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EXECUTIVE SUMMARY 

Rice is a major world food crop and a growing staple in West Africa, including in 

Burkina Faso. While rice is a good source of calories, it lacks basic micronutrients. 

Consequently, in most rice-consuming countries in the region, micronutrient 

deficiency disorders such as anemia, stunting, and night blindness are 

widespread. Although most of the rice consumed in Burkina Faso is parboiled, 

which enhances its nutritional value, micronutrient deficiencies persist. According 

to the World Health Organization, 57.5% of pregnant women and 86.2% of children 

under the age of five in Burkina Faso suffered from anemia (iron or vitamin B12 

deficiency) in 2016. 

Mass fortification is an efficient and cost-effective way to alleviate micronutrient 

deficiency, and rice is an excellent vehicle given its widespread consumption. 

Technically, it is possible to fortify rice using the conventional parboiling method, 

but the process is inefficient and costly. The conventional process entails soaking 

paddy rice in excess water and then steaming and drying it for later consumption. 

The process consumes significant amounts of water and requires that wastewater 

be treated so it can be safely disposed of. Fortificants can be added to the soaking 

solution in this method, but the efficiency of the process is low because the husk 

of paddy rice acts as a barrier limiting the flow of fortificants from the soaking 

solution to the endosperm. Fortification can be achieved using high concentrations 

of fortificants, but that is economically costly and requires more careful treatment 

of wastewater, given the high concentrations of fortificants left in the solution.1  

To reduce the use of water in the parboiling process, researchers at the University 

of Arkansas developed a limited-water fortification parboiling method. The goals of 

this study are (1) to assess the technical feasibility of deploying the limited-water 

fortification parboiling method in Burkina Faso through a field trial conducted by 

the Union Nationale des Etuveuses de Riz du Burkina (UNERIZ) and (2) to 

ascertain the marketing opportunities for fortified rice in Burkina Faso. The 

parboiling method was calibrated at the University of Arkansas to conditions in 

Burkina Faso (e.g., rice varieties, soaking time and temperature, parboiling 

volumes) and then deployed in Burkina Faso by UNERIZ. Rice was fortified with 

iron, zinc, and vitamin A. The fortified rice produced was used to test consumer 

preferences using two approaches: sensory analysis and experimental auctions. 

The results suggest that it is technically feasible to produce fortified rice using the 

limited-water method and brown rice as a feedstock, particularly for iron and zinc, 

 
1 Conventional parboiled is parboiled rice using paddy rice as a feedstock, modified parboiled is parboiled rice using brown rice 

as a feedstock and fortified is fortified parboiled rice using brown rice as a feedstock. 
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for which the concentration levels were close to the recommended dietary 

allowance (RDA). 

The results from the sensory analysis show that although there is nothing 

particularly wrong with fortified rice, urban and rural consumers preferred 

conventional and modified parboiled rice. Similarly, although urban and rural 

consumers liked all three rice products, they were more likely to buy the two rice 

alternatives rather than fortified rice.  

The results from the experimental auctions show that most consumers were willing 

to pay the same price for fortified rice as for the conventional parboiled rice 

currently available in the market, even when they received no information about 

the benefits of fortified rice. Information about the benefits of fortified rice had a 

positive impact on consumers’ willingness to pay for it, and the positive impact was 

seen across all income levels. These results highlight the importance of designing 

an appropriate marketing campaign to promote the nutritional benefits of fortified 

rice to increase the consumers’ willingness to pay for it.  

This study is unique in that, to our knowledge, fortified rice is not available in 

Burkina Faso, and therefore there is no information about its technical and market 

feasibility. The results can be used by the government and private and public 

sector actors to develop strategies for the adoption of fortified rice as another 

potentially relevant tool to fight malnutrition in Burkina Faso. 
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INTRODUCTION 

Agriculture is a vital source of income and livelihoods in Burkina Faso. Rice, one 

of the staple crops consumed daily by all age groups, is particularly important. In 

2017 it was estimated that a Burkinabe consumes an average of 28.72 kilograms 

(kg) of rice a year (FAO 2022a). Like some other countries in sub-Saharan Africa, 

Burkina Faso faces substantial food and nutritional challenges resulting from a 

combination of conflict, climate change, and now COVID-19. Malnutrition, 

inadequate health and sanitation services, and poor-quality food have their 

greatest impacts on children and women. An estimated 48.3% of children under 5 

in Burkina Faso suffer from a micronutrient deficiency (Muthayya et al. 2012), and 

about 39.4% of the population is zinc deficient (Wessels and Brown 2012). In 2016, 

according to the World Health Organization, 57.5% of pregnant women and 86.2% 

of children under age 5 in Burkina Faso suffered from anemia (iron or vitamin B12 

deficiency). 

Anemia, stunting, and night blindness are widespread in most rice-consuming 

countries. According to the Food and Agriculture Organization of the United 

Nations, mass fortification is an efficient and cost-effective way to alleviate 

micronutrient deficiencies. As a staple crop in the world’s most densely populated 

regions, rice is an excellent product for delivering micronutrients through 

fortification. Current methods of rice fortification include dusting, coating, and 

extrusion. Dusting and coating involve adding nutrients to the surface of the rice, 

but nutrients are often lost when the rice is washed or cooked with excess water. 

Coating the kernels with an insoluble layer could reduce nutrient loss, but the 

coating material imparts flavors that could make it undesirable. Extrusion helps 

retain micronutrients but is costlier and changes the appearance of the rice. 

Increasingly, the government of Burkina Faso considers national rice production a 

strategic activity, as shown by the policy measures it has recently recognized and 

integrated into the National Program for the Rural Sector (PNSR). It has also 

placed importance on rice-growing projects and programs throughout the country. 

Several national policy documents and institutions have expressed support for the 

goal of rice self-sufficiency. The government has taken some measures to support 

rice development that are clearly aligned with national and subregional policies, 

such as those of the country’s Poverty Reduction Strategy Paper, the Economic 

Community of West African States (ECOWAS), and the Comprehensive Africa 

Agriculture Development Program (CAADP) policies. New national policies for rice 

have been written into the PNSR, which is part of the Strategy for Accelerated 

Growth and Sustainable Development (SCADD).  

In 2012 Burkina Faso’s Ministry of Agriculture, working with development partners 

and the main rice sector actors, adopted the National Rice Development Strategy 
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(NRDS I). The strategy showed positive results in terms of increased production 

and improved quality of rice. Production grew at an average annual rate of 14% 

between 2005 and 2016, rising from 93,516 to 384,690 tons over that period. 

Despite this progress, rice production faces major challenges, including effects of 

climate change, limited access to inputs and infrastructure, lack of adoption of 

technological packages, and issues of land tenure (CARD 2021). 

In 2020 the government adopted the National Rice Development Strategy II 

(NRDS II; 2021–2030) to address the challenges in the rice sector and to meet the 

country’s demand for white and parboiled rice. The overall objective of the second 

strategy is to more quickly satisfy national demand for rice in terms of quantity and 

quality. The strategy has two phases. The first phase (2021–2025) aims at 

accelerating production to achieve 1 million tons of paddy during the 2020–2021 

agricultural season and continue increasing production to achieve self-sufficiency. 

The second phase (2026–2030) will consolidate the gains from the first phase to 

produce enough rice for security stock and surplus for export (CARD 2021). 

Oxfam has undertaken several initiatives in Burkina in partnership with other 

nongovernmental organizations (NGOs), government actors, civil society 

organizations, and the private sector to curb food and nutrition insecurity and 

improve food productivity and quality in communities. Oxfam focuses on several 

thematic areas: humanitarian aid in periods of crisis and climate emergency 

(provision of food, safe drinking water, and hygiene facilities to the displaced); 

development of family farming to improve food security and increase incomes 

(promotion of climate-resilient agricultural practices to produce crops such as rice, 

maize, and milk); and support for citizens’ participation in good governance 

(promotion of active citizenship and collective action). 

One area of work Oxfam has supported recently is the establishment of 11 

women’s cooperatives, coordinated by Union Nationale des Etuveuses de Riz du 

Burkina (UNERIZ), which, together with its partners, aims to promote healthy diets 

that meet the nutritional needs of women and children. Together the cooperatives 

include about 2,000 women involved in processing parboiled rice. In 2017, Oxfam, 

Swiss Cooperation, and local partners constructed a rice-parboiling center in 

Kienfengué, in the commune of Komsilga, with a population of 53,108 people 

(10,429 men and 10,872 women) in 11,360 households.  

This initiative aimed to address malnutrition by testing and scaling up micronutrient 

fortification of parboiled rice. Through a partnership among Oxfam America, Oxfam 

in Burkina Faso, UNERIZ, and the University of Arkansas, a research project was 

implemented to test low-cost, low-tech fortification processes with the aim of later 

training women to fortify parboiled rice through methods adapted to the local 

context.2 Specifically, the research objectives were to conduct pilot trials to 

 
2 The local organization, UNERIZ, will coordinate the 11 women’s parboiler cooperatives to bring this 

technology to scale and find new market opportunities for this unique nutritional product. The project 

will target women’s cooperatives that would be engaged in the implementation. 



   

 

 

 

Market Analysis of Pilot Run Fortified Parboiled Rice in Burkina Faso  12 

ascertain parboiling conditions in Burkina Faso, gather market information and rice 

samples, and develop in the lab a method of fortifying parboiled rice using limited 

water soaking, based on conditions observed in the field.  

The co-creation approach was used to engage with all the partners, which 

complemented each other in a collaborative manner. Oxfam played a major role in 

coordinating the different partners and contributing to revisions in the research 

tools. The University of Arkansas led the piloting of the fortified parboiled rice 

processing in a university lab and conducted research on the sensory analysis and 

experimental auction. UNERIZ was the main implementation partner for the 

piloting in Burkina Faso and also conducted research with the support of the 

University of Joseph Ki-Zerbo, Burkina Faso. 
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BACKGROUND  

Micronutrient deficiencies affect about 2 billion people worldwide and contribute to 

poor growth, intellectual impairment, perinatal complications, and increased risk of 

mortality. Micronutrient deficiency is more prevalent in countries with poor dietary 

diversity and is positively correlated with the share of energy people obtain from 

cereals, roots, and tubers in their diets. Rice is a growing staple in West Africa, 

and although some cultures prefer parboiled rice, which has a higher nutritional 

content than white rice, micronutrient deficiencies persist.  

Fortification of rice using parboiling has been shown to retain more nutrients and 

result in acceptable sensory characteristics. Rice has been fortified by parboiling 

with iron, calcium, zinc, folic acid, and iodine (Prom-u-thai et al. 2008, 2009, 2011; 

Kam et al. 2012; Thiruselvam et al. 2014; Sirisoontaralak et al. 2016; Wahengbam, 

Green, and Hazarika 2019). 

Rice is the fastest-growing food commodity, in terms of consumption, in Sub-

Saharan Africa, and in Burkina Faso in particular. Easy and quick to cook, the 

convenience of rice fits urban lifestyles, and as urbanization rises in Africa, so does 

rice demand and consumption (AfricaRice 2011). As a source of calories, rice 

ranks third after maize and sorghum in Burkina Faso, and its contribution grew 

from 7.6% of average caloric intake in 2010 to 11.6% in 2019 (FAO 2022a). Total 

rice consumption in the country more than doubled from 420,000 metric tons (mt) 

in 2010 to 920,000 mt in 2020. Despite a 60% rise in production, from 178,000 mt 

in 2010 to 293,000 mt in 2020, rice imports almost tripled over that period (from 

230,000 to 650,000 mt) to meet growth in demand (USDA FAS 2023). Most of the 

rice consumed in Burkina Faso, both domestic and imported, is parboiled. Annual 

per capita rice consumption in urban areas (about 50 kg) is much larger than in 

rural areas (only 2 kg).   

Because of its importance as a staple for more than half of the world’s population, 

rice is perceived as an excellent vehicle for biofortification. 

KNOWLEDGE GAP 

Parboiling is a process of soaking, steaming, and drying paddy rice. Traditionally, 

the soaking process uses a large amount of water (at least 1.25 L/kg of paddy), 

and the wastewater generated is approximately 1 to 1.2 L/kg of paddy. Because 

the wastewater has high biological and chemical oxygen demand, it must be 

treated before being released to the environment. When parboiling is used as a 

method of fortification, the fortificants added to the soaking water increase the cost 

of effluent treatment.  
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A limited-water fortification parboiling method was recently developed at the 

University of Arkansas to produce about 87% less wastewater than the 

conventional parboiling process (Jannasch and Wang 2020; Jannasch et al. 2020). 

Because this new method reduces water use, it also significantly reduces the cost 

of fortificants. This new method is easily adaptable to the parboiling method 

currently used in Burkina Faso, with modifications made to the use of brown rice, 

the preparation of fortificants, and the use of vacuum bags to soak rice.  

Even if fortified rice can be produced technically, its adoption and dissemination 

depend on whether consumers accept it. To our knowledge, fortified rice is not 

available in Burkina Faso, and thus there is no information about consumer 

preferences and acceptance of fortified rice in Burkina Faso. This study sought to 

test consumer preferences and marketing opportunities for fortified rice in Burkina 

Faso by using a limited-water soaking method for parboiled rice. 

WORKING ASSUMPTIONS 

Fortifying rice by parboiling using a limited-water soaking method will produce 

parboiled rice with desired properties while reducing the use of fortificants and 

water and the cost of wastewater treatment. This project was designed to test and 

scale up the limited-water soaking method for the parboiling process at local 

parboiling centers in Burkina Faso, to produce fortified parboiled rice with multiple 

nutrients, and to evaluate consumers’ acceptance of and willingness to pay for this 

fortified parboiled rice.  
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METHODOLOGY 

This research was developed in two phases. The goal of Phase I was to assess 

the technical feasibility of producing fortified parboiled rice in Burkina Faso. This 

phase consisted of two steps. In the first step, the research team worked in the 

laboratory at the University of Arkansas to replicate the parboiling method 

traditionally used in Burkina Faso and to calibrate the limited-water soaking 

method to fortify parboiled rice samples. In the second step, the Burkina team 

implemented the limited-water parboiling method provided by the Arkansas team 

at a local parboiling facility, working with a group of parboilers from UNERIZ led by 

the University of Ouagadougou (see “Procedure” section in Appendix 2). The 

Arkansas team provided vacuum bags, fortificants, and additional accessories 

needed by the team in Burkina Faso. The Arkansas and Burkina teams 

collaborated closely to modify the conditions and/or the fortificants to achieve the 

targeted fortification concentration. 

Phase II consisted of a consumer perception and market analysis component. 

First, 100 participants were randomly selected in three sites (two urban and one 

rural) for sensory testing of raw and cooked rice. Then 200 participants were 

selected randomly in similar locations to conduct experimental auctions. The 

sample consisted of 20 auction groups of 10 people each. The study used an nth 

price auction mechanism to assess consumers’ preferences for different rice 

choices, including fortified raw and cooked rice and the role of information about 

the nutritional profile of rice. 

PHASE I: PILOT PLANT TRIAL 

A team at the University of Arkansas Department of Food Science, supervised by 

Dr. Ya-Jane Wang, developed and evaluated pilot plant trials for fortification 

process and efficiency (Appendix 1). The tools and guides were tailored to the 

context in Burkina Faso in collaboration with Oxfam, the University of 

Ouagadougou, and UNERIZ. The Burkina Faso team provided paddy and brown 

rice of the cultivars FKR 62N and TS2, which were fortified with iron, zinc, and 

vitamin A. The head rice yield (HRY) and the concentrations of the fortificants were 

determined to optimize the fortification process. The HRY represents the mass of 

head rice as a percentage of the original rough rice mass and is an important 

quality because parboiled rice is consumed as whole kernels.  

 

After several trials, the process and the quantity and type of fortificants were 

finalized using the limited-water soaking method according to the established 

fortification procedure. A document (Appendix 2) and video were produced for the 
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Burkina Faso team detailing the pilot plant fortification process. All supplies and 

fortificants were provided by the Arkansas team and shipped to the Burkina team, 

which tested the process at a local village using both paddy and brown rice. Rice 

was soaked in the fortificant solution for six hours. After steaming and drying, the 

samples of the parboiled rice were shipped to the University of Arkansas, where 

all samples were analyzed as unmilled and milled rice (milled for 60 seconds) 

flours. Zinc and iron content were measured by inductively coupled plasma optical 

emission spectroscopy (ICP-OES), and vitamin A content was determined by high-

performance liquid chromatography (HPLC), using retinol as a standard. Then one 

of the parboiled fortified rice samples was selected for the Phase II study based 

on a combination of high HRY and fortification efficiency.  

PHASE II: SENSORY ANALYSIS AND 
EXPERIMENTAL AUCTIONS 

The second phase of the project sought to assess consumers’ preferences and 

willingness to pay for fortified parboiled rice produced by a limited-water soaking 

method in Burkina Faso and determine the value of information about the 

nutritional benefits of fortified rice. Broadly speaking, Phase II digs into the market 

feasibility of the fortified parboiled rice produced in Phase I. 

Sensory Analysis 

The goal of the sensory analysis was to understand consumer preferences for 

fortified rice, and in particular for specific physical and culinary attributes that could 

affect rice purchasing decisions.  

A team of enumerators from Burkina Faso, led by Professor Bassole Imael Henri 

Nestor, conducted 307 surveys to assess consumer preferences for rice in 

Kienfangué (rural area) and in the Zogona and Dassasgho neighborhoods of 

Ouagadougou (urban areas).  

The survey questionnaire was developed by Dr. Alvaro Durand-Morat, with the 

support of colleagues from the Food Science Department at the University of 

Arkansas, and shared with all partners so they could provide input. The final 

questionnaire had two sections: a sensory questionnaire about raw and cooked 

rice, and a socioeconomic questionnaire (see Appendix 3 for a copy of the 

survey). The three rice products included in the analysis were (1) conventional 

parboiled rice using paddy rice as a feedstock, which is the traditional way of 

producing parboiled rice in Burkina Faso; (2) modified parboiled rice using brown 

rice as a feedstock; and (3) fortified parboiled rice using brown rice as a feedstock. 

The sensory analysis of the raw rice samples consisted of two types of questions: 

a pair comparison of the different rice products (questions 1 through 3), and a 
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ranking of the three rice products (question 4). The first three questions asked 

respondents to compare two raw rice samples and state whether the two samples 

looked similar or different on a continuous scale from 0 (no difference) to 10 

(extreme difference). The fourth question asked respondents to rank the threeraw 

rice products based on their preferences, with 1 being most preferred and 3 least 

preferred.  

The sensory analysis of the cooked rice samples consisted of three rounds (one 

for each rice product) of nine Likert-scale questions each. Questions 1, 2, 4, 7, and 

8 asked respondents to state how well they like certain features of the rice products 

using a 9-level Likert scale (1 = strongly dislike; 5 = neither like nor dislike; 9 = 

strongly like). Questions 3, 5, and 6 ask respondents to rate the level of the given 

attribute using a 7-level Likert scale (1 = much too little; 4 = just about right; 7 = 

much too much). Question 9 asks respondents how likely they are to purchase the 

rice using a 9-level Likert scale (1 = extremely unlikely; 9 = extremely likely). 

Experimental Auctions 

The goal of the experimental auctions was to understand consumers’ willingness 

to pay for fortified rice. Experimental auctions are a good complement to sensory 

analysis because they provide an overall economic valuation of consumers’ 

purchasing preferences, rather than the non-economic valuation of consumers’ 

preferences for specific quality attributes such as aroma, flavor, and stickiness 

provided by sensory analysis.  

Elicitation methods to tease out how people value goods and services can be 

categorized into revealed and stated preference methods. Revealed preference 

methods, such as hedonic price and travel cost models, use existing market data 

to derive implicit values for a good or service. Stated preference methods, such as 

choice experiments or experimental auctions, use surveys or comparative choice 

trials to infer a person’s valuation of a good or service (Canavari et al. 2019; Lusk 

and Shogren 2007).  

An experimental auction is a market institution for determining prices and assigning 

goods. Auctions have rules that determine, according to the bids presented by the 

participating bidders, the winner of the auctioned good and the price to be paid 

(McAfee and McMillan 1987). Experimental auctions simulate a real market 

situation in which a consumer makes the decision to buy and makes the purchase, 

offering participants real products and allowing for the exchange of real money. In 

this way, auction participants may incur real costs if they deviate from their 

equilibrium strategy, which incentivizes participants to reveal their true willingness 

to pay (Lusk and Hudson 2004). Hence, experimental auctions tend to provide 

more accurate willingness-to-pay values than hypothetical elicitation methods.  

We use a random 𝑛𝑡ℎ price auction as the elicitation method. With this method, the 

bids from each of the 𝑚 participants are ranked in descending order, and a number 

𝑛 between 2 and 𝑚 is selected randomly. The number 𝑛 helps determine the 
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number of participants who receive the binding product. For example, if 𝑛 is equal 

to 5, then the top four bidders win the auction (get the binding product) and each 

pay the fifth-highest bid. In the random 𝑛𝑡ℎ price auction, even off-margin bidders 

are not de-motivated to bid their true value because it is likely that their bid is close 

to the market-clearing price. The disadvantage of this method is that it can have a 

higher cost in terms of logistics since the number of units sold in each auction 

increases proportionally with 𝑛, and one cannot predict how many units of the good 

will be needed or sold in the auction. 

A team of enumerators from the University of Ouagadougou conducted 40 non-

hypothetical experimental auctions to assess consumers’ willingness to pay for 

fortified rice. Each experimental auction consisted of 10 participants, for a total of 

400 participants. Half (20) of the auctions were conducted in Kienfangué (rural 

area), and the other half in the Zogona and Dassasgho neighborhoods in the 

capital city of Ouagadougou (urban areas). Like the sensory analysis, each auction 

included the following three milled rice products: (1) conventional parboiled rice 

using paddy rice as a feedstock; (2) modified parboiled rice using brown rice as a 

feedstock; and (3) fortified parboiled rice using brown rice as a feedstock. Half of 

the auctions were for raw milled rice (no tasting) and cooked milled rice (tasting).  

The goal of testing both the raw and cooked rice was to ascertain whether 

consumers’ preferences and willingness to pay varied depending on whether they 

assessed only the physical attributes via the raw milled rice or also the culinary 

attributes via the cooked milled rice. Each auction consisted of two rounds. In the 

first round, the three rice products were presented and identified, and consumers 

were asked to place a bid for each of the three rice products. After the first round, 

participants received the following information about fortified rice: 

Rice is a good source of calories/energy but lacks essential 

nutrients and vitamins. So, if not balanced correctly, a diet heavily 

dependent on rice may lead to malnutrition due to insufficient 

minerals and vitamins. Deficiencies of iron, zinc, and vitamin A are 

among the leading causes of undernourishment.  

Based on sound scientific information, we estimate that parboiled 

rice, which is the most common rice consumed in Burkina Faso, 

provides very little nutrients and vitamins. For example, it provides 

no vitamin A, around 3% of the amount of iron, and around 10% of 

the amount of zinc required daily by adult females.  

The fortified rice used in this study has been fortified with vitamin A, 

iron, and zinc and thus has higher nutritional value. For example, it 

provides around 52% of the vitamin A, 23% of the iron, and 51% of 

the zinc needed daily by adult females. 

After receiving information about fortified rice, consumers were asked to place a 

second bid for each rice product. Differences in willingness to pay between the two 
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rounds can be understood as the impact of information on consumers’ willingness 

to pay.  

The auctions were performed in three steps. In step 1, each participant received 

an envelope containing an identification number, two bidding cards, and the 

equivalent of US$5 as compensation for their participation. One of the main 

determinants of success in experimental auctions is a clear understanding by 

participants of the incentive compatibility of the auction mechanism. The survey 

team explained the nature of the experimental auction, including the binding nature 

of the bids, the importance of considering the budget constraints and own 

preferences when bidding for the different rice products, and the nature of the 

random 𝑛𝑡ℎ price auction. During the explanation, participants were encouraged to 

ask questions to eliminate any doubts about the process.  

In step 2 the two auction rounds were conducted as described. In step 3 

participants completed the socioeconomic questionnaire and underwent 

debriefing. 

SCOPE OF THE STUDY 

The scope of this project is limited to the technical feasibility of and consumer 

preferences for fortified parboiled rice, focused specifically on women parboiled 

rice producers working in 11 cooperatives in Burkina Faso. The project was to 

ascertain parboiling conditions in Burkina Faso, gather market information and rice 

samples, and calibrate the approach to fortifying parboiled rice by a limited water-

soaking method in the lab based on the conditions observed. This technology 

would improve the quality of domestically produced rice and increase the economic 

empowerment and human dignity of smallholder farmers, especially women. 

 
The study was focused on women’s parboiled rice cooperatives in Burkina Faso. 

The piloting of the fortified parboiled rice processing targeted women producers 

within the cooperatives, and all involved were women. In the subsequent sensory 

analysis and experimental auction, however, both men (44%) and women (56%) 

were interviewed, and some data has therefore been analyzed using gender 

categories. 

 

Further research is needed on the economic feasibility and adoption of this 

technology (to understand perceptions, attitudes, and cultural norms pertaining to 

its adoption), policies to support this technology, and options for private and public 

sector engagement.
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SUMMARY OF RESULTS 

PHASE I: PILOT PLANT TRIAL 

Fortification of rice using parboiling has been shown to result in greater retention 

of nutrients and acceptable sensory characteristics. Rice has been fortified by 

parboiling with iron, calcium, zinc, folic acid, and iodine at the lab scale. In the 

conventional method, rice is soaked in excess water to ensure that it is completely 

immersed (e.g., 100 g rice in 200 mL water). In the limited-water soaking method, 

rice is fully immersed in water by being sealed in a vacuum bag with only 25% of 

the water used the conventional method (e.g., 100 g rice in 50 mL water). 

Recommended Type and Quantity of Fortificants for Trials at Burkina Faso 

The limited-water soaking method was scaled up to the pilot plant scale and 

evaluated for fortification efficiency. The type and quantity of fortificants 

recommended to the Burkina team are summarized in Table 1.  

 

The Burkina team conducted a demo trial, and two local groups each conducted a 

trial. Each trial used two cultivars (FKR 62N and TS2), and both paddy and brown 

rice from each cultivar were included. Altogether, therefore, the trials in Burkina 

Faso produced 12 fortified parboiled rice samples.  

 

Table 1. Type and quantity of fortificants used to fortify 10 kg paddy and 

brown rice 

Feedstock Iron 

(ferrous sulfate) 

Zinc 

(zinc sulfate) 

Vitamin A 

Paddy rice 14 g 4 g 6 g 

Brown rice 7 g 2 g 3 g 

 

Head Rice Yield, Contents of Fortificants, and Appearance of Parboiled 

Fortified Rice from the Burkina Faso Trials 

Rice fortified using brown rice as feedstock had significantly darker color and lower 

HRY than rice fortified as paddy. The FKR 62N cultivar had a much lower HRY 

than TS2 (Table 2). FKR 62N also had many more uncooked kernels (Figure 1) 

than TS2 (Figure 2). 
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Table 2. Head rice yield (HRY) of parboiled fortified rice after milling for 60 

seconds 

Cultivar Feedstock HRY (%) 

FKR 62N 
Paddy 50 

Brown rice 31 

TS2 Paddy 86 

Brown rice 45 

Source: Authors. 

Figure 1. Appearance of fortified parboiled unmilled and milled rice from 

paddy and brown rice of FKR 62N 

 
Source: Authors.  
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Figure 2. Appearance of fortified parboiled TS2 rice (milled and unmilled 

paddy and brown rice) 

 
Source: Authors.  

 

The zinc and iron content of all fortified samples were similar in all three trials 

(Table 3), demonstrating that the process is reproducible. Nevertheless, because 

“Demo 1” had slightly higher zinc and iron content but lower vitamin A content in 

some samples, it produced outliers in the further evaluation. Thus, we used the 

averages of Groups 1 and 2 to present the results (Figures 3 and 4). The 

concentrations of all three fortificants were much higher when brown rice was used 

as feedstock, and unmilled rice (brown rice) had much higher concentrations than 

milled rice. In general, FKR 62N had a slightly higher fortification efficiency than 

TS2 for both unmilled and milled rice from both paddy and brown rice feedstocks.  

• Paddy rice as feedstock: Rice that was fortified as paddy and unmilled after 

parboiling contained levels of zinc and iron close to the target levels associated 

with recommended dietary allowances (RDAs) but remarkably low vitamin A 

levels. Milling of rice that was fortified as paddy resulted in zinc and iron levels 

that did not reach the targets and contained almost no vitamin A. 
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• Brown rice as feedstock: Rice that was fortified as brown rice and unmilled 

after parboiling contained extremely high levels of zinc and iron that exceeded 

the target RDA levels and vitamin A levels close to the target. Rice that was 

fortified as brown rice and milled after parboiling resulted in levels of zinc and 

iron that were close to the targets but less than 1 part per million (ppm) of 

vitamin A. 

 

Table 3. Zinc, iron, and vitamin A content (dry basis) of unmilled and milled 

rice fortified as paddy or brown rice 

Trial Cultivar Feedstock 

Milling after 

parboiling 

Nutrient content (ppm) 

Zinc Iron Vitamin A  

Demo 1 

FKR 62N 

Paddy 
Unmilled 65.7 50.9 0.09 

Milled  16.7 10.7 0.02 

Brown rice 
Unmilled 159.2 209.5 1.74 

Milled 58.4 67.6 0.31 

TS2 

Paddy 
Unmilled 42.4 35.0 0.09 

Milled 13.4 7.3 0.04 

Brown rice 
Unmilled 153.9 193.5 1.30 

Milled 50.1 176.7 0.19 

Group 1 

FKR 62N 

Paddy 
Unmilled 47.4 32.5 0.16 

Milled 19.7 8.8 0.04 

Brown rice 
Unmilled 78.8 140.1 3.91 

Milled 19.5 27.1 0.48 

TS2 

Paddy 
Unmilled 41.5 31.6 0.14 

Milled 16.1 8.8 0.05 

Brown rice 
Unmilled 76.0 120.1 2.35 

Milled 25.3 37.0 0.38 

Group 2 

FKR 62N 

Paddy 
Unmilled 53.2 35.1 0.46 

Milled 18.0 9.5 0.11 

Brown rice 
Unmilled 102.8 168.2 5.25 

Milled 32.8 35.8 0.86 

TS2 

Paddy 
Unmilled 45.8 27.2 0.26 

Milled 13.7 5.0 0.08 

Brown rice 
Unmilled 177.5 126.4 4.44 

Milled 49.8 36.0 0.49 

Source: Authors.
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Figure 3. Average zinc and iron content of fortified rice 

 
Source: Authors.  

Note: Zinc and iron content are shown on a dry basis. The red line indicates the target concentrations of zinc 

and iron in fortified rice based on recommended dietary allowances (RDAs). Ppm = parts per million. 

Figure 4. Average vitamin A content of fortified rice 

 

Source: Authors. 

Note: Vitamin A content is shown on a dry basis. The red line indicates the target concentration of vitamin A in 

fortified rice based on recommended dietary allowances (RDAs). Ppm = parts per million. 
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Contribution to the Recommended Dietary Allowances of the Fortified 

Parboiled Rice from the Burkina Faso Trials 

The RDA values for zinc, iron, and vitamin A are different for women 

and men (Table 4). To reach about 100% of the RDAs for zinc, iron, 

and vitamin A in one serving (150 g uncooked), fortified rice must 

contain but not exceed approximately 53 ppm each of zinc and 

iron and 5 ppm of vitamin A. These thresholds, shown in Figures 

3–5, are calculated based on the RDAs for zinc (female: 8 mg/day), 

iron (men: 8 mg/day), and vitamin A (women: 0.7 mg/day).  

• In general, rice fortified as paddy and milled after parboiling 

makes only a low contribution to the RDAs of zinc, iron, and 

vitamin A. Rice that was fortified as paddy and not milled after 

parboiling almost reached RDAs for zinc and iron (Table 5 and 

Figure 5). 

• Rice that was fortified as brown rice and milled after parboiling 

almost reached RDAs of zinc and iron. Rice that was fortified as 

brown rice and not milled after parboiling exceeded RDAs for 

zinc and iron. 

Therefore, researchers recommended using milled fortified parboiled TS2 

prepared from brown rice feedstock in Phase II (sensory analysis and 

experimental auctions). 

Table 4. Recommended dietary allowances for zinc, iron, and vitamin A for 

men and women (mg/day) 

Nutrient Men Women  

Zinc 11 8 

Iron 8 18 

Vitamin A 0.9 0.7 

Source: NIH (n.d.). 
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Table 5. Contribution to RDAs of zinc, iron, and vitamin A of one serving of 

unmilled or milled fortified rice 

Cultivar 
Feed-
stock 

Milling after 
parboiling 

% of RDA 

Zinc 
(men) 

Zinc 
(women) 

Iron 
(men) 

Iron 
(women) 

Vitamin 
A (men) 

Vitamin A 
(women) 

FKR 62N 

Paddy 
Unmilled 69 94 63 28 5 7 

Milled 26 35 17 8 1 2 

Brown 
Unmilled 124 170 289 129 76 98 

Milled 36 49 59 26 11 14 

TS2 

Paddy 
Unmilled 60 82 55 25 3 4 

Milled 20 28 13 6 1 1 

Brown 
Unmilled 173 238 231 103 57 73 

Milled 51 70 68 30 7 9 

Source: Authors. 

Note: One serving is 150 g of uncooked rice.  

 

 

Figure 5. Average contribution of one serving of fortified rice to RDAs of 

zinc, iron, and vitamin A for men and women 

 

Source: Authors. 

Note: Figure shows the average of results from Group 1 and Group 2. One serving is 150 g of uncooked rice.  
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PHASE IIA: SENSORY ANALYSIS 

Descriptive Statistics of the Sample 

Table 6 shows the descriptive statistics for a selected group of socioeconomic 

variables disaggregated by location, where “rural” represents the surveys 

conducted in Kienfangué and “urban” those surveys conducted in Zogona and 

Dassasgho. About 55% of the participants were women. Roughly half were under 

30 years of age and had not completed any type of formal education. Almost a 

third were from low-income households (earning less than CFA 2,000 a month) 

and spent more than half of their income on food. About 60% of participants 

reported consuming more than 20 kg of rice a month, which, divided by the average 

household size of 8.77 members, yields more than 2.3 kg per person per month or 

27.4 kg per year—slightly over the 25 kg per capita per year estimated for Burkina 

Faso as a whole (van Oort et al. 2015).  

Most of the rice consumed was parboiled; the share of non-parboiled rice 

consumption was 36%. Most participants stated that they closely assess the 

quality of the rice before buying it, and almost all reported washing the rice before 

cooking, primarily to remove impurities. Consumers cared most about the 

cleanliness of raw milled rice, followed by color and size (there was no statistical 

difference between these two attributes). The content of broken and chalk rice 

were the two least important attributes. For cooked rice, taste and aroma were the 

two main attributes consumers cared about, while swelling and stickiness were the 

least important. Finally, 64% of the respondents said they had knowledge about 

the nutritional value of rice before the experiment, and 92% stated they had 

knowledge about it after the experiment.  

Still, when asked specific basic questions about the nutritional value of rice after 

the experiment, 27% of respondents answered all questions incorrectly.      

Table 6. Sensory analysis: Descriptive statistics of socioeconomic 

variables 

Variable Aggregate Urban Rural 

Gender    

Women 170 (56%) 119 (58%) 51 (50%) 

Men 136 (44%) 85 (42%) 51 (50%) 

Age    

< 30 161 (53%) 125 (61%) 36 (35%) 

31–40 84 (27%) 48 (24%) 36 (35%) 

41–50 34 (11%) 21(10%) 13 (13%) 

> 50 27 (9%) 10 (5%) 17 (17%) 

Household size (number of people) 8.77 8.49 9.34 

Education completed    

None 162 (53%) 82 (40%) 80 (78%) 

Elementary 80 (26%) 63 (31%) 17 (17%) 
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Variable Aggregate Urban Rural 

High school 56 (18%) 52 (25%) 4 (4%) 

University 8 (3%) 7 (3%) 1 (1%) 

Income (average per household per month)    

< CFA 2,000 97 (32%) 71 (35%) 26 (26%) 

CFA 2,000–3,000 69 (23%) 51 (25%) 18 (26%) 

CFA 3,000–5,000 52 (17%) 34 (17%) 18 (18%) 

> CFA 50,000 86 (28%) 49 (24%) 37 (37%) 

Income share spent on food 

< 25% 93 (30%) 74 (36%) 19 (19%) 

26–50% 111 (36%) 77 (38%) 34 (33%) 

51–75% 60 (20%) 34 (17%) 26 (25%) 

> 75% 42 (14%) 19 9%) 23 (23%) 

Rice consumption per household per month    

< 5 kg 34 (11%) 26 (13%) 8 (8%)  

6–10 kg 31 (10%) 14 (7%) 17 (17%) 

11–15 kg 26 (8%) 16 (8%) 10 (10%) 

16–20 kg 35 (11%) 18 (9%) 17 (17%) 

> 20 kg 181 (59%) 131 (64%) 50 (49%) 

Packaging    

Bagged 269 (88%) 188 (92%) 81 (79%) 

Loose 37 (12%) 16 (8%) 21 (21%) 

Both 1 (0%) 1 (0%) 0 (0%) 

Type of rice consumed    

Non-parboiled 109 (36%) 76 (37%) 33 (32%) 

Parboiled 156 (51%) 99 (48%) 57 (56%) 

Do not know 42 (14%) 30 (15%) 12 (12%) 

Type of store    

Supermarket 97 (32%) 68 (33%) 29 (29%) 

Rice wholesaler 105 (34%) 76 (37%) 29 (29%) 

Neighborhood markets 85 (28%) 51 (25%) 34 (34%) 

Other 19 (6%) 10 (5%) 9 (9%) 

Rice quality assessment    

Detailed  201(65%) 129 (63%) 72 (71%) 

Trust vendor 70 (23%) 51 (25%) 19 (19%) 

Do not care about quality 12 (4%) 8 (4%) 4 (4%) 

Other 24 (8%) 17 (8%) 7 (7%) 

Wash rice before cooking    

Always 302 (98%) 202 (99%) 100 (98%) 

Often 4 (1%) 3 (1%) 1 (1%) 

Never 1 (0%) 0 (0%) 1 (1%) 

Main reason for washing rice    

Remove abnormal kernels 13 (4%) 9 (4%) 4 (4%) 

Remove impurities 242 (79%) 164 (80%) 78 (76%) 

Reduce starch in rice 2 (1%) 2 (1%) 0 (0%) 

Other 50 (16%) 30 (15%) 20 (20%) 

Ranking of characteristics of raw rice †    

Cleanliness 1.50a 1.48a 1.56a 

Color 1.78b 1.88b 1.57a* 

Size 1.90b 1.91b 1.83a 

Shape 2.10c 2.03b 2.26b 

Broken 2.93d 3.13c 2.52bc*** 

Chalk 3.14e 3.34d 2.73c*** 

Ranking of characteristics of milled rice †    

Taste 1.58a 1.63a 1.48a 

Aroma 1.87b 1.86b 1.90b 

Color 2.20c 2.24c 2.10bc 

Texture 2.25cd 2.26c 2.24c 

Swelling 2.59de 2.80d 2.15bc*** 
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Variable Aggregate Urban Rural 

Stickiness 2.74e 2.75d 2.71d 

Knowledge about nutritional value of rice    

Have previous knowledge 196 (64%) 127 (62%) 70 (69%) 

Have knowledge after experiment 282 (92%) 189 (92%) 94 (92%) 

Knowledge check    

All answers incorrect 83 (27%) 55 (27%) 28 (27%) 

Some answers correct 204 (66%) 137 (67%) 67 (66%) 

All answers correct 20 (7%) 13 (6%) 7 (7%) 

Source: Authors. 

Note: *, **, and *** indicate statistically significant difference between urban and rural at 5%, 1%, and 0.1%, 

respectively.  

† Rankings are based on the following scoring: 1 = most preferred; 5 = least preferred. 

ANOVA: Different letters indicate statistically significant differences across attributes at the 5% level. 

 

Analysis of Raw Rice Questionnaire  

The first three questions asked respondents to compare two raw rice samples and 

state whether the two samples look similar or different on a continuous scale from 

0 (no difference) to 10 (extreme difference). Table 7 shows the results in aggregate 

and disaggregated by location (urban and rural). The results suggest that all 

means were statistically different from zero, which means that the three pairs of 

rice products were perceived as different from each other. The mean differences 

between products were significantly different from each other in aggregate and by 

location (different letters across columns), except for the mean difference between 

fortified and modified parboiled, and between conventional parboiled and fortified 

among rural households. For example, in aggregate respondents found the mean 

difference between fortified rice and modified parboiled rice to be larger than that 

between conventional and modified parboiled rice, and between conventional 

parboiled rice and fortified rice. 

 

Table 7. Mean comparison of rice product pairs (0 = no difference, 10 = 

extreme difference) 

Rice product comparison Aggregate Urban Rural 

Conventional parboiled – Modified parboiled 4.61a 5.64a 4.57a 

Fortified – Modified parboiled 5.56b 5.43b 5.83bc 

Conventional parboiled - Fortified 6.54c 6.59c 6.43c 

Source: Authors.  

Note: Conventional parboiled = parboiled rice using paddy rice as a feedstock. Modified parboiled = parboiled 

rice using brown rice as a feedstock. Fortified = fortified parboiled rice using brown rice as a feedstock. 

*, **, and *** indicate statistically significant difference between urban and rural at 5%, 1%, and 0.1%, 

respectively. ANOVA: Different letters indicate statistically significant differences across attributes at the 5% 

level. 
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The fourth question asked respondents to rank the three raw rice products based 

on their preferences, with 1 being most preferred and 3 least preferred. Table 8 

shows the results in aggregate and disaggregated by location (urban and rural). In 

aggregate and in each location, modified parboiled rice was the most preferred, 

followed by conventional parboiled. Fortified rice is the least preferred in aggregate 

and in each location. 

 

Table 8. Ranking of three rice products (1 = most preferred, 3 = least 

preferred) 

Rice product  Aggregate Urban Rural 

Modified parboiled 1.52a 1.54a 1.48a 

Conventional parboiled 1.92b 1.85b 2.04b 

Fortified 2.56c 2.60c 2.48c 

Source: Authors.  

Note: Conventional parboiled = parboiled rice using paddy rice as a feedstock. Modified parboiled = parboiled 

rice using brown rice as a feedstock. Fortified = fortified parboiled rice using brown rice as a feedstock. 

*, **, and *** indicate statistically significant difference between urban and rural at 5%, 1%, and 0.1%, 

respectively. ANOVA: Different letters indicate statistically significant differences across attributes at the 5% 

level. A Friedman Test was conducted on 306 individuals to examine their responses to question 4. Results 

showed that differences in rankings between rice products are statistically different (Q(2) = 167.2614, p = 

0.0000). 

Analysis of Milled Rice Questionnaire 

Table 9 shows the results of the milled rice questionnaire in aggregate and 

disaggregated by location (urban and rural). Regarding rice appearance (question 

1), respondents find nothing wrong with the appearance of the three rice products 

(all means are greater than or equal to 5). However, they like the appearance of 

fortified rice less than that of conventional and modified parboiled rice. For overall 

aroma (question 2), overall flavor (question 4), and texture (question 7), the 

findings are similar to those for appearance; respondents like the three products 

(all means are greater than 5), but they like fortified rice less than the other two 

rice options. Respondents find fortified rice lacking flavor (question 3, mean 

significantly lower than 4), while conventional parboiled and modified parboiled rice 

have just about the right flavor. Regarding hardness (question 5), all means are 

significantly lower than 4 at a 5% significance level (except for fortified rice among 

rural respondents), which means that, on average, respondents find all rice 

products lacking firmness when cooked (except for fortified rice among rural 

households). Fortified rice has the highest score for firmness among the three rice 

products tested. For stickiness (question 6), all means are statistically equal to 4 

at a 5% significance level, except for fortified rice, and for conventional parboiled 

among urban households, which are significantly lower. On average, respondents 

find fortified rice lacking stickiness relative to the other rice products tested. 
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Table 9. Mean comparison of the three cooked rice products 

Rice product Aggregate Urban Rural 

Question 1 – Appearance: How much do you like or dislike the appearance of the cooked rice? 

Conventional parboiled 7.70a 7.59a 7.93a* 

Modified parboiled 7.19b 7.15b 7.26b 

Fortified rice 5.15c 5.02c 5.41c 

Question 2 – Aroma: How much do you like or dislike the overall aroma of the cooked rice? 

Conventional parboiled 7.38a 7.16a 7.80a*** 

Modified parboiled 6.60b 6.54b 6.73b 

Fortified rice 5.47c 5.47c 5.48c 

Question 3 – Flavor intensity: Rate the level of flavor intensity of the cooked rice 

Conventional parboiled 4.32a 4.28a 4.36a 

Modified parboiled 4.02b 3.94b 4.17a 

Fortified rice 3.52c 3.43c 3.70b 

Question 4 – Overall flavor: How much do you like the overall flavor of the cooked rice? 

Conventional parboiled 7.53a 7.40a 7.77a** 

Modified parboiled 6.52b 6.39b 6.75b 

Fortified rice 5.31c 5.25c 5.41c 

Question 5 – Hardness: Rate the level of hardness (firmness) of the cooked rice 

Fortified rice 3.70a 3.65a 3.82a 

Conventional parboiled 3.42b 3.27b 3.74a** 

Modified parboiled 3.19c 3.22b 3.13b 

Question 6 – Stickiness: Rate the level of stickiness of the cooked rice 

Modified parboiled 4.51a 4.50a 4.54a 

Conventional parboiled 3.86b 3.81b 3.96b 

Fortified rice 3.22c 3.31c 3.04c 

Question 7 – Texture: How much do you like or dislike the texture of the cooked rice? 

Conventional parboiled 7.59a 7.45a 7.87a** 

Modified parboiled 6.75b 6.63b 7.00b 

Fortified rice 5.66c 5.64c 5.70c 

Question 8 – Overall impression: Overall, how much do you like or dislike the cooked rice? 

Conventional parboiled 7.76a 7.62a 8.03a*** 

Modified parboiled 6.86b 6.76b 7.05b 

Fortified rice 5.66c 5.60c 5.76c 

Question 9 – Willingness to purchase: How likely is it that you would purchase the cooked rice? 

Conventional parboiled 7.70a 7.54a 8.03a*** 

Modified parboiled 6.67b 6.56b 6.90b 

Fortified rice 5.35c 5.14c 5.73c* 

Source: Authors.  

Note: Questions 1, 2, 4, 7, and 8 use a 9-level Likert scale (1 = strongly dislike; 5 = neither like nor dislike; 9 = 

strongly like). Questions 3, 5, and 6 use a 7-level Likert scale (1 = much too little; 4 = just about right; 7 = much 

too much). Question 9 uses a 9-level Likert scale (1 = extremely unlikely; 9 = extremely likely). Conventional 

parboiled = parboiled rice using paddy rice as a feedstock. Modified parboiled = parboiled rice using brown rice 

as a feedstock. Fortified = fortified parboiled rice using brown rice as a feedstock. 

*, **, and *** indicate statistically significant difference between urban and rural at 5%, 1%, and 0.1%, 

respectively. ANOVA: Different letters indicate statistically significant differences across attributes at the 5% 

level. 

 

Looking at the overall impression of the rice products (question 8), all means are 

greater than 5 at a 5% significance level: on average respondents like the three 

rice products. However, on average fortified rice has the lowest rating among the 

three rice products tested (Figure 6). Finally, looking at respondents’ willingness 
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to purchase3 the rice products (question 9), all means are greater than 5 at a 5% 

significance level, except for fortified rice among urban households, which means 

that on average respondents like the three rice products. However, on average 

fortified rice has the lowest rating among the three rice products tested (Figure 7). 

Figure 6. Overall Impression of the three cooked rice products (1 = strongly 

dislike, 9 = strongly like) 

 

Source: Authors.  

 

Figure 7. Willingness to purchase the three cooked rice products (1 = 

extremely unlikely, 9 = extremely likely) 

 

  Source: Authors.

 
3 In the context of this study, willingness to purchase is understood as a non-monetary measure of consumers’ preferences for 

the different rice product. Willingness to pay, on the other hand, is a monetary measure of consumers’ willingness and 

ability to pay for the different rice products 
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The results from the sensory analysis highlight that, although consumers do not 

see anything particularly wrong with fortified rice, they perceive it as a product of 

inferior quality relative to the two control rice products in both raw and cooked 

forms. Together, the results of the sensory analysis and the rankings of rice quality 

attributes (Table 6) can be used to identify specific quality traits that could be 

targeted to improve the marketability of fortified rice.  

PHASE IIB: EXPERIMENTAL AUCTIONS 

Consumers’ lower willingness to purchase fortified rice cannot be directly 

translated into willingness-to-pay metrics. For that estimation, another method is 

needed. In this case, experimental auctions were used to assess consumers’ 

willingness to pay for fortified rice.  

Descriptive Statistics of the Sample 

Table 10 shows the descriptive statistics for a selected group of socioeconomic 

variables disaggregated by location (rural and urban). About 80% of participants 

were women, 37% were under 30 years of age, 77% had not completed any type 

of formal education, and about a third were from low-income households (earning 

less than CFA 2,000 a month) and spent more than half of their income on food.  

About 50% of participants report consuming more than 20 kg of rice a month, 

which, divided by the average household size of 8.77 members, yields more than 

2.3 kg per person per month or 27.4 kg per year—slightly more than the 25 kg per 

capita per year estimated for Burkina Faso as a whole (van Oort et al. 2015). About 

two-thirds of participants reported consuming parboiled rice, 20% report 

consuming non-parboiled rice, and 11% report not knowing which type of rice they 

consume. Most participants (65%) state that they closely assess the quality of the 

rice before buying it, 20% state that they trust the vendor, and 13% state they do 

not care about rice quality. Almost all participants report washing the rice before 

cooking, primarily to remove impurities. Cleanliness is the main attribute of raw 

milled rice consumers care about, followed by color, size, and shape. The content 

of broken and chalk rice are the two least important attributes. For cooked rice, 

taste is the most important attribute, followed by swelling and texture, while aroma 

and stickiness are the least important.  

Finally, 59% of the respondents say they had knowledge about the nutritional value 

of rice before the experiment, and 97% state they had knowledge about it after the 

experiment. Still, when asked specific basic questions about the nutritional value 

of rice after the experiment, only 22% of respondents answered all questions 

correctly. 
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Table 10. Experimental auctions: Descriptive statistics of socioeconomic 

variables 

Variable Aggregate Urban Rural 

Gender    

Women 322 (80.5%) 172 (86.0%) 150 (75.0%) 

Men 78 (19.5%) 28 (14.0%) 50 (25.0%) 

Age    

< 30 148 (37.0%) 74 (37.0%) 74 (37.0%) 

31–40 120 (30.0%) 60 (30.0%) 60 (30.0%) 

41–50 60 (15.0%) 31 (15.5%) 29 (14.5%) 

> 50 72 (18.0%) 35 (17.5%) 37 (18.5%) 

Household size 9.78 10.54 9.01 

Education completed    

None 308 (77.0%) 158 (79.0%) 150 (75%) 

Elementary 70 (17.5%) 23 (11.5%) 47 (23.5%) 

High school 20 (5.0%) 17 (8.5%) 3 (1.5%) 

University 2 (0.5%) 2 (1.0%) 0 (0%) 

Income (average per household 

per month) 
     

< CFA 2,000 137 (34.3%) 67 (33.5%) 70 (35.0%) 

CFA 2,000–3,000 94 (23.5%) 33 (16.5%) 61 (30.5%) 

CFA 3,000–5,000 56 (14%) 20 (10.0%) 36 (18.0%) 

> CFA 50,000 113 (28.3%) 80 (40.0%) 33 (16.5%) 

Income share spent on food    

< 25% 119 (29.8%) 50 (25.0%) 69 (34.5%) 

26–50% 134 (33.5%) 64 (32.0%) 70 (35.0%) 

51–75% 82 (20.5%) 42 (21.0%) 40 (20.0%) 

> 75% 65 (16.3%) 44 (22.0%) 21 (10.5%) 

Rice consumption per household 

per month 
   

< 5 kg 39 (9.8%) 9 (4.5%) 30 (15.0%) 

6–10 kg 48 (12.0%) 16 (8.0%) 32 (16.0%) 

11–15 kg 57 (14.3%) 32 (16.0%) 25 (12.5%) 

16–20 kg 54 (13.5%) 29 (14.5%) 25 (12.5%) 

> 20 kg 202 (50.5%) 114 (57.0%) 88 (44.0%) 

Packaging    

Bagged 122 (30.5%) 60 (30.0%) 62 (31.0%) 

Loose 215 (53.8%) 111 (55.5%) 104 (52.0%) 

Both 63 (15.8%) 29 (14.5%) 34 (17.0%) 

Type of rice consumed    

Parboiled 274 (68.5%) 142 (71.0%) 132 (66.0%) 

Non-parboiled 81 (20.3%) 36 (18.0%) 45 (22.5%) 

Do not know 45 (11.3%) 22 (11.0%) 23 (11.5%) 

Type of store    

Supermarket 136 (34.0%) 65 (32.5%) 71 (35.5%) 

Rice wholesaler 87 (21.8%) 57 (28.5%) 30 (15.0%) 

Neighborhood markets 168 (42.0%) 77 (38.5%) 91 (45.5%) 

Other 9 (2.2%) 1 (0.5%) 8 (4.0%) 

Rice quality assessment    

Detailed  258 (64.5%) 127 (63.5%) 131 (65.5%) 

Trust vendor 83 (20.7%) 41 (20.5%) 42 (21.0%) 

Do not care about quality 51 (12.8%) 28 (14.0%) 23 (11.5%) 

Other 8 (2.0%) 4 (2.0%) 4 (2.0%) 

Wash rice before cooking    

Always 398 (99.5%) 200 (100%) 198 (99%) 
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Variable Aggregate Urban Rural 

Often 2 (0.5%) 0 (0.0%) 2 (1.0%) 

Never 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Main reason for washing rice    

Remove abnormal kernels 52 (13.0%) 17 (8.5%) 35 (17.5%) 

Remove impurities 315 (78.7%) 173 (86.5%) 142 (71.0%) 

Reduce starch in rice 9 (2.3%) 6 (3.0%) 3 (1.5%) 

Other 24 (6.0%) 4 (2.0%) 20 (10.0%) 

Ranking of characteristics of raw 

rice † 
   

Cleanliness 1.61a 1.69a 1.53a 

Color 2.08b 2.01ab 2.16b 

Size 2.23b 2.07b 2.39b* 

Shape 2.35bc 2.36bc 2.34b 

Broken 2.60cd 2.33bc 2.88c*** 

Chalk 2.84d 2.53c 3.14c*** 

Ranking of characteristics of 

milled rice † 
   

Taste 1.53 1.57 1.48 

Swelling 1.83 1.84 1.82 

Texture 2.06 1.91 2.20 

Color 2.26 2.13 2.40 

Aroma 2.53 2.33 2.73 

Stickiness 2.72 2.51 2.94 

Knowledge about nutritional value 

of rice 
   

Have previous knowledge 162 (41%) 86 (43%) 76 (38%) 

Have knowledge after 

experiment 
386 (97%) 192 (96%) 194 (97%) 

Knowledge check    

All answers incorrect 136 (34%) 67 (34%) 69 (35%) 

Some answers correct 175 (44%) 93 (46%) 82 (41%) 

All answers correct 88 (22%) 40 (20%) 48 (24%) 

Source: Authors. 
Note: *, **, and *** indicate statistically significant difference between urban and rural at 5%, 1%, and 0.1%, 

respectively. ANOVA: Different letters indicate statistically significant differences across attributes at the 5% 

level. 

† Rankings are based on the following scoring: 1 = most preferred; 5 = least preferred.  

 

Willingness to Pay 

Table 11 shows the estimated mean and standard deviation of willingness to pay 

for each of the three rice products by location, form (cooked or raw), and auction 

round. In aggregate, the mean willingness to pay for 1 kg of rice varied from CFA 

391.7 to 538.2, a range deemed reasonable considering that the Food and 

Agriculture Organization of the United Nations (FAO) reported wholesale prices in 

Bobo Dioulasso and Dori in May 2022 varying from CFA 400 to 440 per kg (FAO 

2022b). A first look at the mean willingness to pay reveals differences between rice 

products, locations (urban and rural), the form in which rice was auctioned (raw 

versus cooked), and the auction rounds. Figure 8 shows the mean willingness to 

pay and 95% confidence interval broken down by categories. Although the 

distribution of willingness to pay is not normal, the confidence intervals (which 

assume normality) are still a helpful way of conducting a preliminary assessment 
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of the results. Confidence intervals that overlap would in general indicate that the 

variables are not statistically different at the 95% confidence level. For instance, 

Figure 8 shows that the mean willingness to pay for fortified rice in round 1 (before 

information about fortified rice was provided) may be smaller than for the other two 

rice products in rural areas when the auction form was cooked rice, but that after 

the information about the benefits of fortified rice was provided, the mean 

willingness to pay for fortified rice increased significantly.    

Table 12 shows the results of the inference analysis to ascertain whether the 

differences in mean willingness to pay are statistically significant. For example, the 

results from the first round in the rural location suggest that consumers are willing 

to pay 15.2% more for fortified rice than for conventional parboiled rice when 

assessing rice in its raw form, but 6.9% less when assessing it cooked. These 

results may suggest that raw fortified rice is more appealing than conventional 

parboiled rice and that consumers may be willing to pay a premium for fortified 

rice, but that after trying it cooked, consumers may have reservations because of 

some undesirable culinary aspect and be willing to buy it only at a discount. For 

urban consumers, the results from the first round suggest no statistical difference 

between consumers’ willingness to pay for conventional parboiled and fortified rice 

(but a lower willingness to pay for the modified parboiled rice) when assessed in 

either raw or cooked form. Thus, the results suggest that, without any marketing 

campaign highlighting the benefits of fortified rice, consumers in urban and rural 

areas are willing to pay the same amount for raw fortified rice than the currently 

available conventional parboiled rice but that after trying fortified rice rural 

consumers are willing to buy it only at a discount. 
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Table 11. Mean and standard deviation of willingness to pay by location, 

rice product, form, and auction round 

Location/rice product Round 
Willingness to pay (CFA) 

Mean Std. dev. 

Rural    

Cooked    

Conventional parboiled rice 1 426.8 75.6 

Modified parboiled rice 1 436.0 74.7 

Fortified parboiled rice 1 397.3 97.6 

Conventional parboiled rice 2 418.3 101.5 

Modified parboiled rice 2 445.3 105.8 

Fortified parboiled rice 2 477.5 143.9 

Raw    

Conventional parboiled rice 1 417.6 93.8 

Modified parboiled rice 1 391.7 77.5 

Fortified parboiled rice 1 481.2 137.0 

Conventional parboiled rice 2 443.3 118.4 

Modified parboiled rice 2 395.5 96.9 

Fortified parboiled rice 2 538.2 188.8 

Urban    

Cooked    

Conventional parboiled rice 1 419.8 61.7 

Modified parboiled rice 1 424.0 53.6 

Fortified parboiled rice 1 416.5 79.8 

Conventional parboiled rice 2 403.5 73.8 

Modified parboiled rice 2 416.3 90.1 

Fortified parboiled rice 2 489.0 123.5 

Raw    

Conventional parboiled rice 1 431.0 86.6 

Modified parboiled rice 1 411.5 83.2 

Fortified parboiled rice 1 459.0 104.4 

Conventional parboiled rice 2 405.5 80.8 

Modified parboiled rice 2 398.0 78.2 

Fortified parboiled rice 2 502.5 104.1 

Source: Authors. 

Note: Willingness to pay is for 1 kg of rice. 
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Figure 8. Mean and 95% confidence internal for willingness to pay by rice 

product, form, location, and auction round 

  

 

 

Source: Authors. 

 

The impact of information about the nutritional value of fortified rice can be 

assessed by looking at the difference in mean willingness to pay between rounds 

for each product. Figure 8 and Table 12 show that the information treatment has 

a positive impact on the mean willingness to pay for fortified rice across locations 

and auction forms. For example, the mean willingness to pay for fortified rice 

among rural consumers that assessed the cooked rice increased from CFA 

397.3/kg to CFA 477.5/kg—a 20% increase. So large is the impact of information 

that fortified rice goes from having the lowest mean willingness to pay in round 1 

to the highest in round 2. The results suggest that a marketing campaign 

highlighting the benefits of fortified rice could increase consumers’ willingness to 
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pay for it above their willingness to pay for other rice products, including 

conventional parboiled rice. 

Table 12. Statistical analysis of differences in mean willingness to pay by 

location, rice product, form, and auction round 

Location/rice product 
Willingness to pay (CFA) 

Round 1 Round 2 

Rural   

Cooked   

Conventional parboiled rice 426.8a 418.3a 

Modified parboiled rice 436.0a 445.3b 

Fortified parboiled rice 397.3b 477.5c*** 

Raw   

Conventional parboiled rice 417.6a 443.3a 

Modified parboiled rice 391.7b 395.5b 

Fortified parboiled rice 481.2c 538.2c* 

Urban   

Cooked   

Conventional parboiled rice 419.8a 403.5a 

Modified parboiled rice 424.0a 416.3a* 

Fortified parboiled rice 416.5a 489.0b*** 

Raw   

Conventional parboiled rice 431.0a 405.5a* 

Modified parboiled rice 411.5b 398.0a 

Fortified parboiled rice 459.0a 502.5b*** 

Source: Authors.  

Note: Because the distribution of willingness to pay is not normal, we use Wilcoxon’s rank-sum test to test 

differences between distributions. 

*, **, and *** indicate statistically significant difference between Round 1 and Round 2l at 5%, 1%, and 0.1%, 

respectively. ANOVA: Different letters indicate statistically significant differences across auctioned products in 

each round at the 5% level. 

 

Determinants of Willingness to Pay for Fortified Rice 

Table 13 shows the results from the OLS regression of the determinants of 

willingness to pay. Since our data is uncensored, we use the OLS model because 

it yields unbiased estimates. The Breusch-Pagan/Cook-Weisberg test revealed 

heteroscedasticity in one of the models, so we report and use robust standard 

errors for inference analysis. There is no concern of multicollinearity as the 

variance inflation factor (VIF) values of all explanatory variables are less than 4.  

Overall, there are some differences in the determinants of willingness to pay 

across rice products. The results suggest that education significantly (p < 0.10) 

and negatively affects willingness to pay for fortified rice when auctioned in raw 

form, which may impact first-time purchases, but has no impact on willingness to 

pay for fortified rice auctioned in cooked form; notably, this pattern may determine 

repeated-purchasing behavior. The share of income spent on food has a significant 

(p < 0.10) negative impact on willingness to pay for raw fortified rice but no 
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significant impact on willingness to pay for cooked fortified rice. Urban location has 

a significant (p < 0.01) negative impact on willingness to pay for raw fortified rice 

but significant (p < 0.10) positive impact on willingness to pay for cooked fortified 

rice.  

The auction round, which is a proxy for the value of information, is significant (p < 

0.01) and positive for cooked fortified rice but insignificant for raw fortified rice. 

Looking at the interaction terms, the results show that the willingness to pay of 

middle-income households increases significantly (p < 0.10) as a result of the 

information treatment. Income level affects the impact of the information treatment 

on the willingness to pay for fortified cooked rice, but the auction round and its 

interactions with income do not have any significant impact on willingness to pay 

for the other two rice products (conventional and modified parboiled rice). 

It is important to state that while some explanatory variables have a statistically 

significant effect on willingness to pay for the different rice products, the 

explanatory power of the models is low, as shown by the low R2 values. 

Table 13. Determinants of willingness to pay (CFA/kg) for the three rice 

products auctioned 

Variable 
Conventional parboiled Modified parboiled Fortified 

Cooked Raw Cooked Raw Cooked Raw 

Middle-income 

household 

2.561 

(11.565) 

-10.685 

(11.565) 

5.456 

(11.025) 

-2.538 

(11.025) 

3.587 

(15.074) 

-4.015 

(15.074) 

High-income 

household 

18.507 

(13.395) 

4.16 

(13.395) 

31.365** 

(12.238) 

13.546 

(12.238) 

9.718 

(17.3) 

21.68 

(17.3) 

Education 23.949*** 

(8.165) 

-4.177 

(8.165) 

18.224** 

(7.966) 

9.291 

(7.966) 

18.996 

(12.287) 

-21.816* 

(12.287) 

Share income 

spent on food 

-11.261 

(8.424) 

-3.118 

(8.424) 

-10.119 

(8.869) 

-11.888 

(8.869) 

-4.659 

(11.829) 

-20.473* 

(11.829) 

Household size 0.681 

(0.48) 

1.309*** 

(0.48) 

-0.830* 

(0.502) 

0.389 

(0.502) 

-0.888 

(0.677) 

0.449 

(0.677) 

Urban -10.129 

(8.461) 

-12.018 

(8.461) 

-16.549* 

(8.75) 

8.03 

(8.75) 

21.042* 

(12.706) 

-39.339*** 

(12.706) 

Auction round -12.295 

(13.424) 

10.421 

(13.424) 

9.836 

(15.778) 

-15.395 

(15.778) 

80.328*** 

(21.084) 

23.684 

(21.084) 

Auction round x 

middle income 

-0.815 

(18.441) 

-8.95 

(18.441) 

-13.799 

(20.244) 

27.895 

(20.244) 

-10.206 

(27.138) 

47.272* 

(27.138) 

Auction round x 

high income 

0.892 

(20.112) 

-26.046 

(20.112) 

-12.029 

(21.652) 

3.788 

(21.652) 

0.812 

(30.579) 

37.477 

(30.579) 

Constant 402.726*** 

(13.358) 

425.466*** 

(13.358) 

427.175*** 

(11.759) 

391.359*** 

(11.759) 

389.487*** 

(18.419) 

508.085*** 

(18.419) 
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Observations 400 400 400 400 400 400 

R2 0.046 0.019 0.052 0.022 0.115 0.069 

Adjusted R2 0.024 -0.003 0.03 -0.0003 0.095 0.047 

F statistic 

(df = 9; 390) 

2.100** 0.849 2.374** 0.988 5.633*** 3.197*** 

Source: Authors. 

Note: *, **, and *** indicate significance at 10%, 5%, and 1.0%. Robust standard errors are in parentheses. 
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LESSONS LEARNED AND 

CHALLENGES 

The transfer of the piloting process from the laboratory to the field required 

adapting the process to the local context and available technology and training 

women to carry it out. Women parboilers were receptive to the new technology, 

which will bolster market demand for their products and promote healthy diets in 

households. They had concerns, however, about access to and cost of the 

fortificants (iron, zinc, and vitamin A). They also lacked the machinery (hullers) 

required to produce the quality of brown rice needed for the piloting. Constant 

modifications of the available machinery led to a slowdown in production and 

additional work for the women.  

The results from the pilot trial showed that both rice cultivars (TS2 and FKR 62N) 

have a similar and significant nutrient uptake after the parboiling fortification 

process. The benefits of using paddy rice as feedstock include a higher head rice 

yield (HRY) and less discoloration of the kernels by both heat and fortificants. 

Using paddy as feedstock, however, required a greater quantity of fortificants 

and/or a longer soaking duration than brown rice to obtain a similar level of 

nutrients in fortified rice. Using brown rice as feedstock showed a more efficient 

uptake of the fortificants but resulted in rice darker in color, which may have 

negative impacts on consumers’ acceptance. The levels of zinc, iron, and vitamin 

A achieved in the fortified rice did not meet the RDAs; the fortification efficiency of 

vitamin A was particularly low. Therefore, further pilot study is needed to improve 

their uptakes. 

The results from the sensory analysis show that although there is nothing 

particularly wrong with fortified rice, urban and rural consumers liked conventional 

and modified parboiled rice better. Similarly, although urban and rural consumers 

liked all three rice products, they were more likely to buy the two rice alternatives 

rather than fortified rice. The results point to some particular aspects of rice quality 

that could explain the relative lower ranking of fortified rice. For instance, 

consumers perceived differences in the appearance, aroma, flavor, and texture of 

fortified rice that caused them to rank it lower than the alternatives. Further studies 

should explore these attributes more deeply and find ways to improve the quality 

profile of fortified parboiled rice. 

The results from the experimental auctions showed that for the most part (except 

rural consumers who tried cooked rice) consumers were willing to pay the same 

price for fortified rice as for the conventional parboiled rice currently available in 

the market, without any additional information about the nutritional value of fortified 

rice. These results are relevant in the sense that efforts to market fortified rice will 
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need to be carried out by either the supply chain or the government. The adoption 

of fortified rice could help improve the nutritional status of the population, primarily 

those relying more heavily on rice in their diets, which should eventually result in 

lower health costs for households and the public health system. So, even if the 

government assumes the cost of rice fortification, a further, more detailed analysis 

should estimate the actual net cost (or benefit) of adopting fortified rice as a way 

to fight undernourishment, accounting for all other indirect benefits that could result 

from ameliorating undernourishment through fortified rice.  

Information about the benefits of fortified rice has a positive impact on consumers’ 

willingness to pay for it, and the positive impact is seen across all income levels. 

Comparing the findings from the sensory analysis and the experimental auctions, 

we can conclude that the lower willingness to purchase fortified rice (sensory 

analysis, question 9) does not mean that consumers have a lower willingness to 

pay for fortified rice. The experimental auction results show that consumers are 

willing to pay the same price for fortified rice as for conventional parboiled rice 

without additional information about the benefits of fortified rice, but they are willing 

to pay a premium for fortified rice after they receive information about the benefits 

of fortified rice. We can conclude that a marketing campaign highlighting the 

benefits of fortified rice could more than offset the lower willingness to purchase 

and result in consumers being willing to pay a premium for fortified rice. 

These results highlight the importance of designing an appropriate marketing 

campaign to promote the nutritional benefits of fortified rice as a way to improve 

the consumers’ willingness to pay for fortified rice. The results also suggest that 

the marketing campaign does not need to be uniquely designed for specific 

segments of the population; such campaigns can be designed for a wide audience. 

Further studies should be conducted to estimate the net cost or benefit of adopting 

fortified rice together with a marketing campaign, considering all of the indirect 

benefits that could result from improving the nutritional status of the population. 
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RECOMMENDATIONS 

This is the first project to validate the feasibility of fortifying parboiled rice by limited-

water soaking in a village setting. The pilot fortification process confirmed the 

possibility of fortifying parboiled rice in Burkina Faso. The study revealed, however, 

consumer concerns about the appearance, flavor, and aroma of the fortified 

parboiled rice. Further research can be conducted to improve the flavor and 

appearance of the fortified parboiled rice by modifying the amount and/or type of 

fortificants with additional funding support.  

The cultivar TS2 produced fortified parboiled rice with a higher HRY and less 

discoloration compared with the cultivar FKR 62N. Therefore, it is important to 

select cultivars that will produce higher HYRs and less discoloration to be used for 

this fortification by parboiling process. 

Using brown rice as feedstock will result in higher uptake of fortificants, which will 

decrease the cost of fortification and wastewater treatment. To reach the RDAs of 

zinc, iron, and vitamin A, processors will need to increase the amounts of zinc, 

iron, and vitamin A added in the parboiling process and to augment the soaking 

duration and/or steaming time. 

As discussed in the results section, without information about the benefits of 

fortified rice, rural consumers stated they are willing to pay a premium of 15.2% for 

raw fortified rice but a discount of 6.9% after trying it (cooked). Urban consumers 

reported the same willingness to pay for rice products in both raw and cooked form. 

After receiving information about the benefits of fortified rice, urban and rural 

consumers alike stated they would be willing to pay a premium for fortified rice. 

Thus, policymakers and industry stakeholders must accompany any attempt to 

market fortified rice with a clear marketing campaign highlighting the benefits of 

fortified rice. The regression results support the idea of a broad marketing 

campaign targeting consumers across all income levels with the same message. 

Further studies are needed to estimate the costs and benefits of marketing fortified 

rice using the limited-water soaking method. This cost-benefit analysis could be an 

important input in policy formulation and a tool for finding funding to invest in 

modernizing and upgrading the milling technology to improve fortified rice 

production (e.g., new milling equipment that could yield higher milled rice yields). 

Further studies could also be conducted to assess consumer preferences in 

different markets across Burkina Faso. Consumer preference studies such as the 

ones conducted for this study have a low cost and could provide supporting 

information for the development of a more targeted marketing strategy. 
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CONCLUSION 

Fortified rice produced using the limited-water soaking method has the potential to 

help fight micronutrient deficiencies in Burkina Faso. While the results from the 

pilot trial suggest that the production of fortified rice is feasible, the sensory 

analysis highlights potential limitations when it comes to consumers’ acceptance. 

The results from the experimental auction suggest that, without information, 

consumers are willing to pay the same price for fortified rice as for conventional 

parboiled rice, except for rural consumers who assessed the cooked rice. This 

finding is troublesome given that the increased cost of producing fortified rice 

cannot be passed to consumers via price premiums; rather, it would need to be 

covered by other means, which could include government support (e.g., a 

production subsidy).  

The results also highlight the significant and positive impact of information on the 

mean willingness to pay for fortified rice. After receiving information about the 

benefits of fortified rice, consumers’ willingness to pay increased significantly, 

leading to sizable price premiums over conventional parboiled rice. These findings 

are encouraging and speak to the importance of developing and deploying 

effective information campaigns, which can result in consumers’ bearing at least 

part of the higher production cost through rice price premiums.  
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APPENDIX 1. PARBOILING PROCESS IN 

BURKINA FASO 

Best practice for converting paddy to parboiled rice 

Step Procedure  Image Quality control 

Purchase paddy - Purchase paddy from a group or 

cooperative, put contract in place  

 

- Unique variety  

- Humidity rate (13%)  

- Foreign material rate (<3%)  

- Sacks (new)  

- Bag weight checks 

Stocking the paddy - Labeling of paddy sacks  

- Paddy warehouse 

- Use of pallets  

- Storage according to label 

 

- Ventilation and cleanliness of 

the warehouse 

- Use of pallets  

- Storage of sacks  

- Sack labels  

- Store temperature  

- Store humidity 
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Pre-cleaning 

 

- Winnowing  

- Stone removal  

- Washing  

- Drainage 

 

- Total elimination of foreign 

matter other than paddy  

- Dust elimination  

- Odorless paddy 

Soaking - Soaking water temperature 80–

90°C  

- Closed barrel to conserve heat  

- Duration 10–12 hours 

 

- Recommended humidity rate 

(30–35%)  

- Paddy fermentation 

Cleaning - Drainage 

- Washing twice  

- Rinsing  

- Drainage 
 

- Odorless paddy  

- Bright, healthy colored paddy 

Steaming 

 

- 4 to 5 liters for 25 kg of rice  

- Boiling water  

- Installation of the steaming tank  

- Introduction of paddy  

- Duration 20 to 30 minutes 

 

- Steaming time should not 

exceed 30 minutes  

- Uniform opening of paddy 

bales 
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Drying If the temperature in the sun is 

40°C or less  

- Sun drying for 30 to 45 minutes  

- Turning every 10 minutes  

- Dry in the shade to reduce humidity 

to 13%  

- Rotate every hour  

If the temperature in the sun is 

above 40°C  

- Single-layer drying in the shade  

- Rotate every 10 minutes for the 

first hour of drying, then every hour 

from the second hour of drying  

- Stop when the humidity level 

reaches 13% 
 

- Drying in 2 stages or single-

layer drying according to the 

ambient temperature  

- Prescribed rotation time is 

followed.- Final humidity rate 

(13%) 
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Step Procedure  Image Quality control 

Hulling 

- Checking moisture content of the 

paddy 

- Checking cleanliness of hopper, 

rollers, ventilation chamber and 

bleacher 

- Adjustment of huller (output 

quantity of the paddy to be hulled, 

space between drums, bran 

evacuator, blancher) 

 

 

 

- Dehulling rate (around 100%)  

- Degree of blanching  

- Breakage rate (dehuller 

adjustment) 
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Cleaning 

- Winnowing  

- Stone removal 

 

- Rate of impurities 

- Breakage rate 

- NBF 01-080-2009 standards 

 

Packing 

- Hygienic hand washing  
- Clean materials 
- Space organized in advance 
according to different sectors 
 
- Verification of the category of rice  
- Precise weighing of the rice  
- Sacks are stitched closed  

 

- Rice category 
- Accuracy of rice weight 
- Label meeting the NBF 01-080-
2009 standard  
- Closure of sacks 

Storing parboiled rice 

- Ventilated store with protective 
grilles at openings and intended only 
for parboiled rice 
- Paddy sacks on pallets or 
tarpaulins, 0.5m apart and 0.5m 
from walls 

 

- Ventilation and cleanliness of 

the warehouse  

- Presence of pallets  

- Storage of sacks  

- Sack labels  

- Store temperature  

- Store humidity 
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APPENDIX 2. PILOT PLANT PROCESS: 

FORTIFICATION WITH IRON, ZINC, AND  

VITAMIN A 

Supplies 

Supply Image Notes 

Fortificants 

 

Iron (ferrous sulfate), zinc (zinc sulfate), and vitamin A 
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½ teaspoon measuring spoon 

 

The teaspoon can be used instead of a balance to measure the 

amount of fortificants. 

5-liter pitcher 

 

Five liters of water are used to fortify 10 kg of rice. 

Small vacuum bag (40 cm x 60 cm) 

 

 

The small vacuum bag is used to soak the rice in fortificant 

solution under vacuum. 
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Cloth bag (40 cm x 60 cm) 

 

The cloth bag is put into the small vacuum bag to protect the 

vacuum bag. It also helps to seal the vacuum bag and create a 

vacuum because it keeps rice kernels from getting stuck in the 

valve. 

Medium vacuum bag (50 cm x 70 cm) 

 

The cloth bag and the small vacuum bag are placed inside a 

medium vacuum bag. The medium vacuum bag is used to 

protect the small vacuum bag. 

Clamp for vacuum bag 

 

The clamps help seal the zipper and keep it closed. 



   

 

 

 

Market Analysis of Pilot Run Fortified Parboiled Rice in Burkina Faso            56 

Hand pump 

 

The pump is attached to the valve in the vacuum bag and is used 

to create a vacuum. 
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Procedure 

Target nutrient content 

Iron: 53 mg/kg fortified rice 

Zinc: 53 mg/kg fortified rice 

Vitamin A: 4.7 mg/kg fortified rice 

Calculations are based on the recommended dietary allowances (RDAs) for iron (8 mg/day for male), zinc (8 mg/day for female), and vitamin A (0.7 mg/day for female) in a serving of 

400 g of cooked fortified rice (=150 g uncooked rice). 

Preparation  

Step Procedure Image Notes 

1) Fortificants a) Rough rice. Measure or weigh 14 g 

(3 teaspoons) of iron (ferrous 

sulfate), 4 g (1 teaspoon) of zinc 

(zinc sulfate), and 6 g (2 teaspoons) 

of vitamin A. 

b) Brown rice. Measure or weigh 7 g 

(1½ teaspoon) of iron (ferrous 

sulfate), 2 g (½ teaspoon) of zinc 

(zinc sulfate), and 3 g (1 teaspoon) 

of vitamin A. 

 Rough rice needs twice as much 

fortificant as brown rice owing to loss 

of nutrients in the husk. 
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2) Fortificant solution Add fortificant mix to a 5-L pitcher, and fill 

pitcher with 5 L of water while stirring. 

 

 Make sure the fortificants are 

completely dissolved and no clumps 

are present in the solution. 

3) Rice a) Put a cloth bag into a small vacuum 

bag. 

b) Fill the cloth bag with 10 kg of brown 

or rough rice. 

 

  The cloth bag is not necessary, but it 

protects the vacuum bag and makes 

the process easier. 

Do not overfill the small vacuum bag, 

and handle it with care. 
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4) Add fortificant solution Pour fortificant solution into the bag. 

 

 The ratio of rice to fortificant in the 

solution is always 2:1. The small 

vacuum bag can hold a maximum of 

10 kg and needs 5 L of solution. Rice 

quantity and water can be decreased 

proportionally (e.g., 5 kg rice with 2.5 L 

solution). 

5) Close cloth bag Tie the cloth bag tightly on the top.   
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6) Seal small vacuum bag a) Close the zipper of the vacuum bag.  

b) Attach a clamp, and pull it along the 

zipper to ensure it is closed. 

c) Attach a second clamp, and leave 

both clamps on the zipper to prevent 

opening during the process. 

  

7) Spread rice and fortificant 

solution 

Lay the bag flat on the ground carefully, 

and spread rice and fortificant solution 

evenly. 

 Push the rice behind the stop line to 

reduce the risk that the zipper could 

open. 
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8) Pump vacuum a) Unscrew the cap on the valve. 

b) Attach the pump to the valve. 

c) Slowly pump air out of the bag. 

d) Remove the pump and dry the 

valve. 

e) Check to ensure that the valve is 

completely sealed and that no air 

comes through. 

f) Close the valve with the cap. 

 When pumping the air out, fortificant 

solution may come out of the valve. 

Dry the valve, and make sure that it 

still seals properly. 

9) Protect small vacuum bag Put the small bag into a medium 

vacuum bag, close it and pump the air 

out of the medium bag. 

 The medium vacuum bag is not 

essential, but it protects the small bag 

and prevents leakage of the fortificant 

solution. 

10) Repeat Repeat steps 1–9 for as many bags as you wish to fortify. In our experiments, we fortified 10 bags with 10 kg of rice per bag. 



   

 

 

 

Market Analysis of Pilot Run Fortified Parboiled Rice in Burkina Faso            62 

Soaking 

11) Stack the bags a) Place 5–6 bags vertically at the 

bottom of the soaking tank.  

b) Cover the bottom bags with boiling 

water. 

c) Lay 4-5 bags horizontally on top of 

the bottom bags. 

d) Fill soaking tank with boiling water 

entirely. 

 • Bags MUST be handled gently 

when put into the soaking tank. 

• Bags can be stacked any way 

depending on the dimensions of 

the soaking tank. 

• Make sure all bags are completely 

submerged in water by putting a 

weight on the top bag. 

12) Soaking Soak rice for at least 5 hours.  A soaking time of 5 hours was 

sufficient for both brown and rough 

rice. The soaking time can be 

extended if desired. 
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13) Prepare for steaming a) Open the vacuum bags and cloth bag. 

b) Scoop approximately half of the rice out of the cloth bag into the steaming pan. 

c) Slowly lift the cloth bag with the remaining rice out of the small vacuum bag. 

d) Let the remaining fortificant solution drain into the small vacuum bag while keeping the cloth bag lifted. 

e) Add remaining rice to the steaming pan. 

It is important to drain the remaining 

fortificant solution and collect it. When 

5L of fortificant solution are collected, 

this solution can be reused for one bag 

with 10 kg of rice. 

Steaming 

14) Steaming duration The steaming process does not differ 

from the old parboiling process. 

In our trials, rice was steamed for 30–40 

minutes. 

  

15) Gelatinization test To test whether the steaming duration 

was sufficient, squeeze 2–3 rice kernels 

between two glass slides or cut them in 

half. If no hard, white core is present, the 

rice is fully gelatinized. 

 The rice kernel on the left is not 

sufficiently steamed (white core). The 

rice kernel in the center was steamed 

sufficiently (no white core, not too soft). 

The rice kernel on the right was 

steamed too long.  
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Drying 

16) Drying The drying process does not differ from 

the old parboiling process. 

 To prevent loss of vitamin A, we 

recommend avoiding direct heat and 

sunlight while drying. 
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APPENDIX 3. SENSORY ANALYSIS 

SURVEY QUESTIONNAIRE 

Date: ______________      Place (city, market): ________________________________ 

 

Raw Rice Survey 

After inspecting the appearance (for example, cleanliness, size, color, and aroma) of the two 

rice samples before you, indicate the size of the difference in the scale below. 

Question 1  

Sample ID: ___ ; ___ 

 

 

 

                         No difference                                                              Extreme difference 

** This is a 10-cm line scale. 

Question 2 

Sample ID: ___ ; ___ 

 

 

 

                         No difference                                                              Extreme difference 

** This is a 10-cm line scale. 

Question 3 

Sample ID: ___ ; ___ 
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                         No difference                                                              Extreme difference 

** This is a 10-cm line scale. 

Question 4 

In the table below, rank the three rice products (A, B, C) before you from 1 (most 

preferred) to 3 (least preferred) based on your preferences. 

A B C 
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Cooked Rice Survey 

Question 1 

Sample ID: _____ 

 

Before you taste the rice, please look at the sample and answer the following question.  

Q1. How much do you like or dislike APPEARANCE of the cooked rice sample? 

□ □ □ □ □ □ □ □ □ 

Dislike 

extremely 

Dislike 

very 

much 

Dislike 

moderately 

Dislike 

slightly 

Neither 

like nor 

dislike 

Like 

slightly 

Like 

moderately 

Like 

very 

much 

Like 

extremely 

 

Before you taste the rice, please smell the rice sample and answer the following 

question. 

Q2. How much do you like or dislike the OVERALL AROMA of the cooked rice sample? 

□ □ □ □ □ □ □ □ □ 

Dislike 

extremely 

Dislike 

very 

much 

Dislike 

moderately 

Dislike 

slightly 

Neither 

like nor 

dislike 

Like 

slightly 

Like 

moderately 

Like 

very 

much 

Like 

extremely 

 

Please taste the rice sample and answer the following questions. 

Flavor 

Q3. Please rate the level of RICE FLAVOR INTENSITY of the cooked rice sample 

□ □ □ □ □ □ □ 

Much 

Too 

Little 

Too 

Little 

Slightly 

Too 

Little 

Just 

About 

Right 

Slightly 

Too 

Much 

Too 

Much 

Much 

Too 

Much 
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Q4. How much do you like or dislike the OVERALL FLAVOR of the cooked rice sample? 

□ □ □ □ □ □ □ □ □ 

Dislike 

extremely 

Dislike 

very 

much 

Dislike 

moderately 

Dislike 

slightly 

Neither 

like nor 

dislike 

Like 

slightly 

Like 

moderately 

Like 

very 

much 

Like 

extremely 

 

Texture 

Q5. Please rate the level of HARDNESS (FIRMNESS) of the cooked rice sample 

□ □ □ □ □ □ □ 

Much 

Too 

Little 

Too 

Little 

Slightly 

Too 

Little 

Just-

About-

Right 

Slightly 

Too 

Much 

Too 

Much 

Much 

Too 

Much 

 

Q6. Please rate the level of STICKINESS of the cooked rice sample 

□ □ □ □ □ □ □ 

Much 

Too 

Little 

Too 

Little 

Slightly 

Too 

Little 

Just 

About 

Right 

Slightly 

Too 

Much 

Too 

Much 

Much 

Too 

Much 

 

Q7. How much do you like or dislike TEXTURE (MOUTHFEEL) of the cooked rice sample? 

□ □ □ □ □ □ □ □ □ 

Dislike 

extremely 

Dislike 

very 

much 

Dislike 

moderately 

Dislike 

slightly 

Neither 

like nor 

dislike 

Like 

slightly 

Like 

moderately 

Like 

very 

much 

Like 

extremely 
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Overall Impression: 

Q8. When you considering all aspects, how much do you like or dislike the cooked rice sample? 

□ □ □ □ □ □ □ □ □ 

Dislike 

extremely 

Dislike 

very 

much 

Dislike 

moderately 

Dislike 

slightly 

Neither 

like nor 

dislike 

Like 

slightly 

Like 

moderately 

Like 

very 

much 

Like 

extremely 

 

Willingness to purchase: 

Q9. How likely would you purchase the cooked rice sample? 

□ □ □ □ □ □ □ □ □ 

Extremel

y unlikely 

Very 

unlikel

y 

Moderatel

y unlikely 

Slightly 

unlikel

y 

Neither 

likely 

nor 

unlikel

y 

Slightl

y likely 

Moderatel

y likely 

Very 

likel

y 

Extremel

y likely 

 

Question 2 

Sample ID: _____ 

Before you taste the rice, please look at the sample and answer the following question.  

Q1. How much do you like or dislike APPEARANCE of the cooked rice sample? 

□ □ □ □ □ □ □ □ □ 

Dislike 

extremely 

Dislike 

very 

much 

Dislike 

moderately 

Dislike 

slightly 

Neither 

like nor 

dislike 

Like 

slightly 

Like 

moderately 

Like 

very 

much 

Like 

extremely 
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Before you taste the rice, please smell the rice sample and answer the following 

question. 

Q2. How much do you like or dislike the OVERALL AROMA of the cooked rice sample? 

□ □ □ □ □ □ □ □ □ 

Dislike 

extremely 

Dislike 

very 

much 

Dislike 

moderately 

Dislike 

slightly 

Neither 

like nor 

dislike 

Like 

slightly 

Like 

moderately 

Like 

very 

much 

Like 

extremely 

 

Please taste the rice sample and answer the following questions. 

Flavor 

Q3. Please rate the level of RICE FLAVOR INTENSITY of the cooked rice sample 

□ □ □ □ □ □ □ 

Much 

Too 

Little 

Too 

Little 

Slightly 

Too 

Little 

Just-

About-

Right 

Slightly 

Too 

Much 

Too 

Much 

Much 

Too 

Much 

 

Q4. How much do you like or dislike the OVERALL FLAVOR of the cooked rice sample? 

□ □ □ □ □ □ □ □ □ 

Dislike 

extremely 

Dislike 

very 

much 

Dislike 

moderately 

Dislike 

slightly 

Neither 

like nor 

dislike 

Like 

slightly 

Like 

moderately 

Like 

very 

much 

Like 

extremely 

 

Texture 

Q5. Please rate the level of HARDNESS (FIRMNESS) of the cooked rice sample 

□ □ □ □ □ □ □ 

Much 

Too 

Little 

Too 

Little 

Slightly 

Too 

Little 

Just-

About-

Right 

Slightly 

Too 

Much 

Too 

Much 

Much 

Too 

Much 
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Q6. Please rate the level of STICKINESS of the cooked rice sample 

□ □ □ □ □ □ □ 

Much 

Too 

Little 

Too 

Little 

Slightly 

Too 

Little 

Just 

About 

Right 

Slightly 

Too 

Much 

Too 

Much 

Much 

Too 

Much 

 

Q7. How much do you like or dislike TEXTURE (MOUTHFEEL) of the cooked rice sample? 

□ □ □ □ □ □ □ □ □ 

Dislike 

extremely 

Dislike 

very 

much 

Dislike 

moderately 

Dislike 

slightly 

Neither 

like nor 

dislike 

Like 

slightly 

Like 

moderately 

Like 

very 

much 

Like 

extremely 

 

Overall Impression: 

Q8. When you considering all aspects, how much do you like or dislike the cooked rice sample? 

□ □ □ □ □ □ □ □ □ 

Dislike 

extremely 

Dislike 

very 

much 

Dislike 

moderately 

Dislike 

slightly 

Neither 

like nor 

dislike 

Like 

slightly 

Like 

moderately 

Like 

very 

much 

Like 

extremely 

 

Willingness to purchase: 

Q9. How likely would you purchase the cooked rice sample? 

□ □ □ □ □ □ □ □ □ 

Extremel

y unlikely 

Very 

unlikel

y 

Moderatel

y unlikely 

Slightly 

unlikel

y 

Neither 

likely 

nor 

unlikel

y 

Slightl

y likely 

Moderatel

y likely 

Very 

likel

y 

Extremel

y likely 
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Question 3 

Sample ID: _____ 

 

Before you taste the rice, please look at the sample and answer the following question.  

Q1. How much do you like or dislike APPEARANCE of the cooked rice sample? 

□ □ □ □ □ □ □ □ □ 

Dislike 

extremely 

Dislike 

very 

much 

Dislike 

moderately 

Dislike 

slightly 

Neither 

like nor 

dislike 

Like 

slightly 

Like 

moderately 

Like 

very 

much 

Like 

extremely 

 

Before you taste the rice, please smell the rice sample and answer the following 

question. 

Q2. How much do you like or dislike the OVERALL AROMA of the cooked rice sample? 

□ □ □ □ □ □ □ □ □ 

Dislike 

extremely 

Dislike 

very 

much 

Dislike 

moderately 

Dislike 

slightly 

Neither 

like nor 

dislike 

Like 

slightly 

Like 

moderately 

Like 

very 

much 

Like 

extremely 

 

Please taste the rice sample and answer the following questions. 

Flavor 

Q3. Please rate the level of RICE FLAVOR INTENSITY of the cooked rice sample 

□ □ □ □ □ □ □ 

Much 

Too 

Little 

Too 

Little 

Slightly 

Too 

Little 

Just-

About-

Right 

Slightly 

Too 

Much 

Too 

Much 

Much 

Too 

Much 
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Q4. How much do you like or dislike the OVERALL FLAVOR of the cooked rice sample? 

□ □ □ □ □ □ □ □ □ 

Dislike 

extremely 

Dislike 

very 

much 

Dislike 

moderately 

Dislike 

slightly 

Neither 

like nor 

dislike 

Like 

slightly 

Like 

moderately 

Like 

very 

much 

Like 

extremely 

 

Texture 

Q5. Please rate the level of HARDNESS (FIRMNESS) of the cooked rice sample 

□ □ □ □ □ □ □ 

Much 

Too 

Little 

Too 

Little 

Slightly 

Too 

Little 

Just-

About-

Right 

Slightly 

Too 

Much 

Too 

Much 

Much 

Too 

Much 

 

Q6. Please rate the level of STICKINESS of the cooked rice sample 

□ □ □ □ □ □ □ 

Much 

Too 

Little 

Too 

Little 

Slightly 

Too 

Little 

Just-

About-

Right 

Slightly 

Too 

Much 

Too 

Much 

Much 

Too 

Much 

 

Q7. How much do you like or dislike TEXTURE (MOUTHFEEL) of the cooked rice sample? 

□ □ □ □ □ □ □ □ □ 

Dislike 

extremely 

Dislike 

very 

much 

Dislike 

moderately 

Dislike 

slightly 

Neither 

like nor 

dislike 

Like 

slightly 

Like 

moderately 

Like 

very 

much 

Like 

extremely 

 

Overall impression 

Q8. When you considering all aspects, how much do you like or dislike the cooked rice sample? 

□ □ □ □ □ □ □ □ □ 
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Dislike 

extremely 

Dislike 

very 

much 

Dislike 

moderately 

Dislike 

slightly 

Neither 

like nor 

dislike 

Like 

slightly 

Like 

moderately 

Like 

very 

much 

Like 

extremely 

 

Willingness to purchase 

Q9. How likely would you purchase the cooked rice sample? 

□ □ □ □ □ □ □ □ □ 

Extremel

y unlikely 

Very 

unlikel

y 

Moderatel

y unlikely 

Slightly 

unlikel

y 

Neither 

likely 

nor 

unlikel

y 

Slightl

y likely 

Moderatel

y likely 

Very 

likel

y 

Extremel

y likely 
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Socioeconomic Questionnaire 

1. GENDER 

a. Male  

b. Female 

c. Other 

2. AGE 

a. 30 years or less 

b. 31-40 years 

c. 41-50 years 

d. 51 years or more 

3. HOW MANY PEOPLE LIVE AND/OR CONSISTENTLY SHARE MEALS IN 

YOUR HOUSEHOLD? _____ 

4. HOW MANY CHILDREN (UNDER 5 YEARS OF AGE) LIVE IN YOUR 

HOUSEHOLD? _____ 

5. EDUCATION DEGREE COMPLETED BY RESPONDENT 

a. Elementary school incomplete 

b. Elementary school complete 

c. Secondary school incomplete 

d. Secondary school complete 

e. University or post-secondary school incomplete  

f. University or post-secondary school complete 

g. Other______________________________________________________ 

h. None 

6. AVERAGE MONTHLY HOUSEHOLD INCOME (COUNTING ALL 

SOURCES OF INCOME FROM ALL HOUSEHOLD MEMBERS) 

a. Less than CFA Franc 2000 

b. Between CFA Franc 2000 - 3000 

c. Between CFA Franc 3000 - 5000 

d. More than CFA Franc 5000 

7. WHAT SHARE OF THE HOUSEHOLD INCOME IS SPENT ON FOOD? 

a. 25% or less 

b. 26%- 50% 

c. 51% - 75% 

d. 75% or more 

8. HOW MUCH RICE IS CONSUMED IN YOUR HOUSEHOLD EVERY 

MONTH (ESTIMATED AVERAGE)?  

a. 5 kg or less 

b. 6 Kg – 10 Kg 

c. 11 Kg – 15 Kg 

d. 16 Kg – 20 Kg 

e. 21 Kg or more 
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9. HOW OFTEN DO YOU EAT RICE?  

a. Every day, one time a day  
b. Every day, more than one time a day  
c. Not every day, but at least 4 days a week  
d. Not every day, and less than 4 days a week  

10. HOW MUCH DID YOU PAY LAST TIME YOU PURCHASE RICE 

(APPROXIMATE, CFA FRANC/KG)? _________  

11. WHAT IS THE PRIMARY WAY YOU BUY RICE?  

a. Loose 

b. Bagged/ Packaged 

c. Both 

d. Other ______________________________________ 

12. WHAT TYPE OF RICE DOES YOUR HOUSEHOLD PRIMARILY 

CONSUME? 

a. Parboiled 
b. Non-parboiled 
c. I do not know 

13. WHERE DO YOU USUALLY BUY YOUR RICE?  

a. Supermarkets  
b. Rice wholesaler-retailer  
c. Neighborhood markets 
d. Other ______________________________________ 

14. HOW DO YOU ASSESS THE QUALITY OF THE RICE YOU BUY?  

a. I searched around, look and smell the rice to ascertain the quality before I 
buy  

b. I trust the vendor and always buy the same rice form the same vendor 
without hesitation  

c. I do not really care much about the quality of the rice I buy 

d. Other ______________________________________ 

15. DO YOU WASH AND CLEAN THE RICE BEFORE COOKING? 

a. Always 

b. Often 

c. Rarely 

d. Never 

16. IF YOU WASH AND CLEAN THE RICE BEFORE COOKING (ANSWER A, 

B, OR C IN (15)), WHAT IS THE MAIN REASON FOR THAT? 

a. To remove abnormal kernels  

b. To remove impurities 

c. To reduce starch in rice 

d. Other ______________________________________ 
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17. RANK THE FOLLOWING CHARACTERISTICS OF UNCOOKED RICE 

BASED ON YOUR OWN PREFERENCES (1 = MOST PREFERRED, 5= 

LEAST PREFERRED). YOU CAN RANK MORE THAN ONE 

CHARACTERISTIC AT THE SAME LEVEL, FOR INSTANCE, IF YOU 

VALUE CLEANLINESS AND COLOR/WHITENESS THE MOST, THEN PUT 

1 FOR BOTH)  

a. _____Cleanliness – whether uncooked rice is clean  
b. _____Color/whiteness – whether uncooked rice is white, yellow, or have 
some off color  
c. _____Broken rice – amount of broken rice, defined as a kernel that is less 

than 75% of the length of a whole kernel, in the uncooked rice  
d. _____Chalk (opaque) rice – number of opaque/chalk kernels in the 
uncooked rice  
e. _____Size – whether kernels are long or short  
f. _____Shape – rice that looks slender, medium, or bold/coarse 
g. _____Other _________________________  

18. RANK THE FOLLOWING CHARACTERISTICS OF COOK RICE BASED 

ON YOUR OWN PREFERENCES (1 = MOST PREFERRED, 5= LEAST 

PREFERRED). YOU CAN RANK MORE THAN ONE CHARACTERISTIC 

AT THE SAME LEVEL, FOR INSTANCE, IF YOU VALUE AROMA 

AND TEXTURE THE MOST, THEN PUT 1 FOR BOTH  

a. _____Aroma – whether cooked rice has a fragrance or not  
b. _____Texture – whether cooked rice have a soft, hard, or chewy 
consistency 
c. _____Stickiness – whether kernels stick together or remain loose when 
cooked 
e. _____Swelling – whether kernels elongate/grow when cooked 
f. _____Color/whiteness – whether cooked rice is white, yellow, or have 
some off color  
g. _____Taste 
h. _____Other _________________________  

19. BEFORE THIS EXPERIENCE, WERE YOU AWARE OF THE 

NUTRITIONAL BENEFITS OF RICE?  

a. Yes 
b. No 

20. AFTER THIS EXPERIENCE, DO YOU THINK YOU UNDERSTAND 

BETTER THE NUTRITIONAL BENEFITS OF RICE? 

a. Yes 
b. No 

21. MARK THE STATEMENTS BELOW THAT YOU THINK ARE CORRECT  

a. Parboiled rice has a higher nutritional value than non-parboiled rice  
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b. A rice-based diet provides enough minerals and vitamins for a healthy 
lifestyle 

c. Rice is a good source of calories but a poor source of minerals and 
vitamins 

d. Fortification is a way to improve the nutritional benefits of rice 

22. HAVE YOU CHANGED YOUR PURCHASING HABITS BASED ON THE 

RECENT COVID-19 PANDEMIC?  

e. Yes 

f. No 

23. IF YOU ANSWER “YES” IN (22), WHY? (YOU CAN MARK MORE THAN 

ONE OPTION) 

a. Because of the changes in food prices, including rice 
b. Because of a change in income 
c. Because of limitations to access food due to the restrictions imposed by 

the pandemic 
d. Other_____________________________________________________ 

24. IF YOU ANSWER “YES” TO (22), HAVE YOU PURCHASED MORE OR 

LESS RICE THAN USUAL? 

g. More (around _____% more)  

h. Less (around _____% less) 

25. BASED ON YOUR EXPERIENCE, DURING THE COVID-19 PANDEMIC 

THE PRICE OF RICE HAS: 

i. Increased  

j. Decreased 

k. Stay the same 
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