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Introduction

 The increase in consuming functional foods because of   health-re-
lated issues is on the rise, such as Celiac disease, diabetes, and hyper-
tension. Recently, WHO recommendation is to reduce the consump-
tion of carbohydrate foods [1]. Newer information on nutrition is the 
recommendation to consume low-carbohydrate diets, including slow-
ly digested food products, as well as an increased intake of functional 
foods [2]. Cookies are ready to eat food, convenient and inexpensive 
to prepare usually from unpalatable dough. Though, cookies are con-
fectionery product made to a very low moisture content [3] when fa-
vorably compared to biscuits, they are large with softer chewing tex-
ture (IFIS, 2005) and are consumed extensively as a snack food and 
on a large-scale developing country like Africa [4]. They can serve as 
vehicle for delivery of bio nutrients or functional meals when readily 
available. This partly stimulated the research into the production of 
cookies using these ingredients containing functional nutrients. Con-
sidering the health attributes derivable from unripe plantain, sesame 
seed and groundnut flour, their addition as composite blends in the 
preparation of cookies may result in co-functional cookies and this 
may enhance the nutritional and health status of the consumers, re-
duce total dependence on wheat flour and prevent incidence of celiac 
diseases surging into our society. Work on composite flour in cookies 
production has been opined [5-11].However, no composite cookies 
has been reported from un-rip plantain, groundnut flour and sesame 
seed flours. This work seeks to establish functional cookies from un-
rip plantain flour, groundnut and sesame flour to alleviate hidden hun-
ger and salient nutritional diseases flooding Africa countries today.

Materials and Methods

 Ingredients includes the five bunch of unripe plantain, two cups 
of sesame seeds, three cups groundnut, and other baking ingredients 
includes; (butter, salt, sugar, baking powder and egg) were obtained 
from modern market Benue state, Nigeria.

Preparation of unripe plantain flour

 In preparation of unripe plantain flour [12] method was adopted. 
Briefly, matured unripe plantain was washed and hand peeled, and the 
edible portion (pulp) was sliced into sizes (6.0 x 4.0 cm). The slices 
were immersed in 0.25 g L sodium metabisulphite at 30°C for 10 min. 
The slices were then dried at 60°C in an air-draft oven (Gallenkamp 
300 plus series, England) and then ground into flour using attrition 
mill (Globe P 44, China). The flour samples were passed through a 
0.45 mm mesh size sieve to obtain the flour and stored in plastic con-
tainers with lids at 4°C in a refrigerator from where samples were 
drawn for analysis (Figure 1).

Groundnut flour preparation

 The groundnuts were sorted and cleaned to remove dirt and roast-
ed at 70°C. The roasted groundnut was then milled using a hammer 
mill as shown in figure 2 and stored in plastic container at 4°C in a 
refrigerator.
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Abstract
 Cookies are easy and convenience food   and is becoming in-
creasingly popular. Composite cookies made from unripe plantain, 
ground nut flours and sesame seeds influenced by blend variations 
are scarce. The results revealed that functional properties signifi-
cantly differ (p<0.05) across samples. The mineral potassium, Mag-
nesium, vitamin C and β-carotene with sesame seeds increased as 
unripe plantain flour ratio decreased and when ground nut flour ration 
remain constant, and this blending influenced the protein content, 
moisture, ash, fat, fiber, and carbohydrate content of the cookies. 
Decreasing unripe-plantain flour and increasing sesame amounts 
decreases bulk density, swelling index water absorption and foam-
ing capacities. Across the blends, the weight, diameter and spread 
ration increased as the supplementation level increased but cookies 
thickness decreases. The 10% groundnut flour and 30% of sesame 
seed incorporations seems utilizable for making cookies based on 
the functional result. Decreasing unripe plantain flour and increasing 
sesame seeds amounts confers this made cookie acceptance in ap-
pearance, aroma, texture, taste, and general scores.
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Preparation of sesame seed

 Dehulled sesame seed was sorted to remove foreign materials and 
there after soaked for five minutes to enable dehulling. The dehulled 
seed was washed in cold tap water and dried at 60°C in an air- oven 
(Gallenkamp 300 plus series, England (Figure 3). They were later tied 
in airtight polyethylene high density and stored at ambient tempera-
ture (Table 1).

Cookies preparation

 Fat and sugar, flour, baking powder, eggs and salt were manually 
mixed in a bowl to form dough. The dough was rolled and cut to a uni-
form diameter of %-mm using a cookie cutter and baked in an oven 
at 165°C for 20 min. The cookies were then removed and allowed to 
cool on a rack and packaged in low density polyethylene bags and 
kept in a plastic container at ambient temperature 30+ 1°c for 2hrs 
for further analysis. The flow chart for cookie production is shown in 
Figure 4.

Blend functional property
Water and Oil absorption capacity (WAC/FAC)

 The water and oil capacity of the flour blends were determined as 
described. About 1g of the cookies sample was weighed into conical 
graduated centrifuge tube. Using a warring mixer, the sample was  

Figure 1:  Flow chart for Plantain Flour Production.

Figure 2: Flow chart for the Preparation of Groundnut Flour.

Figure 3: Flow chart for the Preparation of Groundnut Flour.

Sample/ 
blend reci-

pe ratio
PF SS GNF Veg fat sugar egg

Baking 
pow-
der

Salt wa-
ter

A100:0:0 300 0 0 100 100 1 10 1.5 15

B90:10:0              270 0 30 100 100 1 10 1.5 15

C80:10:10 240 30 30 100 100 1 10 1.5 15

D70:10:20 210 60 30 100 100 1 10 1.5 15

E60:10:30 180 90 30 100 100 1 10 1.5 15

Table 1: Sample and blend recipe ratio for composite cookies production.

Figure 4: Flow Chart to produce Cookies Source: [14].
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thoroughly mix with 10ml of distilled water or and oil for OAC, all 
in a centrifuge tube for 30mins. The sample was allowed to stand for 
30minutes at room temperature and then centrifuged at 1600rpm for 
30mins. The volume of free water or oil was read directly from the 
graduated centrifuge tube.

Swelling index

 The swelling index was determined using the method. A 5g of the 
cookies sample was weighed into a 100ml graduated cylinder with the 
dry bulk volume noted. 100ml of hot water at 70°c was mixed. The 
volume after 10-15mins was recorded and calculated as.

Bulk density

 The tulk density was determined using the method described by 
Onwuka, (2005). 2g of sample was filled in a 10ml graduated cyl-
inder its bottom tapped on laboratory bench until there is no further 
decrease in volume of cookies sample. The volume was taken, and 
density calculated as.

Determination of foam capacity

 The foam capacity was determined by the method described by 
[13] with slight modification. The lg flour sample was added to 50ml 
water at 30+2°C in a graduated cylinder. The suspension was mixed 
and shaken for 5 minutes to foam. The volume of foam at 30s after 
whipping was expressed as foam capacity using the formula

Proximate analysis of cookies
Moisture content determination

 An evaporating crucible was washed and dried in oven for 30 min-
utes at 105°C.It was cooled in a desiccator for 30 minutes and weighed 
as (W). Each of 4.00 g (W2) samples was weighed in three crucibles 
separately. The weighted crucibles were then placed in the oven for 
one hour at 105°C, then cooled, weighed, and transferred back to the 
oven and cooled and weighed again until a constant weight (W3) is 
achieved. The result was expressed as percentage of the weight of the 
moisture lost over original weight of samples.

WI=Weight of crucible,

W2=Weight of crucible plus sample,

W3= Weight of crucible plus sample after drying

Ash content determination

 The crucible was weighed using analytical balance as (Wi). 3g 
of sample was weighed separately into three crucibles and labelled 
(W2). It was then transferred to a furnace maintained at a temperature 
of 550°C for three hours for complete decarbonization to obtain white 
ash. The crucible and ash were cooled in a desiccator and weight as 
(W3). The result was expressed as percentage of the weight of ash 
over the original weight of the starch sample. That is:

W1 = Weigh of crucible, 

W2- weigh of crucible and sample, 

W3-weight of crucible and ash

Fat content determination

 A 250.0 ml round bottom flask was washed, dried, and weighed as 
(W1). The thimbles were weighed as (W2). The sample was wrapped 
in moisture-free filter paper and placed in a thimble which was then 
plugged with cotton wool. 400ml of petroleum spirit (40-60°C) was 
added to the sample in the thimble and allowed to reflux into the 
round bottom flask The Soxhlet apparatus was set up and allowed the 
extraction to continue for six hours. After the extraction, the solvent 
was distilled off on a water bath and the weight as (W3) of the flask 
was noted and the result was expressed as:

W1-weight of flask,

W2=weight of sample,

W3=weight of the flask plus oil

Protein content determination

 Two grams (2.g) sample and 8.0g of catalyst mixture were trans-
ferred into a Kjeldahl digestion tube and .20 ml of concentrated sul-
phuric acid was added and the mixtures was heated in an inclined 
position. Heating with continuous until a clear mixture was seen. The 
mixture was allowed to cool and diluted with distilled-deionized and 
made up 100ml standard volumetric flask using distilled water. The 
digested samples were distilled and then   10 ml of 10 M NaOH and 
5 ml of 4% boric acid with two drops of mixed indicator (Indirect 
Titration method) with the aid of kjeldah apparatus into 25ml conical 
flask. The distillate was titrated with 0.IM HCL solution to pink end 
point. Percentage nitrogen and crude protein was calculated as:
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 Where Vs and Vb are titre value of sample and titre value of blank 
respectively

Crude Protein = 6.25x% Nitrogen

Crude fiber content determination

 Three (3g) weight of the defatted cookies sample was placed in a 
bottom flask containing having 200 ml of 0.13 M sulphuric acid and 
the mixture refluxed for 30 minutes. The solution was filtered washed 
with boiling water. The residue was transferred to a beaker and boiled 
for 30 minutes with 200 ml 0.313 M NaOH. The residue was washed 
with 50 ml acetone to remove traces of oil and placed in a crucible and 
weighed as (W2). This was then dried in the oven at 105°C for one 
hour and then incinerated in the furnace at 550°C for three hours. The 
result is expressed as percentage of crude fiber as given below:

W1-weight of crucible, 

W2-weight of sample plus crucible, 

W3-weight of ash plus crucible

Carbohydrate content determination

 The carbohydrate content was expressed as the total carbohydrate 
by difference. Thus % Carbohydrate = 100 - (Moisture +Protein +Ash 
+Fibre +Protein)

Physical Properties of Cookies

 The physical quality of the cookies was carried out according to 
the method of [14].

Determination of cookies Weight

 The cookies were selected randomly, and the weight of the cookies 
was measured using an analytical balance.

The thickness

The thickness was determined in mm using screw gauge.

The Diameter

The diameter was determined in mm using vernier caliper.

The Spread ratio

The spread ratio was calculated as a ratio of diameter to thickness

Sensory evaluation of cookies

 The cookie samples were evaluated by a panel of fifteen judges 
from the University of Agriculture Makurdi, for attributes of the col-
or, texture, aroma, taste and general acceptability on a 9-point scale 
for strongly dislike and 9 for strongly like.

Statistical Analysis

 All determinations were conducted in duplicate. Data generated 
was subjected to analysis of variance (ANOVA). The means were 
tested using LSD and Means separated by 5% probability level.

Results and Discussion
Functional properties of cookies

 The functional properties of the composite flour are given in Table 
2.  High bulk density was observed in the flour blends of 90:10:0 while 
the least recorded in 60:10:30 blend ration with value of 0.833g/ml. 
The present study revealed that bulk density of cookies flour could be 
an advantage in the formulation of supplementary food [15]. While 
the relative high bulk density of the flour blends indicates that pack-
aging could be economical as reported. However, the swelling capac-
ity of flour cookies depends on the processing approach adopted; the 
bulk density ranged from (0.833-0.910g/ml). Water absorption capac-
ity ranged from (1.37% - 1.87%) but blend ration of 80:10:10 have no 
significant different and had the highest mean score of (1.87%) while 
the least was recorded in 60:10:30 blend ration of (1.37%). Water 
absorption capacity represents the ability of a product to   imbibe or 
associate with water molecules. Similarly, the value of oil absorption 
capacity was observed in 80:10:10 blend with a mean score of 1.28% 
while the least value was recorded in 60:10:30 (0.827%). The water 
and oil binding capacity of these cookies samples blends suggests a 
good blend mix. Foam capacity ranged from 0.203% -1.960%) with 
90:10:0 blend ration having mean score of (1.960%) while the least 
was recorded in 60:10:30 at 0.203%. The higher foaming capacity 
in cookies blends of 90:10:0 could be due to high protein present in 
groundnut flour. The foam stability decreased with increase in the ad-
dition of groundnut and sesame seeds. This suggests that cookies with 
much plantain flour blends is more stable, hence foams are used to 
improve texture, consistency and appearance of the foods.

Proximate compositions of cookie samples

 The result of the proximate analysis is presented in Table 3. Pro-
tein content of the cookies was significantly different (14.16%) and 
the blend 60:10:30 had the highest mean percentage protein content 
while the least was recorded for 100:0:0 blend, with percentage mean 
value of 11.20%. The result implies that cookies from blended sam-
ples were high in protein content and could be used as alternative 
protein source in protein deficiency wheat-based cookies. Population 
consuming these snacks will therefore benefit. Sample blend 100.0.0 
was significantly higher (P<0.05) in terms of moisture content. It has  

Sample
PF:GF:SS

Bulk 
Density

Swelling 
Index

Water Ab-
sorption ca-

pacity 

Oil absorp-
tion

capacity

   Foaming 
    capacity

A100:0:0 0.91a+_0.01 3.33b+_0.06 1.87a+_0.15 1.00b+_0.01 1.13b+_0.21

B90:10:0 0.90a_0.03 3.43d+_0.06 1.87a+_0.06 1.01b+_0.01 1.96a+_0.00

C80:10:10   0.87ab+_0.01 2.83c+_0.06 1.80a+_0.00 1.28a+_0.01 0.31d+_0.01

D70:10:20 0.87b+_0.00 2.23b+_0.06 1.37a+_0.06 0.83c+_0.01 0.59c+_0.01

E60:10:30 0.83b+_0.06 2.20a+_0.00 1.47a+_0.06 0.83d+_0.01 0.203d+_0.01

LSD 0.06 0.09 0.15 0.01 0.17

Table 2: Functional properties  of Composite cookies.

Values are mean+_ standard deviation of   three readings. Values with same superscript 
within the same column are not significantly different at P- value (0.05)

PF= Plantain flour, SS= sesame seed, GNF=groundnut flour
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the highest percentage moisture content of 7.64% while the least val-
ue was recorded for blend 90:10:0 with 3.63%. The moisture content 
hence, ranged between (3.63% -7.64%). These values were minimal 
and may not have adverse effect on the quality attributes of the prod-
uct as the values were below the 10% moisture level recommended 
for safe shelf keep of product (SON 2007). The low moisture content 
values observed in this study will also increase the shelf life of the 
product [16]. Reported that the moisture content of different cook-
ies vary according to the type of cookies produced. Cream crackers 
cookies have about 4.3% moisture while digestive cookies have about 
4.5%. There was significant difference (p<0.05) in the fat content of 
the cookie E60:10:30 with higher value of 14.73% while the least 
value was recorded for sample A with 7.67%. The fat and oil content 
of groundnut and sesame seed which are 46% and 50.1- 51.7% re-
spectively may have contributed substantially to its high fat content 
[17]. Have reported 20.50% fat content in digestive biscuit. Fat plays 
an important role in determining the shelf life of food products but 
at a relatively high fat content could be undesirable in baked food 
products. This is because fats can promote rancidity in food, leading 
to development of unpleasant and odorous compounds [18]. Also, diet 
high in fats predisposes consumers to different illness such as obesity, 
coronary heart diseases [19]. There was also a significant difference 
(p<0.05) in the fiber content of 80:10:10 with mean score of 0.46% 
while the least score was recorded in 60:10:30 at 0.021%. Fibre in 
food facilitates easy digestion in the colon and reduces constipation 
[20]. There was significant difference (p<0.05) in the ash content of 
the cookie samples. 60:10:30 had the highest mean score of 6.01% 
while the least mean value was recorded in 70:10:20. the presence of 
ash is an indication of minerals present in the sample [20]. Ash is a 
non-organic compound contains mineral, content of food and nutri-
tional, its aids in the metabolism of other organic compounds such as  

fats and carbohydrate [21]. 100:0:0 was significantly higher (p<0.05) 
with 69.61% in the carbohydrate content while the least value was 
recorded in 60:10:30 with 60.24% which implies that the cookies are 
rich in carbohydrates source according to [22], the higher the protein, 
fat, ash content, the less the carbohydrate. Cookie is an energy food 
which is taken mostly in between meals by both young and old [23].

Micronutrients contents of cookies

 The result of the micronutrient contents of cookies samples 
are presented in Table 4. Ascorbic acids ranged from (2.50 to 4.25 
mg/100g), B-carotene ranged from (2.25 to 2.33mg/100g)  , Magne-
sium  (0.112 to 0.554 mg/g) and potassium  (0.033 to 0.093 mg/100 
g) respectively. The potassium and magnesium contents of composite 
cookies were significantly (p<0.05) higher than the control cookies 
while B- carotene and Ascorbic acids content of composite cookies 
were not significantly (p<0.05) different from the control. Addition 
of sesame seed and groundnut flour to plantain flour increased the 
micronutrients content of the cookies. The higher contents of potas-
sium and magnesium in composite cookies than 100% plantain flour 
inclusion cookies may be attributed to high contents of potassium and 
magnesium in plantain and sesame seeds. The high potassium and 
magnesium content of the cookies make them suitable as a nutrition 
therapy for hypertensive and diabetic patients from the functional   
roles these minerals flour could play.

Physical characteristics of cookies

 The result of the physical characteristics of cookies produced 
from unripe plantain, groundnut flour and sesame seeds are presented 
in Table 5. The result showed that there was significant difference 
(P<0.05) in weight, diameter and spread ratio between cookies made 
from 100% plantain flour and composite flours. The weight ratio of 
the cookies ranged from 14.40g to 18.70g, the diameter ranged from 
4.74g to 6.00 and spread ratio ranged from (3.76 to 5.21). There was 
no significant difference in the thickness as the values ranged from 
(1.13mm - 1.27mm), with 100:0:0 blended cookies having the high-
est thickness value of (1.27mm) while 70:10:20 and 60:10:30 blends 
have the least (1.13) thickness respectively. It was noticed that the 
diameter of the composite cookies increases with 80:10:10 (6.00mm) 
having the highest diameter and the lowest 100:0:0 with a diameter 
of 4.74mm. Addition of sesame seed and groundnut flour to plantain 
flour increased the diameter, spread ratio and weight of composite 
cookies. Cookie spread ratio stand for a ratio of diameter to thick-
ness. Cookies with higher spread ratios are considered most desirable 
[24-40]. Results showed that the spread ratio of composite cookies 
displayed trend along with an increase in the sesame seed.

Sample
PF:GF:SS Moisture protein Fat Crude Fibre    Ash Carbohydrate

A100:0:0 7.64a+_0.59 11.20c+_0.14 7.67d+_0.10 0.31b+_0.01 3.57d+_0.14 69.61a+_0.69

B90:10:0 3.63c+_0.03 12.42d+_0.11 11.61b+_0.30 0.42a+_0.01 4.83c+_0.05 67.09b+_0.48

C80:10:10   3.74c+_0.04 12.85c+_0.23 12.58b+_0.05 0.046ac+_0.01 4.89c+_0.14 65.89c+_0.36

D70:10:20 4.83b+_0.03 13.48b+_0.04 14.39a+_0.07 0.036cd+_0.01 5.23b+_0.01 62.05d+_0.02

E60:10:30 4.84b+_0.02 14.16a+_0.08 14.73a+_0.04 0.02d+_0.001 6.01a+_0.003 60.24c+_0.04

LSD 0.69 0.34 0.40 0.02 0.22 1.05

Table 3: Proximate Composition of Composite cookies.

Values are mean+_ standard deviation of   two replications. Values with same superscript within the same column are not significantly different at P- value (0.05 PF =Plantain flour, 
SS= sesame seed, GNF=groundnut flour

Sample
PF:GF:SS

Vitamin C 
(mg/100g)        

B-carotene
(mg/100g) Mg (mg/kg) P(mg/kg)

A100:0:0 2.50a+_0.001 2.25a+_0.57 0.112e+_0.01 0.033c+_0.001

B90:10:0 3.36a.15+_0.031 2.28a+_0.35 0.112e+_0.01 0.049b+_0.005

C80:10:10 3.70a+_0.065 2.29a+_0.56 0.202d+_0.04
0.306c+_0.008 0.059b+_0.005

D70:10:20 4.02a+_0.101 2.33a+_0.59 0.413b+_0.017 0.081a+_0.006

E60:10:30 4.25a+_0.10 2.33a+_1.05 0.554a+_0.005 0.092a+_0.004

LSD 0.18 1.71 0.02 0.01

Table 4: Micronutrient Composition  of composite cookies.

Values are mean+_ standard deviation of three replications. Means with different su-
perscript within the same column are significantly different at (p>0.05 Where PF= 
Plantain flour, SS= sesame seed ,GNF=groundnut flour

https://doi.org/10.24966/FSN-1076/100147


Citation: : Ogori AF, Amove J, Okponya OJ (2022) Physiochemical Properties of Composite Cookies Made from Un-Rip Plantain, Groundnut Flour and Sesame 
Seeds Influenced by Blend Variation. J Food Sci Nutr 8: 147.

 • Page 6 of  7.

J Food Sci Nutr ISSN: 2470-1076, Open Access Journal
DOI: 10.24966/FSN-1076/100147

Volume 8 • Issue 4 • 100147

Sensory analysis of cookies

 The sensory properties of cookies prepared from plantain, ground-
nut flour and sesame seeds are shown in Table 6. There was no sig-
nificant (p>0.05) difference in taste, texture and overall acceptability 
of cookies prepared from 100% plantain flour when compared with 
the composite cookies [40-45]. This result implies that the evaluated 
sensory properties of 100% plantain cookies are not different from the 
developed cookies. Cookies prepared with sesame seed, plantain and 
groundnut flour blends had high acceptability than cookies made from 
100% unripe plantain flour. Though the texture of the cookies were 
good and from the acceptability scores, it was concluded that ground-
nut flour and sesame flour could be incorporated up to 60:10:30 ratios 
in the preparation of cookies without much effects [46-50].

Conclusion
 This research study indicates that composite cookies is possible 
from plantain sesame and ground nut flours. It was revealed that   
groundnut flour and sesame seeds had good functional attributes and 
thereby can be incorporated as ingredients for cookies production. 
The addition of groundnut flour and sesame seed increased the quality 
of the cookies. But the groundnut flour and sesame seed inclusion 
decrease the weight and thickness of cookies while spread ratio and 
diameter were increased. The sensory attribute of the cookies from 
this study was generally improved.
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Sample
PF:GF:SS Diameter        Thickness Weight Spread ratio

A100:0:0 4.74b+_0.51 1.27a+_0.06 18.70a+_0.44 3.76b+_0.52

B90:10:0 5.87a+_0.12 1.17a+_0.06 17.47a+_0.64 5.04a+_0.36

C80:10:10 6.00a+_0.10 1.20a+_0.10 18.10a+_0.66 5.02a+_0.46

D70:10:20 5.83a+_0.06 1.13a+_0.06 14.40b+_1.05 5.15a+_0.28

E60:10:30 5.90a+_0.10 1.13a+_0.06 15.63b+_0.49 5.21a+_0.19

LSD 0.44 0..13 1.25 0.69

Table 5:  Physical characteristic of cookies.

Values are mean+_ standard deviation of three replications. Means with different su-
perscript within the same column are significantly different at (p>0.05. Where PF= 
Plantain flour, SS= sesame seed, GNF=groundnut flour

Sample
PF:GF:SS

Appear-
ance Aroma Texture Taste General accept-

ability

A100:0:0 7.13ab 7.53ac 7.67a 7.47a 7.60a

B90:10:0 7.60a 6.67ab 7.00a 7.13a 7.53a

C80:10:10 7.33ab 6.67ab 7.47a 7.00a 7.53a

D70:10:20 6.53b 6.27b 7.20a 6.93a 7.33a

E60:10:30 6.93ab 6.60ab 7.07a 7.13a 7.80a

LSD 0.83 1.09 1.02 0.78 0.67

Table 6: Sensory Analysis of Cookies.

Values are mean+_ standard deviation of two replications

Means with different superscript within the same column are significantly different 
at(p>0.05

Where PF= Plantain flour, SS= sesame seed, GNF=groundnut flour
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