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Introduction
 Cookies are a form of confectionery products usually dried to low 
moisture content [1]. When compared to biscuits, they tend to be larg-
er with a softer, acceptable texture and usually contain flour, sugar 
and some type of oil or fat. They may be mass- produced in facto-
ries or made in small bakeries or homes. They are consumed all over 
the world as snacks and on a large scale in the developing countries 
where protein-energy malnutrition is prevalent especially among chil-
dren and adolescents [2]. The snack industry is growing globally with 
the rapid introduction of new products formulated with the intent of 
meeting specific health or organoleptic needs of consumers.

 Cookies which are cereal- based products are poor sources of 
protein because they are produced from wheat flour which has low 
protein content. The complementary role of legume protein and the 
increased cost of animal protein for human food have made legumes 
important as alternative sources of dietary protein [3,4]. The legumes 
that are commonly consumed in Nigeria and other sub - Sahara Afri-
can countries include pigeon pea, cowpea, African bread fruit, Bam-
bara groundnut, soybean and African yam bean etc. The use of indig-
enous flour substitutes for wheat to produce composite flour for the 
preparation of baked products is therefore necessary. Composite flour 
can be defined as a mixture of several flours obtained from roots and 
tubers, cereals and legumes etc, with or without the addition of wheat 
flour. It can also be defined as a mixture of different flours from cere-
als, legumes or root crops that is created to satisfy specific function-
al characteristics and nutrient composition [5]. These grains can be 
processed traditionally to improve their nutritional quality. However, 
due to their low protein content, they are susceptible to modification. 
Modification of protein is usually realized by physical, chemical and 
biological methods such as fermentation or an enzymatic treatment, 
which changes its structure and consequently its physicochemical and 
functional properties [6].

 The protein of the millet is quite similar to that of wheat. The only 
glaring exception is that millet is a non- gluten grain. Despite their 
excellent nutritional quality, millet grains have received less attention 
compared to some major cereals like rice, wheat and corn. The pro-
duction of gluten-free food products with low glycemic index makes 
millet to be important in recent times. Millets are high in carbohy-
drate and energy contents. It has been reported that millet proteins  
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Abstract
 The proximate, mineral and sensory properties of millet, African 
walnut and unripe plantain composite flour cookies were investigat-
ed. The millet, African walnut and unripe plantain flours were blend-
ed in the ratios of 90: 5: 5, 80: 10: 10, 70: 15: 15, 60: 20: 20, 50: 25: 
25 with the cookies produced from 100% wheat flour as control. The 
cookies produced were evaluated for proximate, mineral and sen-
sory properties using standard methods. The moisture, protein, fat, 
ash and crude fibre contents of the cookie samples increased signifi-
cantly (p≤0.05) from 7.66±0.11 - 10.34±0.17%, 10.66 - 15.11±0.4%, 
2.28±0.01 - 2.50±0.03%, 3.25 ± 0.16 - 3.71± 1.36% and 1.31± 0.01 
- 2.37± 0.04% with increased substitution of African walnut and un-
ripe plantain flours, while the carbohydrate and energy contents 
decreased from 74.84± 0.06 - 65.97 ± 0.08% and 362.52± 0.16 - 
346.82 ± 3.22 KJ/100g, respectively. The mineral content of the sam-
ples showed that the calcium, phosphorus, iron and zinc contents 
increased with increase in substitution of African walnut and unripe 
plantain flours from 48.57± 7.03 - 63.76± 0.03mg/100g, 157.87 ± 
0.04 - 170.71± 0.66mg/100g, 1.25±0.04 - 1.85±0.01mg/100g and 
1.49±0.06 - 1.83±0.04mg/100g, respectively, while the potassium 
and magnesium contents decreased. The control sample (100% 
wheat cookies) had the highest potassium (120.97±0.44mg/100g) 
and magnesium (106.89±0.47mg/100g) contents, respectively. The 
force - deformation characteristics of the samples decreased sig-
nificantly (p≤0.05) with increased substitution of African walnut and 
unripe plantain flours. The control (100% wheat cookies) had bet-
ter force-deformation characteristics compared to composite flour 
cookies. The sensory scores showed that the texture, crispiness, 

taste, aroma and overall acceptability of the control sample were 
the most acceptable to the panelists compared to the samples sub-
stituted with African walnut and unripe plantain flours at different 
graded levels. Although the control sample had better consumers’ 
sensory attributes, it was the lowest in nutrient contents compared 
to the composite flour cookies with exception of carbohydrate, po-
tassium and magnesium. The study, therefore, showed that cook-
ies of acceptable nutrient contents and sensory properties could be 
produced from millet, African walnut and unripe plantain composite 
flours.
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are good sources of essential amino acids with the exception of lysine 
and threonine but are relatively high in methionine [7]. African wal-
nut (Tetracarpidium conophorum) is a good protein source but it is 
underutilized. It is often found growing wild as a climber in the forest 
regions of Africa and India [8]. It has a long history as food plant and 
is grown by peasant farmers. It is widely distributed in southern part 
of Nigeria [9]. Plantain is an important staple food as well as the raw 
material for industries producing value added products in many parts 
of Nigeria. Due to its high demand in the country, the economic status 
of this crop as a foreign exchange earner has been hampered in recent 
times. It plays a strategic role in rapid food production because it is a 
perennial crop with short gestation period [10]. It is cheap and good 
sources of energy, vitamin C, vitamin A and mineral elements like 
magnesium, folate, iron and potassium [11]. The utilization of these 
food materials as composites in the preparation of cookies would help 
to improve their nutrient contents and sensory properties. Therefore, 
the study was designed to produce and evaluate the nutrient com-
position, physical and sensory properties of cookies from composite 
flours of millet, African walnut and unripe plantain.

Materials and Methods

 The pearl millet, African walnut and unripe plantain used for the 
study were purchased from Ogbete Main Market, Enugu, Enugu 
State, Nigeria, while the other baking ingredients such as wheat flour, 
butter, baking powder, sugar, salt, and egg were purchased from the 
same market.

Preparation of malted millet flour

 The malted millet flour was prepared according to the method of 
Jideani [12]. One kilogramme (1kg) of the pearl millet grains were 
sorted to remove dirt and other extraneous materials. The sorted 
grains were winnowed, cleaned and soaked in 3 litres of potable water 
in a plastic bowl at room temperature (30±2°C) for 18 h with a change 
of water at every 6 h to prevent fermentation. The soaked grains were 
drained, rinsed and immersed in 2% sodium hypochlorite solution 
for 10 min to sterilize the grains. Thereafter, the grains were rinsed 
with excess water for five consecutive times and cast on a moistened 
jute bag, covered with a polyethylene bag and left for 24 h to fasten 
sprouting. After that, the grains were quietly spread on a jute bag and 
allowed to germinate in the germinating chamber at room temperature 
(30±2°C) and relative humidity of 95% for 96 h. During this period, 
the grains were sprinkled with water at every 14 h to facilitate germi-
nation. Non- germinated grains were handpicked and discarded. The 
germinated grains were collected, spread on the trays and dried in a 
hot air oven (Model Gollenkamp 300 Plus, England) at 60°C for 20 
h with occasional stirring of the grains at intervals of 30 min to en-
sure uniform drying. The dried millet malts were cleaned and rubbed 
in- between palms to remove the roots and shoots. The millet malts 
were milled in an attrition mill (Model Globe P44, China) and sieved 
through a 400 micron mesh sieve. The flour produced was packaged 
in an airtight plastic container, labelled and stored in a freezer until 
needed for further use.

Preparation of African walnut flour

 The African walnut flour was prepared according to the method 
of Barber and Obinna-Echem [13]. One kilogramme (1kg) of freshly 
harvested African walnuts were thoroughly cleaned to remove dirt 
and other contaminants. The cleaned nuts were manually de-shelled 
by cracking them with a kitchen knife to obtain the seeds. The  

de-shelled seeds were cut into smaller slices with a knife. The African 
walnut slices were rinsed, put in a stainless pot and boiled with 3 
litres of potable water at 1000C for 40 min on a hot plate. The boiled 
slices were drained, rinsed and spread on the trays and dried in a hot 
air oven (Model Gallenkamp 300 Plus, England) at 600C for 24 h with 
occasional stirring of the slices at intervals of 30 min to ensure uni-
form drying. The dried slices were milled in an attrition mill (Model 
Globe P44, China) and sieved through a 400 micron mesh sieve. The 
flour produced was packaged in an airtight plastic container, labelled 
and kept in a freezer until needed for further use.

Preparation of unripe plantain flour

 The unripe plantain flour was prepared according to the method of 
Chinma and Gernah [2], with slight modifications. One kilogramme 
(1kg) of mature unripe plantain fruits were thoroughly cleaned and 
peeled manually with a kitchen knife. The peeled plantain fruits were 
cut into smaller sizes with a knife. The slices were rinsed, placed into 
a stainless pot and blanched with 3 litres of potable water at 85°C for 
20 min on a hot plate. The blanched slices were drained, rinsed and 
spread on the trays and dried in a hot air oven (Model Gallenkamp 
300 Plus England) at 60°C for 18 h with occasional stirring of the 
slices at intervals of 30 min to ensure uniform drying. The dried slices 
were milled in an attrition mill (Model Globe P44, China) and sieved 
through a 400 mesh sieve. The flour produced was packaged in an 
airtight plastic container, labelled and stored in a freezer until needed 
for further use.

Formulation of flour blends

 Millet Flour (MF), African Walnut Flour (AWF) and Unripe Plan-
tain Flour (UPF) were thoroughly mixed together in the ratios of 90: 
5: 5, 80: 10: 10, 70: 15: 15, 60: 20: 20, and 50: 25: 25 in a Kenwood 
mixer (Model NX 908 G, Kenwood, Britain, UK) to produce compos-
ite flours. The composite flours produced were packaged separately 
in plastic containers, labelled and kept in a freezer until needed for 
cookie production.

Preparation of cookies

 The cookies were prepared according to the method of Okpala 
et al. [14]. The recipe used for the preparation of cookies contained 
100% flour, 40% sugar, 80% fat, 2% baking powder, 2% salt, 5% 
beaten eggs and 5% vanilla flavour. During preparation, sugar, flour, 
baking powder and salt were hand mixed in a plastic bowl. Then, fat 
was added and the mixture was mixed further by hand until a bread 
crumb- like mixture was obtained. The mixture was transferred into a 
food processor (Home luck). The beaten egg and flavour were added 
and the mixture was mixed thoroughly at medium speed for 5 min to 
obtain the dough. The dough was manually rolled out on a flat and 
smooth floured board into sheets of uniform thickness of 4cm and 
cut with a circular cookie cutter. The cut doughs were transferred into 
baking trays lined with greased proofed paper and baked at 180°C for 
20 min in a domestic oven (Camara, Italy). Thereafter, the cookies 
were cooled at room temperature (30± 2°C), packaged separately in 
air tight plastic containers, labelled and kept in a freezer until needed 
for analyses.

Proximate analysis

 The moisture, crude protein, fat, ash and crude fibre contents of 
the cookie samples were determined in triplicate according to the 
standard analytical methods of AOAC [15]. Moisture was determined  
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by drying 2g of the milled cookie samples in an air oven at 105°C 
for 3 h. Protein content (%N × 6.25) was determined by the Kjeldahl 
method. Fat was determined by Soxhlet extraction method with petro-
leum ether at 50°C. The ash content was determined gravimetrically 
after incineration in a muffle furnace at 500°C for 24 h. Crude fibre 
was determined by difference after the incineration of the ash-less 
filter paper containing the insoluble materials from the hydrolysis and 
washing of moisture- free defatted sample (1g). Carbohydrate con-
tent was calculated by difference on dry sample weight by subtracting 
the summation of the percentage moisture, protein, fat, ash and crude 
fibre contents from 100%. The energy content of each sample was 
calculated by multiplying the percentage of crude protein, fat and car-
bohydrate of the samples in each case using the Atwater factors of 4, 
9 and 4, respectively.

Mineral analysis

 The minerals were extracted by dry-ashing of the samples at 
500°C to constant weight followed by the dissolution of the ash in 
volumetric flask by the addition of 50mL of de-ionised water and a 
few drops of concentrated hydrochloric acid. The calcium, phospho-
rus, iron and zinc contents of the samples were determined by the use 
of atomic absorption spectrophotometer (Model 320N) according to 
the standard methods of AOAC [15]. The potassium content was esti-
mated by the flame photometer (Model FP 640), while the magnesium 
content was determined by the method of Onwuka [16].

Force-deformation characteristics

 The compression strength test was conducted on the cookie sam-
ples using computer aided INSTRON Universal Testing Machine 
(IUTM) as described by Chauhan et al. [17]. The cookie samples were 
loaded and compressed at the cross-head load of 5KN at high speed 
for 5 min. As the compression began and progressed, a load-defor-
mation curve was plotted automatically in relation to the response of 
each sample under compression. The IUTM compressed the sample 
until the first crack which showed that the compressive or breaking 
strength of the cookies was noticed. Thereafter, other parameters such 
as energy at maximum load and slope of the curve were recorded.

Sensory evaluation

 The wheat and composite flour cookies produced were cooled for 
2 h at room temperature (30±2°C) after baking and were assessed 
sensorily by twenty (20) semi-trained consumer panelists consisting 
of staff and students of the Department of Food Science and Tech-
nology, Enugu State University of Science and Technology (ESUT), 
Enugu. During the sensory test, the cookies were individually coded 
and served to the panelists in white ceramic plates of uniform sizes. 
The panelists were asked to taste, evaluate and rate the samples us-
ing a nine (9) point Hedonic scale for the attributes of colour, taste, 
texture, aroma, crispness and overall acceptability. A cup of drinking 
water was also provided to each panelist to rinse his or her mouth 
after tasting each sample to avoid residual effect. The panelists were 
instructed to evaluate and score the cookie samples based on their 
degree of preference and acceptance of each product.

Statistical analysis

 The data generated were subjected to one-way Analysis of Vari-
ance (ANOVA) using Statistical Package for Social Sciences (SPSS, 
version 20) software. Significant means were separated using Dun-
can’s New Multiple Range Test (DNMRT) at p<0.05 and the results  

were expressed as mean ± standard deviation of triplicate determi-
nations.

Results and Discussion
Proximate composition of millet-African walnut-unripe 
plantain composite cookie samples

 The proximate composition of the cookie samples are presented in 
table 1. The moisture content of the cookie samples varied significant-
ly (p<0.05) from each other. The moisture content ranged from 7.66 
to 10.34% with the control sample having the least moisture content 
(7.66%), while the sample substituted with 25% African walnut and 
25% unripe plantain flours had the highest moisture content (10.34%). 
The result is in agreement with the report of Echendu et al. [18], for 
biscuits made with maize/pigeon pea flour blends. High moisture is 
not desirable in foods because it affects the shelf life of food products. 
Cookie products with moisture content less than 13% are more stable 
from moisture dependent deterioration [19]. The protein content of 
the samples showed that the protein content of the cookies increased 
significantly (p<0.05) with increase in substitution with African wal-
nut flour and this is in agreement with the report that African walnut 
has high protein content [20,21]. Hassan and Umar [22], reported that 
any plant food that supplies or provides more than12% of its energy 
from protein is considered a good source of protein. Protein is import-
ant in the building and maintenance of cells in the body. The fat con-
tent of the samples increased significantly (p<0.05) with increase in 
substitution with African walnut flour and this is in consonance with 
the fact that African walnut is a rich source of fat [8,20,21,23]. The 
oil extracted from African walnut has been reported to be an excellent 
source of Omega-3 essential fatty acids; a special type of protective 
fat the body cannot manufacture [24]. Cookies are regarded as a rich 
source of fat; hence they are energy giving food [25]. The ash con-
tent of the cookies increased from 3.25% (100%wheat cookies) to 
3.71% (Composite cookies substituted with 25% African walnut and 
25%unripe plantain flours). The ash content obtained in this study 
was higher than the ash content reported by Eneche [26], for biscuits 
produced from millet/pigeon pea flour blends. The ash content of a 
food material could be used as index of the mineral constituents of the 
food [27]. The crude fibre content of the cookie samples ranged from 
1.31 % in the control sample to 2.37% for the sample containing mil-
let flour substituted with 25% African walnut and 25% unripe plan-
tain flours, respectively. This showed that African walnut and unripe 
plantain flours are good sources of fibre and hence, they can be used 
in preparation of functional food products. The consumption of high 
fibre food products has been reported to reduce the onset of hermor-
rhoids, diabetes, high blood pressure and obesity in humans [28,29]. 
The fibre content of the cookies is within the FAO/WHO [30], level 
of not more than 5%. The carbohydrate content of the cookie samples 
ranged from 65.97 to 74.84%. The carbohydrate contents of all the 
composite cookie samples were significantly (p<0.05) lower than the 
control. The decrease in carbohydrate content of the samples could 
be attributed to the fact that millet is mostly a carbohydrate rich food, 
hence the reduction in millet content resulted in decrease in carbohy-
drate content of the samples. Ihediohanma et al. [31], also reported a 
decrease in carbohydrate content of cakes with increasing substitution 
of African bread fruit flour. The energy content of the cookie samples 
ranged from 346.82 to 362.52KJ/100g. The control sample without 
any substitution had the highest energy value (362.52KJ/100g), while 
the cookies substituted with 25% African walnut and 25% unripe 
plantain flours had the least energy content (346.82KJ/100g). The  
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observed differences in the energy levels of the cookies could be at-
tributed to variation in protein, fat and carbohydrate contents of the 
samples. The result obtained in this study are similar to the findings 
of Nzeagwu and Nwaejike [32], who reported a decrease in the en-
ergy content of supplementary foods with increasing substitution of 
groundnut and crayfish flours. Okaka [33], reported that cookies are 
energy giving foods which are consumed by both young and old, es-
pecially in between meals. The consumption of 15-20 pieces of cook-
ies can provide adequate energy per day based on recommended di-
etary allowances of 7.6Megajoules for children and 10.8Megajoules 
for adults. The substitution of millet-based cookies with African wal-
nut and unripe plantain flours greatly improved the protein, fat, ash 
and crude fibre contents of the samples.

Mineral composition of millet-African walnut-unripe plan-
tain composite cookie samples

 The mineral composition of the cookie samples are presented in 
table 2. The levels of minerals: calcium, iron, zinc and phosphorus in 
the samples increased with increase in substitution with African wal-
nut and unripe plantain flours except for magnesium and potassium 
which act as the major mineral elements present in millet grains. The 
calcium content of the samples ranged from 48.57 to 63. 76mg/100g. 
The control sample (100% wheat flour cookies) had the least value 
(48.57mg/100%), while the cookies substituted with 25% African 
walnut and 25% unripe plantain flours had the highest calcium con-
tent (63.76mg/100g). This is as an indication that African walnut has 
high calcium content [10]. Calcium is important in proper bone devel-
opment in infants and young children. The iron content of the cookie 
samples varied significantly from each other. The cookies substituted 
with 25% African walnut and 25% unripe plantain flours the highest 
iron content (1.85mg/100g), while the control (100% wheat cookies) 
had the least iron content (1.25mg/100g). The increase is due to the 
fact that African walnut contains high amount of iron [10,34]. Regular 
consumption of food that is rich in iron has the potential to prevent 
anaemia in infants and young children. The phosphorus content of the 
cookie samples ranged from 157.87 to 170.71mg/100g. The control 
sample had the least phosphorus content (157.87mg/100g) while the 
cookies substituted with 25% African walnut and 25% unripe plantain 
flours had the highest value (170.71mg/100g). Phosphorus is an im-
portant nutrient that plays a significant role in the formation of Ade-
nosine Triphosphate (ATP) in the body [35-37]. The potassium content 
of the cookie samples which ranged from 119.83 to 120.97mg/100g 
decreased slightly with increase in substitution with African walnut 
and unripe plantain flours in the samples. The decrease could be due  

to the reduction in the proportion of millet flour in the product. Potas-
sium is essential in blood clotting and contraction of the muscles. The 
zinc content of the cookie samples varied from 1.49 to 1.83mg/100g 
with the control sample having the least value (1.49mg/100g). The 
increase in zinc content could be attributed to the substitution effect 
and this is in agreement with the report that unripe plantain is a good 
source of zinc [34]. Zinc supports normal growth and development 
during pregnancy, childhood and adolescence. It also stimulates the 
activities of vitamins in the formation of red and white blood cells 
[38], as well as in the proper functioning of the heart. The magne-
sium content of the samples decreased as the levels of substitution 
with African walnut and unripe plantain flours increased. There were 
significant (p<0.05) differences between the control sample and the 
composite flour cookies in magnesium content. The difference could 
be due to substitution effect [39]. Magnesium has the ability to reduce 
the incidence of migraine and heart attacks in humans. Minerals are 
essential for the maintenance of the overall mental and physical well-
being and are also important constituents for the development and 
maintenance of bones, teeth, tissues, muscles, blood and nerve cells 
[40,41]. They also aid in blood clotting and maintenance of acid-base 
balance of the body [42]. The substitution of millet-based cookies 
with African walnut and unripe plantain flours greatly increase the 
calcium, iron, zinc and phosphorus contents of the products.

Force-deformation characteristics of millet-African wal-
nut-unripe plantain composite cookie samples

 The force- deformation characteristics of the cookie samples are 
presented in figure 1. The force- deformation characteristics of the 
composite cookies decreased significantly (p<0.05) with increase in 
substitution with African walnut and unripe plantain flours. The con-
trol (100% wheat cookies) exhibited better force- deformation char-
acteristics compared to the composite cookies. The reduction could be 
due to the number of spaces created which tend to collapse on defor-
mation. The observation is in close agreement with the report of Atu-
onwu and Akobundu [43], for wheat flour cookies supplemented with 
defatted pumpkin seed flour. It was also observed from the result that 
the force- deformation characteristics of the millet- African walnut- 
unripe plantain composite cookies decreased with increased substitu-
tion of African walnut flour. The decrease could be due to the increase 
in the percentage of fat ( 2.20-2.50%) with increase in percentage 
of African walnut flour added which in turn tend to dilute the levels 
of protein and carbohydrate in the samples which are principal com-
pounds responsible for hardness in biscuits [1]. Millet flour cookies 
substituted with 25% African walnut and 25% unripe plantain flours  

Sample ID % Substitution 
WF:MMF:AWF:NPF Moisture Protein Fat Ash Fibre Carbohydrate Energy (KJ/100g

A 100 : 0 : 0 : 0 7.66f±0.11 10.66f±0.11 2.28f±0.01 3.25e±0.16 1.31f±0.01 74.84a±0.06 362.52a±0.16

B 0 : 90 : 5 : 5 9.25e±0.04 11.62e ±0.08 2.30d±0.0 3.40d±0.13 1.44e±0.03 71.99b±0.01 355.14b±0.41

C 0 : 80 : 10 : 10 9.62d±0.08 12.12d ±0.62 2.32d±0.06 3.43d ±0.07 1.49d±0.01 71.02c±0.62 353.44c±0.19

D 0 : 70 : 15 : 15 9.67b±0.13 13.50c ±0.37 2.38c±0.08 3.51c ±0.11 1.68c±0.06 69.26d±0.37 352.46d±0.76

E 0 : 60 : 20 : 20 9.71b±0.16 13.99b ±0.33 2.44b ±0.01 3.65b ±0.72 1.85b±0.01 68.36e±1.22 351.36e±2.93

F 0 : 50 : 25 : 25 10.34a±0.17 15.11a ±0.41 2.50a ±0.03 3.71a ±1.36 2.37a±0.04 65.97f±0.80 346.82f±3.22

Table 1: Proximate composition (%) of cookies produced from malted millet, African walnut and unripe plantain composite flours.

Note: Values are mean ± SD of triplicate determinations, Means with different superscripts in the same column are significantly different (p<0.05). A=Cookies made from 100% 
wheat flour, B=Cookies made from 90% malted millet, 5% African walnut and 5% unripe plantain flours, C=Cookies made from 80% malted millet, 10% African walnut and 
10% unripe plantain flours, D=Cookies made from 70% malted millet, 15% African walnut and 15% unripe plantain flour, E=Cookies made from 60% malted millet, 20% African 
walnut and 20% unripe plantain flours, F=Cookies made from 50% malted millet, 25% African walnut and 25% unripe plantain flours.
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had the least force- deformation characteristics. The force- deforma-
tion characteristics is principally determined in cookie technology 
to ascertain both their break strength and textural characteristics. In 
addition, the result also showed that the level of deformation of com-
posite cookies increased gradually with increase in the application of 
compressive force compared to the wheat flour cookies. The observed 
increase in the level of deformation could be due to the presence of 
little amount of gluten in the composite flour components used for the 
production of cookies [1]. The force- deformation characteristics of 
cookies is important in that it helps to determine the type of packaging 
materials that can be used for packaging such products and as well 
predicts their shelf stability.

Sensory properties of millet-African walnut-unripe plan-
tain composite cookie samples

 The sensory scores of the cookies made from wheat flour and mil-
let- African walnut- unripe plantain composite flours are shown in 
table 3. The result showed that all the samples had very high senso-
ry ratings in all the attributes evaluated. The control sample (100% 
wheat cookies) was significantly (p<0.05) rated higher than all the test 
cookie samples for the attributes of colour, texture, crispness, taste, 
aroma and overall acceptability. The colour of the cookies darkened 
with increased substitution of African walnut and unripe plantain 
flours and the result is in agreement with the report of Sakyi-Dawson 
et al. [44], who observed that the colour of biscuits from a compos-
ite flour of cowpea and cassava darkened as the level of non-wheat 
flour supplementation increased from 30-55%. The colour change ob-
served could be due to increased substitution and Maillard browning 
which is a reaction between amino acids of proteins and added sugar 
in the samples. The cookies made with 5-25% African walnut and 
5-25% unripe plantain flours were generally acceptable. The increase 
in substitution with African walnut and unripe plantain flours resulted 
in decrease in acceptability as indicated by the lower scores of com-
posite flour cookies compared to the wheat flour cookies. The cookies 
substituted with 25% African walnut and 25% unripe plantain flours 
were reported to have crumbly texture due to increased substitution 
of the composite flours. Panelists described the cookie made with 5% 
African walnut and 5%unripe plantain flours as having the best tex-
ture and crispness compared to the other test samples.

 Based on this result, the millet-African walnut-unripe plantain 
composite flours could be used to produce organoleptically accept-
able cookies.

Conclusion

 The study has shown that cookies of acceptable nutrient contents 
and sensory properties can be produced from composite flours of mil-
let, African walnut and unripe plantain. It was also observed from 
the results that cookies produced from 100% wheat flour (control) 
were more acceptable organoleptically but the composite flour cook-
ies were nutritionally superior to the control. The protein, fat, ash and 
crude fibre contents of the composite flour cookies were relatively 
higher than that of the control which is an indication that the addi-
tion of African walnut and unripe plantain flours greatly enhanced the 
levels of these nutrients in the samples. In addition, the substitution 
of wheat flour with African walnut and unripe plantain flours in the 
production of cookies greatly increased the calcium, iron, phosphorus  

Table 2: Mineral composition (mg/100g) of cookies produced from malted millet, African walnut and unripe plantain composite flours.

Note: Values are mean ± SD of triplicate determinations, Means with different superscripts in the same column are significantly different (p<0.05). A=Cookies made from 100% 
wheat flour, B=Cookies made from 90% malted millet, 5% African walnut and 5% unripe plantain flours, C=Cookies made from 80% malted millet, 10% African walnut and 
10% unripe plantain flours, D=Cookies made from 70% malted millet, 15% African walnut and 15% unripe plantain flour, E=Cookies made from 60% malted millet, 20% African 
walnut and 20% unripe plantain flours, F=Cookies made from 50% malted millet, 25% African walnut and 25% unripe plantain flours.

Sample ID % Substitution 
WF:MMF:AWF:UNPF Calcium Iron Phosphorus Potassium Zinc Magnesium

A 100 : 0 : 0 : 0 48.57f±7.03 1.25f±0.04 157.87f±1.35 120.97a±0.44 1.49f±0.06 106.89a±0.47

B 0 : 90 : 5 : 5 53.26e±14.16 1.31e±0.09 167.86e±0.13 120.46b ±0.11 1.56e±0.17 106.87a±0.47

C 0 : 80 : 10 : 10 53.40d±14.25 1.58d±0.08 168.51d±0.16 120.16c±0.43 1.61d±0.43 106.40b±0.06

D 0 : 70 : 15 : 15 58.45c±7.06 1.65c±0.04 168.73c±0.12 120.15c ±0.43 1.71c±0.16 106.31c±0.09

E 0 : 60 : 20 : 20 63.22b±0.06 1.80b±0.08 169.00b±0.21 120.15c±0.43 1.76b±0.02 106.09d±0.44

F 0 : 50 : 25 : 25 63.76a±0.03 1.85a±0.01 170.71a±0.66 119.83d±1.26 1.83a±0.04 105.38e±0.76

Figure 1: Force-deformation characteristics of cookies produced from malted millet, 
African walnut and unripe plantain composite flours.

Note: 

A=Cookies made from 100% wheat flour. 

B=Cookies produced from 90% malted millet, 5% African walnut and 5% unripe 
plantain flours.

C=Cookies produced from 80% malted millet, 10% African walnut and 5% unripe 
plantain flours.

D=Cookies produced from 70% malted millet, 15% African walnut and 15% unripe 
plantain flours.

E=Cookies produced from 60% malted millet, 20% African walnut and 20% unripe 
plantain flours.

F=Cookies produced from 25% malted millet, 25% African walnut and 25% unripe 
plantain flours.
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and calcium contents of the products. The force-deformation char-
acteristics of the cookies also showed that the degree of deforma-
tion of composite cookies increased gradually with increase in the 
application of compressive force compared to the control (100% 
wheat cookies). The increase in the level of deformation of compos-
ite cookies could be due to the presence of little quantity of gluten 
in the composite flour components (African walnut and unripe plan-
tain flours) used for their production. The sensory properties of the 
samples equally revealed that the 100% wheat flour cookies used as 
control were the most acceptable to the panelists and also differed 
significantly (p<0.05) from the composite cookies in colour, texture, 
crispness, taste and aroma. This variation could be due to the unique 
quality of wheat flour in cookie production.
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