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Abstract

Food composition provides an important link for biodiversity and nutrition. Biodiversity at three levels—ecosystems, the species they
contain and the genetic diversity within species—can contribute to food security and improved nutrition. The Food and Agriculture
Organization of the United Nations (FAO) and the International Plant Genetic Resources Institute (IPGRI) are leading a new
international initiative on biodiversity for food and nutrition under the umbrella of the Convention of Biological Diversity. The overall
aim is to promote the sustainable use of biodiversity in programmes contributing to food security and human nutrition, and to thereby
raise awareness of the importance of this link for sustainable development. Further research is needed to increase the evidence base by
filling our knowledge gaps with better inventories and more data on composition and consumption. If nutrient analysis and data
dissemination of the various food species and intra-species diversity are systematically undertaken, national information systems for food
and agriculture will be strengthened and can be used to form the basis for priority setting and national policy making. For nutrition, this
will mean introducing more compositional data on biodiversity in national food composition databases and tables; developing and using
dietary assessment instruments that capture food intake at the species and variety/breed level; and allowing food labelling that
encourages awareness of food plant varieties and food animal subspecies. Nutrition and biodiversity feature directly the Millennium
Development Goals (MDGs): halve the proportion of people who suffer from hunger; and ensure environmental sustainability. In
combination, a nutrition and biodiversity initiative provides the very foundation for achieving these MDGs.
© 2006 Published by Elsevier Inc.
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Introduction

The International Network of Food Data Systems
(INFOODS, 2006),' through the Journal of Food Composi-
tion and Analysis, its standards development activities and
the network of Regional Data Centres, has long promoted
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the importance of identifying and disseminating nutrient
profiles of food plants and animals, including wild and
under-utilized species, varieties and breeds. It is with great
enthusiasm that the Journal of Food Composition and
Analysis presents this special themed issue on Biodiversity,
illustrating the important role of biodiversity for nutrition,
and of nutrition for biodiversity.

This publication of the Food and Agriculture Organiza-
tion (FAO) of the United Nations will contribute to
supporting new efforts for mainstreaming biodiversity into
food and agriculture, and in particular into the nutrition
agenda. FAO and the International Plant Genetic Re-
sources Institute (IPGRI) are leading a new international
initiative on biodiversity for food and nutrition under the
umbrella of the Convention on Biological Diversity (CBD).
The overall aim of the initiative is to promote the enhanced
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Table 1
Biodiversity and nutrition rationale

Different varieties have statistically different nutrient contents

Nutrient content needs to be among criteria in cultivar promotion

Wild species and intraspecies biodiversity have key roles in global food security
Acquiring nutrient data on existing biodiversity needs to be a prerequisite for decision making in GMO work
Nutrient data for wild foods and cultivars need to be systematically generated, centrally compiled and widely disseminated

Biodiversity questions and/or prompts need to be included in food consumption surveys
Acquiring nutrient data and intake data for varieties is essential in order to understand the impact of biodiversity on food security

sustainable use of biodiversity in programmes contributing
to food security and human nutrition, and, thereby, to raise
awareness of the importance of biodiversity for sustainable
development. Enhancing the sustainable use and conserva-
tion of biodiversity has traditionally been a core element of
FAO’s work to fight hunger and malnutrition since the
early 1960s (Esquinas-Alcazar, 2005), so it comes as no
surprise that FAO hopes to strengthen cooperation with
other institutions in order to build bridges between the
nutrition and biodiversity communities (see Table 1).

Food composition provides an important link for
biodiversity and nutrition, which are two generally
unrelated fields. Even though the terms genetic resources,
ecosystems and biodiversity may not be part of the
mainstream nutrition vocabulary, nutrition activities have
long embraced the concepts. In the nutrition science
community, biodiversity has always been about food and
nutrients with a focus on wild and gathered species or
varieties, and under-utilized and under-exploited food
resources. Using the label biodiversity might be a little
different, but conceptually it has always featured in
nutrition work. In addition, it leads us logically to one of
the basic principles of nutrition—dictary diversity. Simi-
larly, the environment sector, traditionally the home of
much biodiversity activity does not generally think of these
resources in terms of food, nutrients and human nutrition.
Food composition is therefore a useful vehicle to explore
certain synergies and develop common ground between
biodiversity and nutrition. Nutrition and biodiversity
feature directly in the Millennium Development Goals
(MDGs), in Goal 1, Target 2, “Halve the proportion of
people who suffer from hunger”; and Goal 7, “Ensure
environmental sustainability” (UN, 2005). In combination,
a nutrition and biodiversity initiative provides the very
foundation for achieving these MDGs.

Food biodiversity and trends in food security, nutrition,
health and trade

Ever since human beings first began domesticating plants
and animals some 12,000 years ago, agricultural biodiver-
sity has played a pivotal role in sustaining and strengthen-
ing food, nutrition, health and livelihood security all over
the world. In spite of enormous progress made in
enhancing productivity through the sustainable use of
genetic resources for food and agriculture, more than 8§00

million people remain under-nourished. The majority of
them live in southern Asia and sub-Saharan Africa, areas
of the globe that are rich in endemic agricultural
biodiversity (Chennai Platform for Action, 2005).

Biodiversity management plays a significant role in the
development of sustainable agricultural development prac-
tices and strategies against malnutrition. The integration of
biodiversity into food security and anti-hunger policies is
likely to generate more socio-economic benefits—including
supporting poverty alleviation efforts—than in any other
sector. For this to happen, our knowledge about biodi-
versity for food and agriculture must improve, and food
composition and consumption are important dimensions.
The recognition of the value of biodiversity for improved
nutrition is one component of the shifting paradigm in
approaches to malnutrition. New approaches stress that in
order to be successful, strategies to address nutrition
problems have to be systematic and multisectoral, and
should be integrated into a general framework. Sustainable
improvement in nutritional well-being is achieved through
a combination of evidence- and community-based actions
to address local causes of malnutrition; improvements in
national and sectoral policies and programmes; support to
civil society institutions to enable poor households to
access or acquire sufficient food and utilize it most
effectively; and enhancement of education and public
information for dietary improvement.

These new approaches go beyond simple improvement
of sufficient dietary energy provision, and—in this con-
text—micronutrients, ecosystems, and wild or under-
utilized species and varieties feature explicitly. Gathering
wild foods, growing locally adapted varieties and eating
from the local ecosystem are practices that continue to be
part of civilizations and cultures; their potential value for
food security and rural developement has been recognized.

There is also growing acknowledgment of the need to
adapt nutrition and health interventions to the diversity of
needs of individuals and communities. Given the enormous
diversity within the human community, we need to realize
that individual food requirements are not homogenous
(Nabhan, 2004). Our food production and consumption
need to continuously adapt to changing demands of
society, and biodiversity provides the basis to confront
change. Reliable data on the nutrient composition of foods
is becoming critical in the formulation of appropriate
therapeutic diets, and there is an increasing number of food
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species being evaluated for their nutritional and therapeutic
properties, as is shown in one of the articles in this issue in
the case of the noni fruit, “Diversity of fruits, nuts and their
products for improving nutrient intakes” (Chan-Blanco
et al., 2006).

With globalization, people and foods are increasingly
moving around the world. When people, in particular those
from rural areas, travel and settle down in new places, they
carry with them their local food cultures. These may
include a unique rice variety, a fish or a vegetable unknown
for urban dwellers, or a special dish which requires certain
local ingredients. Many of these products will become
popular and find their way into urban menus. New
national and international markets are being developed
for a number of less-common food species, varieties or
breeds. The absence of specific food composition data has
sometimes constituted a technical barrier to trade. Most
potential export markets for unique species and cultivars
require or encourage nutrient composition data for food
labels and point-of-purchase materials. Many countries
have experienced trade problems because compositional
data required by the importing countries’ legislation were
not provided or were considered to be incorrect. Also in the
context of international trade, voluntary or mandatory
safety assessment schemes have been introduced in many
countries, for genetically modified organisms (GMOs) used
as food. Such safety assessments usually use the concept of
“substantial equivalence”: the new food is compared to
conventional foods to assess similarities and differences
that may have a significant effect on the health of
consumers. Better knowledge of the nutritional composi-
tion of conventional foods—in this case, the existing
cultivars—will facilitate the conduct of safety assessments
of GMOs.

Nutrition and trends in the sustainable utilization of
biodiversity for food and agriculture

Biodiversity at three levels—ecosystems, the species they
contain and the genetic diversity within species—can
contribute to food security and improved nutrition in
several ways. With population pressures rising and less
land available for agriculture, global food production and
yields will be forced to increase, even allowing for
improvements in food distribution. Most of this produc-
tivity boost will be achieved only through the increased
utilization of the genetic resource base of food species. The
need for greater access to and utilization of genetic
resources by farmers is therefore urgent. In pursuing
global food security, it has been increasingly recognized
that the wide range of existing food productions systems
requires different approaches to the sustainable utilization
of genetic diversity, with diverse objectives, methods and
institutional arrangements being promoted to meet devel-
opment goals. Nutrition considerations are increasingly
important within this current trend of diversification of
approaches.

This is particularly true in meeting the needs of the rural
people living in vulnerable socio-economic and agro-
ecological zones, who generally require greater use of
genetic diversity to develop complex and dynamic farming
systems (FAO, 1998). Section 1 of this special issue brings
together research on biodiversity on local and traditional
food systems. This compilation shows a wide range of
research from all over the world, from the Artic region to
the arid lands, and in mountains and island ecosystems.
They reflect the tremendous efforts that local and
indigenous communities are providing in the conservation
and sustainable management of the biodiversity that feeds
the world.

As these communities are often targeted by nutrition and
livelihoods programmes, it is critical to improve local
knowledge and awareness of the nutrient profiles of local
food species, varieties or breeds, and thus bring about the
achievement of the MDGs concerning nutritional improve-
ment and conservation of biodiversity for food and
agriculture. For example, vitamin A deficiency diseases
still prevail in certain parts of the Pacific, and therefore
cultivar-specific nutrient data on provitamin A carotene
should be fundamental to agriculture and nutrition policies
and interventions. Huang et al. (1999) reported that sweet
potato cultivars in some Pacific Islands differed in their
beta-carotene content by a factor of 60, yet nutrients were
not considered as criteria in the promotion of varieties by
agricultural extension services. In fact, recent composi-
tional research has provided data to confirm the micro-
nutrient superiority of some lesser-known cultivars and
wild-crop relatives over some more widely utilized culti-
vars. The data are accumulating for dietary staples (Huang
et al., 1999; Kennedy and Burlingame, 2003), fruits
(Englberger et al., 2003; Englberger et al., 2006) and other
foods. Sections 2 and 3, “New nutrient data to underpin
the sustainable use of plant genetic resources for food and
agriculture”, introduces current state of the art in research
on plant diversity in relation to its nutritional composition.
The articles in these sections focus on a wide number of
species and productions systems: key crops critical for food
security (Ceballos et al., 2006); horticultural species (Deepa
et al.,, 2006; Hanson et al., 2006); commodity species
(Niemenak et al., 2006) and even on the evaluation of
genetic materials for highly commercial agriculture (Jon-
nala et al., 2000).

Section 4, “Farm animals and fisheries diversity for
human nutrition”, explores current research with regard to
farm animal genetic resources and fish species. Caldironia
and Manes (2006) study the possibilities of farming so-
called wild sources of protein in the interests of both
nutrition improvement and sustainable development, for
example. Although data are emerging with regard to these
two components of food biodiversity (see in particular
Tapura, Bhanger and Khuhawar, 2006), the quantity of
compositional data on animal genetic diversity still lags
behind the data that has accumulated for plant diversity.
This remains a challenge for the near future, and we hope
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that future meetings, such as the First International
Conference on Farm Animal Genetic Resources organized
by FAO in Switzerland in 2007, will help to improve the
linkages between animal biodiversity and human nutrition.

The section of this issue entitled, “Ecosystems and
nutrition: rice-based aquatic ecosystems and dietary
diversity”’, shows innovative ways to understand and
implement nutrition strategies by considering the entire
range of food biological resources available in an
intensively human-managed agro-ecosystem. The Mekong
River basin rice paddies and the surrounding landscape
provide a striking example. The presentations in this
section focus on the value of aquatic biodiversity for
nutrition, raising awareness of the ecosystem approach that
has been neglected in most development efforts.

Although this special issue does not include any research
articles on algae and edible fungi, good examples of
ongoing work can be found in previous issues of the
Journal of Food Composition and Analysis. For example,
Kuda et al. (2004, 2005) studied the nutrient composition
of various marine algal products that were consumed as
traditional food in certain areas of the coast of Japan
(some of them being used as food only by a few fishing
communities); now they are being sold as common sea
vegetables. Previous articles have also examined the
different nutrient elements in edible mushrooms grown in
geochemically different regions (ikkarinen and Mertanen,
2004). This shows the extremely valuable research that is
being carried out on all components of biodiversity for
food and agriculture.

Food composition and analysis in linking biodiversity and
nutrition

Many factors are known to affect the nutrient content of
foods, including climate, geography and geochemistry,
agricultural practices such as fertilization and the genetic
composition of the food species. Up to now, as regards
plants, cultivar-specific differences have received the least
attention. In the past, generic food composition data were
considered sufficient for most purposes, but now the
usefulness of cultivar-specific composition data is increas-
ingly being acknowledged. It should be clear that when
nutrient contents are significantly different among foods of
the same species, then those foods should be reported
independently in food composition databases and other
printed materials—including food labels—with their un-
ique nutrient profiles. The information should also be
conveyed through community health and agriculture
programmes and nutrition education initiatives, and
incorporated into national health and agriculture policies.

But compositional data can also provide additional
information that can help us improve the management and
conservation of biodiversity for food and agriculture. Data
on toxicants and contaminants of food biological resources
(Kuti and Konoru, 2006) provide necessary information
for risk assessment (Orban et al., 2006); data on traditional

preparation methods contribute to our understanding of
how different forms of processing or cooking can improve
or compromise the nutritional quality of a under-utilized
species (Pugalenthi, Siddhuraju and Vadivel, 2006), wild
relatives of food tubers (Bhandari and Kawabata, 2006) or
farm animal breeds (Glew et al., 2006). Food composition
can even increase our ecological knowledge of the habits of
certain species involved in food production, as shown in
the article on the stingless bee in Brazil (Sarmento Silva
et al., 20006).

International policy developments in the field of biodiversity

Nutritionists and food experts need to be aware of the
complex policy landscape governing the sustainable man-
agement of biodiversity at both national and international
level, which often entangle developments in various sectors
including agriculture, environment, trade, research and
health. Two particular forums are now looking at ways to
integrate the nutrition dimension into the priority setting
related to biodiversity: the FAO of the United Nations and
the CBD. The work developed at the international level is
often translated into national programmes, policies or
legislations that regulate the use of genetic resources.

Since its earliest days, for more than 50 years, FAO has
considered the planet’s genetic resources to be important to
agriculture, health, the environment and trade. FAO’s
nutrition work has always included elements of biodiversity
in its field and normative operations, and with its
compilations of wild, neglected and under-utilized genetic
resources used for food. During the past 25 years, formal
instruments have been created that include several commis-
sions, conventions and treaties. Most countries are party to
some or all of these.

In the early 1980s, FAO members felt that the political,
economic and ethical dimensions surrounding the con-
servation and sustainable use of genetic resources for food
and agriculture needed to be tackled at the level of the UN
system, beyond the technical work already being carried
out by FAO and other international organizations
(Esquinas-Alcazar, 2005). The FAO conference established
the first intergovernmental forum specifically dealing with
agricultural genetic resources: the Commission on Genetic
Resources for Food and Agriculture. It now includes 166
member countries. The Commission aims to reach inter-
national consensus through negotiations on areas of global
interest in relation to all components of biodiversity of
relevance for food and agriculture (FAO, 2006a—c). It
monitors and coordinates the development of the Global
System on Plant Genetic Resources and the Global
Strategy for the Management of Farm Animal Genetic
Resources to ensure the safe conservation and promote the
availability and sustainable use of plant and farm animal
genetic resources by providing a flexible framework for
sharing the benefits and burdens. In relation to nutrition,
the Commission has started to discuss a draft action plan
on how to better support countries to generate, compile
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and disseminate cultivar-specific nutrient composition and
consumption data.

The Commission negotiated a new international agree-
ment dedicated to plant genetic resources, which are so
crucial in feeding the world’s population. The International
Treaty on Plant Genetic Resources for Food and
Agriculture (FAO, 2001) was adopted by the FAO
conference in November 2001 and came into force in June
2004. As of April 2006, it has been ratified by 100
countries. These genetic resources are the raw material
that farmers and plant breeders use to improve the quality
and productivity of crops. The future of agriculture
depends on international cooperation and the open
exchange of the crops and their genes that farmers all over
the world have developed and shared for more than 10,000
years. No country is entirely self-sufficient; all depend on
crops and the genetic diversity within these crops from
other countries and regions. The treaty is vital in ensuring
the continued availability of the plant genetic resources to
feed the world (FAO, 2006c).

The Convention on Biological Diversity (CBD, 1992) was
signed by 150 government leaders at the United Nations
Conference on Environment and Development (UNCED),
Rio de Janeiro, 3—14 June 1992. Currently, the contracting
parties now number 188 (CBD, 2006). The CBD’s
conference of the parties has initiated work on a number
of crosscutting issues and thematic work programmes
addressing priorities for biodiversity management in differ-
ent biomes, from marine to forest, from island to dry and
subhumid lands or mountain biodiversity. Within the
programme of work on agricultural biodiversity it has
recently launched a crosscutting initiative on biodiversity for
food and nutrition. The initiative will focus future work on
various areas: developing and documenting knowledge;
integration of biodiversity, food and nutrition issues into
research and policy instruments; conserving and promoting
a wider use of biodiversity for food and nutrition; and public
awareness. The initiative is to be led by FAO and IPGRI.

Future challenges

Ongoing research will continue to examine the relation-
ships between biodiversity and nutrition from different
angles and at different levels. Further research is needed,
first and foremost, to increase the evidence base by filling our
knowledge gaps with better inventories and more data on
composition and consumption. If nutrient analysis and data
dissemination of the different food species and intra-species
diversity is undertaken systematically, national information
systems for food and agriculture can be strengthened and
used to form the basis for priority setting and national
policy-making. For nutrition, this will mean introducing
more compositional data on biodiversity in national food
composition databases and tables, developing and using
dietary assessment instruments that capture food intake at
the species and variety/breed level, and allowing food
labelling that encourages awareness of food plant varieties

and food animal subspecies and breeds. This information can
then be used in community nutrition programmes, school
and institutional garden projects, nutrition education in-
itiatives and by the agro-food industry.

Researchers are developing new innovative approaches
to bridge current approaches being used at local level for
the management of biodiversity and to tackle malnutrition.
The splendid work by Gari (2004) shows how use of local
genetic diversity can expand the means and options of
small farmers facing the HIV/AIDS crisis so that they can
enhance their agricultural systems and cope with pressing
nutritional and livelihoods needs. Enhancing the manage-
ment of these resources that are locally available, afford-
able and versatile, enables the improvement of household
nutrition even when there is shortage of productive
resources, a situation commonly faced by vulnerable
groups confronting complex health, food and development
crisis (Gari, 2004).

For biodiversity and genetic resources, the availability of
the knowledge on nutrient content of varieties will enable
its introduction into the information systems of the
national programmes for genetic resources for food and
agriculture, and then integration in the regional and
international information systems for genetic resources,
all carried out consistent with national laws.

Notwithstanding the information gaps which need to be
addressed, the body of existing knowledge is sufficient to
warrant action to promote the use of biodiversity in food
security and nutrition programmes and policy development
(e.g., dietary guidelines and goals). Within current initia-
tives on agricultural biodiversity, nutrition can be included
in participatory plant breeding programmes, community
management of farm animal breeds and small-scale family
poultry production, and in the development of national
programmes, strategies or policies for biodiversity and
genetic resources within the food security national policies
or the poverty alleviation strategies.

Clearly, many wild species, varieties and animal breeds
have the potential to become conventional foods of the
future—useful parents in breeding programs, convenient
sources of income, and the vehicles for improved nutrition
and increased food supply. FAQO’s current efforts, together
with IPGRI as an important partner, involve collecting and
examining the body of existing knowledge, and identifying
knowledge gaps.

The new data presented in this special issue of the
Journal of Food Composition and Analysis fills some of
those gaps. The journal will continue to provide an
international peer reviewed forum for publishing scientific
papers on nutrition and biodiversity, with particular
attention to papers from developing countries.
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