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Abstract

:

With the growing demands from a population expected to reach 9 billion people by 2050, it is unclear how our current global food system will meet future food needs. Ensuring that all people have access to adequate and nutritious food produced in an environmentally and socio-culturally sustainable manner is one of the greatest challenges of our time. “Sustainable diets” have been proposed as a multidimensional framework to address the need for nutritious and adequate food in the context of the many challenges facing the world today: reducing poverty and hunger, improving environmental health, enhancing human well-being and health, and strengthening local food networks, sustainable livelihoods and cultural heritage. This paper examines the contribution of forests and trees to sustainable diets, covering among others, nutritional, cultural, environmental and provisioning aspects. The literature reviewed highlight major opportunities to strengthen the contribution of forest and tree foods to sustainable diets. However, several constraints need to be removed. They relate to: cultural aspects, sustainable use of non-wood forest products, organization of forest food provisioning, limited knowledge of forest food composition, challenges in adapting management of forests and trees to account for forest foods, and in integrating forest biodiversity into complex landscapes managed for multiple benefits. Finally, the paper identifies research gaps and makes recommendations to enhance the contribution of forest foods to sustainable diets through increased awareness and better integration of information and knowledge on nutritious forest foods into national nutrition strategies and programs.
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1. Introduction


It is unclear how the current global food system will meet the growing demands of a population expected to reach 9 billion people by 2050. In the present context of climate change, ongoing loss of species and genetic diversity, soil degradation, increasing urbanization, social conflict and extreme poverty, there is an urgent need for collective action to address food and nutrition security at the global level [1].



Energy-rich staple crops assure caloric adequacy, and policymakers have historically made them a focus in the quest for global food security. However, staples, generally derived from cereal, starchy tuber and root vegetables, contain small quantities of limiting nutrients per unit of energy, and by themselves are not sufficient to address the problem of “hidden hunger” or micronutrient deficiency [2,3]. Increasing consumption of micronutrient-dense foods (such as a diversity of fruit, pulses, vegetables and some animal source foods) is seen as a viable, cost-effective and sustainable way to improve nutrient quality and diets [2,3,4]; food-based solutions address the multiple dimensions of food production and consumption, such as social, economic, environmental and health aspects. In this context, the challenges are to make food systems simultaneously environmentally and economically sustainable, nutrition-sensitive, and culturally acceptable [5]. In addition, consumers and producers should have the necessary information to make the best choices taking into account also dietary requirements.



1.1. Forest Ecosystems and Agroforestry


Forests play an important role in many food systems, either through direct and indirect provisioning for human nutrition, particularly in developing countries [6,7,8,9,10], and through ecosystem services [11]. Forests and trees-outside-forests contribute to the livelihoods of more than 1.6 billion people [12]. Forests range from closed to open formations and cover 31% (4 billion hectares) of total land area [12]. This calculation is based on FAO’s definition of forest as a piece of land of more than 0.5 hectares, with more than 10% tree crown cover (or equivalent stocking level) and trees reaching a minimum height of 5 meters at maturity in situ [13]. Agroforestry is a series of land management approaches that integrate annual crop cultivation, livestock production and other farm activities with trees in small patches (often not larger than 0.5 hectares) scattered across densely populated agricultural landscapes.



Around 30% of the world’s forests are used primarily for production of wood and non-wood forest products (NWFPs). These consist of goods of biological origin other than timber and fuelwood, derived from forests, other wooded land and trees outside forests. According to the most recent Global Forest Resource Assessment [12], the estimated value of NWFPs extracted in 2005, based on available country reports, amounts to approximately US$ 18.5 billion, with food products as the highest estimated value among the ten most reported categories for NWFPs. China accounted for the largest amount of NWFPs extracted for food production, with major NWFPs including food and oil (e.g., bamboo shoots, chestnuts, walnuts, jujube, gingko, tea-oil); other food products were forest drinks, edible fungi, and mountain-grown edible wild herbs [14]. However, information on NWFPs is not available for many countries. Their true subsistence value is not captured by available statistics, therefore the data reported are most likely an underestimate.




1.2. Sustainable Diets


The first International Scientific Symposium on Biodiversity and Sustainable Diets, held at FAO in 2010, defined sustainable diets as:


Those diets with low environmental impacts which contribute to food and nutrition security and to healthy life for present and future generations. Sustainable diets are protective and respectful of biodiversity and ecosystems, culturally acceptable, accessible, economically fair and affordable; nutritionally adequate, safe and healthy; while optimizing natural and human resources [15].







Research on what constitutes a sustainable diet, and how to promote it, is still at an early stage and more research is needed to fully capture its many dimensions (Figure 1). What is particularly challenging is the operationalization of the concept of sustainable diets into measurable, robust and useful metrics or indicators. This could allow for comparison of diets across regions and countries and guide future policies and programs [16].



There are currently no precise and reliable global common metrics in use to measure the sustainability of a given food, diet or food system. Bioversity International, with the support of La Fondation Daniel et Nina Carasso and the CGIAR research program on Agriculture for Nutrition and Health (A4NH) is undertaking new and innovative research on describing, measuring and promoting sustainable diets. A comprehensive review of scientific studies and initiatives describing and measuring dimensions of sustainable diets and food systems has been undertaken. Currently, work is ongoing to develop a coherent framework and to identify a consensus-based methodology to select appropriate indicators. Two main partners are the FAO Nutrition and Consumer Protection Division, and CIHEAM (Mediterranean Agronomic Institute of Montpellier). Associate experts from the University of Aberdeen, City University London, Columbia University, IDS-Sussex, INRA, IRD, McGill University, SupAgro, Tufts University are involved.



Future work on sustainable diets should not neglect the role and contribution of forests and trees. This paper examines the contribution of forest ecosystems (including shrubs, wild edible plants and bushmeat) and trees outside forests to the dimensions of sustainable diets, presented in Figure 1.



The dimensions of sustainable diets have been regrouped for easiness of presentation around the following aspects of forest foods: (1) availability and accessibility of local, affordable forest foods and their contribution to food security; (2) nutritional quality; (3) cultural importance; (4) marketing (including indirect benefits from NWFPs in the form of income), value-chains (nutrition-sensitive); and (5) environmental aspects.
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Figure 1. The many dimensions of a sustainable diet. (Source: FAO/Bioversity [15].) 
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2. Forest Foods and Sustainable Diets


This section reviews the main characteristics of forest foods and the ways in which they relate to the main dimensions of the sustainable diet framework. A bibliographic review was carried out. A list of search terms in English was used to screen the literature, using different combinations of the following key words: sustainable diet, forest food, nutrition, food security, value chain, NWFPs. The search terms were applied to identify literature that incorporated one or more key words in a significant way, using Web of Science, Google Scholar and Scirus. The key themes analyzed were the nutritional properties of forest foods and their contribution to food security. The literature search identified a total of 561 relevant studies. Expert knowledge was used in order to filter and select the results, ensuring balanced coverage of different regional contexts and disciplines (forestry, agroforesty, nutrition, socioeconomic and livelihood studies), giving priority to recent articles and overview papers.



2.1. Availability and Accessibility of Local, Affordable Forest Foods


Forest foods, including products from trees, herbs, mushrooms and animals, contribute in many ways to improving food security by providing ready accessibility to affordable and often highly nutritious food [8,17,18]. While there are very few communities in the world that currently rely on forest foods to provide a complete diet [19,20], forest foods can supply many essential micronutrients. They can help contribute to caloric intake during lean season (complementing for example the seasonality of staple agricultural crops) and at times of low agricultural production due to various shocks [21,22,23]. Forest products can also be sold in times of crisis to earn the income needed to ensure food security [24]. Combining a “portfolio” of different indigenous fruit tree species for cultivation in agroforestry systems, based on the seasonal calendar of fruit harvest times, could result in a year-round supply of key nutrients (see Table 1) [7].



Forest foods should not be viewed as a panacea for global issues related to food security and nutrition, but in some specific geographic contexts they can have a significant role. Despite their value and contribution to the “global food basket”, wild foods only recently made an appearance in official statistics on the economic value of natural resources. These data come mainly from the informal sector, and questions remain about their reliability. Detailed inventories of forest foods exist only for specific sites and the literature is scattered [8,9,25,26,27]. Global estimates need to be considered with caution because they include data from very different contexts and are collected using different methodological approaches [28], so there is a wide margin for improvement in the process of documenting the consumption of wild foods.
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Table 1. A harvest calendar of indigenous fruit tree species from Southern Africa (months when fruits are ready for harvest are shaded in grey) useful to develop a fruit tree ‘portfolio’ that would allow continuous availability of ripe fruits from at least two species each month. The combination could be also designed to meet specific nutrient requirements. (Source: modified from Jamnadass et al. [7].)
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Tree Species

	
Months




	

	
Jan
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Dec






	
Uapaca kirkiana

	

	

	

	

	

	

	

	

	

	

	

	




	
Azanza garckeana

	

	

	

	

	

	

	

	

	

	

	

	




	
Flacourtia indica

	

	

	

	

	

	

	

	

	

	

	

	




	
Vangueria infausta

	

	

	

	

	

	

	

	

	

	

	

	




	
Vitex doniana

	

	

	

	

	

	

	

	

	

	

	

	




	
Adansonia digitata

	

	

	

	

	

	

	

	

	

	

	

	




	
Ziziphus mauritiana

	

	

	

	

	

	

	

	

	

	

	

	




	
Parinari curatellifolia

	

	

	

	

	

	

	

	

	

	

	

	




	
Strychnos cocculoides

	

	

	

	

	

	

	

	

	

	

	

	










2.2. Nutritional Quality of Forest Foods


From a nutritional perspective, forests and trees offer sources of many micronutrients commonly lacking from diets in developing countries and which have important health and developmental functions [29]. For example, vitamin A plays a key role for proper immune function [30,31]; deficiency causes blindness in up to 500,000 children every year and is associated with higher rates of infection (diarrhea, measles, respiratory tract infections, etc.). Good dietary sources of vitamin A are green leafy vegetables and orange-colored fruit and vegetables [32,33]. Iron, zinc and vitamin B12 deficiencies can impair growth, cognitive development and school performance, with life-long implications for health and socio-economic success [29]. The best dietary sources of these nutrients are animal source foods (bushmeat), leafy green vegetables commonly collected in forest areas [34,35,36], and legumes.



“Bushmeat”, or wild meat, constitutes the main source of animal protein in many tropical forested landscapes, especially in the Congo and Amazon basin [9]. It includes non-domesticated terrestrial mammals, birds, reptiles and amphibians harvested for food by humans, with the larger vertebrates representing the majority of the terrestrial wild animal biomass consumed [37]. Animal source foods, such as bushmeat, are the only dietary source of vitamin B12, vitamin D, and highly bioavailable iron and retinol [38,39]. A recent study from Madagascar estimated that the loss of bushmeat from the diet of children, without substitution with other foods, would result in a 29% increase in children suffering from iron deficiency anemia [40].



Even though the nature of the evidence is still circumstantial, many authors find that there is a reasonable and compelling case to argue that access to and use of biological diversity from both forests and farm land leads to a more varied diet [4,41,42], which in turn improves health outcomes [43,44]. A study by Powell et al. [18] in the East Usambara Mountains (Tanzania), showed that 48% of the food species consumed could be obtained in forest ecosystems (Figure 2), and children who had used forest foods had diets with higher diversity and nutrient density, and consumed a larger number of animal source food items.
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Figure 2. Total number of wild species from the forest and other land use types consumed by 270 surveyed households, grouped by different food types (East Usambara Mountains, Tanzania). (Source: Powell et al. [18].) 
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It has been estimated that between 48% and 68% of the population in sub-Saharan Africa suffer from some form of malnutrition [45]. Iron and vitamin A deficiency are among the most common forms of undernutrition in this region. Fruit consumption in sub-Saharan Africa has been estimated to fall considerably short of the recommended daily amount [46]. And yet, a number of indigenous fruit have a high vitamin and mineral content and the potential to contribute to the micronutrient supply of local communities (Table 2) [47]. For example, consuming 40–100 g of berries from Grewia tenax (Forrsk.) Fiori (a fruit-producing deciduous shrub or small tree of widespread occurrence in semi-arid and sub-humid tropical climates in Africa, the Arabian Peninsula, and Asia) could supply almost 100% of the daily iron requirement of a child under 8 years of age. In addition to micronutrients, the high sugar content of fruits such as tamarind (Tamarindus indica L.) and baobab (Adansonia digitata L.) make them important sources of energy (Table 2). Likewise, the fruits of Dacryodes edulis (G.Don) H.J.Lam, and the seeds of Irvingia gabonensis (Aubrey-Lecomte ex O’Rorke) Baill., Sclerocarya birrea (A. Rich.) Hochst. and Vitellaria paradoxa C.F. Gaertn. have high fat contents (respectively 32, 67, 57 and 46 g per 100 g edible portion), comparable with, or even higher than peanuts (Arachis hypogaea L.; 46 g per 100 g) [48,49].
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Table 2. Nutrient content of selected African indigenous and exotic fruits per 100 g edible portion (relatively high values are highlighted in bold). RE = retinol equivalents. (Source: Kehlenbeck et al. [47], Stadlmayr et al. [49], and Stadlmayr et al. [50].)
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Species

	
Energy (Kcal)

	
Protein (g)

	
Vit C (mg)

	
Vit A (RE) (µg)

	
Iron (mg)

	
Calcium (mg)






	
Indigenous fruits:

	

	

	

	

	

	




	
Adansonia digitata L.

	
327

	
2.5

	
126–509

	
0.03–0.06

	
6.2

	
275




	
Grewia tenax (Forrsk.) Fiori

	
N.A.

	
3.6

	
N.A.

	
N.A.

	
7.4–20.8

	
610




	
Sclerocarya birrea Hochst.

	
225

	
0.7

	
85–319

	
0.035

	
3.4

	
35




	
Tamarindus indica L.

	
275

	
3.6

	
11–20

	
0.01–0.06

	
3.1

	
192




	
Ziziphus mauritiana Lam.

	
184

	
0.4

	
3–14

	
0.07

	
0.8

	
23




	
Exotic fruits:

	

	

	

	

	

	




	
Guava (Psidium guajava L.)

	
68

	
2.6

	
228.3

	
0.031

	
0.3

	
18




	
Mango (Mangifera indica L.)

	
65

	
0.5

	
27.7

	
0.038

	
0.1

	
10




	
Orange (Citrus sinensis L. Osbeck)

	
47

	
0.9

	
53.0

	
0.008

	
0.1

	
40




	
Pawpaw (Carica papaya L.)

	
39

	
0.6

	
62.0

	
0.135

	
0.1

	
24









For what concerns the quality of the information on forest food composition, Colfer et al. caution that data on the nutrient content of many indigenous fruits are still either unavailable or unreliable [51]. Until a decade ago, there was little research available on the range and origin of intraspecific genetic variation behind variable nutritive values and other horticultural properties, such as fruit size, pulp proportion or yield of edible products from key indigenous tree species [48]. Recently, some studies on the variation of nutritional properties of indigenous tree species have become available, e.g., for Canarium indicum L. nuts [52], peach palm (Bactris gasipaes Kunth.) fruits [53], and marula (Sclerocarya birrea Hochst.) fruits and seeds [54]. Wide variability in desirable traits, such as fruit size, vitamin content, oil composition or pulp proportion, is an essential prerequisite for breeding and domestication, and provides an excellent opportunity to develop cultivars from phenotypically superior trees that have been shown, through progeny testing, to produce superior offspring [55]. Genetic diversity in crop wild relatives, including tree species, can also enable bio-fortification (breeding aimed at increasing the nutritional value) [41].



Domestication programs are now being developed to bring many wild tree species into cultivation and integrate them into agroforestry systems. Examples of such species include Adansonia digitata L., different Allanblackia spp., Barringtonia procera (Miers) R.Knuth, Canarium indicum L., Dacryodes edulis (G.Don) H.J.Lam, Gnetum africanum Welw., Irvingia gabonensis (Aubrey-Lecomte ex O’Rorke) Baill., Sclerocarya birrea Hochst., Uapaca kirkiana Müll.Arg. and Vitellaria paradoxa C.F. Gaertn. [27].




2.3. Cultural Importance of Forest Foods


In most societies that traditionally inhabit areas with significant forest cover, forest foods have been used for generations and many have social and cultural importance. Wild edible plants are part of the intangible cultural heritage of local populations [56] and can be related to cultural identity [57,58,59].



Knowledge about the identification, preparation and sustainable management of forest and wild foods is part of indigenous knowledge systems and practices that have been developed over many generations. These can play an important part in decision-making with respect to local food production, human and animal health, and management of natural resources [60]. In South Africa, most forest foods traded in local markets maintain a key position in local culture; in several cases commercial substitutes of forest foods do not exist, and wild resources are generally preferred even when alternative products can be found [61]. Extensive reviews of indigenous food systems by Kuhnlein et al. including a range of NWFPs, highlight both their nutritional and cultural importance [62,63].



Food culture and preferences affect local markets. In Asian countries, most households rely on traditional retailers for fruits and vegetables because supermarkets often have a limited range of products [64]. Wong [65] reported that most of the production of tropical fruits in Sabah and Sarawak (Malaysia), and South Kalimantan (Indonesia), comes from home gardens (refer to Section 3.6 for definition). In these areas, community forests supply forest foods, contribute to sustainable diets and have a high cultural value. About 15%–20% of the trees growing in community forests are fruit tree species such as durian, breadfruits, rambutan, mangosteen and wild species of Mangifera. In addition, the forests are sources of wild and uncultivated vegetables, spices, nuts, honey and medicines.



In Kota Belud (Sabah), a site inhabited by the Illanuns, Bajau and Kadazandusun indigenous ethnic groups, the Mangifera species have unique uses. For example, fruits of M. odorata (Kwini, Wani) and M. caesia (Binjai, Beluno) are used for fresh consumption, while M. pajang (Bambangan) is mainly processed into pickle on its own or with fish. The first flush of young leaves after the rainy season are used like a vegetable and cooked with freshwater fish [66]. The fruits can be used for producing juice, sweets and jam. From the analysis of local Mangifera diversity and associated traditional knowledge (refer to Section 3.1 for definition) available in Sabah, one can draw insights into the potential opportunities for value addition and income generation based upon locally available biodiversity. Several examples of value chain development exist for products from species within the genera Garcinia, Nephelium and Citrus, in India, Indonesia, and Thailand [67].




2.4. Marketing and Value Chains Integrating Forest Foods


NWFPs can contribute indirectly to food security and nutritional outcomes through the income generated by their sale. Efforts to understand the role of NWFPs have increasingly moved away from isolated case studies to global analyses based on uniform criteria, so as to draw lessons at a broader scale [68,69] across regions [70] or regarding different products [71]. Results suggest that forest foods contribute to income and poverty reduction, and that wild harvested plants and animals are of particular importance to the economy of the world’s rural poor, particularly for forest communities [72,73,74]. The collection and sale of wild foods can provide considerable support especially for those who lack the capital to engage in other livelihood activities (women and the most disadvantaged members of a community) [61,70,75,76].



Locally important forest products contribute significantly to livelihoods not only for rural people, but also in urban and peri-urban environments where intermediaries and traders of NWFPs often come from poorer and more marginalized sectors of society [77,78,79]. In many cases, traders carry out useful marketing functions such as risk taking and transport, which can be costly. They play a pivotal role that enables farmer-gatherers to increase the value of the NWFPs in their environment thereby increasing the incentives for forest conservation [80].



The increasing orientation of agricultural policies towards markets means that a larger number of farmers are net food buyers, with markets playing a more significant role in determining food availability and access, a role strengthened by urbanization [81,82]. A value chain approach examines how value is added to a particular product along the chain of processes involving different actors, from the place of production to consumption. The development of a nutrition-sensitive value chains takes into considerations diet quality and nutrition and focuses on improving supply of and demand for foods that are rich in essential micronutrients (e.g., fruits and vegetables, meat, fish, etc.), as a way to address malnutrition [83].



An example is provided for a very important food tree species in Melanesia, Canarium indicum var. indicum, a large tree native of Indonesia, Papua New Guinea, the Solomon Islands and Vanuatu, regarded as well suited to community forestry and mixed arboricultural systems. It is also a very important food and ceremonial tree, whose nuts have interesting nutritional properties (see Table 3). The species has great, untapped commercial potential, mainly due to its abundance and the production of non-perishable nuts-in-shell, which can be transported easily, stored for long periods of time, and do not have the challenges of a temperature-controlled supply chain. The trade in Canarium nuts is predominantly based on wild and garden tree populations [84].
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Table 3. The food composition per 100 g of raw Canarium indicum L. nut.
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Nutrient

	
Content

	
Nutrient

	
Content

	
Nutrient

	
Content

	
Nutrient

	
Content






	
Water (g)

	
35.4

	
Protein (g)

	
8.2

	
Fat (g)

	
45.9

	
Sugar (g)

	
0.2




	
Starch (g)

	
0.3

	
Ash (g)

	
2.6

	
Fiber

	
10.6

	
β-car. Eq. (μg)

	
165




	
Vit. C (mg)

	
8

	
Thiamin (mg)

	
0.13

	
Riboflavin

	
0.06

	
Niacin (mg)

	
1.7




	
Fe (mg)

	
3.5

	
Na (mg)

	
18

	
K (mg)

	
627

	
Ca (mg)

	
44




	
Mn (mg)

	
1.1

	
Mg (mg)

	
284

	
Zn (mg)

	
2.4

	
Cu (mg)

	
1.6




	

	

	
Edible portion (*)

	
13%

	
Energy

	
439 kcal/1838 kJ

	

	








(*) Table 2. The inedible material is the hard shell of the nut. (Source: English et al. [85].)







The Canarium nut industry is still in its infancy in the Pacific but the demand for processed Canarium nuts on the domestic market exceeds supply so there is the potential to use this as a platform for expanding both export and domestic markets. The value chain differs across producing countries, with more advanced value adding in Vanuatu compared to Solomon Island and Papua New Guinea. The figure below depicts graphically the value chain in Vanuatu (Figure 3). Solid arrows indicate a larger flow.



The diagram represents a snapshot in time as the situation is continuously changing, especially in an emerging industry. The airline sector represents a potential market, not yet developed. Several small processors are getting started in the industry but only just beginning to supply the product to the market.
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Figure 3. Industry-wide value chain map for Canarium indicum L. in Vanuatu. (Source: AIARC [86]; Thomson and Evans [87].) 
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2.5. Environmental Aspects of Forest Food Systems


Forest food systems are low input systems not reliant on costly external inputs, which can be polluting and damaging to the environment. While a large part of global agricultural production takes place at the expense of biodiversity and the wider environment [88], forest food systems have a smaller ecological footprint: forests and trees are carbon sequestering [89], use fewer (or no) chemical inputs, and rely on natural precipitation instead of groundwater. The value of forest foods and other forest products, however, is often given inadequate attention when decisions are taken about land use planning.



A large body of scientific knowledge is being generated on the ecosystem services and environmental benefits provided by agroforestry systems, particularly carbon sequestration, biodiversity conservation, soil enrichment, air and water quality [90,91]. They supply also commodities as part of a multifunctional working landscape and contribute directly and indirectly to food security. Furthermore, agroforestry systems seem to be viable land use approaches for meeting the conflicting goals of agricultural production and environmental stewardship.





3. Challenges and Opportunities to Strengthen the Role of Forest Foods in Sustainable Diets


The concept of sustainable diets presented here is recent and its translation into an operational framework has not yet been implemented. The following sections present a series challenges and issues that should be addressed in order to strengthen the potential contribution of forest foods to sustainable diets.



3.1. Cultural Challenges


One of the most widely reported factors likely to determine differences in the use and value of food tree products is ethnic traditions [92,93]. Traditional knowledge, intended as a cumulative body of knowledge and practices embedded in the cultural traditions of regional, indigenous, or local communities, should therefore be taken into consideration when promoting nutritious forest foods as part of diets, and in the selection of priority species for marketing and domestication.



Many indigenous people, including those living in forested environments, often face discrimination and marginalization, which can affect access to their traditional resources and collecting grounds, with potentially severe negative impacts on nutrition and health [94]. In addition to reduced access, the perception of indigenous foods, valued in the past, as old-fashioned or inferior can discourage their consumption. Other reasons for declining use [95,96], depending on the context, include: physical shortage of the product as a consequence of resource depletion, reduced time to gather wild foods as a result of changes in the availability or allocation of a household's supply of labor, increasing pressure on women’s time, loss of knowledge about use of forest foods [97], and limited opportunities to commercialize production [62,98].



Changes in livelihood strategies and the process of urbanization, coupled with the commercialization of food and changes in diets towards high salt and energy density, but with poor nutritional quality [99] have resulted in considerable modification in consumption and in natural resource use patterns.




3.2. Sustainable Use of NWFPs and Threats to the Resource Base


Several threats to forests and other tree-based systems could curtail their capacity to provide food and nutrients. Sustainability of NWFP use, including forest foods, depends greatly on level of use and the population dynamics of the species [68,100]. A review of fruit species important for the local economy and diet, regularly consumed in the region surrounding Iquitos, Peru [101], revealed that out of 193 fruit species used, 120 were exclusively wild-harvested and 19 additional species originated from both wild and cultivated sources. However, the availability of several of the most popular fruit species had decreased markedly. Furthermore, destructive harvesting techniques and increasing market pressures were rapidly depleting wild populations [102,103].



Conflict between different uses of trees for timber and NWFP can pose additional threats. In the Congo Basin, timber exploitation is placing growing pressure on local biodiversity, with potential negative repercussions on food security and livelihoods [104]. Some timber species have edible fruits and oil extracted from seeds; others host caterpillars that make up 75% of the protein eaten by the Baka during the period when caterpillars are available [105]. Examples of conflicts between multiple uses are also documented in Asia [106] and South America [107].



For several wild edible plant species there is still limited knowledge available regarding the effect that collection has on the genetic diversity and long-term survival of species’ populations (see the case of Gnetum spp. [108,109]). In West Africa, when woodland is cleared for traditional agriculture, some selected multipurpose trees—supplying food, wood and medicinal functions—are maintained [110]. However, useful trees and shrubs are progressively disappearing, due to shortening fallow periods, tenure issues, drier climate, browsing by livestock and the absence of conservation practices to protect regeneration [111,112,113].



Overexploitation of certain wild animal populations is leading—depending on habitat, species, and hunting methods—to the extinction of some species with high vulnerability to hunting [114]. The resulting “bushmeat crisis” [37] is threatening the food security and livelihoods of some forest communities [27], especially where home consumption is more common than bushmeat trading. Sustainable harvest techniques for NWFPs of interest should be developed, optimal exploitation levels defined, and commercialization regulated.




3.3. Challenges in Organizing Forest Food Provisioning


The realization of the full potential for a sustainable commercialization of forest foods is limited by a number of issues. Forest foods are mostly consumed locally or traded in local or regional markets, with transport distances highly constrained by the perishability of products and pest infestation [115]. In addition, many forest food markets are not organized [116], usually not regulated by institutions, characterized by an unstructured flow of information about prices and product availability, by a small-scale, seasonal supply of produce, and the lack of credit facilities. Finally, the lack of scientific knowledge on resource availability and use potential, as well as on harvesting and transformation techniques, is further hampering the commercialization of forest foods [117].



Nonetheless, international markets exist for some forest food products; some examples are products derived from Gnetum africanum Welw., Cola acuminata (P.Beauv.) Schott & Endl., Garcinia kola Heckel, Piper guineensis Schumach, Euterpe edulis Mart., Euterpe oleracea Mart., Euterpe precatoria Mart., Bertholletia excelsa H.B.K, Vitellaria paradoxa C. F. Gaertn, Pouteria sapota (Jacq.) H.E. Moore & Stearn, Canarium indicum L.. In some cases these markets are growing due to an increasing demand linked to large presence of immigrants in Europe and the USA [117,118].



A case of successful promotion of sustainable trade is represented by PhytoTrade Africa, the commercial name used by the Southern African Natural Products Trade Association, a membership-based organization established in 2001 to promote linkages between producers of NWFPs and global markets [119]. PhytoTrade Africa focuses on building value chains for a large variety of products, trying to ensure a reliable and efficient supply chain configuration, from primary producers to commercial partners. The products promoted by PhytoTrade include the following: pulp from the baobab (Adansonia digitata L.) fruit, used in healthy cereal bars and drinks, mainly because of its vitamin C content; and marula oil, extracted from the kernel of Sclerocarya birrea Hochst., highly appreciated in cosmetics because of its nourishing and moisturizing properties. The bark of the marula tree is said to be effective against diarrhea, dysentery, fever and malaria, and the fruit is used to make jam and beer. Other products promoted are the kigelia tree, common throughout Africa and whose oil and seeds have long been known for their dietary and medicinal properties, particularly in treating skin ailments; mongongo oil (from Ricinodendron rautanenii Schinz), extracted from mongongo nuts, a staple food of the bushmen of Botswana and Namibia; the oil from mafura (Trichilia emetica Vahl.) and ximenia (Ximenia americana L.) seeds.



The analysis of successful cases of forest-food value chain development in Cameroon, involving indigenous tree species, such as Ricinodendron heudelottii (Baill.) Pierre, Dacryodes edulis (G.Don) and Irvingia gabonensis (Aubrey-Lecomte ex O’Rorke) Baill., showed that domestication of indigenous tree species should be conceived together with value chains to obtain tangible positive impacts [48,119,120,121]. The incentives for domestication of indigenous trees depend on whether farmers can sell their produce in new or expanded markets. Participatory domestication approaches allow to keep poorer households involved all along the process of market development, and to ensure that they fully capture the benefits generated [122].



The creation and empowerment of legally registered associations at all levels (producers, transporters, wholesalers, retailers and consumers) is a necessary condition for successful development of NWFP markets for poverty alleviation and livelihood improvement [123,124]. Finally, consumer preferences should be studied and nutritional education organized to create and sustain local demand for forest foods.




3.4. Relying More on Food-Based Approaches


The roles of micronutrients in health and well-being and the synergies with the physiological functions of nutrients have been recognized [125,126]. Nutrition interventions should thus focus on improving overall diet quality. This calls for dietary diversification and food-based nutritional interventions [125,127,128]. Dietary diversity is defined as the number of unique food categories consumed over a given period of time, and functions as an indicator of food security [129] and a proxy for diet quality [130,131]. This measure allows researchers to better capture the whole-diet approach in a quick and low-cost manner. Translating this approach into programs is challenging, however, and researchers are investigating the best assessment tools for evaluating diversity in diets and nutritional outcomes [125,132,133,134,135].



Interest is growing in using micronutrient-rich foods, including food from indigenous or traditional trees and plants, to meet the high nutrient needs of infants and children, as their diets are based predominantly on staples [136]. Locally available and easily accessible, underused complementary foods may be affordable and potentially more acceptable than other options, such as supplementation and fortification. An example is the fermented condiment obtained from the seeds of Parkia biglobosa (Jacq.) R.Br. ex G.Don, in West Africa, called ‘soumbala’. Soumbala is a rich source of iron (16.9 mg/100 kcal) [137] and is often used as a low-cost meat substitute by families [138]. In addition, the bioavailability of nutrients varies and depends on what other foods are being eaten [139].




3.5. Increasing Knowledge on Forest Foods


There is possibility to increase the use and consumption of diverse foods, including traditional forest foods by enhancing the knowledge of policymakers, health care workers, and extension agents through provision of information [140,141]. Nutritional education activities that promote consumption of forest foods should be based on sound scientific knowledge of their nutritional values, and should be able to stimulate local positive attitudes towards wild edible plants [62]. Promoting the necessary behavior change to use and consume what are often considered inferior foods remains one of the biggest challenges due to the growing aversion to consuming certain traditional complementary foods (e.g., insects [142,143]).



Food composition tables should be expanded to integrate more local food biodiversity. Some actions have already been taken in this respect [144,145]. Generation and use of better composition data for forest foods can be combined with research on ecology, management and (participatory) domestication so that appropriate nutritionally-rich species can be integrated into fields and home gardens [146]. Examples of increased consumption of micronutrient-rich foods as a result of information dissemination and promotion are available [147] and such an approach should be adopted for forest foods.



Nevertheless, nutrition interventions remain complicated by measurement issues and limited understanding of the actual requirements of many micronutrients. In addition, many factors beyond food quality influence nutritional status; such as the circumstances under which people consume food; their health, sanitation environment, cultural practices, etc. [148]. These factors affect project implementation and confound outcomes of programs aimed at promoting agrobiodiversity for better nutrition and health. Thus, a combined livelihood, agriculture, health, and education approach is necessary for improving nutritional status.




3.6. Adapting Management of Forests and Trees to Account for Forest Foods


Many traditional communities actively manage the wild resources they use and, in many cases, customary methods of resource management may be fundamental to the sustainable conservation of habitats and species [149,150,151].



In cases of conflict over the use of multipurpose species, which supply both timber and food products, forest management plans should be negotiated with timber concessions and adapted to consider the interests of both local communities and timber companies [105]. Such an approach should be based on a sound cost-benefit analysis that takes into account livelihoods and the food and nutritional benefits of forest foods in the diets of the local community.



Furthermore, nutritionally important indigenous trees can be introduced into farming systems through processes of domestication, in order to produce traditional forest foods, increase quality and yield, diversify the farming systems, strengthen its resilience and improve livelihoods [152].



According to priority-setting exercises conducted with farmers [7,110], several indigenous fruit tree species have large potential to improve livelihoods and nutrition of local people and rank highly for domestication and promotion through cultivation [7]; examples are Adansonia digitata L., Dacryodes edulis (G.Don), Sclerocarya birrea Hochst. and Uapaca kirkiana Müll.Arg. Wild and cultivated fruit tree species are largely represented in home gardens, which are complex and diverse types of agroforestry systems, maintained by household members mostly for subsistence production, found in many tropical regions, and supplying produce to an estimated 1 billion people [27]. They are constituted by a plot of land surrounding a homestead, and present a mixture of annual and perennial plant species arranged in a multi-layered vertical structure, often in combination with livestock [153]. They generally serve as a complement to staple crop fields by producing a variety of nutritious food products, including fruits and vegetables from cultivated and wild forest species [153]. It has been argued that home garden interventions can be highly effective for improving micronutrient intake [3,154]. In rural Nepal, a higher fruit and vegetable consumption was observed within households involved in a program targeting an increased production and consumption of annual and perennial home garden plant species, rich in vitamin A and iron [155]; this is expected to have positive impacts on children’s nutritional status.



For most rural communities in sub-Saharan Africa, seasonality of fruit ripening, poor storage and processing are important causes of the low availability and consumption of fruits (see a review of main constraints in Jamnadass et al. [7]). Based on information and nutritional content of the specific fruits (focusing on the major micronutrients such as vitamins A and C and iron), site-specific fruit tree portfolios that provide fruits all year round could be developed and tested [47]. In addition, technologies to improve processing practices could improve availability [156,157].



Finally, women have a central role in ensuring food security and adequate nutrition [158,159]. The food security literature indicates that interventions directed towards women are likely to have a particularly beneficial impact [160]. Supporting the role of women as producers and consumers may help to remove barriers to improved nutrition and to enhance consumption of forest foods.




3.7. Access Rights to Forest Foods


A lack of secure access rights and land tenure discourages many poor or marginalized communities from investing in more productive land management, and from protecting and planting key species, which could play a key role in terms of food security and nutrition as in the case of parklands in West Africa [161,162]. Access by the poor to resources that can yield forest foods and income is still widely constrained by weak and ineffective political and institutional arrangements, affecting local control and management of forests. Policies and programs that enable local people to have a genuine role in decision-making are rare [163].



Community biodiversity management is an approach to natural resource management that contributes to the empowerment of agricultural and forest communities to better manage their biological resources, and to make informed decisions on the conservation and use of biodiversity including forest and tree resources [164]. Steps involved in community biodiversity management include: the introduction and domestication of wild species in home gardens; the creation of network of extension agents and community members; social institutional empowerment (land tenure rights); generation of livelihood benefits and income through consumption and sale of tree products.




3.8. Integrating Forest Biodiversity into Complex Landscapes Managed for Multiple Benefits


The diversity of foods that can be derived from different land uses, such as forest, fallow and agricultural margins, could help to provide the range of micronutrients needed for a sustainable human diet [165,166]. Forest fallows can be as productive of forest foods as pristine forests [167]. In many contexts, fallow land and farm bush areas are actively managed to protect and regenerate species of value to local communities. Examples include the babaçu palm (Attalea speciosa Mart. ex Spreng.) in northeast Brazil, which is integrated into local farmers’ shifting cultivation systems [168], and fruit trees planted at an early stage in agricultural settlements [169]. Research and development practitioners must start thinking about ways to develop innovative roles for agro-ecosystems and heterogeneous landscapes, so as to ensure that food production systems and value chains are more nutrition-sensitive, while minimizing their ecological footprint [1].





4. General Recommendations


The following priority actions emerge from the review presented:

	
Prioritize research that examines the relative contribution of forest foods to local diets and nutrition, including analysis and documentation of their nutritional composition, digestibility and bioavailability, the effect of storage and processing on the nutritional value of specific forest foods, and the potential for domestication and integration of important tree species into value chains.



	
Describe and measure the sustainability of diets reliant on forest foods in relation to indigenous peoples’ food systems, and compare these systems in terms of resilience, health, cost-effectiveness and sustainability with other diets and food systems across countries and regions.



	
Support research on governance and access issues and on the development of nutrition-sensitive value chains involving forest foods, with a particular focus on improving understanding of the risks associated with potential overharvesting and changes to access, as targeted NWFPs become more valuable.



	
Ensure extension services, NGOs, schools, hospitals and health centers are aware of the benefits and promote the consumption of nutritious forest foods within their programs and interventions, including efforts to counter negative perceptions and attitudes to local, traditional foods.



	
Promote a better integration of information and knowledge on nutritious forest foods and their conservation into national nutrition strategies and programs by establishing cross-sectoral policy platforms that bring together environment, health, development, agriculture and other sectors. These platforms would enable to better mainstream the use of tree biodiversity with high nutritional value into strategies addressing food security, nutrition, conservation, and land use planning and policy.
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