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Abstract
Composite flour blends of wheat-cocoyam-soybean were used in the production of cookies in order to
determine their micronutrient composition. These cookies were subjected to mineral and vitamin
content analysis. There were significant differences (p<0.05) in the mineral and vitamin contents of
the cookies. Sodium and magnesium contents of the cookies were in the range of 120.80 –
123.20mg/100g and 77.60 – 83.20 mg/100g respectively. Sample WH100/0CS (WH= wheat flour; CS
= cocoyam/soybean flour) differed significantly from other samples in its sodium and magnesium
mean content values. The phosphorus content was in the range of 47.89 – 122.30 mg/100g. Sample
WH60/20CS had the highest calcium mean content value of 49.43mg/100g while sample WH100/0CS
had the least value of 26.72mg/100g. It was also observed that sample WH60/20CS had the highest
mean content values in phosphorus, calcium and potassium. Significant differences existed in the
vitamin content values of the cookies except in niacin. Sample WH60/20CS differed significantly from
the other samples with a vitamin A value of 107.24IU/100g and vitamin C value of 4.69mg/100g. The
mean values of the cookies showed that they can serve as good sources of micronutrient for the body
and can help in reducing micronutrient deficiency through food-based approach.
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Introduction
It is known that micronutrient deficiencies threaten about two billion people globally (FAO,
2013).Micronutrients play crucial roles in human nutrition, including the prevention and
treatment of various diseases and conditions, as well as the optimization of physical and
mental functioning. Vitamins and minerals are the two types of micronutrients. Though only
needed in small amounts, they play important roles in human development and well-being,
including the regulation of metabolism, heartbeat, cellular pH and bone density. Lack of
micronutrients can lead to stunted growth in children and increased risk for various diseases in
adulthood. Minerals are also available in two forms: macrominerals and microminerals.
Macrominerals are needed in larger amounts and include: Calcium, Magnesium, Phosphorus,
Sodium, Potassium. Microminerals are only needed in trace amounts and include: Iron,
Copper, Iodine, Zinc, Fluoride. FAO strongly emphasizes that food-based approaches are
sustainable strategies for improving the micronutrient status of populations (FAO, 1997).
Increasing access to and availability and consumption of a variety of micronutrient-rich foods
not only have a positive effect on micronutrient status but also contribute to improved
nutrition in general (Aphane et al., 2003).Micronutrients are found naturally in a variety of
plant- and animal-based foods. Although they can now be synthesized in the laboratory, a
varied diet typically provides all of the vitamins and minerals necessary for human health.
Micronutrient malnutrition (MNM) is widespread in the industrialized nations, but even more
so in the developing regions of the world. It can affect all age groups, but young children and
women of reproductive age tend to be among those most at risk of developing micronutrient
deficiencies. Food fortification tends to have a less immediate but nevertheless a much wider
and more sustained impact. Although increasing dietary diversities generally regarded as the
most desirable and sustainable option, it takes the longest to implement. Supplementation
which is the term used to describe the provision of relatively large doses of micronutrients,
usually in the form of pills, capsules or syrups, has the advantage of being capable of
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supplying an optimal amount of a specific nutrient or nutrients, in a highly absorbable form,
and is often the fastest way to control deficiency in individuals or population groups that have
been identified as being deficient.
Soybean has protein content of about 40% (Kure et al., 1998) and also rich in calcium, iron,
phosphorus and vitamins. Soy bean contains all the essential amino acids (Ihekoronye and
Ngoddy, 1985). Cocoyams have nutritional advantages over root crops and other tubers crops
(Lyonga and Nzietchueng, 1986). It has more crude protein than root and other tubers and its
starch is highly digestible because of the small size of the starch granules, its contents of
calcium, phosphorus, vitamins A and B vitamins are reasonable. Composite flour
incorporating cocoyams has been used in extruded products such as noodles and macaroni
(FAO, 1990).
Materials and methods
The major raw materials that were used in this study include: cocoyam (Xanthosoma
sagittifolium) i.e. Ede ocha, soybeans (Glycine max) and wheat flour. The items were
purchased from Ekeukwu market in Owerri municipal, Imo State. All other reagents used
were of analytical grade.
Processing of cocoyam into flour
Cocoyam cormels were processed into flour using the method described by Oti and
Akobundu, (2007). Cocoyam cormels were peeled, sliced and washed with water. The slices
were blanched at 75°c for 15 minutes in portable water. The blanched slices were oven dried
at 60°C for 9 hours and milled to obtain flour which was subsequently sieved to yield flour of
fine texture.
Processing of soybean into flour
Soybean flour was produced using the method described by Oluwamukomi et al. (2005). One
kg of soybean were sorted, washed and boiled in water at 100oC for 30min. The boiled
soybean were dehulled manually, oven-dried at 55oC for 16 hours, milled to obtain the flour
followed by sieving using a sieve with 300 -μm aperture and then kept in an airtight plastic
container until ready for further use. The composite cookies were produced using the method
of Asomugha and Uwalaka (2000) using the blend formula Table 1.
Table 1: Blend formula for wheat-cocoyam cookies enriched with soy bean (%)
Samples
Wheat flour
WH60/20CS
60
WH70/15CS
70
WH80/10CS
80
WH90/05CS
90
WH100/0CS
100
WH = wheat flour; CS = cocoyam/soy bean flour

Cocoyam flour
20
15
10
5
0

Soybean flour
20
15
10
5
0

Vitamin and mineral elements determination
Thiamine, Niacin and Riboflavin content were determined using the colorimetric method
(Okwu and Ndu, 2006). Vitamin A and C content were determined spectrophotometrically
using the standard methods of AOAC (2000). The mineral components (sodium, magnesium,
phosphorus, calcium, potassium) were analyzed using an Atomic Absorption
Spectrophotometer (AAS, Model SP9, Pychicham UK).
Statistical analysis
All data were analyzed in triplicates and means subjected to analysis of variance ANOVA)
while the least significant test was used to detect significant differences among the means
(Iwe, 2002, 2007).
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Results and Discussion
Mineral composition of the cookies
Table 2 shows the result of the mineral content of the wheat-cocoyam cookies enriched with
soy bean flour. Minerals are known to play important metabolic and physiological reactions in
the living system as anti-oxidant enzyme co-factor (Talwar et al., 1989). There were
significant differences in all the mineral components analyzed. The mean values for sodium
were in the range of 120.80 – 123.20mg/100g with sample WH100/0CS having the highest
mean value of 123.20mg/100g, closely followed by sampleWH90/05CS with mean value of
122.73mg/100g. Sodium acts systemically to strength developing teeth, for the prevention of
dental carries by increasing tooth resistance to acid dissolution and promotes demineralization
and also inhibit cariogenic microbial process (WHO/FAO 2001). Sodium helps to maintain
osmotic pressure and regulate acid based balance in the body though not good when taken in
high quantities. Prolonged consumption of foods high in sodium as well as sodium intake
above the recommended value has been associated with high blood pressure and stiffening of
arterial walls and, therefore, is a risk factor for cardio-vascular heart disease (CHD), which is
a major cause of death in Europe (Gibbs et al., 2000; He et al., 2005).
Sample WH100/0CS has significantly higher magnesium value of 83.20mg/100g than other
samples. The magnesium mean values for the cookies were 77.60 – 83.20mg/100g.
Magnesium is needed for many biochemical reactions in the body. It helps to maintain normal
muscles and nerve function, keeps heart rhythm steady, support a healthy immune blood and
regulate blood sugar levels (Saris et al., 2000). It has been reported that magnesium, zinc and
selenium prevent cardiomyopathy, muscle degeneration, growth retardation, impaired
spermatogenesis, immunogical dysfunction and bleeding disorder (Igwe et al., 2011). Iron,
zinc, copper and manganese strengthen the immune system as antioxidant enzyme cofactors
(Talwar et al., 1989). Minerals such as iron and zinc are low in cereal and tuber-based diets,
but the addition of legumes can slightly improve the iron content of those diets. Minerals such
as iron and zinc are low in cereal and tuber-based diets, but the addition of legumes can
slightly improve the iron content of those diets (FAO, 2001).The phosphorus and calcium
contents of the cookies were in the range of 47.89 – 122.30 mg/100g and 26.72 –
49.43mg/100g respectively. Calcium has been known to aid in strong bone and teeth
formation. Without proper consumption of micronutrients, humans can suffer from diseases
such as rickets (lack of vitamin D), scurvy (lack of vitamin C) and osteoporosis (lack of
calcium).Deficiencies of certain minerals such as zinc and phosphorus had been shown to
aggravate carbohydrate intolerance (Franz et al., 2002). Calcium intake in diabetics had been
shown to be beneficial and likely to reduce osteoporosis in older diabetics (Cryer et al., 1994).
The amount of calcium increased greatly in the wheat-cocoyam cookies enriched with
soybean thereby agreeing with (Ayo et al., 2010,Igbabul et al., 2014,Dabels et al., 2016) who
reported increased vitamins and minerals in composite bread.
Table 2: Mineral composition of wheat-cocoyam cookies enriched with soy bean
(mg/100g)
Samples
WH60/20CS
WH70/15CS
WH80/10CS
WH90/05CS
WH100/0CS

Sodium
120.80±0.40
121.73±0.23
122.20±0.20
122.73±0.12
123.20±0.42

Magnesium
77.60±2.78
78.40±3.67
80.80±1.39
82.40±1.39
83.20±1.39

Phosphorus
122.30±1.39
91.30±1.03
77.37±1.61
51.30±0.63
47.89±0.46

Where WH = wheat flour; CS= cocoyam/soy bean composite flour

Calcium
49.43±2.30
42.75±2.32
37.41±2.32
33.70±2.32
26.72±2.32

Potassium
358.00±0.40
349.33±0.46
333.60±0.40
284.93±1.22
264.53±0.83
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Vitamin Composition of the cookies
The results of the vitamin contents of the cookies are presented in Table 3. There were
significant differences in the vitamin components analyzed for the cookies. Sample
WH60/20CS was significantly higher than the other samples with mean value of 107.24IU
/100g in vitamin A followed closely by sample WH70/15CS with 81.75 IU /100g. Sample
WH100/0CS had the lowest mean value of 25.20 IU /100g vitamin A. Vitamin A promotes
skeletal growth, normal tooth structure, healthy membrane, healthy skin, eyes and hair, it is
also essential for good night vision (Ong, 1994). Vitamin A is important for visual health,
immune function and fetal growth and development. Vitamin A deficiency is a public health
problem in many parts of the world, particularly Africa and South-East Asia. Vitamin A refers
to provitamin A carotenoids and the preformed retinols, plus their metabolites (Dabels et al.,
2016). Vitamin A deficiency is the leading cause of non-accidental blindness. Children from
impoverished Nations are especially susceptible because their inadequate intake and
diminished stores of vitamin A fail to meet the increased needs associated with rapid growth
(Wardlaw and Kessel, 2002; Dabels et al., 2016). Foods such as edible oils and fats, cereal
grains, condiments, refined sugar and milk have been successfully fortified with vitamin A
and studies have shown that consumption of vitamin A-fortified foods can improve vitamin A
status. The vitamin A content of most staple diets can be significantly improved with the
addition of a relatively small portion of plant foods rich in carotenoids, the precursors of
vitamin A. The recommended daily intake of vitamin A for children (7 – 10years) is 400μg
(FAO, 1988). However, nutritionally, high level of vitamin A is not desirable in human diets
because excessive accumulation of this vitamin has been reported to cause vitamin A toxicity
in the body (Onweluzo and Nwabugwu, 2009; Okoye and Obi, 2017).
There were significant variations in the vitamin C content of the cookies. Sample
WH60/20CS had the highest mean value of 4.69mg/100g.Vitamin C (Ascorbic acid) is an
essential micronutrient required for normal metabolic function of the body, the importance of
vitamin C to the human body is widely acknowledge throughout the globe, it is essential for
formation of cholesterol, it lowers blood pressure and cholesterol level. Antioxidants such as
ascorbic acid and carotenoids coupled with dietary fibre have been associated with prevention
of nutritionally related diseases such as cancers, diabetes mellitus, coronary heart disease and
obesity (Larrauri et al., 1996). There is much ongoing investigation on the role of vitamin C
in the prevention of chronic diseases such as cardiovascular disease, cancer and cataracts.
Vitamin C is known to improve iron bioavailability. Ascorbic acid is heat labile and minimal
cooking (steaming or stir-frying) is recommended to maximize its bio-availability. Higher
levels of intake of vitamin C and folic acid are beneficial and protective to health. Some
countries have already adopted higher levels of intake of these nutrients as desirable. The
recommended daily intake of vitamin C is 30mg (FAO, 1982). It has been reported that
substitution of wheat flour with African breadfruit flour in the production of cookies had
greater effect in enhancing their vitamin C (ascorbic acid ) contents (Ejidike and Ajileye ,
2007; Okoye and Obi, 2017). The observation being an indication that African breadfruit is
also a good source of ascorbic acid
There were some variations in the riboflavin and thiamine contents of the cookie samples.
There mean values for riboflavin and thiamine were in the range of 0.07 – 0.13mg/100g
respectively. According to FAO/WHO (2001), riboflavin aids in releasing energy to the body
cells, enables utilization of fats, protein and sugars. There were no significant differences in
the niacin content of the cookies (1.52 – 2.14mg/100g). Niacin aids normal functioning of
tissues particularly skin, gastrointestinal tract and nervous system. It is used with other
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vitamin in the converting of carbohydrate to energy (FAO/WHO, 2001).The presence of these
antioxidants (vitamins A and E), have protective effect against diabetes and cardiovascular
diseases (Paul et al., 1985). The recommended daily intake of riboflavin and niacin are 1.8mg
and 19.8mg respectively (FAO, 1982).
Table 3: Vitamin content of wheat-cocoyam cookies enriched with soybean
Samples

Vitamin A
(IU/100g)

Vitamin C
(mg/100g)

Riboflavin
(mg/100g)

WH60/20CS
107.24±0.17
4.69±1.02
0.07±0.01
WH70/15CS
81.75±0.34
4.12±1.02
0.07±0.01
WH80/10CS
51.59±3.44
2.93±1.02
0.10±0.01
WH90/05CS
26.88±0.34
2.93±1.02
0.11±0.00
WH100/0CS
25.20±0.35
2.35±1.02
0.13±0.02
Where WH = wheat flour; CS= cocoyam/soy bean composite flour

Niacin
(mg/100g)

Thiamin
(mg/100g)

1.52±0.01
1.59±0.01
1.81±0.02
1.97±0.02
2.14±0.01

0.04±0.00
0.05±0.00
0.05±0.00
0.06±0.00
0.06±0.00

Conclusion
The use of wheat-cocoyam cookies enriched with soy bean at different substitution level (5%
– 20%) have proved to be a good source of micronutrient for the body. The control of vitamin
and mineral deficiencies is an essential part of the overall effort to fight hunger and
malnutrition. Increasing access to and availability and consumption of a variety of
micronutrient-rich foods like the wheat-cocoyam cookies enriched with soy bean flour will
have positive effects on micronutrient status as well as contribute to improved nutrition.
References
AOAC. (2000). Association of Official Analytical Chemists. Official methods of Analysis (Vol. II;
17th edition) of AOAC International.Washington,DC, USA.
Aphane, J., Chadha, M.L. and Oluoch, M.O. (2003). Increasing the consumption of micronutrient-rich
foods through production and promotion of indigenous foods. ISBN 92-9058-130-2
FTP://ftp.fao.org/es/esn/nutrition/micronutrients.pdf .
Asumugha, V.U. and B.C. Uwalaka, (2000). Chemical and organoleptic evaluation of snacks
developed from cocoyam (Colocasia esculenta, Xanthosoma mafafa) and wheat (Triticum
spp) composite flours. Nig. Agric. J., 31: 78-88.
Ayo, J. A., Ikuomola, D. S., Sanni T. A., Esson, Y. O., Ayo, V.A. and Ajayi, A. (2010). Evaluation of
the nutritional quality of soy-acha composite biscuits. Nigeria food journal. 2 (2):371-385.
Cryer, P.E., Fisher, J.E. and Shamoon, H.(1994). Hypoglycemia (Technical Review). Diabetes Care,
17: 734-755.
Dabels, N., Igbabul B.D., Amove, J. and Iorliam, B. (2016). Nutritional Composition, Physical and
Sensory Properties of Cookies from Wheat, Acha and Mung Bean Composite Flours.
International Journal of Nutrition and Food Sciences. 5(6): 401-406.
Ejidike, B.N. and Ajileye, O. (2007). Nutrient composition of African bread fruit (Treculia africana)
seed hull and its use in diets for the African giant land snail, Archachatina marginata.
Pakistan Journal of Nutrition. 6: 201 – 203.
FAO. (1982). Micronutrients and the nutrient status of soils: a global study. M. Sillanpää. FAO Soils
Bulletin No. 48. 444 p.
FAO. (1988). Requirements of Vitamin A, Iron, Folate and Vitamin B12. Report of a joint FAO/WHO
expert consultation. p. 62-73. Food and Agriculture Organization of the United Nations,
Rome, Italy.
FAO. (1990). Roots, Tubers, Plantains and Bananas in Human Nutrition. FAO Food and Nutrition
series, No.24.
FAO. (1997). Human nutrition in the developing world, by M.C. Latham. Rome.
FAO. (2001). The state of food insecurity in the world. Rome, Italy
FAO. (2013). FAOSTAT statistical database.

PAT 2017; 13 (1):74-79 ISSN: 0794-5213; Ojinnaka and Okudu; Micronutrient composition of wheat-cocoyam …. 75

FAO/WHO . (2001). Human Vitamin and Mineral Requirements Report of a joint expert consultation
on FAO/WHO expert consultation on human vitamin and mineral requirement in Bangkok,
Thailand.
FAO/WHO. (2002). Human vitamin and mineral requirements. Report of a Joint FAO/WHO Expert
Consultation. Rome.
Franz, M.J., Bantle, J.P., Beebe, C.A., Brunzell, J.D., Chiasson, J.L. and A. Garg et al., (2002).
Evidence-based nutrition principles and recommendations for the treatment and prevention of
diabetes and related complications (Technical Review). Diabetes Care, 25: 136-138.
Gibbs, C.R., Lip, G.Y. and Beevers, D.G. (2000) Salt and cardiovascular disease: clinical and
epidemiological evidence. J Cardiovasc Risk 7: 9-13.
He FJ, McGregor GA. (2005). Blood pressure-importance of salt intake.Am J Hypertens 18: 1258-9..
Igbabul, B. D., Num, G. and Amove, J. (2014). Quality Evaluation of Composite Bread Produced from
Wheat, Maize and Orange fleshed Sweet Potato flours. American Journal of Food Science and
Technology. 2. 4: 109-115.
Igwe, C.U., Ujowundu, C.O., Nwaogu, L.A., and Okwu GN (2011). Chemical Analysis of an Edible
African Termite, Macrotermes nigeriensis; a Potential Antidote to Food Security Problem.
Biochem & Anal Biochem 1:105. doi:10.4172/2161-1009.1000105.
Ihekoronye, A.I.and Ngoddy, P.O. (1985). Integrated food Science and technol. for the tropics. 1st ed.
McMillan publishers. pp. 261, 265, 291.
Iwe, M.O. (2002). Handbook of Sensory methods and analysis. Rojoint Com. Services Ltd. Enugu,
Nigeria.
Iwe, M.O. (2007). Current trends in sensory evaluation of foods. Rojoint comm. Services Ltd, Enugu,
Nigeria.
Kure, O.A, Bahago, E.J. and Daniel, E.A. (1998). Studies on the proximate composition and effect of
flour particle size of acceptability of biscuits produced from blends of soyabeans and plantain
flours. Namoda Tech. Scope J. 3(2): 17-22.
Larrauri, J.A., Gõni, I., Martin-Carrón, N., Rupérez, P., and Saura-Calixto. (1996). Measurement of
health-promoting properties in fruit dietary fibres, Antioxidant capacity, Fermentability and
Glucose retardation index. J.Sci. Food Agric. 71: 515-519.
Lyonga, S.N. and Nzietchueng,S. (1986). Cocoyam and African Food crisis. In” Proc. of the 3rd
Triennial Symp., Int. Soc. Trop. Root Crops. African Branch, 17-23 Aug, 1986, Owerri,
Nigeria.
Okoye, J.I. and Obi, C.D. (2017). Nutrient composition and sensory properties of wheat-African bread
fruit composite flour cookies. Sky Journal of Food Science. 6(3): 027 - 032
Okwu, D.E. and Ndu, C.U. (2006). Evaluation of the phytonutrients, minerals and vitamin content of
some varieties of yam (Discorea spp). Int. J. Molecular of Medicine and Advances in Sci. pp.
22:199-203.
Oluwamukomi, M.O., Adeyemi, .IA. and Oluwalana, I.B. (2005). Effects of soybean enrichment on
the physicochemical and sensory properties of gari. Appl. Trop. Agric., 10(Special issue): 4449.
Ong, D.E.(1994). Absorption of vitamin A. In: Blomhoff R, ed. Vitamin A in Health and Disease. p.
37-72. New York, Marcel Dekker, Inc.
Oti, E. and Akobundu, E.N.T (2007): Physical, Functional and Amylograph Pasting Properties of
Cocoyam-Soybean Cray Fish Flour Blends. Nigerian Food Journal, 25(1): 1616-165.
Paul, A.A., Southgate, D.A.T., Mccane, M. and Widdowsen, D(1985). The composition of foods.
HMSO/Royal society of Chemistry, London.
Saris, N.E., Mervaala, E., Karppanen, H., Khawaja, J.A. and Lewenstam, A. (2000).Magnesium: an
update on physiological, clinical, and analytical aspects. Clinica Chimica Acta; 294:1-26.
Talwar, G.P., Srivastava, L.M. and Mudgil, K.D. (1989). Textbook of Biochemistry and Human
Biology. Prentice Hall of India Private Limited, India.
Wardlaw, G. M. and Kessel, M. (2002). Perspectives in Nutrition. McGraw Hill. Boston. 364-365.

