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1. Introduction 

Diets in low-income countries like Ethiopia are characterized as being monotonous and 

predominantly cereal-based1. Consumption of vegetables, fruits, and animal-source foods 

remains very low, leading to micronutrient deficiencies and poor health outcomes like 

increased risk of chronic diseases2,3. The perishability of these foods discourages their 

consumption, particularly in areas of the world where cold chain is not readily available4. 

The limited local demand for the consumption of these foods also discourages the 

production of these foods, decreasing their supply and availability, increasing their cost, 

and making them even more unaffordable5.  

Increasing the consumption of nutrient-dense foods like fruits, vegetables, and animal-

source foods in settings like rural Ethiopia requires more than educating communities 

about the nutritional and health benefits. Deliberate efforts are needed to address 

consumer concerns about perishability and food safety6.                                                                                                                                                                                                                                                  

Supporting caregivers with optimally formulated recipes that consider the availability, 

accessibility, and affordability of foods in their community is critical to ensure optimal 

complementary feeding at the critical period of 6-23 months of the child’s age. 

Therefore, this series of studies aims to understand the role of household drying 

techniques on the nutritional value, food safety, and shelf life of vegetable and animal-

source foods. This brief presents findings from the study’s focus on formulating a 

complementary flour by considering the availability and affordability of ingredients.  

2. Methodology 

2.1 Developing Formulation Using Linear Programming (LP) 

Linear programming (LP) is a mathematical technique used to minimize or maximize a 

linear objective function subject to a set of constraints. Many objective functions can be 

chosen, for example, meeting nutrient requirements, minimizing cost, or maximizing the 

proportion of local ingredients used. The objective of the linear programming is to 

generate an optimal formulation that meet several constraints to formulate the best 

possible cereal-legume mix flour that can meet nutrient needs from complementary 

foods. 



 

2.2 Constraints and Decision Variables 

2.2.1 Constraints 

The constraints considered in setting-up the linear programming (LP) optimization are: 

• Nutrient targets 

• Available ingredients 

• Food prices 

2.2.2 Decision Variables  

The linear programming will optimize the amount of each ingredient (cereal, legumes, 

and other available ingredients) to be included in the complementary flour mix.  

2.2.3 Objective Function 

The objective function of the linear programming is to minimize the cost of the cereal-

legume mix, while meeting requirements of as many nutrients as possible.  

2.2.4 Nutrient Targets  

In this study, a LP tool was configured to choose ingredient weights to minimize the total 

cost per 50g unit of complementary food mix, while meeting a set of WHO nutrient 

requirements (Lutter & Dewey)7. The ingredients choice was based on a list of available 

ingredients identified by World Vision. Additional quality considerations (e.g. 

susceptibility to aflatoxin) of the ingredients were made in deciding about which 

ingredient should be included. The linear programming first used food composition data 

to optimize the formulation. Three alternative formulations were developed. In such 

formulation exercises, it is often the case that not all nutrient requirements can be met, 

and some nutrients would become ‘problem nutrients.’ Problem nutrients are nutrients 

whose targets are difficult to meet and would ultimately require fortification or the 

inclusion of more expensive ingredients. When faced with such events, the model 

constraints were relaxed to meet as many nutrients as possible. The nutrient constraints 

described by Lutter & Dewey7 were considered but the list was limited to those for which 

composition data was available.  

2.2.5 Testing of Formulated Complementary Flour  



 

The formulated complementary flour mix was prepared at the laboratory of the center for 

food science and nutrition (Addis Ababa University) and was tested for processing quality, 

functional properties, and nutritional composition. A sensory test was conducted by semi-

trained panelists to identify the most acceptable formulation among the alternatives.  

2.2.6 Confirmatory Food Analyses  

Proximate Analyses: The proximate analyses were conducted as per the AOAC 

protocol10. 

Moisture: Moisture content was determined by drying in an oven to constant weight. 

Protein: Protein was determined by Kjeldahl method based on nitrogen determination 

(N*6.25). 

Fat: Crude fat was determined using Soxhlet method. 

Carbohydrate: Carbohydrate content was analyzed by difference:- Carbohydrate (%) = 

100- (% crude protein+% Moisture +% total ash+ % crude fat). 

Energy: Total energy in calories was calculated by applying the Atwater conversion factor 

of 4, 9, and 4 for each gram of protein, lipid and carbohydrate, respectively. 

Mineral Composition: Iron, Zinc, Calcium: The minerals (iron, zinc and calcium) were 

analyzed by flame atomic absorption spectrophotometer after wet digestion using the 

AOAC11 official method. 

Vitamin A and Vitamin C Analyses: Vitamin A (total carotenoids) and vitamin C were 

measured using spectrophotometric analyses as described in AOAC 974.29 and AOAC 

967.21, respectively. 

2.2.7 Functional Properties  

Water Absorption Capacity: Water absorption or hydration capacity of the 

complementary flour was determined as described by Onwuka12. 

Water Solubility Index: Water solubility index was determined through the method 

described in Jin et al.13.  



 

Bulk Density: The bulk density was determined through the method described by 

Jinnapong et al.14  

2.2.8 Recipe Development 

A recipe that provides the best consistency was developed. The consistency was measured 

using observational methods such as spoon cohesiveness and drip test.  

2.2.9 Sensory Analyses  

The sensory acceptability and preference were measured by employing a 9- point 

hedonic scale: (1) Dislike extremely, (2) Dislike very much, (3) Dislike moderately, (4) 

Dislike slightly, (5) neither like or dislike (6) Like slightly, (7) Like moderately, (8) Like very 

much, (9) Like extremely. Panelists were instructed to rate the three alternative 

formulations for their taste, odor, texture, appearance, and overall acceptability. The 

panelists were semi-trained panelists from Addis Ababa.  

*Eligibility Criteria: Willing to participate in the study, no allergies, not having flu or any 

other condition that could affect taste and smell.  

*Panelists Demographics: Ages 20-40; all panelists (n=20) were experienced in the 

procedures involved in sensory evaluations; were students in the College of Natural and 

Computational Sciences. 

3. Results  

The price and list of available ingredients, assessed by World Vision are annexed to this 

report. Through an iterative process, a set of formulations was developed. A key finding 

is that for the complementary food to meet nutritional targets, it needed supplementation 

with animal-source foods (e.g., milk). Among cereals, the incorporation of teff in the mix 

help fill nutrient gaps, but teff was also among the most expensive cereal available in the 

market. Putting a price, nutritional and portion size constraints at a time did not allow the 

model to provide an optimal solution. Consequently, we run models relaxing price and 

portion size constraints. The formulations and their composition are presented in the 

following table.  



 

Figure 1: Picture shows pre-processed ingredients used for formulation. 

Table 1: Composition of the formulations obtained using linear programming  

Type  Composition 

Formulation 1 Cereal + legume (37 g): 35% red teff; 27% dehulled wheat; 38% 

dehulled chickpea+ 

Milk (121 g fresh/16 g powder) 

Portion= 53 g 

Formulation 2 Cereal + legume (39 g): 26% de-hulled maize, 26% de-hulled 

wheat, 13% de-hulled chickpea, 36% red roasted teff + 

Milk (118 g fresh/ 15.3 g powder) 

Portion= 52 g 

Formulation 3 Cereal + legume (37 g): 27% de-hulled white sorghum, 14% de-

hulled wheat, 27% de-hulled chickpea, 32 % of roasted teff  

Milk (100 g fresh/ 13 g powder) 

Portion= 50 g 

Additional ingredients, 

common for all three (can be 

added during preparation) 

Iodized salt (0.6 g) 

Soyabean (1.85 g) and palm (3.34 g) oil 

Without milk formulation Requires CaCO3 (0.23 g) + premix 
The three formulations were analyzed to check whether their nutrient content was in line with the calculated 

values; chickpea can be replaced with roasted, de-hulled field pea. 

 



 

Table 2: Nutrient composition (/100 g) of the formulations (laboratory results) relative to 

WHO requirements 

 

Nutrient 

composition 

Formulation 1 Formulation 2 Formulation 3 WHO 

requirements 

Moisture (%) 12.4 11.1 10.8 -- 

Ash (g) 3.6 3.7 3.7 -- 

Fiber (g) 1.92 1.89 2.03 < 5 

Energy (kcal) 479.8 475.4 478.2 440 

Protein (g) 21.2 19.6 19.4 6-11 

Fat (g) 19.5 19.2 19.4 12.7 

Carbohydrate (g) 37.0 37.0 37.0 -- 

Iron (mg)* 63.1 8.8 8.5 14 

Zinc (mg)* 3.5 3.3 3.4 8.3 

Calcium (gm) 565.8 558.4 563.2 200-400 

Vitamin A (µg 

RA)¥ 

92 90 84 250 

Vitamin C (mg) 2.51 2.50 2.20 140-180 

*Below WHO requirement, ¥ with Vitamin A fortified oil  

The water absorption capacity indicates how much water a certain amount of 

complementary food flour can absorb and retain. Higher values suggest a flour that can 

incorporate more water, which may affect the texture and consistency of the prepared 

food. Formulations 1 and 3 have almost identical WAC, both slightly higher than 

Formulation 2, indicating they may yield slightly moister or more cohesive products upon 

hydration. The small standard deviations indicate relatively consistent performance within 

each formulation.  

The water solubility index measures the fraction of the material that is soluble in water. 

Higher values indicate greater solubility. The WSI values are quite close across all 

formulations, suggesting that there are minor differences in solubility among them. This 

parameter affects the clarity and thickness of solutions made with the flour and could 

influence the digestibility and bioavailability of nutrients. The relatively low and similar 

values across formulations suggest that the flours have low solubility in water, which is 

typical for many types of flour used in complementary food formulations. 



 

Table 3 Functional property of the complementary flour formulations 

Type  Water Absorption Capacity Water Solubility 

Index 

Bulk Density 

Formulation 1 99.17±5.07 1.11±0.48 1.24±0.02 

Formulation 2 98.19±5.01 1.10±0.46 1.20±0.02 

Formulation 3 99.14±5.06 1.09±0.47 1.21±0.02 

 

Bulk density relates to the weight of the flour per unit volume and can influence 

packaging, portion size, and texture of the food product. A lower bulk density might be 

preferable for lighter, more aerated products. Formulation 2 has the lowest bulk density, 

suggesting it might produce a slightly lighter product than Formulations 1 and 3. 

However, the differences are minor, as indicated by the close values and small standard 

deviations. 

Table 4: Sensory evaluation of the three formulations  

Out of 9 Formulation 1 Formulation 2 Formulation 3 

 

Color 6.5 6.5 6.9 

Taste 6.4 6.4 6.9 

Odor 6.5 6.3 6.6 

Flavor 6.6 6.3 6.5 

Appearance 6.5 6.3 6.9 

Texture 6.0 5.9 7.0 

Overall 

acceptability 

7.0 7.0 7.5 

 

Preparation Conditions 

 A trial was conducted to determine the right mix of water and flour to have an 

appropriate dry matter of the prepared complementary food. Cooking 20g of flour in 120 

ml of hot water yielded a porridge with a dry matter of 14.4 g dry matter per 100 g. The 

consistency of the porridge was good as it led to a viscosity of 83 s-1 at 45*C.  



 

 

Figure 2: Preparation of complementary food and drip testing 

 

Additional Processes and Ingredients to Fill Nutrient Gaps 

Among the three formulations evaluated, milk can be added in powder form, or in liquid 

form if these complementary flours are prepared in rural settings. Milk can be added in 

the liquid form during preparation of porridges. When available and accessible, eggs and 

vegetables can also be added to further enrich the flour. If possible, these formulations 

should be enriched with vitamin mineral premix and calcium carbonate to fill potential 

nutrient gaps.  

Based on price and availability, pumpkin, sesame, kale, and peanut can significantly 

contribute to the nutrient density of the complementary flour at a relatively low cost. We 

recommend to focusing on pumpkin, sesame and kale, while excluding peanuts because 

of the high aflatoxin contamination of this ingredient. However, for pumpkin, sesame, and 

kale to be included, they will need to be effectively dried to concentrate the nutrients in 

as low volume as possible, given gastric-capacity limitations of children in the first two 



 

years. Such drying can be informed by the comprehensive review on drying documented 

in this report. Drying conditions should be carefully selected in a way that minimizes 

nutrient loss. For sorghum and sesame, low-phytate and tannin variants should be chosen 

to improve mineral absorption.  

Disclaimer:  

This work was funded in whole or part by the United States Agency for International Development 

(USAID) Bureau for Food Security under Agreement # 720BHA21CA00036. The opinions expressed 

herein are those of the author(s) and do not necessarily reflect the views of the U.S. Agency for 

International Development 

Acknowledgments:  

The author wishes to thank the following reviewers whose feedback helped to strengthen this 

product: Tigist Mamo (SPIR II Health and Nutrition Technical Lead), Beryl Oranga (Senior Researcher, 

World Vision US), Kathryn Reider (Senior Technical Advisor, Nutrition, World Vision U.S.), Precious 

Mubanga (Senior Manager, Food Security & Livelihoods, World Vision US), and Sarah Hurlburt (SPIR 

II, Deputy Chief of Party). This report was edited by Shimali Senanayake, Senior Communications 

Program Officer and Chris Huber, Senior Impact Communications Specialist, World Vision US.   

References 

1 Baye K, Kennedy G. Estimates of dietary quality in infants and young children (6–23 

mo): evidence from demographic and health surveys of 49 low-and middle-income 

countries. Nutrition 2020; 78: 110875. 

2 Baye K. Improved diet quality, a missing ingredient for accelerating stunting 

reduction: an example from Ethiopia. Arch Dis Child 2021. 

3 Baye K, Hirvonen K. Accelerating progress in improving diets and nutrition in 

Ethiopia. Intl Food Policy Res Inst, 2020. 

4 Robel Alemu  by, Block SA, Headey D, Bai Y. Why are nutritious foods so expensive? 

Economic development and the cost of nutritious diets. 2018. 

http://sites.tufts.edu/candasa. 

5 Baye K, Hirvonen K, Dereje M, Remans R. Energy and nutrient production in Ethiopia, 

2011-2015: Implications to supporting healthy diets and food systems. PLoS One 

2019; 14. DOI:10.1371/journal.pone.0213182. 

6 Iyassu A, Laillou A, Tilahun K, et al. The influence of adolescents’ nutrition knowledge 

and school food environment on adolescents’ dietary behaviors in urban Ethiopia: 



 

A qualitative study. Matern Child Nutr 2023; : e13527. 

7 Lutter CK, Dewey KG. Proposed nutrient composition for fortified complementary 

foods. J Nutr 2003; 133: 3011S-3020S. 

8 Minuye M, Getachew P, Laillou A, Chitekwe S, Baye K. Effects of different drying 

methods and ascorbic acid pretreatment on carotenoids and polyphenols of papaya 

fruit in Ethiopia. Food Sci Nutr 2021; 9: 3346–53. 

9 Arksey, H., Malley, L. O., Arksey, H., & Malley, L. O. (2007). Scoping studies : towards a 

methodological framework Scoping Studies : Towards a Methodological Framework. 

5579. https://doi.org/10.1080/1364557032000119616 

10 Tricco, A. C., Lillie, E., Zarin, W., Brien, K. K. O., & Colquhoun, H. (2018). R ESEARCH 

AND REPORTING M ETHODS PRISMA Extension for Scoping Reviews ( PRISMA-ScR ): 

Checklist and Explanation. September. https://doi.org/10.7326/M18-0850 

11  Horwitz, W and Latimer G.W.. Official methods of analysis of AOAC International, 

Revision 3. AOAC Intl., Gaithersburg, Maryland, AOAC International, 2010. 

12   Onwuka, G.; Onwuka, N. The Effects of Ripening on the Functional Properties of 

Plantain and Plantain Based Cake. Int. J. Food Prop. 2005, 8, 347–353. DOI: 

10.1081/JFP-200059489 

13  Jin, Z., Hsieh, F., & Huff, H. E. (1995). Effects of soy fiber, salt, sugar and screw speed 

on physical properties and microstructure of corn meal extrudate. Journal of Cereal 

Science, 22(2), 185-194. 

14 Jinapong, N.; Suphantharika, M.; Jamnong, P. Production of Instant Soymilk Powders 

by Ultrafiltration, Spray Drying and Fluidized Bed Agglomeration. J. Food Eng. 2008, 

84, 194–205. DOI: 10.1016/j.jfoodeng.2007.04.032. 

 

  

  


