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Abstract: Background: Since the closure of the wheat development company in Cameroon, all wheat is imported,
but over the past year, the wheat prices have steadily increased in most of the countries’ markets. The cost of a kilo,
monitored by Famine Early Warning Systems Network (FEWS NET), fell from XAF 500 to XAF 600. With the use of
composite flour, this will help to reduce the huge amount of money spent and lessen total dependence on imported wheat
flour. Aim: The objective of this study was to produce cookies from composite flour made from coconut and wheat, and
determine its nutritional properties and acceptability. Material and methods: Coconut flour was produced from fresh
coconut using oven drying at standard conditions. The composite flour was formulated using the mixing plan design in
Minitab 18.0. The functional properties of the flour and nutritional properties of the cookie samples were determined.
Results: Results of functional properties show that the bulk density of CF1, CF2, CF3, CF4, and CF5 was 0.58, 0.50,
0.50, 0.46 and 0.47 g/L respectively; the pH was 6.42, 6.32, 6.37, 6.40, 6.46 respectively; swelling capacity was
49.10%, 44.07%, 42.02%, 46.23%, 47.09% respectively; water absorption capacity was 12%, 9%, 10.3%, 10.4%, 10%
respectively; From this, the swelling capacity, water absorption and oil absorption capacity increased significantly with
substitution (p < 0.05). The result of nutritional properties showed that the moisture was not affected by substitution in
contrast to lipid, protein, fiber, carbohydrates, starch, amylose and amylopectin. The moisture, carbohydrate, starch and
amylose decreased significantly (p < 0.05) with the substitution while ash, fat, protein and fiber increased. Results of the
sensory analysis showed that the 85% wheat biscuits (CF3) had the highest scores in all the parameters evaluated and
were better accepted than the other samples. Conclusion: These findings indicate that supplementation of cookies with
coconut flour will improve the nutritional value of cookies and acceptability.
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1. Introduction

Coconut (Cocos nucifera) is one of the most important plants within the family of palm Araceae because of
its many applications (ornamental, and food crops) [1]. Coconut pulp is rich in many nutrients like fats which have
application both industrially, and for edible purposes [2]. More than half (around 70%) of the world’s global production
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of coconut is directly or indirectly used for local consumption, and the remaining amount is only used in industrial
applications [3]. Coconuts are produced in many parts of the world and use depends on the Region. For example, in
India, they are consumed raw and used to formulate tender nuts, extract coconut oil, drying and desiccating to produce
copra [4-5]. In some African countries like Nigeria, coconut milk is used to make coconut rice. Coconut meat or kernel
are very rich source of fiber, fats (long-chain saturated fatty acids), vitamins D, E, and K, and other nutrients. This
composition makes it a potential food that can be used to reduce in many Sub-Saharan or developing countries, nutrient
deficiencies that are associated with high consumption of cereals foods which contain only carbohydrates (starch).
Coconut is rich in nutrients and minerals like potassium, iron, magnesium, phosphorus, copper and zinc. The fresh
coconut contains a very complete food: the immature almond. It is a gel rich in water and sugar that is found in nuts 8 to
9 months after fertilization. On 100 grams, there are on average 3.4 grams of protein, 5.9 grams of carbohydrates, 35.1
grams of fat and 9.5 grams of fiber [5]. Coconut oil belongs to the group of saturated oils with 39 to 54% lauric fatty
acid [6-7]. The nutritional value of 100 grams of coconut corresponds to 353 kilocalories. The production of this fruit
could also facilitate the creation of wealth for coastal populations, as its sale generates several billion dollars a year [8].

Wheat (Triticum spp), is a cereal grown throughout the world, particularly in temperate regions. It is the most
widely produced, cultivated and consumed cereal in the world, particularly for human consumption. It is used in the
formulation of numerous products such as cakes, pasta, macaroni, noodles, and couscous and also for fermentation
to make beer, alcohol, vodka or biofuel [9]. Wheat is made up of several parts, including the embryo, tegument and
endosperm. The endosperm contains the bulk of wheat’s constituents: starch and gluten (the main proteins) [10]. Wheat
flour is obtained by milling the grain and is therefore used for human consumption. Gluten content, color, the part of
the grain used and the wheat variety enable wheat flours to be classified into different groups thus their use. Thus, this
particularity of composition and texture will make one group or another a basic ingredient in the formulation of cakes,
breads, doughnuts, cookies, etc.

Over the past year, wheat prices have steadily increased in most markets in the country, closely mirroring the levels
reached before and during the Russian-Ukrainian war. The cost of a kilo of wheat flour in the markets monitored by
Famine Early Warning Systems Network (FEWS NET) in Douala and Yaoundé¢ fell from XAF 500 in February 2022
to XAF 600 today. Then, the use of composite flour will reduce the huge amount of money spent on importing wheat
flour [11]. Mixing wheat flour with flour from local crops, such as coconut will help improve the nutritional value of the
resulting baked goods especially an increase in fiber and protein. Therefore, this piece of work exposes the utilization of
a mixture of flour (coconut and wheat) for the formulation and production of cookies. Reducing dependence on wheat
by substituting it with local products such as coconut flour could reduce wheat dependence, improve the balance of trade
of importing countries, and above all, offer an alternative to gluten-intolerant people. Coconut, considered as a healthy
food by many organizations and in ever-increasing demand, could be an alternative to wheat imports. It also provides
elements with proven functional properties. The present work was therefore initiated with the objective to evaluate the
impact of the partial addition of coconut flour on the nutritional and functional properties of cookies made from mixture
flours of coconut and wheat.

2. Material and methods

2.1 Material
2.1.1 Area of the study

This study was carried out in Dschang. Dschang is located in the Northwestern part of Cameroon in the West
Region, Menoua division and Dschang sub-division. It’s situated on a forested plateau Northwest of Yaounde. Its high
elevation is about 1,379 meters. Furthermore, coconut is abundant in this area and the area is easily accessible to obtain
the materials necessary for the realization of the project. The abundance of this fruit in this area makes it less expensive,
which is one of the reasons this area was chosen for the project.

2.1.2 Research design

According to Trochim [12], the type of research design used in this work was the Experimental and Descriptive
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Research Design. For the experimental design, quantitative data obtained from experiments (evaluation of different
functional and nutritional parameters) carried out on the various samples were collected, analyzed and interpreted.
While the descriptive design was used to describe some characteristics of the product (hedonic). The type of descriptive
design used was the survey descriptive design which involves collecting data from a sample population through semi-
guided questionnaires. It gives information on how the population appreciates the product.

2.1.3 Purchase of food material

The coconuts, wheat flour for the baking, milk, sugar, yeast, salt, eggs and margarine (fat) were purchased from
traders in the city of Dschang, more precisely at market B and acuminated to the laboratory. They were then processed
and used for the production of the cookies.

2.2 Methods

2.2.1 Processing of coconut flour

The coconut endosperm after the removal of shell and paring, was shredded, grated and oven dried at 50 °C for
24 h in a hot air oven (model QUB 305010G, Gallenkamp, UK), milled using a mill (model MXAC2105, Panasonic,
Japan) to obtain coconut flour. The flour obtained was then packaged in a polyethylene bag and stored in the desiccator
before use.

2.2.2 Formulation of composite flour

A mixing plan was applied to obtain the different proportions of flour. The design was carried out using software
from Minitab version 18. From this, different formulations of compound flours have been made. The coconut flour has
been incorporated at 7.5%, 0.0%, 15%, 22.5% and 30% into the wheat flour. These are the CF1, CF2, CF3, CF4 and
CF5 flours (Table 1).

Table 1. Formulation of composite flour

Formulations Wheat flour (%) Coconut flour (%)
CF1 92.5 7.5
CF2 100.0 0.0
CF3 85.0 15.0
CF4 77.5 22.5
CF5 70.0 30.0

CF: composite flour

2.2.3 Production of cookies

The cookies were formulated and produced using the modified creaming method described by Okaka [13]. The
basic ingredients used were shown in Table 2: mixture flour (1,000 g), fat (500 g), sucrose (450 g), milk (100 g), eggs (10
g) and yeast (10 g). The sugar and eggs were initially creamed in a mixer to produce a creamy mixture before the flour
and other dry ingredients were added. The mixture was thoroughly mixed to form a dough. After that, the dough was
kneaded, cut and baked at 180 °C for 20 min, cooled, and packed. The different formulated cookies are represented in
Figure 1.
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Table 2. Formulation of cookies

Formulations ~ Wheat flour (%) Coconut flour (%) Fat(g) Sugar(g) eggs Milk (g)  Yeast (g)

CF1 92.5 7.5 500 450 10 100 10
CF2 100.0 0.0 500 450 10 100 10
CF3 85.0 15.0 500 450 10 100 10
CF4 71.5 22.5 500 450 10 100 10
CF5 70.0 30.0 500 450 10 100 10

CF: composite flour

CF2
CF1

CF3 CF5

CF4

Figure 1. Cookies from different formulation

2.2.4 Evaluation of physical and functional properties of composite flours
2.2.4.1 Bulk density

The method described by Okaka et al. [14] was used to evaluate the bulk density. An empty crucible (M,) of known
volume (V) was filled with flour and weighed (M,). The bulk density (DM) is determined according to the formula 1:

M, -M,

DM 7 (D

Were M,: mass flour weighed; M,: empty crucible mass; V: crucible volume; DM: bulk density.

2.2.4.2 Measurement of pH of the different mixture

The standard method described by Association of Official Analytical Chemists (AOAC) [15] allowed us to measure
the pH. Indeed, in one (1) g of flour sample weighed into 15 mL centrifuge tubes, 10 mL of distilled water was added.
The suspension obtained was stirred using a “Barnstead/Thermolyne” brand vortexer for 30 min and then centrifuged at
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4,000 rpm for 5 min with a refrigerated “Heraeus” brand centrifuge. The pH value was recorded in the aqueous phase
using a calibrated pH-meter at 25.03 + 0.22 °C.

2.2.4.3 Evaluation of the swelling capacity

The method described by Okezie and Bello [16] allowed us to determine swelling capacity. Indeed, 10% (w/v)
flour solution was prepared and placed in a water bath at 90 °C. The mixture was stirred (80 rpm) for 30 minutes then
centrifuged at 4,500 rpm for 15 minutes using a “Heracus” refrigerated centrifuge. The swelling capacity was estimated
as being the difference between the mass of the sample having retained the water (M,) and that of the start (M,). The
swelling capacity is given by the equation 2:

M, -M,)x100
Swelling capacicy(%) - [( 1 Mo) X ] @
1

With: M, : mass of the pellet or mass after water intake (g); M,: mass of the test sample (g).

2.2.4.4 Evaluation of the water retention capacity

Water Retention Capacity (WRC) was performed using the of Lin et al. [17]. In fact, flour solution at 10% (w/v)
was prepared and the mixture was stirred (80 rpm) for 30 minutes then centrifuged at 4,000 rpm for 5 minutes using a
“Heraeus” refrigerated centrifuge. The water retention capacity was estimated as being the quantity of water retained by
the base after decantation per gram of cake according to the following formula 3:

V, -V

WRC(%) =~ <100 3)

With: M = mass of dry sample (g); V, = initial volume of water (mL); V, = sedimented volume after centrifugation
(mL); WRC = water retention capacity.

2.2.4.5 Oil retention capacity

The oil retention capacity of the different mixture flours was performed using the standard method of Lin et al.
[17]. To 1 g of flour from each sample, 10 mL of refined olive oil were added. The mixture was stirred vigorously
using the vortex for 1 min. and left to stand for 1 hour. After this rest time, the tube containing the sample oil mixture is
centrifuged at 4,000 rpm for 5 min. The sedimented oil volume was measured. The oil retention capacity is calculated as
the quantity of oil in ml retained by the base after decantation per gram of flour according to the formula 4:

V, -V
ORC:#HOO 4)

With: M = mass of dry sample (g); V,, = initial volume of oil (ml); V, = sedimented volume after centrifugation (ml);
ORC = oil retention capacity.

2.2.5 Proximate chemical composition of cookies

The standard method of AOAC [15] allowed us to evaluate the moisture, carbohydrates, ash, dietary fibre and
lipids content of the different cookies. Protein content was evaluated using the same standard method after complete
mineralization of azote and the result was estimated using the formula 5:

Protein content (%) =N x 6.25 &)

With: N = Azote content (g); 6.25 = Conversion factor.
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Caloric energies (Ec) were determined by applying ATWATER coefficients [18]: 1 g of carbohydrates or proteins
provides 4 kcal while 1 g of lipid provides 9 kilocalories. The expression of the energy value per 100 g of cookies is
given by the following equation 6:

Calorific energy (kcal) = (4 x (% carbohydrate)) + (9 x (% lipid)) + (4 x (% protein)) (6)

The total starch, amylose and amylopectin content of the different cookies were evaluated according to the method
of Jarvis and Walker [19]. In fact, iodine (I,) interacts with the hydroxylic surface group of amylose and amylopectin
to give a blue and brown color respectively. As a result, these complexes have maximum wavelengths for amylose
(Amax = 630 nm) and amylopectin (Amax = 548 nm) which are different. We can therefore use this spectral difference
to simultaneously measure total starch, amylose and amylopectin. In this manipulation, it was considered that the
absorbance at 580 nm is linked both to amylose and to amylopectin, on the other hand, the absorbance at 720 nm is
essentially linked to amylose. Using these measurements, the proportions of total starch and amylose in the samples
were calculated.

The amylopectin content was obtained by difference (equation 7):

% Amylopectin = % starch — % amylose (7

2.2.6 Sensory evaluation of cookies

The classification test is a hedonic test which consists of giving, simultaneously and in random order, the different
samples coded by numbers to each taster. This technique makes it possible to objectively describe and measure
the organoleptic characteristics of cookies [20]. Each taster received an evaluation sheet base (5-hedonic scale and
classification of the product) and a glass of water to rinse their mouth. The tasters were invited to assess the samples on
the basis of the assessment elements of the evaluation sheet. The forms duly completed by the tasters were analyzed at
the end of the evaluation and the data were organized and then processed [21].

2.2.7 Statistical analysis

The experimental data reported as means + standard deviation was calculated using Excel 2013 software. Mean
comparison was done using ANOVA and independent sample t-test using MINITAB 18.1. (IBM STATISTICS Software)
software. The significant difference was observed at the level of 5% threshold. The significance of each sample was
determined by the Fisher test.

3. Results and discussion
3.1 Functional properties of the composite flours

Table 3 presents the overall approximate functional characterization of the different composite flour. A significant
difference was observed at the level of 5%.

The bulk density is an important parameter used in food industry to determine the type of material used to
manufacture the packaging, and it also predicts the food intake of foods formulated with these flours [22-23]. It comes
from Table 3 that the bulk density varies from 0.46 to 0.58 g/mL. These results are in the same range as those of
Harijono et al. [24], who found that the bulk density ranges from 0.46 to 0.59 g/mL on blended flour between coconut
and wheat flours. It is significantly (p < 0.05) affected by the substitution level of coconut flour. This can be explained
by the nutrient composition, particularly in terms of protein and lipids with respect to correlations between them [25-26].
In fact, the high protein content of coconuts leads to a high occupancy of the interstitial spaces, resulting in a reduction
in porosity and hence an increase in mass density [25-26]. Tambo et al. [25] also reported a positive correlation between
protein content and mass density in corn and cassava flours. The values of the bulk density obtained remain nevertheless
within the range of the norm (less than 0.60 g/mL) for a good food intake by children from 6 to 59 months making this
biscuit a good supplement for children of weaning age.
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Table 3. Functional properties of composite flour

Paramters CFl1 CF2 CF3 CF4 CF5

Bulk density (g/mL) 0.58 + 0.003" 0.50 + 0.0001° 0.50 +0.001° 0.46 + 0.0001° 0.47 £0.01°

pH 6.41£0.01° 6.32+0.01 6.37+0.01° 6.40 +0.0° 6.46 + 0.03°
Swelling (%) 49.10 £3.94° 44.07 = 0° 42.02+0.12° 46.23 +3.55° 47.09 +0.39°
WAC (%) 1240 9+1.41° 10.3 £2.40° 10.4 £2.26° 10+2.82°
OAC (%) 57.77 £ 0.23" 5523+ 1.67° 55.09+1.19° 51.66 +0.32° 5343+ 1.13°
WAC/OAC 1.18 £ 0.09% 1.25+0.03° 1.31+0.02° 1.12 £ 0.007° 1.13 +0.03

Results are expressed as mean + deviation of triplicate samples. The means standard deviations followed by the same letter in
the same line indicate that the differences are not significant (p > 0.05)

CF1 = 92.5% wheat flour + 7.5% coconut flour, CF2 = 100% wheat flour + 0% coconut flour, CF3 = 85% wheat flour + 15%
coconut flour, CF4 = 77.5% wheat flour + 22.5% coconut flour, CF5 = 70% wheat flour + 30% coconut flour, WRC = water
retention or absorption capacity, ORC = oil retention or absorption capacity

The pH is another parameter used in food industry to evaluate the acceptability of food products and characterize
the flour samples [26]. Low pH values generally reflect sour taste in the food product which is not really appreciated
by consumers [27]. It comes from Table 3 that all the pH values were ranged between 6 and 6.50. CF5 records the
highest value while CF2 records the least value. These values were in agreement with those obtained by Mingle et
al. [23], who reported pH values varying between 6.0 and 6.8 with blended flour of wheat and aerial yam flours. The
lowest pH recorded in CF2 formulation can be explained by the fact that during the processing of wheat flour, there is
the formation of acidic substances as a result of chemical actions and biological fermentation that result in the decrease
in pH observed. Furthermore, its cultivation of acid soil and its high mineral content, such as phosphorus, increases its
acidity. The coconut flour also has a basic pH (8), which reduces the acidity of wheat flour. Tambo et al. [25] also found
values similar to those in this study and further demonstrated that such values facilitated food intake and digestion. This
makes these cookies very digestible food.

The swelling capacity represents the degree of water absorption of starch granules [25-26, 28-29]. The swelling
rate ranged from 42.02 to 49.10%. Sample CF1 recorded the highest value (49.10%) while CF3 recorded the least
value (42.02%). The improvement in this parameter with substitution is linked to the fact that the proteins and starches
present in wheat are in crystalline form and therefore bind less water and swell less. Furthermore, the richness of simple
sugars such as glucose and fructose in coconut flour would help to improve this capacity, as demonstrated by the work
of Tambo et al. [25-26] who found a positive correlation between reducing sugars and this parameter. High swelling
capacity has been reported as part of the criteria of a good product [30]. The results of this study indicated that all the
samples were of good quality because of their swelling rate above the average [31].

Water retention capacity refers to the capacity of flour or its ingredients (proteins and glucids) to retain water and
it can also apply to evaluate the level of incorporation or substitution of cereal meal by protein rich flour [28, 32]. The
result of the water retention capacity of all the samples ranged from 9.00 to 12%. Sample CF1 recorded the highest
water retention capacity while sample CF2 had the least value. The improvement in water retention with substitution
is explained by the presence of hydrophilic amino acids on the surface of globular proteins. Indeed, these amino acids
can form numerous interactions (ionic and hydrogen) with water molecules. Tambo et al. [26] revealed that flour with
high water retention capacity implies that its starch or proteins are not in crystalline form and can therefore be easily
digestible. The water retention capacity also represents the ability of a product to associate with water under conditions
where water is limited, in order to improve its handling characteristics and dough making potentials [28-29, 33].
Therefore, the supplementation of wheat flour with coconut flour will improve the reconstitution of flour for product
processing.

The ability of material to be bound to oil and retain it is characterized by oil retention capacity (ORC) [34]. ORC is
affected by the chemical characteristics of the flour notably the presence of protein and glucids [35]. The oil absorption
in this work ranged from 51.66 to 57.09. Sample CF1 had the highest value. This value is slightly lower than the one
observed by Muhammad et al. [35] which is 72.5%. Sample CF4 recorded the least value in the oil absorption capacity
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and this could be due to the saturation of lipid-binding sites on the surface of hydrophobic amino acids [35]. The oil
retention capacity (ORC) of cookie flour is important as it improves the mouth feel and the ability of products to retain
flavor [36].

The ability of proteins and carbohydrates to fix water and oil molecules in water/oil interfaces or emulsions is
assessed by the hydrophilic/lipophilic ratio (WRC/ORC) [37]. It is an indicator that shows the balance between water
and lipid binding by the flour and then reveals its hydrophilic/lipophilic index. It is highly preferable that a perfect
balance (1) is achieved between WRC and ORC, particularly in the formulation of complex foods such as doughnuts,
cakes and porridges, which are both compact solids, emulsions and air-retaining foams. The ratio of lipophilic to
hydrophilic varies from 1.25 to 1.12. The CF2 records the highest value while CF4 recorded the lowest value. The
molecular arrangement of amino acids within gluten and the protein’s ability to reduce interfacial tensions in a
heterogeneous mixture are thought to be responsible for this property. No significant differences (p < 0.05) were noted
for this study between the different samples regardless of the substitution level of coconut flour. It should be noted
that all flours had a hydrophilic/lipophilic ratio lower than 1.5 indicating a lower ability to fix water than oil and thus
explained their smell. Dongmo et al. [34] also found values similar to those in this study.

3.2 Nutritional characterization

Table 4 below shows the chemical characterization of cookies.

It comes from this table that the moisture, which is an important parameter used to predict the stability and shelf
life of a food product [38], ranged from 3.84 to 3.95% with sample CF1 having the highest values while CF5 had the
least moisture content. This result is different from those observed by Nasir et al. [39] who founded that the water
content ranged from 9.20 to 9.60%. The moisture content of sample decreased significantly (p < 0.05) with increasing
levels of coconut flour. This reduced moisture could be as a result of an increase in the fiber and protein content with an
increase in the level of substitution from the results, as they both have the ability to bind water and make it unavailable.
This is also explained by the fact that coconut flour is better dried than wheat flour. This may be an advantage as reduced
moisture may increase the shelf life of the products by reducing water activity and discouraging microbial activities [39].
Madukwe et al. [40] also revealed that moisture is a very important parameter in keeping the quality of cookies and the
high value of this parameter has an adverse effect on storage stability and shelf life.

The lipid content ranges from 30.68 to 15.54%. CF5 recorded the highest value while CF2 records the lowest
value. This parameter significantly (p < 0.05) increases with the rate of coconut flour and can be explained by the
richness of coconut flour in lipids [41]. Daniela [42] also reported in their studies that the lipids content of cookies made
from composite rice and coconut flour increased with the level of coconut flour added. In the same vein, Yelegama et
al. [43] explained that fat which is attached to the fibers remains with cell wall components resulting in high fat content
in coconut flour. This result was higher than those reported by Jayasundara et al. [44] which ranged from 20.82 to
24.90%. Sujirtha and Mahendran [45] reported that the lipid content in the biscuit produced with the coconut flour and
wheat flour ranges from 16.80 to 24.50%. The values obtained with formulated cookies would contribute more than
90% to the recommended daily needs for children from 6 to 59 months which makes them a cheaper food source for the
reduction of child malnutrition. In addition, the contribution percentages are higher than those of Dongmo et al. [34]
thus demonstrating the need for the sixth body of cereals.

Proteins are biological macromolecules made up of an association of at least a hundred amino acids linked by
peptide bonds, whose metabolism provides the body with 4 kcal. The protein content ranges from 17.05 to 27.12%.
The protein content of the four composite samples (CF1, CF3, CF4 and CF5) increased significantly (p < 0.05) with
increasing levesl of coconut flour which are 18.37%; 18.79%; 19.27%; 27.12% respectively. These observations comply
with the level of proteins in coconut. These results are higher than those observed by claims of Makinde [46] who
found that the protein increased from 4.98 to 11.96% with the increase in the percentage of coconut flour. According
to Bressani et al. [47], partial substitution of wheat with coconut will correct limitations on some essential amino acids
such as such as lysine. However, from this research, partial substitution with coconut flour may help to improve the
protein content in biscuits prepared from this combination. The consumption of 100 g of these formulated cookies (CF1,
CF3, CF4 and CF5) would cover more than 95% of the daily requests of children between 24 to 59 months.
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Table 4. Chemical characterization of cookies
Parameters CFl1 CF2 CF3 CF4 CF5

Moisture (%) 3.91 = 0.00° 3.95+0.06" 3.93+0.15° 3.87+0.06" 3.84+0.09°
Lipid (%) 18.9+0.7 15.54 +0.04° 26.79 £0.1° 27.25+04° 30.68 £ 0.09°

Ash (%) 1.11 +0.02 1.02 +0.02° 1.58 +0.03° 2.02+0.03 2.09 +0.01°
Carbohydrates (%) 57.70 +0.01° 62.45 +0.07° 4891 +0.2° 47.59 £ 0* 36.27 +0.13°
Protein (%) 18.37 +0.01° 17.05+0.01° 18.79 + 0.02° 19.27 +0.04° 27.12 +0.02°

Fiber (%) 3.28 +0.01 2.59+0.01° 3.43£0.01° 3.62 +0.04° 4.61+0.01°
Energy (kcal/100 g) 47438 = 0° 457.86 + 0.34° 511.71+0.71° 512.71+0.14°  529.66 +0.42°

Starch (%) 2022 +3.19 16.53 +1.5° 1722+ 1.5° 13.7+3.3¢ 8.16+ 1.5°

Amylose (% starch) 9.46 £2.06° 1118 £ 1.3° 7.55 +0.64° 93+1.8 9.09 +3.5°

Amylopectin (% starch) 90.54 +2.06° 88.82+1.3° 92.45 + 0.64° 90.69 + 1.8° 90.90 £ 3.5

Values are expressed as means + SD of triplicate determinations. Means with different superscripts in the same row are
significantly different (p < 0.05). CF1 = 92.5% wheat flour + 7.5% coconut flour, CF2 = 100% wheat flour + 0% coconut flour,
CF3 = 85% wheat flour + 15% coconut flour, CF4 = 77.5% wheat flour + 22.5% coconut flour, CF5 = 70% wheat flour + 30%
coconut flour

The fiber content ranges between 2.59 to 4.61%. CF5 recorded the highest value while CF2 recorded the lowest
value. The higher fiber content caused by the increase in the proportion of coconut flour in the cookies was so as coconut
flour has higher fibre content when compared to wheat flour [31, 48]. Increased fibre content indicates that consumers of
such products may have a better digestibility of the products. The values obtained are greater than those of Tambo et al.
[25-26] which was between 1 to 3% in dehulled and non-dehulled maize flours thus confirmed the richness of coconut
flours and the different cookies in fibre. These results also suggest that these cookies could be recommended for obese
people.

The carbohydrate content of the sample reduced from 62.45% to 36.27%, with an increase in the level of coconut
flour. Sample CF2 had the highest value while CF5 had the least value. A similar result was observed by Sujirtha and
Mahendran [45] who found that the carbohydrate content ranged from 65.7 to 44.7% with an increase in the rate of the
coconut flour. Tambo et al. [25-26] reported a negative correlation between carbohydrate and protein content in cassava
and maize flours. The high carbohydrate content of the products indicates that consuming these products will provide an
adequate supply of energy required for the day to day activities, especially for healthy brain function.

The ash content of the sample ranged from 1.02% to 2.09%. The Ash content is indicative of the amount of
minerals in any food sample [36] and a high content indicates a high mineral content. Increased ash with substitution
percentage signifies that coconut contains higher mineral content, especially calcium, magnesium and potassium [48].
The values obtained in this study were similar to those observed by Marikkar et al. [49] which is 1 to 2.4%. The values
obtained are within the range (less than 5%) of the norm and thus made cookies obtained products that can be used in
the fight against hidden hunger.

The usable energy value of a food depends on its protein, fat and carbohydrate composition [29]. The energy
content of the cookie samples varies from 457.86 to 529.66 kcal/100 g. The metabolizable energy increases with the
addition of coconut flour to wheat cookies. The highest energy content (529.66 kcal/100 g) was observed in CF5 and
is higher than in 100% wheat sample (457.86 kcal/100 g). The high metabolizable energy values obtained with the
composite samples can be due to high level of lipids content, since a gram of fat provides 9 kcal of energy compared to
carbohydrates and proteins that provide 4 kcal/g. Tambo et al. [25] obtained similar results with CF2 but they were less
than those of composite samples of this study. Additionally, the consumption of 100 g of these composite cookies would
cover up to 70% of the daily energy needs of children aged 24 to 59 months.

Starch, amylose and amylopectin are the main carbohydrate components that influence the applicability and
functional properties of flour [25-26, 28-29]. In this study the Starch contents ranged from 20.22 to 8.16%, amylose
contents from 11.18 to 7.55% and the amylopectine content from 92.45 to 88.82% which are lower than those observed
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by Aldana and Quintero [50] who founded that the amylose and amylopectine ranged from 16 and 20% and 80-84%
respectively. This shows that they are influenced by the level of coconut flour incorporation into the wheat flour. The
level of incorporation of coconut flour significantly (p < 0.05) lower the starch and amylose contents as opposed to
the amylopectin content. The decrease in amylose content might have been due to more destruction of a-1.4 glycosidic
bonds during baking [51]. The heat treatment breaks down carbohydrate macromolecules (starch, amylose and
amylopectin) into simple molecules such as glucose.

3.3 Sensory evaluation of the cookies

Sixty (60) semi-trained panelists evaluated the cookies for their overall consumer acceptability using
questionnaires. The panelists were selected on the basis of their familiarity and regular consumption of the product and
the cookies were coded randomly. The results are in Table 5.

Table 5. Sensory evaluation results

attributes CFl1 CF2 CF3 CF4 CF5
Texture 3.25+0.85° 3.49 +1.03™ 3.95+1.10° 3.79 +1.08" 3.48 +1.06™
Appearance 3.46 £ 0.99° 3.44+1.01° 3.70 £ 1.09° 3.51+£1.06" 3.49 £ 0.96"
Taste 3.75+0.87" 338+ 1.08° 4.03 +0.98" 3.95+0.97" 3.66 = 1.05™
Smell 3.49 +£0.98° 3.51+0.81° 3.89+0.97* 3.61 +0.99" 3.57+0.98™
Acceptability 3.54+0.94° 3.41 +0.90° 3.89 +0.90° 3.69 + 0.94% 3.61 +0.88®
Position 2.69 +1.23" 246 +1.34° 3.84+1.37 3.10+1.30° 2.87 + 1.49%

rank 4th 5th 1st 2nd 3rd

Classification Taste > texture > appearance > smell

Values are expressed as means £ SD of triplicate determinations. Means with different superscripts in the same row are
significantly different (p < 0.05). CF1 = 92.5% wheat flour + 7.5% coconut flour, CF2 = 100% wheat flour + 0% coconut flour,
CF3 = 85% wheat flour + 15% coconut flour, CF4 = 77.5% wheat flour + 22.5% coconut flour, CF5 = 70% wheat flour + 30%
coconut flour

The results presented in Table 5 show the sensory evaluation scores of cookie samples at different levels of
substitution of coconut flour. The increasing level of coconut significantly (p < 0.05) and negatively influenced each
sensory parameter. According to the results presented, substitution with coconut flour at 15% level was graded as
“Excellent”, at 22.5% coconut flour level, biscuits were rated as “very good”, at 30% substitution level, the cookies
were graded as “good” and at 7.5%, cookies were average. Thus, these results show that 15% to 25% substitution is
possible to produce cookies with acceptable sensory qualities. Gunathilake et al. [41] observed different results for those
of this study when incorporating coconut into wheat flour noodles. The crust texture of cookies is related to the external
appearance of the cookies top which is smoothed or rough. The cookies texture analysis showed that the increasing
level of coconuts in the mixture flour significantly (p < 0.05) affected the parameter. In the same vein, we observed
the decreasing trend in the quality score when the level of coconut flour increased. The decreasing trend for texture
of the cookies may be due to the proteins and fibers present in coconut flour. These two nutrients affect the smoothie
of the product. The score for taste decreased from 4.03 to 3.38 on increasing the level of substitution of coconut flour.
The significant (p < 0.05) increasing trend of taste compared to 100% wheat flour cookies may be due to the own taste
of coconut flour which dominated when used in high amounts [52]. The control cookies made with 100% wheat flour
and 0% coconut flour (CF2) have the lowest mean score of 3.38 for taste whereas 15% coconut flour added cookies
(CF3) has the highest score of 4.03. Smell of cookies increased from 3.49 to 3.89 with increasing level substitution of
the coconut flour. Quality score of the cookies revealed that smell of biscuits varied significantly (p < 0.05) among the
substitution level of coconut flour. The results indicated that the cookies prepared from CF3 significantly (p < 0.05)
got the highest score for flavor. Overall acceptability includes many implications, which is an important parameter in
sensory estimation. There was a significant (p < 0.05) difference between control (CF2) and 15% coconut flour added

Food Science and Engineering 236 | Stephano Tambo Tene, et al.



biscuits (CF3). The cookies made with 15% coconut flour added cookies (CF3) have the highest mean value for overall
acceptability while the control biscuits (CF2) have the lowest score.

4. Conclusion

The present study aimed to evaluate the impact of the partial substitution of wheat flour by coconut flour on
nutritional, functional and sensorial acceptability of cookies. The results showed that increasing substitution by coconut
flour increased nutritional properties (protein, ash, fat, fiber and energy contents) of the cookies produced. Results from
functional properties of the flour also showed that supplementation of wheat flour with coconut flour, produced flour
that has a good bulk density, increased water and oil absorption and good swelling capacity. The partial substitution of
coconut flour at different levels slightly altered the organoleptic properties of cookies in terms of taste, although it was
acceptable up to the 30% substitution level. However, cookie samples produced from 15% coconut flour were graded
as the best in organoleptic quality. It is therefore concluded that adding up to 30% coconut flour is advantageous as
it increases the nutritional quality of the biscuit in terms of protein, fat, ash and fiber without adversely affecting the
functional, and sensory properties of the cookies.

5. Significance of the study

To the population: This study will go a long way to create self-employment to the population who can grow
coconut, produce flour and sell to generate income and also due to the fact that it is rich in fiber, protein, and calorific
metabolizable energy.

Society: The production of cookies with a certain amount of coconut flour led to the innovation of new products
by utilizing the entire or by-products from coconut. Nowadays, people are aware about the consumption of healthier
food in their daily life. The innovative idea was then in coherent with consumers’ demand for a healthier choice of food
product in the society.

Diabetics: Cookies rich in fiber are especially important because they help intestinal mobility, reduce intestinal
cancer risk, and additionally reduce the glycemic load fieviting the circulating glucose peaks which are risky for
diabetes mellitus patients.
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