
 

Chemical Composition and Sensory Properties 
of Wheat, African Yam Bean and Tiger Nut 
Residue Composite Flour Cookies 

 
 
 
.

ABSTRACT 
 
This study looked into the use of a blend of Wheat, African yam bean and tiger nut residue 
flours for the production of cookies and assessment of its chemical and sensory properties. 
The experiment used a completely randomized design, a total of 5 samples of the composite 
flour and one control (100% wheat flour) were obtained and used to bake the cookies. 
Proximate composition, mineral and sensory properties of the cookies were evaluated; the 
moisture content of the cookies ranged from 5.43 % to 6.91 %, ash content ranged from 1.33 
% to 2.10 %, fat contents ranged from 6.70 % to 12.20 %, crude fibre content ranged from 
3.85 % to 7.65 %, crude protein contents ranged from 11.20% to 15.08% while carbohydrate 
content ranged from 57.33 % to 71.48 %. The result of the mineral revealed that 
magnesium, calcium, iron, phosphorus and sodium ranged from 67.33 to 79.50, 29.00 to 
43.03, 2.30 to 3.26, 117.00 to 139.66, 117.00 to 139.66 mg/100g respectively. The sensory 
attributes of the cookie samples varied significantly (p < 0.05) in terms of colour, crispiness, 
taste, texture and overall acceptability. Notably, the study found that cookies supplemented 
with 15% African yam bean and 15% tiger nut residue were well-accepted. It is anticipated 
that these products can lessen food insecurity. The results of the sensory attributes indicate 
that incorporation of African yam bean flour and tiger nut residue did not adversely affect 
these attributes. 
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1. INTRODUCTION 
 
Cookies are categorized as a type of confectionery treat that has been dried to have little 
moisture [1]. It is a nutritious snack made from a single or composite dough that has been 
heated in the oven to produce goods that are more digestible and pleasant [2].  They often 
contain flour, sugar, and some sort of oil or fat and are typically larger and softer than other 
types of biscuits [3]. Cookies are characterized by a recipe that features minimal water but 
abundant sugar and shortening [4]. Due to their lower moisture content in comparison to 
baked items like bread and cakes, cookies exhibit greater resistance to microbial spoilage 
and enjoy an extended shelf life [5]. Wheat flour, fat (margarine), sugar, and water are the 
essential components of cookies; however, they can also contain additional ingredients such 
salt, milk, aerating agents, emulsifiers, flavorings and colours. In order to satisfy certain 
dietary or therapeutic demands of consumers, they can also be strengthened or enriched 
with additional substances [4]. They are widely consumed as snacks around the world, 
especially in less developed countries where protein-energy malnutrition, especially in 
children and adolescents, is a problem [6].   

Modern-day cookies are conventionally made from soft wheat, a grain cultivated in various 
regions globally but imported by nations like Nigeria, which experience unfavorable climatic 



 

conditions for wheat cultivation [7]. Wheat (Triticum aestivum L.), despite being scarcely 
grown in Nigeria, boasts a wealth of carbohydrates and also contains protein, fat, ash, fiber, 
vitamins, and minerals such as sodium, potassium, calcium, magnesium, iron, phosphorus, 
copper, zinc and manganese [8]. The importation of wheat results in competition and 
depletion of scarce foreign exchange resources. Therefore, there is a compelling need to 
identify local alternatives to wheat in baked products. To this end, the promotion of 
composite flour usage has been advocated as it can reduce wheat importation. The 
incorporation of locally available, cost-effective crops like African yam bean and tiger nut, 
which can partially replace wheat flour without negatively impacting product acceptability, 
represents a promising avenue for product development. This approach can enhance overall 
nutritional content, stimulate the agricultural sector, diversify the range of cookies available, 
and reduce reliance on wheat flour, ultimately leading to lower production costs [9].  

African yam bean primarily thrives in the southern regions of Nigeria and is referred to as 
"Okpodudu," "Ijiriji", or "Azama" by the Ibo people in the southeastern part of the country. Its 
seeds can be cooked by boiling and enjoyed with natural seasonings, roots, tubers and 
fruits, or processed into a paste to create a type of "moimoi" [9]. This legume, despite being 
lesser-known and underutilized, boasts a rich composition of protein, carbohydrates, 
vitamins and minerals [10]. The protein content of African yam bean consists of over 32 
percent essential amino acids, with lysine and leucine being the predominant ones [11]. 
Moreover, African yam bean seeds can be roasted and consumed with palm kernel as a 
snack or boiled and paired with local seasonings, starchy root crops, and fruits [12]. 
Furthermore, it has been reported that African yam bean seeds can undergo processing to 
produce flour, which can be employed in the creation of bakery and confectionery items such 
as bread, biscuits, cookies, doughnuts, pie, crusts, and cakes [11]. 

Tiger nut (Cyperus esculentus) represents an underappreciated and underutilized crop, 
many varieties of which hold significant potential as both human and animal food sources, 
and it is extensively cultivated in Northern Nigeria [13]. In Nigeria, it goes by various names, 
including "Aya" in Hausa, "Ofio" in Yoruba, and "Akiausa" in Igbo [14]. Tiger nuts are notable 
for their high calcium, sodium, and phosphorus content, while their magnesium, manganese, 
iron, zinc, and copper levels are comparatively low [15]. The elevated calcium levels in tiger 
nuts are particularly valuable for promoting bone and tooth development in infants, and the 
presence of other minerals, such as iron, is crucial due to its role in blood formation [16]. 

Prior research has documented the production of cookies using composite flours, including 
blends of wheat, fonio and cowpea [17], lima bean, sorghum and wheat [18], and wheat, 
cocoyam and pigeon pea [19], among others. However, there is a scarcity of reports on the 
use of composite flours composed of wheat, African yam bean (Sphenostylis stenocarpa) 
and tiger nut (Cyperus esculentus) residue in cookie production. Therefore, the primary 
objective of this study was to develop cookies that meet acceptable standards by utilizing a 
combination of African yam bean, tiger nut residue and wheat flour. 

 

 

 

2. MATERIALS AND METHODS 
 
2.1 Material Procurement 



 

Wheat flour, Tiger nut, African yam bean and other ingredients were purchased from Eke-
Awka market, Anambra state, Nigeria. 

2.2 Preparation of African yam bean flour 

The African yam beans were transformed into flour following the procedure outlined in [20], 
with a minor adjustment. First, the beans were carefully examined to remove any damaged 
portions and then soaked in clean water for a full day. Afterward, they were manually 
dehulled by vigorous rubbing between the palms. Subsequently, the de-hulled beans were 
subjected to drying in a hot air oven (Model 10-D1390) at 72 °C for a duration of 4 hours. 
These dried, de-hulled beans were then finely ground using a hammer mill machine 
(Tigerextruda 6.5 hp, UK) to achieve a particle size of approximately 250 microns. Finally, 
the resulting flour was placed in a polyvinyl chloride bag and stored at room temperature 
until it was ready for use. 

2.3 Preparation of Tiger nut residue Flour 

Tiger nut tubers were selected, thoroughly cleaned, crushed, blended and sieved to extract 
milk, leaving the residue, which was then dried in a cabinet dryer at 60

o 
C for 24 h. The 

residue was then milled into flour, sieved using a 212 m sieve size to obtain flour of uniform 
particle size and stored in a plastic air-tight container with a lid at room temperature for later 
use. 

2.3 Research Design 

The design is completely randomized design; three different flours were mixed at various 
ratios to give 100g composite 

Table 1: Ratios of blends of wheat, African yam beans and tiger nut residue in Cookies 
production 
 

No Wheat flour(g) African Yam Bean flour (g) Tigernut Residue flour (g) 

1 70 15 15 

2 70 20 10 

3 70 10 20 

4 80 10 10 

5 90 05 05 

6 100 00 00 

 
 

2.4 Production of cookies 

The cookies were made using the previously discussed technique [22].The ingredients were 
as follows; milk powder (30g), baking powder (2g), fat (40g), sugar (20g), whisked egg 
(30ml), and flour (100g). With the aid of a weighing balance (Mettler, PC 400, Switzerland), 
the ingredients were accurately weighed. Then the butter, sugar and egg were creamed and 
the flour, baking powder, salt, and milk powder were added. The creamy mixture was then 



 

combined for 30 minutes with a Kenwood electric mixer to create a uniform mass. Next, 
using a rolling pin and a biscuit cutter, the dough was flattened out to a thickness of 3 inches 
and a diameter of 1 inch. The sliced dough was placed on a baking sheet and baked for 10-
15 minutes at 175 °C. The cookies were then removed from the oven, allowed to cool to 
room temperature, and then sealed in a plastic bag for analyses to follow. 

2.5 Chemical Analysis 

 The moisture, crude protein, fat, ash and crude fiber levels in the cookies were evaluated in 
triplicate using established analytical procedures [23]. Carbohydrate content was calculated 
as the difference from 100% after accounting for moisture, protein, fat, and ash [24]. The 
potassium and iron concentrations in the cookies were measured following ashing, utilizing a 
flame photometer (Model 405, Corning, UK) in accordance with the approach described by 
Ndie et al [25]. To determine the calcium and magnesium content of the samples, atomic 
absorption spectrophotometry was employed (Perkin-Elmer, Model 1033, Norwalk, CT, 
USA), following the method outlined in [23]. The assessment of phosphorus was carried out 
using the colorimetric method established by Giami [26]. 

2.6 Sensory Evaluation 

A group of 50 panelists, consisting of both male and female individuals who were staff and 
students of the Department of Food Science and Technology at Nnamdi Azikiwe University 
in Awka, participated in the study. These panelists received training in the specific 
descriptive terms of the sensory scales and were asked to assess the different cookie 
samples for taste, appearance, texture, aroma, and overall acceptability using a 7-point 
hedonic scale. In this scale, a rating of 7 indicated a strong liking, while a rating of 1 
indicated a strong disliking. The presentation of coded samples was conducted randomly, 
and participants were provided with portable water to rinse their mouths between the 
evaluations [27]. 

2.7Statistical Analysis 

The mean of all parameters were evaluated for significance (P<0.05) by analysis of variance 
(ANOVA) and the mean separation and the significant effect tested by Duncan’s multiple 
range of test using SPSS version 23.0 (IBM, USA) 
 

3. RESULTS AND DISCUSSION 
 
3.1 Proximate composition (%) of cookies produced from composite flours 

The proximate composition of the cookie samples was displayed in Table 2, revealing that 
the composition of the cookies changed in response to the varying proportions of the three 
flours used in the formulated mixtures. These fluctuations can be ascribed to variances in 
the chemical makeup of the individual flours employed in creating the composite flour blend. 
Notably, the inclusion of African yam bean and tiger nut residue in the cookie samples led to 
an increase in their moisture, ash, fiber, fat, and protein content, while diminishing the 
carbohydrate content. 

The moisture content ranged from 5.43% to 6.91%, with the control sample (100% wheat 
flour) having the lowest moisture content and the sample 1 (WH-70: AYB-15: TNR-15) 
exhibiting the highest moisture content. The impact of incorporating African yam bean and 
tiger nut residue on the moisture content of the cookie samples was evident, as all the 



 

composite samples displayed higher moisture levels compared to the control sample. In 
contrast, smaller moisture values, ranging from 3.70% to 4.60%, were reported for cookies 
produced from maize and tiger nut flour blends [28]. However, another study [29] 
documented higher moisture content, ranging from 7.10% to 10.89%, for biscuits produced 
from composite flours of wheat, sorghum, and defatted coconut flour. The variability in 
moisture content can be attributed to disparities in the raw materials employed, as well as 
environmental and experimental factors [30]. The low moisture content observed in this 
study is considered advantageous for inhibiting microbial activity and prolonging the shelf-life 
of the cookies, provided that they are shielded from moisture absorption through appropriate 
packaging. 

The ash content of a food material can serve as an indicator of its mineral composition, as 
ash remains after heating the material in the presence of an oxidizing agent, removing water 
and organic matter [31]. In our study, the composite cookies showed higher ash content 
compared to the control cookies. Sample 2 (WH-70: AYB-20: TNR-10) had the highest ash 
content at 2.10%, while sample 6 (100% wheat flour) had the lowest at 1.33%. This increase 
in ash content was primarily due to the incorporation of African yam bean, known for its high 
ash content [32;33]. 
The analysis in Table 2 demonstrated a significant (p < 0.05) increase in fiber content in the 
cookies, from 3.85% in sample 6 (100% wheat flour) to 7.65% in sample 3 (70% wheat flour, 
10% African yam bean flour, and 20% Tiger nut residue). This aligns with previous studies 
[34] and [11], which also reported increased fiber content in cookies made from wheat-tiger 
nut residue composite flour (1.06 – 3.13%) and wheat-African yam bean composite flour 
(3.84 - 4.22%), respectively. [35] similarly reported an increase in fiber content (0.48 to 
1.03%) in wheat cookies fortified with pineapple peel flour, although their values were lower 
than those in our study. Crude fiber composition is a measure of indigestible cellulose, 
pentose, lignin, and other components like these in food [36]. Although it lacks significant 
nutritional value, crude fiber aids in nitrogen utilization, absorption of micronutrients, and 
provides bulk for intestinal peristalsis [37]. 
All samples exhibited significant differences (p < 0.05) in fat content, with fortified cookies 
showing substantially higher fat content compared to the control sample. Fat content ranged 
from 6.70% in control sample 6 (100% wheat flour) to 12.20% in sample 3 (70% wheat flour, 
10% African yam bean flour, and 20% Tiger nut residue). The fat content falls within the 
range of 9.95-20.45% reported by [38] for cookies made from wheat, defatted peanut, and 
avocado flour blends but is higher than the 3.84-4.63% reported by [11] for wheat-African 
yam bean composite cookies. These variations could be attributed to differences in raw 
materials used and the type of butter used in cookie formulation [37]. High-fat content in 
baked goods can pose challenges related to rancidity during storage, but it also facilitates 
the absorption of fat-soluble vitamins and contributes to flavor and sensory qualities [39]. 
The protein content of the control sample 6 (100% wheat flour) was the lowest at 11.20%, 
while samples with African yam bean flour and tiger nut residue substitutions had higher 
protein content. The addition of African yam bean flour and tiger nut residue resulted in an 
increase in protein content, with sample 2 (WH-70: AYB-20: TNR-10) reaching the highest 
level at 15.08%. This observation is consistent with reports that African yam bean is a good 
protein source [40; 41; 42]. Similar increases in protein content have been reported in bakery 
products using pigeon pea flour as a substitute [12]. 
The carbohydrate content of the cookies ranged from 57.33% to 71.48%. Significant 
differences (p < 0.05) were observed between sample 6 (100% wheat flour) and other 
blended samples, while samples 1 (WH-70: AYB-15: TNR-15), 2 (WH-70: AYB-20: TNR-10), 
and 3 (WH-70: AYB-10: TNR-20) did not show significant differences (p > 0.05) among 
them. Cookies containing African yam bean and tiger nut residue had lower carbohydrate 
content than the control sample, primarily due to the substitutions made, resulting in reduced 
or altered carbohydrate content in the blended samples. Similar decreases in carbohydrate 



 

content have been reported in cookies made from blends of wheat and African yam bean 
and wheat and bambara groundnut [43;11]. According to [44], carbohydrate content 
contributes to the energy value of food formulations, making these cookies suitable for 
individuals of all age groups, especially infants who require energy for rapid growth. 
 

Table 2: Proximate composition (%) of cookies produced from composite flour 
 

NO WH:AYB:TR Moisture Ash Fibre Fat Protein Carbohydrate 

1 70 : 15 : 15 6.86
a
±0.53 1.80

b
±0.13 6.90

b
±0.05 12.10

b
±0.05 14.30

ab
±0.61 57.70

d
±0.70 

2 70 : 20 : 10 6.60
ab

±0.91 2.10
a
±0.19 5.73

c
±0.03 11.06

c
±0.06 15.08

a
±0.88 58.46

d
±1.40 

3 70 : 10 : 20 6.91
a
±0.82 1.77

bc
±0.12 7.65

a
±0.05 12.20

a
±0.00 14.14

ab
±0.93 57.33

d
±0.90 

4 80 : 10 : 10 6.39
ab

±0.64 1.58
cd

±0.08 5.70
c
±0.05 10.46

d
±0.05 13.01

bc
±0.01 62.86

c
±0.12 

5 90 : 05 : 05 5.81
ab

±0.45 1.41
de

±0.00 5.50
d
±0.00 7.50

e
±0.05 11.80

cd
±1.00 67.97

b
±0.52 

6 100: 00: 00 5.43
b
±0.45 1.33

e
±0.00 3.85

e
±0.05 6.70

f
±0.05 11.20

d
±1.00 71.48

a
±0.48 

Means ± standard deviation of triplicate determinations. Means in the same column with 
different superscripts are significantly different (p≤0.05). 

The key: WH – Wheat flour, AYB – African yam bean flour, TNR – Tiger nut residue 

3.2 Mineral composition (mg/100g) of cookies produced from the composite 
flours 

The mineral composition of cookies made from a blend of wheat, African yam bean and tiger 
nut residue flours is detailed in Table 3. The magnesium levels varied, ranging from 67.33 to 
79.50 mg per 100 grams. Sample 6 (100% wheat flour) had the lowest magnesium content, 
while sample 2 (WH-70: AYB-20: TNR-10) had the highest. It was observed that 
incorporating African yam bean and tiger nut residue flour into the cookie formulation 
generally enhanced the magnesium content in all composite samples. Notably, the 
magnesium values obtained in this study were lower than the range of values (78.55 – 98.88 
mg/100 g) reported for wheat-defatted peanut avocado biscuits [38]. These differences in 
results may be attributed to variations in the choice of raw materials. As noted by [45], 
magnesium serves as an activator for numerous enzyme systems and plays a role in 
maintaining nerve electrical potential. Additionally, magnesium collaborates with calcium to 
facilitate muscle contraction, blood clotting, and the regulation of blood pressure and lung 
function [45]. 

The analysis of calcium content in the cookie samples revealed a range from 29.00 mg/100g 
in sample 6 (100% wheat flour) to 43.03 mg/100g in sample 2 (WH-70: AYB-20: TNR-20). 
Notably, the inclusion of African yam bean and tiger nut residue flour led to an augmentation 
in calcium levels, aligning with findings reported in [42], which also documented an increase 
in calcium content in wheat-African yam bean cookies. Calcium holds paramount importance 
in maintaining overall bodily health, as it plays a pivotal role not only in fortifying bones and 
teeth but also in ensuring the proper operation of muscles and nerves [16]. Furthermore, it 
contributes significantly to the regulation of heart tone and contractility, while serving as a 
counteractive agent to the depressant effects of potassium [46]. 

In addition, an increase in the iron content of the cookies was observed when compared to 
the control sample, with values ranging from 2.30 mg/100g to 3.26 mg/100g in the 
substituted samples. This observation concurs with the findings of [11], who reported a 
similar increase in iron content in cookies made from a blend of wheat and African yam bean 
flours. Iron content assumes a critical role in bolstering the overall daily intake of essential 
elements, particularly micronutrients [47].  



 

The phosphorus content in the cookie samples exhibited a range, spanning from 117 to 
139.00 mg/100 g. The highest recorded value was in sample 2 (WH-70: AYB-20: TNR-10), 
whereas the lowest was observed in sample 6 (comprising 100% wheat flour). Notably, 
these results were lower than the phosphorus levels (ranging from 176.37 to 221.36 mg/100 
g) documented in biscuits produced from a blend of wheat, defatted peanut, and avocado 
composite flour, as reported in [38]. The variations in outcomes could be ascribed to 
differences in the selection of raw materials. Phosphorus plays a pivotal role in maintaining 
the osmotic balance of body fluids, regulating body pH, controlling muscle function and 
nerve excitability, managing glucose absorption, and promoting normal protein retention 
during growth [48]. Additionally, it serves as a crucial component of both cell and bodily 
fluids, aiding in the regulation of heart rate and blood pressure, thereby countering the 
adverse effects of sodium [48]. 

Significant differences (p < 0.05) were observed in the sodium content across all the 
samples, with levels ranging from 25.26 to 33.26 mg/100 g. However, these values did not 
align with the recommended sodium intake level established by the United States 
Department of Agriculture (USDA), which stands at 1500 mg/g [49]. Instead, they exceeded 
the sodium content range of 14.11 – 16.08 mg/100 g, as reported in [31] for cookies 
produced using flour blends of wheat, walnut, and carrots. The disparities in raw material 
composition are likely responsible for these varying results. Sodium plays a crucial role in 
maintaining water balance, facilitating nerve impulse transmission, and aiding in the 
absorption and transportation of certain nutrients. However, it is advisable to limit sodium 
intake to a reduced level (2.0 g per day) [50], as excessive sodium consumption may 
contribute to elevated blood pressure, especially in individuals sensitive to salt [51]. 

Table 3: Mineral composition (mg/100g) of cookies produced from the 
composite flours 

NO WH:AYB:TR Magnesium Calcium Iron Phosphorus Sodium 

1 70 : 15 : 15 78.50
b
±0.10            39.01

b
±0.02 3.10

a
±0.10 135.33

b
±1.52 29.80

b
±0.10 

2 70 : 20 : 10 79.50
a
±0.10            43.03

a
±0.50 3.26

a
±0.05 139.66

a
±1.52 33.26

a
±0.15 

3 70 : 10 : 20 74.56
c
±0.05           36.31

c
±0.54 2.86

b
±0.05 129.66

c
±1.52 28.56

c
±0.20 

4 80 : 10 : 10 73.30
d
±0.05            36.00

c
±1.00 2.80

b
±0.10 123.00

d
±1.00 28.53

d
±0.14 

5 90 : 05 : 05 70.43
e
±0.51           32.00

d
±1.00 2.56

c
±0.15 120.00

e
±1.00 28.14

e
±0.22 

6 100 :00 :00 67.33
f
±0.57            29.00

e
±1.00 2.30

d
±0.10 117.00

e
±1.00 25.26

f
±0.15 

Values are mean ± standard deviation of triplicate determinations. Means in the same 
column with different superscripts are significantly different (p≤0.05). 

The key: WH – Wheat flour, AYB – African yam bean flour, TNR – Tiger nut residue 

3.3 Sensory properties of the cookies  

The sensory evaluation results for cookies made from a blend of wheat, African yam bean, 
and tiger nut residue flours are presented in Table 4. Cookies received mean scores ranging 
from 5.00 to 6.00. Sample 1 (WH-70: AYB-15: TNR-15) received the highest scores, while 
sample 3 (WH-70: AYB-10: TNR-20) received the lowest scores. Importantly, all the samples 
scored above the average level for color, indicating that the inclusion of African yam bean 
and tiger nut residue flour did not have a detrimental impact on this aspect. Panelists 
expressed a preference for the brown color of the cookies, which may have resulted from 
Maillard reactions due to the presence of reducing sugars, proteins, and amino acids, as well 
as caramelization caused by intense heating during processing [38]. 



 

Taste is a crucial aspect of sensory perception in food products, involving the sensation of 
flavor experienced in the mouth and throat upon contact with a substance [52]. It ranks 
among the most important attributes to consider. Taste can be influenced by the types and 
quality of ingredients and may also depend on the formulation of the food material [53]. The 
mean taste scores for the cookie samples ranged from 4.40 to 6.33. Sample 6 (100% wheat 
flour) received the highest score, while sample 2 (WH-70: AYB-20: TNR-10) received the 
lowest score. Notably, all the samples scored above the average level for taste, indicating 
that the incorporation of African yam bean and tiger nut residue flour did not have an 
adverse impact on this attribute. This finding aligns with the results reported in [11], which 
indicated that cookies fortified with African yam bean were well-received by consumers. 

Mouthfeel refers to how our mouth's sensory organs perceive attributes such as roughness, 
smoothness, chewiness, and stickiness of food [44]. In terms of mouthfeel, the control 
sample 6 (100% wheat flour) received the highest mean score of 5.93, while sample 3 (WH-
70: AYB-10: TNR-20) had the lowest score of 4.60. Importantly, all the samples scored 
above the average level for mouthfeel, suggesting that the inclusion of African yam bean and 
tiger nut residue flour did not have an adverse effect on this aspect. 

Crispiness is a textural characteristic that indicates how soft or hard a cookie is and how 
easily it can be crunched [54]. The results presented in Table 4 indicated significant 
differences (p<0.05) in the crispiness of the cookie samples, with the lowest score of 4.86 
observed in Sample 3 (WH-70: AYB-10: TNR-20) and the highest score of 6.06 in sample 6 
(100% wheat flour). 

The mean scores for the overall acceptability of the cookies were consistently above the 
average, indicating a high level of acceptability among the samples. There was no significant 
difference (p > 0.05) between sample 6 (100% wheat flour), which received the highest 
score of 6.20, and sample 1 (70% wheat flour, 15% African yam bean flour, and 15% Tiger 
nut residue). However, these two samples did differ significantly (p < 0.05) from the other 
samples. As noted in [38], factors such as baking conditions (including temperature and time 
variables), the state of cookie constituents (e.g., fiber, starch, and gluten) whether damaged 
or undamaged, and the amount of absorbed water during dough mixing all contribute to the 
final overall acceptability of the cookies. 

Table 4: Sensory properties of the cookies  

NO WH:AYB:TR Colour     Taste      Mouth feel Aroma Crispiness Overall 
Acceptability 

1 70 : 15 : 15 6.00
a
±0.75    5.60

ab
±1.35    5.66

ab
±0.81     5.26

a
±1.22      6.06

a
±0.88 6.13

a
±0.91 

2 70 : 20 : 10 5.66
ab

±0.81    4.40
c
±1.35      5.00

bc
±1.30    4.20

b
±1.82      4.93

c
±1.16        5.06

b
± 0.96                     

3 70 : 10 : 20 5.00
b
±1.36     4.73

bc
±1.03      4.60

c
±0.91      4.40

b
±0.88      4.86

c
±0.83         4.93

b
±0.96 

4 80 : 10 : 10 5.66
ab

±0.89     5.46
ab

±1.40      5.80
a
±1.01      5.26

a
±0.89     5.60

abc
±1.18       5.40

b
±1.21 

5 90 : 05 : 05 5.80
a
±0.86      5.00

bc
±1.13       5.26

ab
c±1.09    5.13

a
±0.89     5.66

a
±1.20         5.53

b
±1.17 

6 100:00:  00 5.86
a
±0.74      5.93

a
±0.79      5.93

a
±0.79          5.66

a
±0.89       6.00

ab
±1.06       6.20

a
±0.67 

Mean ± standard deviation of triplicate determinations. Means in the same column with 
different superscripts are significantly different (p≤0.05). 

The key: WH – Wheat flour, AYB – African yam bean flour, TNR – Tigernut residue 

 



 

4. CONCLUSION 
 
Cookies were produced by partially replacing wheat with African yam bean and tiger nut 
residue flour. The samples containing these substitutions exhibited higher levels of protein, 
fat, ash, and dietary fiber compared to the control sample, which consisted of 100% wheat 
flour. Among these samples, sample 2 (cookies with 20% African yam bean and 10% tiger 
nut residue flour substitution) recorded the highest content of magnesium, calcium, iron, 
phosphorus, and sodium. Interestingly, the control sample received the highest overall 
acceptability ratings. However, among the blended samples, sample 1 (cookies with 15% 
African yam bean and 15% tiger nut residue flour substitution) was the most favored in terms 
of overall acceptability. This suggests that it is feasible to produce well-accepted cookies 
with enhanced nutritional value and a higher dietary fiber content by incorporating blends of 
wheat, African yam bean, and tiger nut residue flour. 
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