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Abstract 

Childhood protein-energy malnutrition (PEM) is a status 

derived from an imbalance between nutritional and/or 

energy intake and needs and the weaning food remains the 

determining etiological factors in the onset of the disease. 

This work was undertaken to formulate a rice based 

complementary flour, enriched with spirulina capable of 

meeting the energy, macro and micronutrients needs of HIV 

infected children aged between 6 to 24 months suffering 

from MPE. Spirulina was used for it properties of boosting 

the immune system. A mixture design was develop using 

rice as source of carbohydrate, spirulina as source of protein 

and groundnut as source of lipids to make a balance diet 

according to standards. The results show that rice based 

complementary food formulated is balanced flour capable of 

meeting the energy and nutritional needs of weaning age 

children in accordance with the standards. The iron, calcium 

and magnesium contents also respect the standards. The 

weaning flour can be useful in managing protein and energy 

malnutrition of infected or non-infected child. However, 

zinc fortification is needed to fulfil the standard. 
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Introduction  
Childhood protein-energy malnutrition (PEM) is a status derived from an imbalance between nutritional and/or energy intake 

and needs. It is well known that weaning food is an etiological factor which contributes to the occurrence of PEM [1]. In fact, 

after the age of 6 months, breast milk is no longer sufficient to satisfy the energy requirement for a child. More energy is 

needed to be supply in form of complementary food. Therefore, an inadequacy of the complementary food will alter child 

nutritional status. Malnourished children have 11 times higher risk of death than those who are not [2]. This situation is further 

complicated when the child is HIV infected. The risk is increased in HIV positive child because the immune deficiency status 

is amplified [1]. PEM coupled with HIV is therefore a serious global public health problem and a greater attention should be 

paid to this vulnerable group. In Cameroon, protocol for managing malnutrition drawn up by the Ministry of Health is based on 

the new WHO guidelines. Solution recommended by the WHO is comprehensive care integrating nutritional therapy through a 

healthy and balanced diet [3]. International health authorities therefore encourage the production of complementary foods using 

local food items. For an effective treatment of PEM, the weaning food to be given to a HIV-infected child should also contain 

components capable of boosting his immune system since there is a cause-and-effect relationship between undernutrition and 

immune deficiency [4]. Spirulina (Spirulina platensis) is an alga known to boost the immune system. It has even been 

recommended by the WHO in the diet of young children [5]. It is rich in proteins of good biological value capable to promote 

growth and maintenance needs of young children [6]. It is also able to boost the immune system of HIV infected child [7]. 

However, a complementary food composed only of spirulina cannot meet the energy needs of the immune-deficient child. In a 

food formulation dynamic, a source of carbohydrates and lipids must be added to make a balanced diet. The use of local foods 

such as rice as a source of carbohydrates or groundnuts as a source of lipids is interesting because they are easily available and 

accessible at a lower cost. Combination of legumes and cereals is beneficial for filling the lysine deficiency of cereals. In 

addition, they are integrated among the local foods items used in traditional weaning practices in Cameroon. The major 

difficulty in mixing ingredients lies in determining the appropriate proportions to be mix in order to have flours meeting the 

macro and micronutrients needs of a child. The objective of this work is therefore to produce a balanced weaning food based 

on rice, spirulina, groundnuts, germinated maize capable of covering the nutritional and immune needs of malnourished 

children. More specifically, it is intended to produce, using mixture design a balanced diet meeting standards in terms of macro 

and micronutrients and to theoretically evaluate its nutritional quality. 
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Material and Methods 

Sample Collection 

Maize (Zea mays), groundnut (Arachis hypogaea), egg 

(Gallus gallus domesticus) were purchased from local 

market in Douala city. Ndop rice (Oryza sativa) was bought 

from local distributor in Yaoundé city. Dried spirulina (S. 

plantesis) was got at the spirulina farm of Nomayos near 

Yaoundé. Samples were collected in plastic bag and 

transported to the laboratory. All samples were kept at room 

temperature before processing. 

 

Processing Technologies 

Preliminary Treatment of the Raw Materials 

Samples were manually sorted to remove stranger materials. 

Eggs shells, maize, soybeans and groundnuts were 

pretreated according to the method described by Leng et al., 
[8]. Germinated maize as sources of alpha amylase (to reduce 

the bulkiness of the porridge) was produce according to the 

method of Ariahu et al. [9]. Rice was wash before drying. All 

dry samples (germinated maize, groundnut) were ground 

into fine flour using a hammer mill (Cullati) or a robot 

blender (Moulinex) (spirulina, egg shell). Dried rice were 

grounded in a milling machine (Retsch ZM 200) equipped 

with a 1 mm sieve. Flour was then sieved through a sieve of 

500μm, packaged in an air tight polyethylene bags and 

stored at -18 ° C until analyzed. 

 

Formulation of Rice Based Complementary Foods  

The methodology of mixture design as a mathematical 

approach was used to calculate the proportions of 

ingredients needed in order to have balanced composite 

flour [10]. Optimal mixtures of ingredients in formulating 

balanced flour are shown in Table 1. 

 
Table 1: Optimal mixture of ingredients (%) in formulating 

balanced flour 
 

Ingredients Rice based complementary flour (%) 

Riz 51.8 

Spirulina 8.0 

Groundnut paste 16.7 

Germinated maize flour 8.5 

Eggs shell 0.75 

Table sugar 14.25 

Total (%) 100 

 

Chemical Analysis  

Proximate Composition  

Moisture and ash were determined by AOAC method [11]. 

Crude protein has been analyzed according to Kjeldahl 

method [12]. Total fat content was quantified according to 

Weibull-Stoldt method [13]. Total dietary fiber was analyzed 

according to the AOAC 985.29 method [14]. 

  

Minerals Analysis  

Zinc and iron content in samples was performed using flame 

atomic absorption spectroscopy in acid digested ash 

according to the AOAC, 999.11 methods [15].  

 

Results and Discussion 

Macronutrients Content and Gross Energy of the 

Formulated Flour 

Macronutrients contents of the optimal balanced formula are 

presented in Table 2. The weaning flour content 6.7 and 

2.2g/100g of water and ash respectively. Proteins, lipids and 

carbohydrates contents are 14.8, 10.0 and 75.1g/100g 

respectively. The gross energy value is 449.6 Kcal/100g. 

Carbohydrates, lipids and proteins contribute to about 66.8, 

20 and 13.2% to the total energy respectively. This 

contribution is within the range of recommended values. A 

low-fat intake limits the absorption of liposolubles vitamins 

and the availability of essential fatty acids. High levels of 

proteins and lipids reduce the glycemic index [16]. 

 

Mineral content 

Iron, calcium, zinc and magnesium contents in the optimal 

formula are shown in Table 2. The balanced flour contents 

18.5mg of iron, 380mg of calcium, 0.48mg of zinc and 

138.1mg of magnesium per 100g respectively.  

 
Table 2: Nutritional composition of the optimized rice-based 

formulation 
 

 

Rice based 

complementary flour 

enrich with spirulina 

Standard 

baby flour1 

FAO/OMS2 

(INL98, 

2004) 

Macronutrients 

Moisture (%) 

(%) 
6.7 5 5 

Ash (%) 2.2 2 < 5.00 

Proteins (%) 14.8 13 13 à 15 

Lipids (%) 10.0 7 2.00 

Carbohydrates 

(%) 
75.1 68.00 60 à 75 

Fibers (%) 4.8 5 < 5.00 

Gross energy 

(Kcal) 
449.6 400 400 

Contribution to total energy 

Carbohydrates 

(%) 
66.8   

Proteins (%) 13.2  6-15 

Lipids (%) 20.0  20-40 

Micronutrients3 

Iron (mg/100g) 18.5  
11.6; 5.8; 

3.9 

Calcium 

(mg/100g) 
380.0  400 – 500 

Zinc (mg/100g) 0.48  8.3; 4.1; 2.4 

Magnesium 

(mg/100g) 
138.1  80 - 140 

Source: [16, 17, 18] 

 

Note: 

Iron values are given for 5%, 10 % and 15% dietary iron 

bioavailability,  

Zinc values are given for low, medium and high dietary zinc 

bioavailability 

 

Nutritional Quality of Weaning Foods 

The formulated rice based complementary flour is intended 

for HIV infected children growing normally or 

malnourished breastfed or not. According to the WHO, 

children who are HIV infected and growing normally should 

be managed with the same therapeutic feeding approaches 

as children who are not HIV infected. The daily food ration 

necessary to cover the energy needs of a weaning age child 

depends on the energy intake from the complementary food 

and its energy density [1]. Thus, the daily portion intake of 

energy, proteins and lipids as function of the quantity of 

complementary flour needed is presented in Table 3.The 

total energy requirements of a breastfed child age between 6 

to 24 months is 615 kcal/day for 6–8 months, 686 kcal/day 
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for 9–11 months and 894 kcal/day for 12–23 months. The 

gap of energy to be covered by the complementary food is 

evaluated at 200 kcal/day for 6–8 months, 300 kcal/day for 

9–11 months and 500 for 12–23 months (Table 3); the 

remaining energy being provided by breast milk [10]. 

 
Table 3: Daily requirement values and daily portion intake of energy, proteins and lipids as a function of quantity of flour needed for a 

breastfed HIV infected child 
 

 Daily requirement values [4] Rice-based formulation 

Age (months) 
Energy 

(Kcal) 

Energy 

density 

Proteins 

(g/day) 

Lipids 

(g/day) 

Quantity of 

flour needed (g) 

Energy density 

(g/100Kcal) 

Proteins 

(g/day) 

Lipids 

(g/day) 

6 -8 200 ≥ 0.8 2 0 44.48 4.5 6.58 4.45 

9 -11 300 ≥ 0.8 5-6 3 66.73 4.5 9.88 6.67 

12 -23 550 ≥ 0.8 5-6 9 -13 122.33 4.5 18.10 12.23 

 

The energy density of the formulated complementary flour 

is 4.5 kcal/g (Table 3). This high energy density will allow 

the preparation of high energy density porridge [19]; the 

minimum recommended value being 0.8 kcal/g. For this 

purpose, a daily serving portion of 44.48g of complementary 

flour is needed to satisfy the 200 Kcal/day of energy for 6-8 

months old healthy and breastfed child. 66.73g of the 

formulated food will be needed for a breastfed child in age 

ranging between 9 to 11 months (Table 3). The daily serving 

of rice composite flour required to satisfy the 550 kcal/day 

for 12-23 months old child is 122.33g. All these portions 

would satisfy the daily proteins and lipids intake 

requirements. Regarding the average child gastric capacity 

of 30 ml/kg of body weight [1], the daily ration will be 

divided into 3 meals for a volume of 200 to 250 ml. For a 

non-breastfed child, the complementary flour should cover 

all the energy needed approximately 615 kcal/day at 6-8 

months, 686 kcal at 9-11 months and 894 kcal /day at 12-23 

months respectively. A daily serving portion of 136.79g, 

152.58g and 198.84g respectively will be needed. 

Considering the energy intake of 449.6kcal per 100g of food 

and the weight of a tablespoon (20g), this quantity of food 

can be divided into 4 to 5 meals (2 tablespoons per meal) a 

day. WHO/FAO (2013) has established levels of Reference 

Nutrient Intakes (RINL98) (Table 4) as a guide for amounts 

of vitamins and minerals that should be supplied when a 

formulated complementary food is eaten. This nutritional 

guideline suggests that a daily ration of a formulated 

complementary food should supply at least 50% and up to 

100% of the WHO RINL98 daily total quantity of each of 

these vitamins and/or minerals. By considering the lower 

levels (50% of the WHO RINL98), the daily minimum 

suggested intake of iron (5.5; 2.9; 1.95) and magnesium (30) 

were satisfied at all the serving portions. The daily 

minimum suggested intake of calcium (250mg) was not 

satisfied only at 48.61 g serving portion (67.61%). The daily 

minimum suggested intake of zinc (1.2) was not satisfied at 

all the serving portions and the extent varying according to 

the age range. Feeding 6–8 months old child with 44.48g of 

rice based complementary food would satisfy only 21.35% 

of the 1.2 mg of zinc daily minimum requirement. A daily 

portion intake of 66.73g and 122.33 g of weaning food 

would satisfy only 32.00% and 58.71% of the 1.2 mg of zinc 

daily minimum requirement for 9–11 months and 12–23 

months old infant respectively. 

 
Table 4: Average daily intake of micronutrients from maize-based formulation as a function of quantity of flour needed 

 

 
Reference Nutrient 

Intake (INL98) 

Daily ration of the formulated 

complementary Food (at least 50% of INL98) 
Rice-based formulation 

Age   6–8 months 9–11 months 12–23 months 

Energy requirement (Kcal)   200 300 550 

Quantity of flour (g)   44.48 66.73 122.33 

Calcium (mg) 500 250 169.02 253.76 464.85 

Iron (mg)5 11.6; 5.8; 3.9 5.5; 2.9; 1.95 8.23 12.35 22.63 

Magnesium (mg) 60 30 92.09 168.81 61.38 

Zinc (mg)4 8.3; 4.1; 2.4 4.15; 2.05; 1.2 0.21 0.32 0.59 

 

The optimum formula has a moisture content of 6.7%. This 

value is higher than the value reported by Mohammed et al 

(3.18%) when formulating fermented yellow maize 

complementary flour enriched with soy and catfish flesh [20]. 

However, this value is closer to the range of values (6.7 and 

7.3%) reported by Bekele et al [5]. The value of fibers (4.8%) 

recorded is higher than the ranges of values (0.9-1.32%) 

reported by Ponka et al [21]. Moreover, the work of Zanou et 

al [22] reported a value of 8g/100g higher than our values. 

The formulated food contains 10g/100g of lipids. This value 

is higher than the range of values (2.49 – 3.13g/100g) 

reported by Tadesse et al [23] in formulating sorghum based 

weaning food. This may be due to the addition of high fat 

groundnuts in our formulation. The formulated weaning 

flour content 18.5g/100g of iron. This value is higher than 

the range values (6.75-7.13g/100g) reported by Desalegn et 

al [24]. Calcium content is 380.0mg/100g. This value is 

higher than the range values (77.92-109.6 mg/100g) 

reported by Bekele et al [5] and Amoin et al (300.5 mg/100g) 

[25] in formulating composite germinated flours. The 

incorporation of chicken egg shells into the formulation 

would be a supporting element. The magnesium content of 

the formulated flour is 138 mg/100g. Lower values have 

been recorded by Daou et al (55.55-97.88mg/100g) [26] and 

Sharoba (56.16-59.87mg/100g) [27] respectively. The 

composite flours meet the requirements of standards since 

the values of energy, moisture, ash, fibers, carbohydrates, 

proteins, lipids are closer to standards. The moisture content 

was less than 10% showing by this a long storage potential. 

Proteins and lipids contribute to about 14.8 and 20.0% of the 

total energy respectively. Those values meet the requirement 

percent in total energy contribution of the Codex 
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Alimentarius for proteins (6-15%) and lipids (20-40%). The 

highest contribution of carbohydrates (66.8%) in total 

energy intake makes the composite flour suitable to be used 

in managing protein energy malnutrition since enough 

quantity of energy will be derived from carbohydrates 

sparing proteins which can be used for it primary function of 

building the body and repairing worn out tissues rather than 

a source of energy [28]. The impact of micronutrients cannot 

be separated from that of the additional energy or protein 

quantity or quality [29]. The weaning flour contents calcium, 

iron, magnesium and zinc. Those nutrients are among the 

nutrients believed to be ‘‘essential’’ because they are 

associated with linear growth, health, and cognitive 

development during childhood [26, 30]. The Values of calcium, 

magnesium, iron globally meet the percentage requirement 

of standards at all serving portions. The values of zinc 

partially satisfied standard requirement meaning that zinc is 

the limiting nutrient. The average daily intake of zinc is age 

and serving portion dependent. Regarding zinc, attention 

may be paid on bioavailability and phytates content rather 

than zinc content in food since high contain in zinc in food 

like cereal and legumes often result in poor absorption due 

to the high content of phytates. Spirulina is a microalga 

exempt of phytates. Meal should be provided 4-5 times per 

day, with additional nutritious snacks (such as pieces of fruit 

or bread or chapatti with nut paste) offered 1-2 times per 

day, as desired [31]. This combination if followed would 

probably increase the daily zinc requirement. The weaning 

flour formulation is also intended for malnourished children. 

Hence, in this context of MPE management, children with 

poor weight gain will need additional Kcal of 120–150Kcal 

for 6-11 months old and 160–190 kcal for 12-23 months old 

breastfed or not. The daily serving proportion will by this 

increase as well as the key nutrients to meet the standards. 

These findings suggest that rice-based formulation enrich 

which spirulina have a great potentiality as weaning flour 

since it can provide nutritional and health benefices. With 

these findings, sprirulina can be used to fortify rice based 

complementary flour to improve the micronutrients contents 

zinc remains the limiting micronutrients. 

 

Conclusion 

Rice based complementary food formulated is balanced 

flour capable of meeting the energy and nutritional needs of 

weaning age children in accordance with the standards. The 

iron, calcium and magnesium contents also respect the 

standards. The weaning flour can be useful in managing 

protein and energy malnutrition of infected or non-infected 

child. However, zinc fortification is needed to fulfil the 

standard. 

 

Declaration of Competing Interest  

No potential conflict of interest relevant to this article was 

reported. 

  

Acknowledgment  

This study has not received any direct fund. We gratefully 

acknowledge the Faculty of Sciences of the University of 

Douala-Cameroon in the laboratory aspects of this work. 

 

References 

1. Abeshu MA, Lelisa A, Geleta B. Complementary 

Feeding: Review of Recommendations, Feeding 

Practices, and Adequacy of Homemade Complementary 

Food Preparations in Developing Countries-Lessons 

from Ethiopia, Front. Nutr. 2016; 3:41. Doi: 

10.3389/fnut.2016.00041  

2. FAO/WHO Food and Agriculture Organization. The 

State of Food Insecurity in the World, 2015. 

https://www.fao.org/publications/sofi/2015/en/ 

3. WHO/UNICEF, Guidelines for an integrated approach 

to the nutritional care of HIV-infected children (6 

months-14 years). Edition "Preliminary version for 

country introduction, 2009, p92.  

4. Leng MS, Tobit P, Demasse MA, Wolf K, Gouado I, 

Ndjouenkeu R. et al. Physicochemical composition and 

antioxidant activity of Maize (Zea mays) based 

complementary food formulation using mixture design, 

International Journal of Scientific & Engineering 

Research. 2018; 9(8). ISSN 2229-5518 IJSER © 2018. 

http://www.ijser.org 

5. Bekele R, Shiferaw L. Development and Nutritional 

Evaluation of Instant Complementary Food Formulated 

from Vitamin A, Iron and Zinc Rich Crops. J Food 

Process Technol. 2020; 11:854. 

6. Hurni FJP. Spiruline Aspects Nutritionnels. Antenna 

Technologies, 2006. 

7. World Health Organization, Protein and amino acid 

requirements in human nutrition. Report of a joint 

FAO/WHO/UNU Expert Consultation WHO Technical 

Report Series”, n° 935. Geneva, 2007.  

8. Leng MS, Tobit P, Demasse MA, Wolf K, Gouado I, 

Ndjouenkeu R, et al. Nutritional and anti-oxidant 

properties of yam (Dioscorea schimperiana) based 

complementary food formulation, Scientific African. 

2019; 5:e00132. 

9. Ariahu CC, Ukpabi U, Mbajunwa KO. Production of 

African Breadfruit (Treculia Africana) and Soya bean 

(Glycine max) based food formulations, 1: Effects of 

germination and fermentation on nutritional and 

organoleptic quality. Plant Foods Hum Nutr. 1999; 

54:123-266. 

10. Leng MS, Tobit P, Demasse AM, Wolf K, Gouado I, 

Ndjouenkeu R. Physicochemical composition and 

antioxidant activity of Maize (Zea mays) based 

complementary food formulation using mixture design. 

International Journal of Scientific & Engineering 

Research. 2018; 9(8). ISSN 2229-5518 

11. AOAC (Association of Official Analytical Chemists), 

Official Methods of Analysis of AOAC, International, 

17th Edition. Washington, DC, USA, 2000. 

12. Bradstreet RB. Kjeldahl Method for Organic Nitrogen. 

Analytical Chemistry. 1954; 26(1):185-187. 

13. Kolar K, Faure U, Torelm I, Finglas P. An 

intercomparison of methods for the determination of 

total fat in a meat reference material. Fresenius Journal 

of Analytical Chemistry. 1993; 347(10):393-395. 

14. Prosky P, Asp NG, Schweizer TF, De Vries JW, Furda 

I. Determination of insoluble and soluble dietary fiber 

in foods and food products: Collaborative study. J 

Assoc of Anal Chem. 1992; 75:360-367. 

15. Jorhem L. Determination of metals in foods by atomic 

absorption spectrometry after dry ashing: NMKL 

Collaborative Study. JOAC Int. 2000; 83(5):1204-1211. 

16. Sanogo M. Mouquet C, Trèche S. La production 

artisanale de farines infantiles, Expériences et Procédés. 

Gret, Paris, France, 1994, p11.  

17. FAO/WHO, Codex Alimentarius Commission. 

http://www.multiresearchjournal.com/
https://www.fao.org/publications/sofi/2015/en/
http://www.ijser.org/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

73 

Guidelines for formulated suplementary foods for older 

infants and young children, Rome. Codex Alimetarius 

commission. 1994; 4.  

18. FAO/WHO. Reference nutrient intake or INL98 from 

FAO/WHO Vitamins and Mineral requirements in 

Human Nutrition. 2nd Edition. (for all nutrients except 

copper, manganese and phosphorus), 2004. 

19. Mouquet C, Bruyeron O, Treche S. Caractéristique 

d’une bonne farine infantile, Bulletin du réseau TPA, 

1998, 8-11. 

20. Mohammed ZK, Petrol BB, Ahmad U. Formulation and 

nutritional evaluation of a complementary food blend 

made from fermented yellow maize (Improved variety), 

soybean and African cat fish meal. Nig. J. Biotech. 

2021; 38(1):98-108. ISSN: 0189 1731 

21. http://www.ajol.info/index.php/njb/index and 

www.biotechsocietynigeria.org  

22. DOI: https://dx.doi.org/10.4314/njb.v38i1.12 98 

23. Ponka R, Nankap TEL, Tabot TS, Fokou E. 

Composition nutritionnelle de quelques farines 

infantiles artisanales. International Journal of 

Innovation and Applied Studies. 2016; 16(2):280-292. 

ISSN 2028-9324 © 2016 Innovative Space of Scientific 

Research Journals http://www.ijias.issr-journals.org/ 

24. Zannou TV, Bouaffou KG, Kouame KG, Konan BA. 

Etude de la valeur nutritive de farines infantiles à base 

de manioc et de soja pour enfant en âge de sevrage. 

Bulletin de la Société Royale des Sciences de Liège. 

2011; 80:748-758. 

25. Tadesse A, Gutema T. Formulation and sensory 

evaluation of complementary food from locally 

available ingredients in South Ari Woreda, Southern 

Ethiopia. International Journal of Public Health and 

Safety. 2020; 5:5.  

26. Beruk Berhanu Desalegn, Kebede Abegaz, Esayas 

Kinfe. Effect of blending ratio and processing technique 

on physicochemical composition, functional properties 

and sensory acceptability of quality protein maize 

(QPM) based complementary food. International 

Journal of Food Science and Nutrition Ingeneering. 

2015; 5(3):121-129. Doi: 10.5923/ j.food.20150503.03 

27. Amoin KA, Agbo AE, Dago GA, Gbogouri GA, Brou 

KD, Dago G. Comparaison des caractéristiques 

nutritionnelles et rhéologiques des bouillies infantiles 

préparées par les techniques de germination et de 

fermentation. Int. J. Biol. Chem. Sci. 2015; 9(2):944- 

953. ISSN: 1997-342X (online), ISSN: 1991-8631 

(print) 

28. Daou C, Coulibaly M, Samake F, Diallo M, Abdoulbaki 

L. Farines infantiles améliorées au moringa pour la lutte 

contre la malnutrition protéino-énergétique au Mali. 

Symposium malien sur les sciences appliquées 

(MSAS), 2018. 

29. Sharoba AM. Nutritional value of spirulina and its use 

in the preparation of some complementary baby food 

formulas. Journal of Agroalimentary Processes and 

Technologies. 2014; 20(4):330-350. 

30. Satter MA, Jabin SA, Abbedin, Aryu T, Mitra K, 

Abdullah AM, et al. Development of nutritionally 

enriched instant weaning food and its safety aspects. 

African Journal of Food Science. 2013; 7(8):238-245. 

31. Bhandari N, Bahl R, Taneja S. Effect of micronutrient 

supplementation on linear growth of children. British 

Journal of Nutrition. 2001; 85(S2):S131±S137. Doi: 

10.1049/BJN2000305 Doi: 10.1049/BJN2000305 

32. Gibson RS, Bailey KB, Gibbs M, Ferguson EL. A 

review of phytate, iron, zinc, and calcium 

concentrations in plant-based complementary foods 

used in low-income countries and implications for 

bioavailability, Food and Nutrition Bulletin. 2010; 

31(2) (supplement) ©. The United Nations University 

33. WHO. Extracted from: Informal Working Group on 

Feeding Nonbreastfed children. Feeding of 

nonbreastfed children from 6 to 24 months of age. 

Conclusions of an informal meeting on infant and 

young child feeding organized by the World Health 

Organization, Geneva. Food and Nutrition Bulletin (in 

press), 2004, 8-10. 

 

 

 

 

http://www.multiresearchjournal.com/
http://www.ajol.info/index.php/njb/index
http://www.biotechsocietynigeria.org/
https://dx.doi.org/10.4314/njb.v38i1.12

