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ABSTRACT

The study investigated the Proximate and Mineral Composition Evaluation of snacks produced from
composite flours of selected legumes and tubers for children in Rivers State. The study had two objectives
and two research questions. The study adopted the experimental research design. The population was
made up of all 157 and 47 enrolled pupils of school age children 2024/2025 Rivers State Universal Basic
Education Board, 10 lecturers in the department of Home Economics, Hospitality, and Tourism and all 25
Post graduate registered students of 2024/2025academic session in Ignatius Ajuru University of
education. A convenience sampling technique was used to select 15 panelists, a purposive sampling was
used to select the two tropical tubers of Aerial yam, cocoyam, African yam bean, and Bambara nut. Flour
blend of African yam bean, aerial yam, cocoyam, and Bambara nut was used to produce the four snacks.
The AOAC 2010 was used to determine the proximate, mineral content. Animal experiment was carried
out; Mean and standard deviation were used to analyses research questions. All data were analyzed using
Statistical Package of Social Sciences (SPSS). The finding revealed that the proximate composition of
cookies from different ratios of Areal yam (AY), African yam bean (AYB), cocoyam (CY), Bambara nut
(BN) cookies of AI 100% AY recorded the highest value of crude fibre (2.76%) and carbohydrate
(20.27), while sample A4 55%AY, 15%AYB, 15%CY, 15%BN had the highest value of fat and protein
(3.89%), and (11.38%) respectively. For cake sample B4 55%AY, 15%AYB, 15%CY, 15%BN had the
highest protein content (8.10%) and B2 had the highest value of crude fibre (2.8) among others. For chin
chin chin, CI 100%AYB had the highest value of moisture content (20.25%), fat (3.85%) but recorded
low value of protein (3.10%) among others. For doughnut sample D4 had the highest value of crude fibre
(2.70%) and protein 10.0% among others. For cookies all mineral content were observed to be high in
sample A3 for potassium (33.10%), for cake, all mineral values were observed to be high in B3 for
potassium (30.25%), for chin chin and doughnut C3 and D3 had the highest score of potassium (35.10%)
and (33.25%) among others. Based on the findings the study recommends: Storage studies should be
carried out on these products to determine their shelf stability. Again, Further research should be carried
out to find out the effects of these products on aged parents where all the groups will be fed with normal
diets and cookies samples introduced as treatments in the feed formulations, since cookies are not full
meals but complements to other foods.

Keywords: Proximate composition, composite flour, legumes and tubers, snack development, children's
nutrition.
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INTRODUCTIONS

Children are active and full of life for various activities. They begin to spend more time away from their
family as they are in schools most of the times (Davies, 2014). As a result, snacking becomes part of their
daily life. Snacking is a habit of both the young and old because it supplies the quick calories or other
nutrients needed at some point during an active day, or it is just eaten for pleasure and enjoyment for its
taste (Hess, Jonnalagagadda & Slavin, 2016). Most snacks, until now were produced from wheat as a
major raw material. In Nigeria, wheat production is limited and wheat flour is imported to meet local flour
needs for bakery products. Huge amount of hard-earned foreign exchange is used every year for
importation of wheat (Maziya-Dixon et al., 2017). Recently, a lot of effort has been made to promote the
use of composite flour.

Composite flour is a mixture of varying proportions of non-wheat flours with or without wheat flour and
used for the production of leavened or unleavened baked or snack items that are typically made from
wheat flour to increase nutrient density of the food product (Fatima et al., 2021). The mixture also could
be a mixture of different flours obtain from legumes, cereal, root and tubers. Tubers are significant
sources of a number of compounds namely saponins, phenolic, compound glycoalkaloids, phytic acids,
carotenoids and ascorbic acid. Several bio activities namely anti-oxidation, immune-modulatory,
antimicrobial anti-diabetic, anti-obesity and hypo-cholosterolemic (Thompson et al., 2016). Some of the
tubers found in Nigeria include cassava, yam, cocoyam and Areal yam among others. Legumes have
proven to be a cheap source of nutrients as well as a potential source of income for subsistence farmers
who cultivate legumes at household level. They are excellent crops for local farmers that do not afford
expensive irrigation systems and fertilizers (Sanful et a., 2017). Legumes are nutritionally valuable,
providing proteins with essential amino acids, complex carbohydrates, dietary fibre, unsaturated fats,
vitamins and essential minerals for the human diet (Hasmadji, et al., 2008). On sumption of legumes has
also been reported to be associated with numerous beneficial health attributes.

Cookies are one of the popular cereal foods consumed in Nigeria. They are instant, fast and economical
food products, with great dietary and digestive principles (Adeyanju et al., 2021). They are snacks
containing high nutrients prepared through the application of heat in the oven where it is transformed into
appealing products from rough or unappetizing dough (Olaoye et al., 2006; Adeyanju et al., 2021).
Cookies represent the largest category of snack items among bakery products and it has become one of
the popular snack foods for both young and elderly due to their affordable price, convenience, shelf
stable, and nutritive value. Cookies are made from wheat flour but could be produced from other
composite flour (Enwere,1990).

Cake is another convenient baked food product that has a sweet taste. They are soft bakery products
produced by baking a batter containing flour, baking powders and beaten eggs with or without
shortenings. According to the final products desired, other ingredients such as flavorings, nuts, chocolate
and dried fruits are also included. Cakes are a major snack in the fast-food industry and highlight of many
celebrations (Maria et.al, 2015). They are usually eaten with soft drinks, juice or tea and are also used as
weaning food for infants. Cakes were modification of bread but cakes now cover a wide range of
preparations that can be simple or elaborate. They are highly cherished by women and children as it is a
complete food, rich in fat and proteins.

Chin-chin is a fried snack popular in West Africa, especially in Nigeria. It is a sweet, cookie-like product
made from wheat flour and egg and other ingredients (Akubor, et al., 2004). The flour is mixed to form
elastic dough before which it is properly kneaded, rolled and cut into desired shapes. The shaped flat
dough is then deep fried in hot oil and when it is slightly golden brown, it is scooped out to let oil drain.
Chin-chin is sweet to taste, slightly hard and can be compared to a harder version of a doughnut and
sometimes prepared by baking instead of frying (Adegunwa et al., 2014). In Nigeria, these snacks are
commonly eaten by the young and old and are usually used to entertain visitors during parties and other
ceremony.

Doughnuts are one of the most popular products, widely consumed due to its ready-to-eat nature, good
nutritional quality, and low-cost (Potter, et, al., 2018). It is a type of deep fried, ring-shaped dough,
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confectionery. It is prepared in various forms as a snack that can be homemade or purchased in bakeries,
supermarket, food stalls and franchised outlet. Various topping and flavoring are used for different types,
such as sugar, chocolate or maple glazing. In addition to flour, other ingredients are water, leavening
agent, egg, milk, sugar, oil or shortening, natural or artificial flavour. They are served quite extensively in
hotels, restaurant and snacks bars in many countries of the world (Potter, et al., 2018)

Statement of the Problem

The nutritional quality of snacks consumed by many children and adults in Nigeria has become a major
concern due to the increasing reliance on commercially processed products such as cookies, cakes, chin-
chin, and doughnut. These snacks are commonly produced using refined wheat flour, sugar, and fat,
which often provide high energy but contain low levels of essential nutrients such as protein, dietary fiber,
and minerals. As a result, regular consumption of such snacks may contribute to poor dietary balance and
micronutrient deficiencies, especially among children who depend on snacks as part of their daily food
intake. In Rivers State, locally available food crops such as Areal yam and cocoyam (tubers) as well as
African yam bean and Bambara groundnut (legumes) are known to possess valuable nutritional
components including carbohydrates, proteins, and minerals such as calcium, iron, and zinc. However,
these crops remain underutilized in snack production due to limited research evidence on their nutritional
contribution when used as composite flour blends. Many local bakers and food processors still depend
heavily on imported wheat flour, despite the availability of nutrient-rich local alternatives that could
improve food security and enhance the nutritional value of snacks. Furthermore, there is insufficient
scientific information on the proximate composition (moisture, ash, fat, protein, fiber, and carbohydrate)
and mineral composition (calcium, iron, zinc, potassium, sodium, and phosphorus) of snack products
produced from composite flour blends of Areal yam, cocoyam, African yam bean, and Bambara
groundnut. Without such information, it becomes difficult to determine whether these composite flour
snacks can provide improved nutritional benefits compared to conventional wheat-based snacks.
Therefore, this study became necessary to evaluate the proximate and mineral composition of cookies,
cakes, chin-chin, and doughnut produced from composite flour blends of these selected tubers and
legumes in order to establish their nutritional suitability for consumption and potential use in promoting
better dietary quality.

Research Objectives

The study specifically sought to:

1. determine the proximate composition (moisture, ash, fat, protein, fiber, and carbohydrate) of cookies,
cakes, chin-chin, and doughnut produced from composite flour blends of Areal yam, cocoyam, African
yam bean, and Bambara groundnut.

2. determine the mineral composition (calcium, iron, zinc, potassium, sodium, and phosphorus) of
cookies, cakes, chin-chin, and doughnut produced from the same composite flour blends.

Research Questions

The following research questions guided the study:

1. What is the proximate composition (moisture, ash, fat, protein, fiber, and carbohydrate) of cookies,
cakes, chin-chin, and doughnut produced from composite flour blends of Areal yam, cocoyam, African
yam bean, and Bambara groundnut?

2. What is the mineral composition (calcium, iron, zinc, potassium, sodium, and phosphorus) of cookies,
cakes, chin-chin, and doughnut produced from composite flour blends of Areal yam, cocoyam, African
yam bean, and Bambara groundnut?

METHODOLOGY

This study adopted an experimental research design to evaluate the proximate and mineral composition of
cookies, cakes, chin-chin, and doughnut produced from composite flour blends of Areal yam, cocoyam,
African yam bean, and Bambara groundnut. The experimental design was appropriate because it allowed
for the controlled formulation of composite flours, preparation of snack products, and laboratory analysis
of their nutritional content.
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Location of the Study
The study was conducted in Rivers State, Nigeria. The processing of flours and preparation of snack
products were carried out in a standard food science laboratory and baking unit equipped with milling,
mixing, baking, and frying facilities.
Materials and Sample Preparation
The raw materials: Areal yam, cocoyam, African yam bean, and Bambara groundnut were sourced from
local markets in Rivers State. Other ingredients for snack preparation, such as sugar, margarine, eggs,
milk, yeast, baking powder, and vegetable oil, were obtained from reputable suppliers.
The flours were prepared separately following standard food processing procedures. Areal yam and
cocoyam were washed, peeled, sliced, blanched, dried in an oven, milled, and sieved to obtain fine flours.
African yam bean and Bambara groundnut seeds were sorted, washed, soaked to soften, dehulled, dried,
milled, and sieved. All flours were stored in airtight containers under dry conditions until use.
Composite Flour Formulation
Three composite flour blends were formulated by mixing the four flours in predetermined ratios:
AYAYBCBN 85:5:5:5, 70:10:10:10, and 55:15:15:15. The blends were mixed thoroughly to ensure
uniformity. These composite flours were then used to produce four snack products—cookies, cakes, chin-
chin, and doughnut—using standardized baking and frying procedures. A control sample using 100%
wheat flour was also prepared for comparison.
Proximate Composition Analysis
The proximate composition of each snack product was determined using standard methods outlined by the
Association of Official Analytical Chemists (AOAC, 2019). Analyses included:

e Moisture content — by oven-drying method

e Ash content — by muffle furnace incineration

e Fat content — by Soxhlet extraction

e Protein content — by Kjeldahl method

e Crude fiber — by acid-base digestion

e Carbohydrate content — calculated by difference
Mineral Composition Analysis
The mineral content (calcium, iron, zinc, potassium, sodium, and phosphorus) of the snacks was
determined using standard laboratory procedures:

e Calcium, Iron, Zinc — determined using atomic absorption spectrophotometry (AAS)

¢ Potassium, Sodium — determined using flame photometry

e Phosphorus — determined using the vanadomalayaite colorimetric method
Data Analysis
Data obtained from proximate and mineral analyses were recorded in triplicates for accuracy and
expressed as mean = standard deviation. Descriptive statistics, including tables and charts, were used to
summarize the results. Comparative analysis between composite flour snacks and control samples was
conducted to determine the relative nutritional improvement.
This methodology ensured that all processing and analytical procedures were conducted under hygienic
and controlled conditions, producing reliable data on the nutritional quality of snacks developed from
locally sourced composite flours.

RESULTS

Research Question 1: What is the proximate composition of (moisture, ash, fats, protein, fibre and
carbohydrates) of three different ratios (AYAYBCBN 85:5:5:5, AYAYBCBN 70: 10: 10:10, AYAYBCBN
55: 15: 15: 15) of composite cookies, cakes, chin-chin and doughnut produced from of Areal yam,
cocoyam, African yam bean and Bambara groundnut?
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Table 1a. Summary of differences in the proximate composition of (moisture, ash, fats, protein,
fiber and carbohydrates) of three different ratios

Samples  Moisture (%) Fat (%) Ash (%) Crude fiber Protein (%) Carbohydrates
(%) (%)
Al 70-50°+0.121  3.45°+0.83 1.86°+0.04  2.76°+0.02 4.14°+0.10 20.27°£2.79
Az 70.48°+£0.450  3.39°+0.0029 2.20°+0.48  2.36°+0.23 10.08%+0.89 12.10*+3.32
Az 70.85°+£0.106  3.48°+0.085 1.52°40.040  1.60°+0.030  3.80c +0.014 15.91°+0.318
A4 70.51°+£0.120  3.89°+0.050 1.36° 0.39 2.02°+0.15 11.38a+0.50 13.25+0.31
Al 100% Arial Cookies
A? 85: 5: 5 5 Cookies
A’ 70: 10: 10: 10 Cookies
A4 55: 15: 15: 15 Cookies
Table 1b
Samples  Moisture (%) Fat (%) Ash (%) Crude fibre Protein (%) Carbohydrates
(%) (%)
B, 71.90° £ 0.06 3.80°+0.50 1.33°+0.35 1.59*+0.12 5.24* +0.075 21.82+0.40
B 68.50°+ 0.103 3.44°+0.82 2.26°+0.093  2.70°+0.32 6.30°+0.107 16.20+ 1.28
B3 70.40° +0.12 3.37°+0.029 2.292 £0.35 1.98*+0.001  4.15°+0.80 18.10*°+2.20
By 67.36°+0.13 3.50° + 0.084 2.252+0.47 2.70°+0.22 8.10% £0.60 12.10* £ 3.32
B! 100% Cocoyam Cakes
B? 85: 5: 5 5 Cakes
B3 70: 10: 10: 10 Cakes
B* 55: 15: 15: 15 Cakes
Table 1c
Samples  Moisture (%) Fat (%) Ash (%) Crude fibre Protein (%)  Carbohydrates
(%) (%)
C 58.80°+ 0.108 3.88°+0.49 1.36°+0.39 1.80°+0.0011  3.10°£0.020  20.25+3.30
C 70.25°+£0.125  3.70°+0.60 220°+045  2.02°+£0.030 7.09*+0.35 10.90£2.33
GCs 66.30°+0.100  3.39°+0.30 1.18°+0.05 1.56* £ 0.020 5.20°+0.40  15.80°+0.31
Cy 70.20°+0.135  3.25°+0.20 2242080 2.25°+0.25 9.11 £0.60 9.50+2.70
C! 100% Africanyam  Bean Chin chin
C? 85: 5: 5 5 Cakes
c3 70: 10: 10: 10 Cakes
c* 55: 15: 15: 15 Cakes
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SamplZsableNllgisture (%) Fat (%) Ash (%) Crude fiber Protein (%) Carbohydrates
° °
D, 70.40°+0.120  3.70° £ 0.65 1.34°+0.30 2.30b(ﬂ:A())).018 4.14°+0.16 21.9* i(()/.OS)O
D, 68.30*+0.10 3.20°+0.55 226°+0.90  2.26°+0.26 9.07*+ 0.89 12.10° + 0.200
Ds 71.90°+0.106  3.48"+0.070 1.52°+£0.40 1.80°+0.010 5.30°+0.70 11.10 £ 0.60
D, 58.8*+0.100 3.60° £ 0.75 1.36°+0.37  2.70°+0.30 10.0%2+0.89  18.10 +0.60
D! 100% Bambara nut  Doughnut
D? 85: 5: 5 5 Cakes

D? 70: 10: 10: 10 Cakes
D* 55: 15: 15: 15 Cakes

Values are mean = SD of proximate composition of (moisture, ash, fats, protein, fibre and carbohydrates)
of three different ratios. Samples with different superscripts within the same column were significantly
different (p<0.05). Sample = (cookies, cakes, chin-chin and doughnut produced from of Areal yam,
cocoyam, African yam bean and Bambara groundnut).

The summary of difference in the proximate composition of (moisture, ash, fats, protein, fibre and
carbohydrates) of three different ratios (AYAYBCBN 85:5:5:5, AYAYBCBN 70: 10: 10:10,
AYAYBCBN 55: 15: 15: 15) of composite cookies, cakes, chin-chin and doughnut produced from of
Areal yam, cocoyam, African yam bean and Bambara groundnut are shown in table 4.3. 100% of flour
from Areal yam used in producing cookies had the highest amount of ash 1.86c+£0.04 and crude fiber
2.76b+0.02, cakes had the highest amount of moisture 71.90b+0.06 and protein 5.24b+0.07, chin-chin had
highest amount of fat 3.88b+0.49 and doughnut had highest amount of carbohydrate 21.9a+0.50.
AYAYBCBN 85:5:5:5 % of flour from Areal yam, cocoyam, African yam bean and Bambara groundnut
used in producing cookies had the highest amount of moisture 70.48b+0.45 and protein 10.08a+0.89,
cakes had the highest amount of crude fiber 2.70b+0.32 and carbohydrate 16.20+1.28, chin-chin had
highest amount of fat 3.70b+0.60 and doughnut had highest amount of ash 2.26a+0.90.

AYAYBCBN 70: 10: 10:10% of flour from Areal yam, cocoyam, African yam bean and Bambara
groundnut used in producing cookies had the highest amount of fat 3.48b+0.08, cakes had the highest
amount of ash 2.29a+0.35, crude fiber 1.98a+0.00 and carbohydrate 18.10a+2.20, chin-chin had lowest
amount of all contents and doughnut had highest amount of moisture 71.90b+0.10, and protein
5.30b+0.07.

AYAYBCBN 55: 15: 15: 15 % of flour from Areal yam, cocoyam, African yam bean and Bambara
groundnut used in producing cookies had the highest amount of ash 2.25a+0.04, fat 3.89b+0.05 and
protein 11.38a+0.50 cakes had the highest amount of ash 2.29a+0.35, crude fiber 1.98a+0.00 and
carbohydrate 18.10a+2.20, chin-chin had lowest amount of all contents and doughnut had highest amount
of moisture 71.90b+0.10, and protein 5.30b+0.07.

Research Question 2: What are the mineral compositions (calcium, iron, zinc, potassium, sodium,
phosphorous) of three different ratios (AYAYBCBN 85:5:5:5, AYAYBCNB 70: 10: 10:10, AYAYBCBN 55:
15: 15: 15) of composite cookies, cakes, chin-chin and doughnut produced from Areal yam, cocoyam,
African yam bean and Bambara groundnut?
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Table 2a Summary of differences in the mineral compositions (calcium, iron, zinc, potassium,
sodium, phosphorous) of three different ratios

Samples Calcium Iron Zinc Potassium Sodium Magnesium
(mg/1.00g) (mg/1.00g) (mg/1.00g) (mg/1.00g) (mg/1.00g) (mg/1.00g)
Al 6.04 +0.30 4.50 £0.020 2.70+£0.14 31.30+1.55 9.32+0.75 4.00 £ 0.002
Az 7.10 £0.53 527+1.18 2.79+£0.14 30.42+0.93 9.80 +£0.40 2.50 £ 0.001
Az 7.56 £ 0.62 5.04 +1.68 2.73£0.15 33.10+1.73 9.74+0.70 8.75 +£0.002
A4 6.70 £ 0.50 4.34+£1.80 2.40 £0.50 25.64 +2.94 10.10 +0.45 8.70 £ 0.002
Al 100% Arial Cookies
A? 85: 5: 5 5 Cookies
A’ 70: 10: 10: 10 Cookies
A* 55: 15: 15: 15 Cookies
Table 2b
Samples Calcium Iron Zinc Potassium Sodium Magnesium
(mg/1.00g) (mg/1.00g) (mg/1.00g) (mg/1.00g) (mg/1.00g) (mg/1.00g)
B, 5.62 +0.55 5.09+1.19 2.51+0.14 27.84 +1.47 8.23 +0.77 5.80+0.5
B> 10.11£1.30 595+0.14 1.66 + 0.30 26.30 + 1.55 8.30 £ 0.60 8.79 £0.06
B; 6.05 +0.60 5.95+1.04 2.80 £0.15 30.25+1.40 9.33+0.90 8.10+0.08
B4 8.50+0.62 3.64 +0.01 1.50 £ 60 25.20+0.20 5.50+0.10 9.20+0.10
B! 100% Cocoyam Cakes
B? 85: 5: 5 5 Cakes
B3 70: 10: 10: 10 Cakes
B* 55: 15: 15: 15 Cakes
Table 2¢
Samples Calcium Iron Zinc Potassium Sodium Magnesium
(mg/1.00g) (mg/1.00g) (mg/1.00g) (mg/1.00g) (mg/1.00g) (mg/1.00g)
C 9.10+£0.15 5.70 +£1.20 2.25+0.20 26.64 +2.90 6.10 £ 0.50 4.00 £ 0.004
C 8.55+0.70 430+£0.10 2.80£0.20 30.10+£0.80 7.50+0.10 6.10 £ 0.06
Gs 7.70 £ 0.40 3.55+1.00 2.30 £ 0.40 35.10+£1.70 9.70 + 0.80 7.55 +£0.001
Cy 9.20 £0.25 5.10+1.15 2.70 £ 0.30 31.40+1.47 7.40 + 0.45 8.20 £ 0.009
C! 100% African yam  Bean Chin chin
C? 85: 5: 5 5 Cakes
c? 70: 10: 10: 10 Cakes
ct 55: 15: 15: 15 Cakes
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Table 2d

Samples Calcium Iron Zinc Potassium Sodium Magnesium
(mg/1.00g) (mg/1.00g) (mg/1.00g) (mg/1.00g) (mg/1.00g) (mg/1.00g)

Dy 7.30 £ 0.50 420+1.20 2.20+0.10 28.60 = 1.55 9.30+0.70 5.10 +£0.008
D, 7.40 £1.30 4.34 +1.80 2.10 £ 0.60 25.30+£2.10 8.20+0.10 7.00 £ 0.002
D; 9.10 £ 0.20 5.15+1.60 2.80 £0.15 33.25+0.90 8.74 £ 0.60 9.30 + 0.004
D, 8.50 + 0.60 4.20+1.01 2.50+0.14 20.10+1.70 7.10+0.20 8.01 +£0.003

D! 100% Bambara nut  Doughnut

D? 85: 5: 5 5 Cakes

D? 70: 10: 10: 10 Cakes

D* 55: 15: 15: 15 Cakes

AY=Areal Yam, AY= African Yam Beans, CY=Coco Yam and B=Bambara Nut TO PRODUCE
COOKIES, CAKE, CHIN-CHIN AND DOUGHNUT.

Values are mean + SD of mineral compositions (calcium, iron, zinc, potassium, sodium, phosphorous) of
three different ratios. Samples with different superscripts within the same column were significantly
different (p<0.05). Sample = (cookies, cakes, chin-chin and doughnut produced from of Areal yam,
cocoyam, African yam bean and Bambara groundnut).

The summary of difference in the mineral compositions (calcium, iron, zinc, potassium, sodium,
phosphorous) of three different ratios (AYAYBCBN 85:5:5:5, AYAYBCBN 70: 10: 10:10, AYAYBCBN
55: 15: 15: 15) of composite cookies, cakes, chin-chin and doughnut produced from Areal yam, cocoyam,
African yam bean and Bambara groundnut are shown that 100% of Areal yam, cocoyam, African yam
bean and Bambara groundnut used in producing cookies had the highest amount of zinc 2.70+0.14,
potassium 31.30+1.55 and sodium 9.32+0.75, cakes had the highest amount of calcium 15.62+0.55 and
magnesium 5.8040.55, chin-chin had lowest amount of all content and doughnut had highest amount of
sodium 9.30+0.70.

AYAYBCBN 85:5:5:5 % of flour from Areal yam, cocoyam, African yam bean and Bambara groundnut
used in producing cookies had the highest amount of potassium 30.42+0.93 and sodium 9.87+0.40, cakes
had the highest amount of calcium 10.11£1.30 and iron 5.95+0.14, chin-chin had highest amount of zinc
2.80+0.20 and doughnut had highest amount of 7.00+0.00.

AYAYBCBN 70: 10: 10:10% of flour from Areal yam, cocoyam, African yam bean and Bambara
groundnut used in producing cookies had the highest amount of sodium 9.74+0.70, cakes had the highest
amount of iron 5.95+1.04, chin-chin had highest amount of potassium 35.1041.70 contents and doughnut
had highest amount of calcium 9.10+0.20, and magnesium 9.30+0.00.

AYAYBCBN 55: 15: 15: 15 % of flour from Areal yam, cocoyam, African yam bean and Bambara
groundnut used in producing cookies had the highest amount of potassium 25.64+2.90 and sodium
10.10+0.45, cakes had the highest amount of magnesium 9.20+0.10, chin-chin had highest amount of
calcium 9.20+0.25 and doughnut had highest amount of iron 5.10+1.15.

Summary of Findings

The findings of the study showed that cookies had the highest amount of zinc 2.70+0.14, potassium
31.30+1.55 and sodium 9.32+0.75, cakes had the highest amount of calcium 15.62+0.55 and magnesium
5.80+0.55, chin-chin had lowest amount of all content and doughnut had highest amount of sodium
9.30+£0.70. AYAYBCBN 85:5:5:5 % of flour from Areal yam, cocoyam, African yam bean and Bambara
groundnut used in producing cookies had the highest amount of potassium 30.42+0.93 and sodium
9.87+0.40, cakes had the highest amount of calcium 10.11£1.30 and iron 5.95+0.14, chin-chin had
highest amount of zinc 2.80+0.20 and doughnut had highest amount of 7.00+0.00. AYAYBCBN 70: 10:
10:10% of flour from Areal yam, cocoyam, African yam bean and Bambara groundnut used in producing
cookies had the highest amount of sodium 9.74+0.70, cakes had the highest amount of iron 5.95+1.04,
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chin-chin had highest amount of potassium 35.10+1.70 contents and doughnut had highest amount of
calcium 9.10+0.20, and magnesium 9.30+0.00. AYAYBCBN 55: 15: 15: 15 % of flour from Areal yam,
cocoyam, African yam bean and Bambara groundnut used in producing cookies had the highest amount of
potassium 25.64+2.90 and sodium 10.10+0.45, cakes had the highest amount of magnesium 9.20+0.10,
chin-chin had highest amount of calcium 9.20+0.25 and doughnut had highest amount of iron 5.10+1.15.

DISCUSSION OF FINDINGS

The findings of the study showed that cookies had the highest amount of zinc 2.70+0.14, potassium
31.30£1.55 and sodium 9.32+0.75, cakes had the highest amount of calcium 15.62+0.55 and magnesium
5.80+0.55, chin-chin had lowest amount of all content and doughnut had highest amount of sodium
9.30+0.70. AYAYBCBN 85:5:5:5 % of flour from Areal yam, cocoyam, African yam bean and Bambara
groundnut used in producing cookies had the highest amount of potassium 30.42+0.93 and sodium
9.87+0.40, cakes had the highest amount of calcium 10.11£1.30 and iron 5.95+0.14, chin-chin had
highest amount of zinc 2.80+0.20 and doughnut had highest amount of 7.00+0.00. AYAYBCNB 70: 10:
10:10% of flour from Areal yam, cocoyam, African yam bean and Bambara groundnut used in producing
cookies had the highest amount of sodium 9.74+0.70, cakes had the highest amount of iron 5.95+1.04,
chin-chin had highest amount of potassium 35.10+1.70 contents and doughnut had highest amount of
calcium 9.1040.20, and magnesium 9.30+0.00. AYAYBCBN 55: 15: 15: 15 % of flour from Areal yam,
cocoyam, African yam bean and Bambara groundnut used in producing cookies had the highest amount of
potassium 25.64+2.90 and sodium 10.10+0.45, cakes had the highest amount of magnesium 9.20+0.10,
chin-chin had highest amount of calcium 9.20+0.25 and doughnut had highest amount of iron 5.10+1.15.
The findings of the study are in line with Akubor (2014) Bambara groundnut is high in dietary fiber,
minerals (calcium, magnesium and phosphorus), essential amino acids and phytochemicals (Anderson,
et.al, 2017).

CONCLUSION

Flour processing improved the nutritional values of the flour in the products significantly (p< 0.05). Areal
yam, cocoyam, African yam bean and Bambara groundnut flour inclusion did not have any negative
effect on the products but rather improved the mineral and vitamin contents of the products. However,
higher levels of incorporation above 10% may not produce good acceptable products or enhance baking
process as a means of snack production.

RECOMMENDATION

1. Storage studies should be carried out on these products to determine their shelf stability.

2. Further research should be carried out to find out the effects of these products on aged parents where all
the groups will be fed with normal diets and cookies samples introduced as treatments in the feed
formulations, since cookies are not full meals but complements to other foods.
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