) 

BC 30:70 0.06±0.01c 0.71±0.01d 0.47±0.03bc 0.70±0.02c 0.10±0.00a 
BC 40:60 0.11±0.01b 0.72±0.02d 0.53±0.06b 0.65±0.03c 0.06±.0.00b 
BC 50:50 0.07±0.02c 1.05±0.02c 0.43±0.03c 0.92±0.00a 0.01±0.00d 
BC 60:40 0.12±0.01b 1.18±0.02b 0.52±0.06b 0.84±0.08b 0.02±0.05c 
BC 70:30 0.18±0.01a 1.31±0.01a 0.77±0.02a 0.96±0.00a 0.01±0.00d 
100% cassava flour 0.04±0.01c 0.58±0.01d 0.40±0.03c 0.60±0.00c 0.15±0.00a 
100% wheat flour 0.10±0.00b 1.02±0.00c 0.04±0.00b 0.64±0.02c 0.00±0.00d 
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