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High-quality food composition data are indispensable for improved decision-
making in food security, health policy formulation, food labeling, diet formulation,
agricultural policymaking, nutrition research, and many other nutrition-related
activities. The optimisation of dietary patterns is a powerful tool to reduce the
impact of malnutrition on a population’s health and well-being. Many countries
in resource-poor settings lack a framework for developing and managing food
composition data appropriate for these purposes. In the article, an overview of
available food composition tables in Africa and the origin, use and limitations
of theses tables are discussed. It is important that those working on any
nutrition-related activity for resource-poor settings understand the limitations
of current food composition data. Production of high-quality data requires the
harmonization and adoption of international standards and guidelines across
Africa. Moreover, continuity in the production, compilation and management of
high-quality food composition data is challenged by suboptimal capacity building
in terms of organizational, institutional and legal framework development. In this
perspective article, the authors deliberate on challenges with a focus on Africa,
while discussing new advances in food composition activities. Opportunities (such
as the Internet of Things (IoT), wearable devices, natural language processing
(NLP) and other machine learning techniques) to improve existing resources must
be more actively explored and supported.

food composition data, food security, information and communication technology (ICT)
tools, machine learning, capacity building

1. Introduction

Reliable, high-quality data on the composition of foods intended for human consumption
is an important resource for different applications. These data are used in various ways
throughout the food system, for example, but not limited to: (1) assessing the dietary intake of
individuals or groups and carrying out epidemiological studies and clinical research, (2)
formulating diets at the individual and/or population level, (3) educating consumers, (4)
formulating agricultural and food policies in relation to public health, and (5) supporting
industries for product labeling purposes and improved food processing methods.
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There are currently over 150 food composition tables or nutrient
databases, printed or electronic, in use worldwide (Schonfeldt and
Pretorius, 2019). In general, the quantity, quality and availability of
food composition data vary by country and region, but most
developing countries still lack sufficient and reliable data (de la Revilla
et al., 2023). Many tables are based on data from the United States
Department of Agriculture’s (USDA) National Nutrient Database
(Schonfeldt and Pretorius, 2019; de la Revilla et al., 2023). In 1968
“Food Composition Table for Use in Africa” (Leung, 1968) was
developed and published. In 1988, a collection of data on the regional
food composition data of foods most commonly eaten in Eastern
Africa evolved from a table compiled for use in a joint research
program in Tanzania on vitamin A deficiency (West et al., 1988). Most
of this data has been derived from other tables and literature. A
regional food composition database, the Composition of Selected
Foods from West Africa, was published by the FAO in 2010 and
revised in 2012. Most of the collected data were for raw foods,
representing average values of the collected compositional data from
9 countries (Benin, Burkina Faso, Gambia, Ghana, Guinea, Mali,
Niger, Nigeria and Senegal) (FAO, 2012). This food composition table
was superseded by the 2019 Food Composition Tables for Western
Africa (FAO, 2020). Over the years, some African countries have also
published their own country food composition tables. A
comprehensive list of the food composition tables available can
be obtained from the Food and Agriculture Organization of the
United Nations (FAO) International Network of Food Data Systems
(INFOODS) page.! Additional country-specific tables are also
available either as limited addition printed documents or at a cost
which restricts access to information.

The data, in especially the older tables but not limited to these
tables, are based on a very limited number of samples, a limited
number of foods and nutrients (missing values), and analytical
methods that are outdated by today’s standards. However, these tables
are still being used as there are limited up-to-date tables with country-
specific data readily available. Additionally, the reuse of data may
propagate nutritional composition values based on outdated analytical
methods and equipment, as well as nutritional, food, and recipe values
with inadequate descriptions and documentation (de la Revilla et al,,
2023). A variety of factors influence food nutrient content over time,
including agricultural practices, food policies, and consumer pressure,
which are rarely reflected in databases. For example, the nutrient
composition of maize and maize meal, a starchy staple in Sub-Saharan
Africa can vary geographically due to environmental factors (e.g., soil
type and climate), farming and food processing practices (e.g.,
fertilizer use, milling, storage) and policy (e.g., country-specific
fortification) and these variations can be nutritionally relevant leading
to an over- or underestimation of nutrient intake.

Despite having a multitude of use cases of undisputable
importance, the management of food composition data (FCD) faces
several challenges in Africa. This is particularly the case from a data
quality management perspective, where ‘missing data’ continues to
be a serious challenge for most food composition databases (FCDBs).
A lack of adequate documentation and incomplete referencing of
these databases may also hide important issues. Challenges in

1 https://www.fao.org/infoods/infoods/tables-and-databases/en/
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managing FCD can be experienced across its entire data lifecycle,
from how the data are created, stored and distributed or shared,
through to the consumption or use, and archival or disposal of such
data. This article summarizes the authors™ specific viewpoint on
current practices, challenges and new advances in the collection and
use of food composition data for Africa.

2. Origin, uses and limitations of
gifferent types of food composition
ata

Diet is the most important determinant of disease globally, with
large regional differences. Maternal and child malnutrition contributes
for more than 25% to the loss of healthy life years in populations with
a low socio-demographic index (Institute for Health Metrics and
Evaluation (IHME), 2020). That includes many African countries.
Relationships between diet and health have not only been shown at
the level of the dietary pattern, food groups, and foods but especially
also at the level of nutrients (Zinocker and Lindseth, 2018). Hence, the
World Health Organization recommends that the intake of saturated
fat and sugar to be less than 10% of total energy intake and the intake
of salt not to exceed 5g per day (equivalent to sodium intake of less
than 2g per day) (WHO/FAO, 2003; FAO, 2010). Therefore, to
establish relationships between diet and health, but also for monitoring
and surveillance in public health nutrition, reliable information on the
composition of foods is indisputable.

Food composition data are generally classified in their different
types, based on the method used to collect or acquire the data. There
are five recognized types, namely, analytical, copied or borrowed,
calculated, imputed and presumed or assumed data. A combination
of these methods is often used to create national or regional FCDBs
(Kapsokefalou et al., 2019).

Analytical data are renowned for being the most accurate, as data
are generated from foods that are commonly consumed in a particular
region. Ideally, representative samples collected from selected foods
are analyzed using standardized chemical methods. However,
generating original analytical food composition data is very expensive
in comparison to the other four types. This high cost has contributed
to the fact that most FCDBs on the African continent only contain a
relatively low amount of analytical data (De Bruyn et al., 2016).

Copied data are acquired from FCDBs, scientific articles,
dissertations, laboratory reports and gray literature that were collected
in other parts of the world. They are typically collected from foods that
are grown and consumed in the country or region of origin, and not
necessarily the country that is retrieving the data. It is less likely that
copied data will accurately represent foods consumed in the region
that is copying the data. This is mainly a result of several factors such
as soil composition, climatic conditions, seasons, biodiversity,
agricultural practices, industrial processing and food preparation.
Thus foods grown and consumed in different geographical locations
are unlikely to have the same composition (Ene-Obong et al.,, 2019).
When copying data, guidelines for checking food composition data
prior to publication must be established. FAO/INFOODS recommends
adjusting proximates and water-soluble components when the
moisture content between the foods differs by more than 10 percent,
and adjusting fat-soluble components when the fat content differs by
more than 10 percent (FAO, 2020).
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Imputed data are estimates derived from analytical values
obtained from similar food or for another form of the same food
(Ispirova et al., 2020). Imputed data can also be a result of calculation
from incomplete or partial analysis of food, e.g., chloride calculated
from the value for sodium. Consequently, these values carry a lower
degree of confidence as it may often be impossible to refer back to the
original source and should be included only when original analytical
data are not available or are known not to be of sufficient quality
(Greenfield and Southgate, 2003).

Calculated data in the context of food composition refers to the
values that are estimated or derived through calculations based on
various methods rather than directly measured. The energy content of
food is typically calculated using the Atwater system. Vitamin
equivalents are used to express the total activity of a vitamin in a food
or supplement, taking into account different forms of the vitamin that
may have varying levels of biological activity. A third example is the
procedure for estimating nutrient values for mixed dishes, recipes
(including meal preferences and food habits), and processed foods,
based on the composition of ingredients and corrected for preparation
factors such as retention and yield factors (Greenfield and Southgate,
2003). Recipe calculation methodology is often used by industry for
labeling of products or reformulation of existing products. However,
there are many challenges associated with recipe analysis, including
sourcing of the appropriate nutritional values, convert ingredient
amounts from units and household measures to weights, availability
of retention and yield factors and assign weight change factors
(Church, 2015). Cooking conditions/preparation methods can vary
considerably affecting yield and retention, therefore, results obtained
by this calculation should almost always be observed as an
approximation (Marconi et al., 2018).

The last type of food composition data referred to is presumed or
assumed data. It is common for FCDBs to contain values that have
been presumed or assumed as being at a certain level or as zero based
on current knowledge of the food or current regulations. For example,
cholesterol, retinol and vitamin D values are assumed to be zero in
unfortified plant-origin foods (Kapsokefalou et al., 2019).

There is growing recognition that food consumption patterns
guided through country-specific policies (such as food labeling, food
based dietary guidelines (FBDG), food fortification, sodium reduction
and taxation on high sugar foods) can reduce disability and premature
deaths leading to improved health, well-being, and longevity (Delgado
et al., 2021; Pretorius et al., 2021; Dembska et al., 2023). Dietary
diversification, through the inclusion of food groups from different
food cultures and habits, making it adaptable to different local
contexts sustainable diets, can be pursued all over the world in a way
that is healthy, accessible, affordable, safe, equitable and culturally
acceptable (Dembska et al., 2023). Knowledge of the nutrient content
of foods in local diets is necessary at the core of the development of
these policies and regulations.

3. Management of food composition
data

Relational databases are often used for the storage of FCD,
although some countries still manually manage their data in
spreadsheets. There are also countries that do not have their FCD in
electronic format. Many countries and regional blocks have compiled
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their own FCDBs. While this localized FCD compilation is of huge
importance (Delgado et al., 2021), there is also a need for sharing data
between countries or regions, especially with the high cost associated
with analytical data generation. To make this data sharing effective,
and to unleash the benefits of comparing nutrients between countries
or regional blocks, FCD must be standardized or harmonized through
the use of standardized thesauri, and harmonized food descriptors
and documentation. Food descriptor systems, such as the models
created by the International Network of Food Data Systems
(INFOODS) (Egan et al., 2007), the European Food Information
Resource (EuroFIR) project (Pakkala et al., 2010) and the European
Food Safety Authority (EFSA), have made a significant contribution
to data harmonization between countries or regions. Even with these
efforts, accessing and combining FCD from multiple sources remains
a challenging task (Kapsokefalou et al., 2019).

As most FCD are managed in relational databases and/or
spreadsheets, the ability to use this data for data analysis, reporting
and decision-making, has significantly improved. However, there are
still countries in Africa that either do not have the FCD in electronic
form or have chosen not to publish them in electronic form. This later
case makes access and usage of FCD a huge challenge, as it significantly
reduces the ability to use the data for research, data analysis, reporting
and decision-making by the ever-growing user community. Having
FCD in electronic format also creates an opportunity for the data to
be used in modern ways, with the use of mobile, wearable and other
digital technologies (Traka et al., 2020). Figure | below depicts the
wide coverage of modern FCD usage. The bidirectional nature of data
flows in the image is an attempt to reflect the responsibility that FCD
users have to collaborate and enrich the availability of data in FCDBs.

In most cases, access to national FCDBs is granted for free.
Typically, data are made available online, in spreadsheets or CSV files
that can be downloaded at no cost, or through a searchable web tool.
However, there are still countries where access to the national FCDBs
comes at a fee.

4. Challenges ahead of African food
composition databases

Considering the many applications of FCD by different
stakeholders, as depicted in Figure 1, high-quality food composition
databases deserve a prominent role in all nutrition-related activities in
all countries. Although nutrient databases are available in numerous
African countries, verifying their accuracy can be challenging and have
important limitations that impede relevant applications. These
limitations include that only for a restricted number of (mostly raw)
foods information is available with a limited coverage of nutrients for
each food; the presence of many outdated and unreliable data; lack of
nutrient information on underutilized nutrient-dense foods; incomplete
food descriptions and poor component and value description; poor
distinction between missing values and “zero” values, and poor
documentation of data sources and assumptions, thereby complicating
the assessment of the quality of the data. Data is sourced from diverse
providers who may use different methods, often driven by availability
rather than applicability. In addition, certain national laboratories
primarily dedicated to food safety testing also perform food
composition analysis. This situation can introduce challenges related to
equipment reliability and the competence of laboratory personnel.
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FCD users (adapted from Traka et al., 2020)
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As laboratory facilities are sparse and nutrient analyzes expensive,
most African FCT/FCDBs contain a limited amount of analytical
values, and data are often copied from other databases from other
parts of the world. For example, in the South African Food Data
System, only 44% is from South African-referenced food items. The
rest mainly contains copied values from FCDBs collected in other
parts of the world, such as the United States and the United Kingdom
(SAFOODS, 2017). The open data approach towards the management
and use of FCD is an important factor that influences the high usage
of the most popular FCDBs, such as the American FCDB (USDA) and
British national FCDBs. However, as alluded before, data copied from
databases elsewhere, are unlikely to be relevant within the country-
specific context for which the database is compiled.

As a consequence of the confinements of food composition
databases, errors can accumulate and propagate in the assessment of
intake, leading to either an overestimation or underestimation of the
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proportion of the population that is below the RDA for a specific
nutrient. In nutritional epidemiology, errors can lead to weakened
associations. In individuals, overestimation or underestimation may lead
to wrong advice in clinical practice or misleading consumer information,
e.g., incorrect food labeling. Furthermore, data gaps and low-quality
data affect areas beyond human nutrition, such as food systems
sustainability and the pursuit of Sustainable Development Goals (Ferraz
de Arruda et al, 2023). SDGs require food system sustainability, as well
as consumers’ dietary shifts influenced by environmental concerns.

5. Conclusions and recommendations

Gathering and curating more and better data; the ability to
establish connections between databases; and the ability to search
through multiple FCDBs and easily find available data, are essential to
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the mitigation of further nutritional problems and to solving those
already experienced. The use of AI techniques presents opportunities
for African FCDBs to evolve and overcome some of these limitations.
Artificial Intelligence (AI) techniques such as machine learning can
be used as a potentially more accurate and cost effective way to
generate imputed food composition data and increase the
completeness of FCD in African FCDBs. This imputed data will
complement the limited analytical data available, thereby, addressing
the huge ‘missing data’ problem and making availability of high-
quality food composition data, a more achievable goal for Africa.
However, without having reliable historical and current data it will
be difficult to train AI models (Ferraz de Arruda et al, 2023). In
addition, sources of Big Data such as social media platforms, mobile
apps, sensors, Internet of Things (IoT) devices, and wearable devices
can all be leveraged to increase the amount, the accuracy, and
timeliness of data coverage in African FCDBs. This can be achieved
through the use of AI techniques known as natural language
processing (NLP), and deep learning (Zhang et al., 2023). These are
both subfields of machine learning, which is a form of Al Intelligent
and personalized search capabilities are an added advantage of
Al-enabled systems. A specific example is the use of NLP to find
specific food items or nutrients, across multiple databases, even if they
use different terminologies or synonyms.

To expand the available information on the continent, a
combination of AI techniques, specifically natural language
processing, and other Information and Communication Technology
(ICT) tools, can be used to establish connections between different
African databases. Linking these data have the potential to enhance
research and decision making for improved nutrition and food
security (Zeb et al., 2021). The food system is driven by many actors,
from farm to fork. During every phase of the food value chain,
significant amounts of data are generated for example: consumer
demand and market value, use of fertilizers and pesticides,
environmental footprint and nutrient content of raw and final
products. Composition and origin data of raw materials are used by
manufacturers for product development. Food composition data are
also used by the food industry for marketing and promotion or
labeling purposes. Examples are “low in salt,” “reduced fat,” “no added
sugar; and “high in fiber” The nutrition fraternity use this information
towards consumer education and to shape consumer choice. Such Al
use cases on FCD have already been implemented elsewhere. An
example is FoodEx2, a food classification and description system
covering different food safety domains maintained by (EFSA)
(European Food Safety Authority (EFSA), 2015; Durazzo et al., 2022).
Connections between FCDBs can complement information about a
certain food or about region-specific indigenous food sources for a
certain nutrient (Delgado et al, 2021). However, it must also
be highlighted that establishing these connections will be made much
easier by making more efforts to standardize and harmonize data
(including FCDBs) across countries and regions in Africa.

To ensure the continuous compilation of food composition databases
in Africa, it is necessary to focus on capacity building. This involves
developing the skills and knowledge required to drive innovation and
adhere to international standards and guidelines for managing food
composition data. Higher education institutions play a crucial role in this
process by providing the necessary training and expertise in areas such
as big data, information and communication technology (ICT), and
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transdisciplinary collaboration, involving among others experts in food
composition data, nutrition scientists, and Al specialists. However,
capacity building goes beyond human resources development through
education and training. It also encompasses organizational development,
including the establishment of physical and management infrastructure,
processes, and procedures that align with international standards.
Additionally, an institutional and legal framework must be developed to
gain recognition, authority, and enhance capacities. Advocacy skills,
leadership skills, and communication skills are vital in all these domains.
Together they define a pre-requirement of ensuring good quality data in
food composition databases to provide Africa with safe, sufficient,
nutritious and consumer-driven foods.
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