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HIGHLIGHTS
• A high diversity of forests foods for consumption exists in DR Congo, Cameroon and Gabon
• Despite a diverse pool of wild foods, more than 80% of households engaged in logging suffer from food insecurity.
• A significant inverse correlation exists between food insecurity and forest foods consumption meaning that forest foods play a role in
ensuring food security and nutrition among populations near forest concessions.
• Age and access to income, illegal logging and agriculture on logged land are significant determinants of food security among forest
communities.
• Investing in strategies to provide income outside illegal logging and practicing agriculture on logged land, can contribute to addressing
health, nutrition and food security.

SUMMARY
The potential of forest foods to address malnutrition, food insecurity and poor dietary intake is increasingly being recognized. However, most
existing data presents average results of proximate analysis, overlooking the opportunities to document how forest foods contribute to nutrition,
food security and dietary intake. In this study, food security was estimated using the HFIAS score while dietary intake was estimated using FFQ
recalls among 720 households in and around six logging concessions in Cameroon, DR Congo and Gabon. There was a high diversity of forests
foods consumed, with DR Congo (FFCS=16.2) registering the highest number. Cameroon had the highest number of food groups (HDDS=12.5)
while Gabon had the highest number of food varieties (FVS=24.5). Despite a highly diverse pool of wild foods in the region, most households
(82%) practicing farming on logged land suffered from food insecurity. A significant inverse correlation was observed between the HFIAS score
and the FFCS (r2=−0.26, P=0.0002), revealing that forest foods can play a role in ensuring food security and nutrition among populations
near forest concessions. The chi-square test revealed that age >46 years, and access to income from business or salaries were associated
with food security. Further work is required to document how wild forest foods can contribute to improved diets among these populations,
including documenting the nutrient composition of more forest foods, integrating them into regional dietary guidelines and encouraging their
domestication.
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Les aliments sauvages peuvent-ils contribuer à la sécurité alimentaire et à la variété diététique
des populations rurales jouxtant les concessions forestières? Découvertes provenant du Gabon,
de la République Démocratique du Congo et du Cameroun
R. FUNGO, J.C. TIEGUHONG, D.M. IPONGA, M. TCHATAT, J.M. KAHINDO, J.H. MUYONGA, C. MIKOLO-YOBO,
P. DONN, O. TCHINGSABE, A.N. KAAYA, J.L. NGONDI, S. TUTU, R. EMELEME, S. ODJO, J. LOO et L. SNOOK
Pour faire face à la malnutrition, à l’insécurité alimentaire et à un apport alimentaire appauvri, le potentiel des aliments forestiers est de plus en
plus reconnu. Toutefois, la plupart des données existantes présentent des résultats moyens d’analyse approximative, faisant fi des opportunités
de documenter la manière dont les produits forestiers peuvent contribuer à la nutrition, à la sécurité alimentaire et à l’apport alimentaire. Dans
cette étude, la sécurité alimentaire a été estimée en utilisant le score HFAIS, alors que l’apport alimentaire était estimé en utilisant les rappels
FFQ auprès de 720 foyers autour et au sein de six concessions de coupe au Cameroun, en République Démocratique du Congo et au Gabon.
On trouva une haute diversité d’aliments forestiers consommés, la République Démocratique du Congo en enregistrant le plus grand nombre
(FFCS=16.2). Le Cameroun comptait le plus grand nombre de groupes d’aliments (HDDS=12.5), alors que le Gabon pouvait se vanter de la
plus grande variété d’aliments (FVS=24.5). Malgré la forte diversité d’aliments sauvages dans la région, la plupart des foyers (82%) pratiquant
du fermage sur terres défrichées souffrait d’insécurité alimentaire. Une corrélation inverse importante était observée entre le score HFIAS et
le FFCS (r2=−0.26, P=0.0002), révélant que les aliments forestiers peuvent jouer un rôle en assurant la sécurité alimentaire et la nutrition dans
les populations vivant proches des concessions forestières. Le test chi-square révéla qu’un âge >46 ans et l’accès à des revenus provenant de
commerce ou de salaires étaient associés à la sécurité alimentaire. Un travail supplémentaire est nécessaire pour documenter la manière dont
les aliments sauvages forestiers peuvent contribuer à améliore les régimes dans ces populations, incluant la composition nutritive de davantage
d’aliments forestiers, en les intégrant dans les lignes de conduite alimentaires régionales et en encourageant leur domestication.

¿Pueden los alimentos silvestres del bosque contribuir a la seguridad alimentaria y a la diversidad
de la dieta de las poblaciones rurales adyacentes a las concesiones forestales? Perspectivas de
Gabón, la República Democrática del Congo y el Camerún
R. FUNGO, J.C. TIEGUHONG, D.M. IPONGA, M. TCHATAT, J.M. KAHINDO, J.H. MUYONGA, C. MIKOLO-YOBO,
P. DONN, O. TCHINGSABE, A.N. KAAYA, J.L. NGONDI, S. TUTU, R. EMELEME, S. ODJO, J. LOO y L. SNOOK
Cada vez se reconoce más el potencial de los alimentos del bosque para hacer frente a la malnutrición, la inseguridad alimentaria y una dieta
deficiente. Sin embargo, la mayoría de los datos existentes presentan resultados promedio de análisis de constituyentes que pasan por alto las
oportunidades de documentar la contribución de los alimentos del bosque a la nutrición, la seguridad alimentaria y la dieta. En este estudio, la
seguridad alimentaria se estimó utilizando la puntuación de la HFIAS, mientras que la ingesta dietética se estimó utilizando cuestionarios de
Frecuencia de Consumo de Alimentos (FCA) en 720 hogares dentro o alrededor de seis concesiones madereras en el Camerún, la República
Democrática del Congo y el Gabón. Se observó una gran diversidad de Alimentos Forestales Consumidos (AFC=16,2), siendo la República
Democrática del Congo la que registró el mayor número. Camerún mostró la mayor Diversidad Elevada de Dieta (HDDS=12,5) mientras que
Gabón tuvo el mayor número de Variedades de Alimentos (VA=24,5). A pesar de la gran diversidad de alimentos silvestres de la región, la
mayoría de los hogares (82%) que practican la agricultura en terrenos donde se ha talado el bosque sufren inseguridad alimentaria. Se observó
una correlación inversa significativa entre la puntuación de la HFIAS y los AFC (r2=−0,26, P=0,0002), lo que revela que los alimentos forestales
pueden desempeñar un papel para garantizar la seguridad alimentaria y la nutrición de las poblaciones cercanas a las concesiones forestales.
La prueba de chi-cuadrado reveló que la edad >46 años, y el acceso a ingresos procedentes de negocios o salarios, estaban asociados con la
seguridad alimentaria. Es necesario seguir trabajando en documentar la forma en que los alimentos silvestres del bosque pueden contribuir a
mejorar la dieta de estas poblaciones, como la composición de nutrientes de un mayor número de alimentos del bosque, su integración en las
directrices dietéticas regionales y el fomento de su domesticación.

BACKGROUND
The most recent global food security report revealed that
severe or moderate food insecurity is on rising among Central
and West African countries, raising from 45.3% in 2014 to
53.6% in 2019 (FAO, IFAD, UNICEF, WFP and WHO, 2019).
Food insecurity, undernutrition and micronutrient deficiencies undermine health, psychological wellbeing, work capacity and economic development (Mbhenyane 2017, Vollmer,
et al. 2016). Then again, reports elsewhere indicate that
undernutrition and micronutrient deficiencies are a persisting

public health challenges in Central Africa (Kamgaing et al.
2018), with Cameroon documented to have the highest
stunting (a measure of height-for-age (HAZ) for individuals)
(33%) and iron deficiency (45%) rates. While DR Congo has
the highest vitamin A deficiency (42%) among women in the
region. For the purposes of this paper, food security refers
to the ability of communities, households, individuals and
households to have physical and economic access to sufficient,
safe and nutritious food that meets their dietary needs and
food preferences for an active and healthy life (World Food
Summit 1996).
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Millions of people in Central Africa, including the Congo
Basin, rely on forests for food and income (Pimentel et al.
1997, Laird 1999, Ndoye and Tieguhong 2004, Tieguhong
and Ndoye 2007, Fungo et al. 2016a). The economic growth
attributable to the forest sourced foods and their products,
ranges between 6 to 10% per annum economic growth (Sonwa
et al. 2012). The World Bank additionally estimates that,
more than 50% of the Congo Basin forest population depends,
to varying degrees, on forests for livelihoods, not just for food
but also for fuel, livestock grazing and medicine (World Bank
2006). Then again, Angelsen et al. (2014) and Tata-Ngome
et al. (2017), reported that wild foods obtained from tropical
forests, are as vital to the livelihoods of rural people in developing countries as agriculture. Forests can contribute about
30.3% household food (about $304) including; fish, bush
meat, fruits, vegetables and mushrooms important sources of
proteins, vitamins and essential minerals for the rural poor
households (Angelsen et al. 2014). The superiority of forest
foods in contributing to essential nutrients and bioactive
contents than the processed and imported foods has been
documented in several African countries (Onimawo et al.
2003, Blaney et al. 2009, Fungo et al. 2015, Fungo et al.
2019). For example, in Gabon and Cameroon, forest foods
have been reported to address both macro and micronutrient
deficiencies and non-communicable disease disorders related
with inadequate intake of bioactive compounds (Fungo et al.
2019, Blaney et al. 2009, Fungo et al. 2005). In Gabon, forest
fruits of Poga oleosa, Panda oleosa, Gambeya lacourtiana
and Afrostyrax lepidophyllus if consumed in adequate daily
amounts by a non-lactating and non-pregnant woman, they
can provide their 100% daily nutrient requirements (DRI),
for magnesium (1000 mg/day), iron (58.8 mg/day) and zinc
(12 mg/day). Also, 100% DRI for vitamin E requirements
of 0.4 mg/day for children and 19 mg/day for women can be
met by consuming adequate amounts of fruits of P. oleosa,
P. oleosa and G. lacourtiana. In neighbouring Cameroon,
children aged between 1–3 years and women of reproductive
age can get considerable amounts of vitamins C, A and E,
selenium, calcium, iron and zinc from forest foods (Fungo
et al. 2016). Tata et al. (2019), further revealed that forests can
provide foods that are protective against anaemia in women
and children. Bush meat and fish are the major animal source
foods providing significant amounts of digestible iron that is
responsible to address anaemia among communities residing
near forest concessions (Nasi et al. 2011, Fa et al. 2015).
Furthermore, in the last decade, studies have documented
positive correlations between household dietary diversity
with presence of forests (Powell et al. 2012, Johnson et al.
2013, Ickowitz et al. 2014, Fungo et al. 2016a). For example
Ickowitz et al. (2014), reported positive correlations between
forest cover and dietary diversity, among forest dependent
communities in 21 African countries.
It has been reported that forests provide food and other
subsistence products to approximately 60 million people who
live within and near them (De Wasseige et al. 2014, Marquant
et al. 2015) as well as contributing to the nutrition of another
40 million people who live in urban areas near the forest
estates (Nasi et al. 2011). However, to date few dietary intake
and food security assessment studies have documented how

wild forest foods can be used to address food insecurity
and improve dietary intake among populations residing near
concessions. In particular, studies that combine assessment of
forest food consumption scores with food insecurity assessment techniques and dietary assessment methods are limited.
It consequently remains unclear how forest biodiversity contributes to food security and dietary intake for rural populations in Central Africa. Therefore, the overall objective of this
study was to investigate the role of wild forest foods in diet
and food security of villagers living in forest environments
in Gabon, Cameroon and DR Congo. It describes the dietary
indices of women, evaluates their food insecurity security
categories and their coping mechanisms and documents the
relationship between food consumption indices and food
security indicators. Furthermore, the determinants of food
insecurity among forest foods consumers were analysed.

METHODS
Study concessions
The study was carried out among communities residing in or
around six purposefully selected forest concessions (Table 1),
adjoining forests in Cameroon, Gabon and DR Congo. These
three countries account for more than 80% of the forest cover
of Central Africa (Tchatchou et al. 2015). Study concessions
were selected based on: existence of trees of multiple use
(timber/food value); ease of access to sites for the research
team; the willingness of the forest concessionaires to allow
the study to be implemented in or around concession villages;
and the presence of village populations and various ethnic
groups willing to participate in the study. Concessions were
selected to determine whether their logging activities were
reducing access to forest foods for villagers, concessions that
were actively logging were selected.
Concessions, districts, villages and households’ selection
design
A four-stage cluster sampling technique involving two stages
of purposeful selection and two stages of randomization were
deployed during the selection of the study villages and households. The first stage involved selecting concessions, following the criteria outlined above. The second stage involved
purposefully selecting districts within each concession on the
basis of their accessibility, ethnicity and willingness of the
community to participate in the study and ongoing logging
activities in the surrounding forests. The third stage involved
selecting five villages randomly within the two chosen districts. With the assistance of the village authorities including
village chiefs, study villages were mapped and listed using
village transect walks. Households and their occupants were
listed in each village for random selection. The fourth stage
involved selecting 24 households randomly within each
village. This resulted into a total of 720 households
(6 concessionaires*5 villages per district*24 households per
village=720 households). The survey was simultaneously
conducted in and around the six forest concessions.
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Bamanga, Boa, Lendu,
Lokele, Turumbu, Mbole,
Kumu, Wagenia, Rega,
Topoke, Lokele, Turumbu,
Basoko and Alur
Bamanga, Popoi, Boa,
Lokele, Turumbu, Mbole,
Kumu, Lendu, Wagenia,
Rega, Topoke, Turumbu,
Basoko and Alur
Nzebi, Mbete and
Sira (Punu)
Bulu and Baka
pygmies
Ethnic groups

Kako, Pol and Baka
pygmies

Nzebi, Sira (Punu) and
Mbete

Non
Non
Yes
NO
Existence of
management plan

Yes

Non

North East
North East
East
Location

South

South West

South East

0.00 to 0.55N
0.65 to 1.25N
13.18 and 14.20 E
Latitude

11.13 to 11.40 E

11.00 28.37 E

00.0 to 83.36N

25.3 to 26.00E
25.20 and 26.00 E
2.24 and 2.93 N
3.50 and 4.15 N
Longitude

Country Concession

1.0 to 29.36S

13.00 to 320.68 E

Compagnie Forestière de
Transformation (CFT)
Congo Compagnie de
Transport et
d’Exploitation Forestière
(COTREFOR)
Compagnie
Equatoriale des
Bois (CEB)
Convention
Provisional Planning
operations and
Transformation
(CPAET) of Bayonne
Fabrique
Camerounaise de
Parquet (FIPCAM)
Société
Camerounaise de
Transformation du
Bois (SCTB)

Cameroon

TABLE 1 Characteristics of the concessions in Cameroon, Gabon and DR Congo

Gabon

DR Congo

The interviews
Structured questionnaire-based interviews were administered
to collect data on socio-demographic characteristics, household food insecurity access scale (HFIAS) and food consumption from 720 non-pregnant and non-lactating women
older than 18 years who were married or cohabiting. For
polygamous households, one respondent among the wives
of the household head was selected to respond on behalf of
the rest of household members in case the entire household
(including her co-wives) were preparing one meal for the
entire family. In case house wives were preparing food separately for their children and husband the respondent responded
to questions with reference to only those she took care of in
her household. Women were interviewed because in rural
African settings they are responsible for food collection
and preparation and are custodians of knowledge on wild and
forest foods, that is passed on from generation to generation
(Maundu 1992, Becquey et al. 2009). Interviews took place in
the respondents’ homes, during the months of May-October
2012. The long rainy season in the region commences in
May and ends in November (United Nations Environment
Programme 1999). The questionnaires were pre-tested and
translated into local languages for those that could not speak
French by educated and locally recruited Field Assistants.
Household characteristics
Household characteristics documented included information
on the age, gender, economic occupation, education level of
the head of household, source of water used in household and
period of stay in the study area.
Dietary diversity scores
Dietary diversity scores were obtained using a seven day
recall food frequency questionnaire that was designed preceding the survey to capture information. A total of thirteen
food groups were assessed including the twelve food groups
specified in the FAO guidelines for measuring household and
individual dietary intake, in addition to the food group for
healthfully important forest foods (Arimond et al. 2010, FAO
2011). The food groups were: (i) cereals and wheat products;
(ii) roots and tubers; (iii) legumes and lentils; (iv) nuts; (v)
dairy and fats; (vi) meat; (vii) poultry; (viii) fruits; (ix) fish
and seafood; (x) vegetables; (xi) alcoholic drinks; (xii) nonalcoholic beverages ; and (xiii) forest foods (including bush
meat, honey, caterpillars, wild fruits, roots and vegetables). In
the present study, forest foods were defined as foods of plant
and animal origin, which were growing wildly and collected
from forests (Agbogidi 2010). The food items consumed were
distributed among the thirteen food groups and the household
dietary diversity score (HDDS) was calculated by summing
the number of food groups consumed. The food variety score
(FVS) was computed as the number of different food varieties
or items consumed over the recall period of 7 days. The forest
food consumption score (FFCS) was calculated by summing
the occurrences and incidents of consuming of forest food
items and varieties (FAO 2011).
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Household food insecurity assessment
The Household Food Insecurity Access Scale (HFIAS) was
assessed following the method described by Coates et al.
(2007). A set of nine standard questions was posed to women,
who responded on behalf of other household members. The
HFIAS score is a continuous indicator ranging from 0 (food
secure) to 27 (maximum food insecurity) (Coates et al. 2007),
with the score categorized into four levels of household food
insecurity: food secure (score=0), mildly food insecure
(score=1–13), moderately food insecure (score=14–16) or
severely food insecure (score=17–27). The household food
insecurity access scale score (HFIAS Score) and the household food insecurity access prevalence categories (HFIAP
categories) were calculated by country. The household
food insecurity occurrence and coping mechanisms and food
insecurity categories per concession were also calculated. The
HFIAS score was calculated for each household by summing
the codes for each frequency of occurrence question. The
higher the HFIA score, the more food insecure (access) the
household experienced. The HFIAP categories per country
and between consumers and non-consumers of forest foods
consumers were also computed by adding the occurrence of
different categories of food insecurity.
Data analysis
All data were analysed using the statistical software package
IBM SPSS Statistics Version 21.0 and statistical significance
was set at P < 0.05 for all tests. The mean values were
computed for continuous variables while proportions were
computed for the categorical variables. Differences between
means or proportions were considered statistically significant
if P < 0.05. To assess how forest foods are related to food
security, logistic regression analysis and Spearman’s correlation analyses were performed. Chi-square tests were further
performed to assess the determinants of food insecurity
among forest food consumers. Respondents were dichotomized into food secure and food insecure, the latter including
those who were suffering from mild, moderate and severe
food insecurity.

RESULTS
Characteristics of study populations
A total of 720 households were surveyed. The mean age of the
sampled female respondents was 46 years (SD = 10.4) with
a range from 17 years in both DR Congo and Cameroon to
89 years in Gabon (Table 2). The majority of respondents
interviewed were monogamously married with about 85%
of these marriages registered in Cameroon, 58% in Gabon and
100% in DR Congo. In terms of household size, Gabon had
the fewest household members (5) while DR Congo had the
most (8). About a quarter of respondents in each country had
no formal education while three quarters of the total respondents in both Cameroon and Gabon and 100% in DR Congo,

did not have access to protected water sources. Despite living
in forests, more than 90% of the respondents in each country
were farmers who also practiced illegal logging. More than
three quarters of the respondents in all the countries were
natives of the study sites and 72% or more had lived there for
more than 10 years.
Household dietary diversity, food variety and forest
food consumption scores
Respondents’ FVS for the seven days preceding the interview
ranged from 11 to 23 in Cameroon, 16 to 28 in DR Congo and
17 to 30 in Gabon (Table 3). During the seven day recall
period, each individual reported consuming from 11 to 23
food items in Cameroon; from 16 to 28 food items in DR
Congo; and from 17 to 30 food items in Gabon. In Cameroon,
the majority of the respondents (67%) consumed 15 to 19
different food items over the seven day period, while in DR
Congo about 50% of the respondents consumed 17 food
items, and in Gabon 67% of the respondents consumed 23 to
25 food items. In terms of food groups, about 50% and 60%
of the respondents in DR Congo and Cameroon, respectively,
ate items from all the thirteen food groups during the seven
day recall period. In Gabon, respondents reported consuming
from only 11 food groups. While 94% of respondents in
Cameroon had DDS of 12–13 (consumed food items from
thirteen food groups), with a mean of DDS 12.5±0.7 food
groups, in Gabon 79% respondents had DDS of 9–10 (mean
DDS 9.6±0.8 food groups) and in DR Congo 100% respondents consumed DDS of 11-13 (mean DDS 11.9±1.0 food
groups).
As regards forest food consumption, the highest was registered in DR Congo with FFCS ranging from 15 to 18 forest
foods consumed during the seven day recall period. Ninetyfive percent of respondents in DR Congo had high forest
food consumption (FFCS of 16-17), with a mean FFCS
of 16.5±0.59 forest food varieties. In DR Congo animals
sourced foods were the most consumed including; caterpillars
(Gonimbrasia belina), snails (Gastropoda) and cat fish
(Siluriformes). Wild mushrooms (Fungi) commonly consumed forest foods. In Cameroon the FFCS ranged from one
to eight, with the largest group (31%) reporting having eaten
three forest food items (mean FFCS 3.97±1.6) during the
seven day recall period. Most consumed forest foods in
Cameron included; Irvinga gabonensis (bush mango), a
wildly growing fruit used for cooking oil production and as a
food thickening agent in soups and stews, and wildly growing
oranges (Citrus spp). Other forest foods included wildly
growing yams (Dioscorea spp.) and forest harvested nuts,
Bambara groundnuts (Vigna subterranea). Among the forest
vegetables, Solanum nigrum was the widely consumed
greens. Among the meats, (porcupine and rats), were the most
commonly consumed in Cameroon. Gabon registered the
fewest forest food varieties and items consumed, with
FFCS ranging from one to three. In Gabon, taro (Colocasia
esculenta), porcupine and wild birds were the most consumed. Seventy-three percent of the respondents interviewed
did not consume any type of forest food.
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TABLE 2 Socio-demographic characteristics of households in Cameroon, Gabon and DRC
Cameroon

Gabon

DRC

% of households
(n=278)

% of households
(n=241)

% of households
(n=201)

Mean ± SE

44±3

55±9

38±2

Minimum

17

21

17

Maximum

82

89

65

9

25

85

58

6

17

6±3

5±3

8

Minimum

1

1

-

Maximum

14

17

-

No formal
Education

26

31

22

Primary school completed

42

35

57

Secondary school

22

33

21

University

10

2

Unprotected

80

71

Protected

20

29

97

89

Salaried employee

2

6

Business owner

1

3

Household characteristics
Age

Marital status
Single
Married (monogamous)
Married polygamous

100

Household size
Mean ± SD

Education

Source of water
100

Occupation (%)
Farming and unlicensed logging

Other

100

3

Residence within the study area (%)
<1 year

2

12

-

1–5 years

11

8

-

5–10 years

6

8

-

>10 years

81

72

100

Household food insecurity access and prevalences scales
According to the HFIAP categorization, nearly half (48%) of
the respondents in Cameroon, and 100% and 88% of households in DR Congo and Gabon, were respectively, severely
food insecure (Table 4). Cameroon had the highest number
of food secure households (20%), followed by Gabon with
only 4%. None of the households surveyed in DR Congo were
registered as food secure. Categorizing all forms of food
insecurity of HFIAS by forest concessions revealed that the
average HFAIS scores were significantly different between

the two forest concessions in both Gabon and Cameroon
(Table 5). For instance, in Cameroon, the proportion of
households that were food-insecure around SCTB concession
without a forest management plan, was significantly higher
(at P  0.0001) than the proportion that were food-insecure in
FIPCAM (74 vs. 5%, respectively). In Gabon, the average
proportion of households that were food-insecure was significantly higher around CEB without a forest management
plan, compared to those registered in Bayonne (96% vs.
89%, respectively) at P  0.03. However, in DR Congo, the
populations in and around both concessions were all (100%)
food-insecure.
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TABLE 3 Food varieties consumed (FVS)a, household dietary diversity score (HDDS)b and forest food consumption frequency
(FFCS)c and mean dietary scores over a period of seven days in Cameroon, Gabon and DR Congo
Cameroon
% of households
(n=278)

DR Congo
% of households
(n=241)

SD

Gabon
% of households
(n=201)

SD

SD

Food variety score (FVS)
11

0.4

16

1

17

1

12

1

17

48

20

2

13

1

18

9

21

1

14

5

19

4

22

7

15

6

20

20

23

19

16

10

21

13

24

25

17

14

22

5

25

23

18

19

28

0.4

26

9

19

18

27

8

20

12

28

4

21

9

29

2

22

3

30

1

23

1

Mean

18

2

19

2

25

2

Household dietary diversity score (HDDS)
9

0.4

11

50

8

6

10

1

12

1

9

47

11

4

13

49

10

32

12

34

11

15

13

60

Mean

13

1

12

1

10

1

Forest food consumption score (FFCS)
0

2

15

3

0

73

1

3

16

47

1

20

2

9

17

48

2

5

3

31

18

3

3

2

4

19

5

16

6

14

7

4

8

1

Mean

4

2

17

1

n:Number of households
a
: FVS is food variety score, i.e. the number of food items/species consumed by the respondents
b
: Dietary diversity score is the average sum of the number of food groups consumed
c
: FFCS (forest food consumption score), is total number of forest food species consumed in a seven day period.

0.4

1
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TABLE 4 Household Food Access Insecurity Prevalence per category per country
Household Food Insecurity Access Category

Cameroon

DR Congo

Gabon

% of households
(n=278)

% of households
(n=241)

% of households
(n=201)

Food Secure
Mildly Food Insecure Access

20

0

4

8

0

0

Moderately Food Insecure Access

25

0

9

Severely Food Insecure Access

48

100

88

TABLE 5 Food Insecurity in all degrees, among the residents of the six concessions in the sample countries
Country

Company

Cameroon

SCTB
FIPCAM

DR Congo
Gabon

Food insecurity
% (n)

P Value (Significance for difference
between concessions)

74 (99)

P=0.001

5 (2)

COTREFOR

100 (121)

CFT

100 (120)

Bayonne

89 (40)

CEB

96 (125)

P=0.76
P=0.04

2

*calculated using X -tests for factor variables; ANOVA for comparison of means, set at p=0.05

Occurrence and coping strategies for Household Food
Insecurity Access
With regards to HFAIS occurrences, several coping strategies
to address food insecurity were used in varying degrees by
the respondents from the three countries. The respondents in
Cameroon were the most food secure, thus fewer respondents
employed the coping strategies listed under the HFIAS scale
compared to the respondents in DR Congo and Gabon. For
example, in Cameroon, during food-insecurity episodes, just
over half of the households deployed three coping strategies
including 53% who reported eating just a few kinds of foods,
62% who ate smaller meals and 54% who ate fewer meals in
a day. On the other hand, in DR Congo, more than 80% of the
households used seven coping strategies including: expressing
anxiety and uncertainties about accessing food; eating a few

kinds of foods; eating foods they do not want to eat; eating a
smaller meal; eating fewer meals per day; and not eating any
kind of food. In Gabon all the nine strategies listed HFIAS
were used by more than 70% of the households interviewed.
Relationship between forest food consumption and food
insecurity and dietary intake
Logistic regression analysis revealed that forest food consumers were 90% (OR=0.9; 95% CI 0.71, 4.01; p=0.001) more
likely to be food secure compared with non-forest food
consumers (Not in table). There was no significant difference
in the proportion of consumers of forest foods who were food
secure as compared to non-consumers (12% vs 11%, respectively; p=0.74) (Table 6). However, fewer consumers of
forest food reported severe food insecurity (60% as compared

TABLE 6 Food security/insecurity by category among consumers of forest food and non- consumers in sampled villages
Percentage among
consumers of forest foods
(n=567)b

Percentage among
non-consumers of forest
foods (n=153)c

P* value (significance of
difference between the two
groups)

12

11

P=0.74

9

6

P=0.03

Moderately insecure (14–16)

20

14

P=0.0001

Severely insecure (17–27)

59

68

P=0.0001

HFIAS a
Food secure (0)
Mildly insecure (1–13)

a

: Household Food Insecurity Access Scale. Numbers in parentheses represent the cut off of HFIAS for each food security category
: Eating at least one forest food during the seven day recall period
c
: Did not eat forest foods during the seven day recall period
*calculated using X2-tests for factor variables; ANOVA for comparison of means, set at p=0.05
b
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to 69%, p0.0001; Table 6). When the results were further
subjected to Spearman’s correlation analysis, it was observed
that among forest food consumers, the mean HFIAS score
was significantly and inversely correlated with the FFCS
(r2=−0.26, p=0.0001) (Table 7). This suggests that households
that consumed more forest foods were less food insecure.
Statistically significant positive correlations between the
FFCS and the FVS (r2=0.29, p=0.05) and between the FFCS
and the HDDS (r2=0.25, p=0.0001) further support the association between higher forest food consumption and reduced
risk of food insecurity.
Socio-demographic factors affecting food security
among consumers of forest foods
The chi square test analyses in the present study revealed that
among forest foods consumers, only a minority of food secure
households (31%) had a younger household head (<46 yrs)
while the majority of food insecure households (81%) have
a younger household head. (Table 8). A high proportion of
respondents (~82 %) who were food insecure relied on illegal
logging and subsistence farming on previously logged and
abandoned land. Food insecure households the share is
significantly lower (18%). The 18% of those who were foodsecure described themselves as business owners and 15% as
salaried employees.

DISCUSSION
Contribution of forest foods to dietary indices
To the best of our knowledge, this is the first regional study in
which the relationships between food insecurity and HDDS,
FVS and FFCS have been assessed among forest dwelling
populations in Central African countries of Cameroon, Gabon
and DR Congo consuming all types’ of foods that were both
plant and animal sourced. Although, Tata-Ngome (2016)
quantified food insecurity in Cameroon, the quantification in
Cameroon was a derivative of consuming only fruits. Furthermore, Tata-Ngome (2016) did not assess household dietary
patterns and nutrient adequacy indicators of HDDS, FVS and
FVS. Consuming a variety of foods (HDDS, FVS and FFCS),

is considered a useful indicator of household food security
(Mbhenyane 2017, Hoddinott and Yohannes 2002) and a key
proxy of nutrient adequacy (Rathnayake et al. 2012), which is
apparent in most dietary patterns across Africa. In the present
study, a high consumption score for forest foods (FFCS)
was registered in DR Congo and Cameroon, while in Gabon,
a high food variety score (FVS) was registered. Previous
studies in DR Congo (Termote et al. 2012) and Cameroon
(Tata-Ngome 2015, Fungo et al. 2016b), documented how
forest foods can mitigate food insecurity and health disorders
related to inadequate intake of nutrients, if consumed in adequate amounts. In Benin, a higher diversity score and higher
food security were documented among the population residing around the precincts of the government owned forest
reserve in the North West of the country, than among the
populations in urban centres of Parakou city. This was attributed to increased access to forest tree foods (Van Liere et al.
1995). In Benin, the government grants periodic permits to
residents to collect forest foods from the forest reserve.
Household food insecurity and coping strategies
The most recent United Nations food security report revealed
that more than half (54%) of the total population in the Congo
Basin Region were food insecure (FAO, IFAD, UNICEF,
WFP and WHO 2019). The present study found a much higher
prevalence of food insecurity, with 78 % of the populations
participating in this study being categorized as severely food
insecure, 17% as moderately and 8% as mildly food-insecure.
The high prevalence of food insecurity among the respondents in the present study may be due to the majority having
low levels of education, to the high proportion of respondents
(~82 %) relying on illegal logging and subsistence farming
on previously logged and abandoned land for income in the
three countries and having a large number of household
dependents. Previous studies in Cameroon (Fungo et al.
2016b, Tata-Ngome et al. 2017) and in DR Congo (Termote
et al. 2012) have attributed high food insecurity among forest
food consumers to low volumes of forest foods consumed,
seasonal availability of forest foods and practicing agriculture
on previously logged degraded land. This was corroborated
in studies carried out by Levang et al. (2015), Tata-Ngome
(2015) and Leakey (2019), who reported that the forest

TABLE 7 Spearman’s correlation matrix of food security indicators for forest communities of the six concessions
Household food security
Household dietary diversity scorea

Household dietary
diversity score

Forest food
consumption score

Food variety
score

Household food insecurity
access scale score

1

0.25**

0.46**

-0.13*

1

0.29*

-0.26**

1

-0.11

b

Forest food consumption score
Food variety score

Household food insecurity access
scale score
*, **: Correlation is significant at 5% and 1% level respectively.
a
: The maximum score includes 13 food groups
b
: Only forest food species were included in the count group

1

R. Fungo et al.

TABLE 8 Comparison per socio-demographic factor among food secure and food insecure consumers of forest foods consumers
in sampled villages
Forest food consumers (n=567)
Characteristics

Food secure %
(n=69)

Food insecure (%)
n=498

P* (Significance for difference between
food secure and food insecure)

Age groups
<46 years

31

81

P=0.03

>46 years

69

19

P=0.01

3

5

P=0.89

Married (monogamous)

71

67

P=0.05

Married (Polygamous)

26

28

P=0.68

No formal
Education

75

77

P=0.72

Primary school

17

13.7

P=0.54

Secondary school

6

6.4

P=0.79

University

1

2.6

P=0.75

92.8

90.8

P=0.15

7.2

9.2

P=0.09

Farming on previously logged
land and unlicensed logging

65.2

82.1

P=0.04

Salaried employee

14.5

10.0

P=0.08

Business owner

20.3

7.9

P=0.03

<1 year

4.3

0.2

P=0.02

1–5 years

8.7

10.2

P=0.24

5–10 years

5.8

4.2

P=0.38

>10 years

81.2

85.4

P=0.51

Marital status
Single

Education

Source of water
Unprotected
Protected
Occupation

Residence within the study area

*calculated using X2-tests for factor variables; ANOVA for comparison of means, set at p=0.05

food and fruits gatherers and also practicing agriculture on
degraded logged land, suffer worse food insecurity than those
practicing agriculture alone. This may reflect the fact that
those who are short of food from abandoned logged agriculture land rely on forest foods as a safety net (Shackleton
and Shackleton 2004, Kuhnlein et al. 2007). Similar studies
conducted among the forest communities of Benin (Boedecker
et al. 2014) and Burkina Faso (Maisonneuve et al. 2014)
revealed that despite the communities’ having access to
highly diverse forest diets, low dietary intake and high food
insecurity were rampant among these communities. Food
insecurity in Burkina Faso and Benin were attributed to the
seasonality of forest foods, the annual and regional variations
in food availability, and the small portion sizes of forest
foods consumed.

Coping strategies are the methods used by households
or individuals to meet their food and nutrient requirements,
or survive when faced with food scarcity (Ellis 2000). In the
present study, different coping strategies listed under the
HFAIS scale (Coates et al. 2007) were adopted by foodinsecure households. In Cameroon, among respondents
who were the most food-secure, fewer employed the coping
strategies, as compared to the respondents in Gabon and DR
Congo, who were faced with more severe food scarcity. For
instance, worrying about not having enough food in the
household was experienced by fewer than 50 percent (43%)
of the food insecure respondents in Cameroon, compared to
98% and 94% of DR Congo and Gabon respondents, respectively. On the other hand, communities in DR Congo and
Gabon who suffered from severe food insecurity, deployed
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progressively more coping strategies as food insecurity levels
increased in these two countries. For example, almost all
(94% to 100%) of the food-insecure respondents in DR Congo
and Gabon employed four coping strategies: consumption of
only a few kinds of foods, not eating preferred foods, eating a
smaller meal and consuming foods that the respondents did
not really want. In Cameroon, DR Congo and Gabon, about
30%, 40% and more than 70%, respectively, of the respondents that were food-insecure would go a whole day and night
without eating and went to sleep hungry; some did not have
any kind of food. Tata-Ngome (2016) reported a much higher
population of 50% going to sleep hungry. Food insecurity
results in decreased nutrient intake (Berman et al. 2014).
This was confirmed in this study, with the majority of the
food-insecure respondents from Cameroon (62%), DR Congo
(~100%) and Gabon (96%) cutting portion sizes, and 54%,
99% and 95%, respectively, consuming fewer meals.
Relationship between food consumption indices and
food security
Spearman’s correlation analysis and regression modelling in
the present study revealed that greater forest food consumption was significantly and positively associated with increased
dietary diversity and food security among consumers of forest
foods. The significant inverse correlation between FFCS
and HFIAS, and the positive correlation between FFCS and
HDDS and FVS, indicate that forest foods may be playing a
significant role in household and community food security
and nutrition. These findings are in agreement with findings
among forest dependent women of reproductive age from
Embolowa region and Bertoua region in the South and East,
in Cameroon (Tata-Ngome 2017, Fungo et al. 2016b) and
among children and women residing in Awajún forests of
Peru (Roche et al. 2008) and among rural household farmers
of northern Ethiopia (Maxwell et al. 2014). In Cameroon,
Fungo et al. (2016a) and Tata et al. (2017) observed a positive
relationship between the forest food consumption score and
household dietary diversity score, food variety score and food
security. Among the Awajún community of the Amazonian
forests of Peru, Roche et al. (2008) reported a positive association between the traditional forest food diversity score and
food security, with dietary intakes higher among the forestdependent communities residing in the lower Cenepa River
region of the Awajún community.
The majority of previous studies relating dietary diversity
to household food insecurity focused on assessing household
dietary diversity, individual or women’s dietary diversity by
measuring conventional food groups or individual food items
over a fixed period of time (Ruel 2003). However, in the
present study and the previous study reported by Fungo et al.
(2016b) in Cameroon, the score of forest foods consumption
(FFCS) was added to the list of commonly used dietary diversity indicators that assessed household food security. As a
result of high biodiversity in the study areas in Cameroon,
Gabon and DR Congo, and the high nutrient content of

several forest foods (Kana-Sop et al. 2008, Djoulde et al.
2012, Fungo et al. 2015 and Fungo et al. 2019), inclusion of
the FFCS indicator is a useful complementary measure for
assessing dietary diversity and food security among the forest
dependent communities.
Determinants of food insecurity among forest foods
consumers
The proportion of respondents in the present study that
prepared household meals using forest foods (79%) was
considerably higher than what has been reported elsewhere
in the Congo Basin countries of Cameroon (Fungo et al.
2016) and DR Congo (Termote et al. 2012). In the villages of
Turumbu and Kisangani (DR Congo), 22% of the forestdwelling population was reported to prepare meals with
forest-sourced foods (Termote et al. 2012) while in the South
and East regions of Cameroon, about 40% of the population
prepared meals with forest foods (Fungo et al. 2016b). The
higher consumption of forest foods documented in the present
study may be attributed to greater number of respondents
(720) sampled from villages close to forest concessions,
as compared to the 278 in Cameroon and 241 in DR Congo
sampled from towns and cities by Termote et al. (2012). The
chi-square test analysis in the present study revealed that food
security of households consuming forest foods was higher
when the head of household was aged 46 years and above.
Previous studies have documented improved food security
status among older household heads who consumed forest
and wild foods (Pelto et al. 2004, Tata-Ngome et al. 2017,
Fungo et al. 2016b). A study from eMantlaneni village in the
East of South Africa, revealed that elderly household heads
were not only more knowledgeable about wild foods but also
these households were more food-secure than households
with younger household heads (Dweba and Mearns 2011).
Other studies revealed that older household heads experience
more stable household food security (Egger and Dixon 2014)
and associated this with their better access to land and capital,
a major factor to producing their own foods, than younger
household heads (Egger and Dixon 2014, Tata-Ngome 2015).
This study found, also, that households with income from
salaried employment or business ownership, were more likely
to be food-secure.
The high food insecurity recorded among the younger
respondents in the present study may be attributed to rapid
westernization of diets in Congo Basin forest countries, easier
access to imported and processed foods than forest foods and
associating consumption of forest or wild foods with poverty
(Rensburg et al. 2007, Fungo et al. 2016a). The aggressive
promotion of imported and processed food crops, by industrialists, agricultural research centres and government extension
officers have been documented as some of the bottlenecks
hindering use of forest foods and traditional indigenous foods
to address the high food insecurity in rural Africa (Dweba
and Mearns 2011, Keller et al. 2006, Rensburg et al. 2007).
This is associated with an inability of the older generation
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to successfully pass on their indigenous knowledge about
African forest foods to the younger generation, exacerbating
the substitution of forest foods with imported foods in Africa
(Fungo et al. 2016a).
Studies elsewhere in Africa, including among rural
communities in South Africa (Pelto et al. 2004), Cameroon
(Fungo et al. 2016a, Tata-Ngome 2015) and Uganda (Tabuti
et al. 2004) have reported better food security among forestdependent communities with little or no formal education.
The findings in the present study corroborate previous findings
in Cameroon, which revealed that the uneducated consume
more of the wild forest foods than the educated (Fungo et al.
2016a). In contrast, the food-secure coastal Mediterranean
populations of Europe with a higher nutritional knowledge,
consume more nutrient-rich wild and forest foods than the
less educated in Europe (Serra-Majem et al. 2007). Fungo
et al. (2016a) further attributed the difference in the results
between the Mediterranean study and the present African
studies to socio economic status, health consciousness among
the populations of the two continents. African elites with
higher income have tended to move away from eating traditional forest foods with strong cultural identity, to consuming
less nutritious western foods (Pingali 2007). In many such
communities in central Africa, forest foods are increasingly
being replaced by imported and refined foods that have high
saturated fats and sugars (Frison et al. 2006). For instance,
in Gabon, where forest foods are widely being replaced with
refined imported diets, diet-related non-communicable diseases including obesity, type 2 diabetes and cardio-vascular
diseases are on the rise, especially among the urban elite
(Siawaya et al. 2015). Studies among forest populations of
Central Africa have suggested that populations residing in or
around forests that are designated as concessions for timber
logging may be restricted from obtaining nutrient- rich forest
sourced foods (Laird 1999, Blaney et al. 2009, Guariguata
et al. 2010, Tata-Ngome et al. 2017). This restrictions can
have an impact on the food security, health and welfare of
these populations. In Cameroon and Gabon, about 50% of
the forests are allocated to logging concessions, which are
legislatively protected areas. It has been hypothesized that
this may, or has, limited the surrounding populations’ access
to nutrient rich forest foods (Blaney et al. 2009, Rist et al.
2012, Tata-Ngome et al. 2017). For example, in the North
of DR Congo, Hardin and Auzel (2001), reported how one
logging company that employed about 650 workers, consumed 390 tons of bush meat (live animal weight), or close to
35 000 animals per year, depriving the surrounding communities of an important source of proteins and micro nutrients.
Consumption of wild animals by logging company employees deprives communities of important sources of dietary fat
and other energy sources, leading to severe food insecurity
(Bailey and Peacock 1988). However, recent studies have
found that the situation for other forest food resources is
not so clear: for one thing, trees below the minimum cutting
diameter provide both fruits and edible caterpillars, but are
not cut by industrial loggers; for another, not all commercialsized trees are removed in harvesting operations, as some

have poor form and others are inaccessible; and thirdly, local
people tend to gather forest foods within a limited radius
of their villages (Noutcheu et al. 2016, Muvatsi et al. 2017,
Taedoumg et al. 2018).
The potential of forest foods to address food insecurity has
been neglected by governments, donors, non-governmental
organizations and community-based initiatives for decades,
yet it represents an opportunity worth exploring further
(Fungo and Tieguhong 2019). Integration of forest foods
into agro-forestry interventions and policies for better food
and nutrition security coupled with sustainable use of forest
biodiversity, could contribute to addressing food insecurity
among rural populations in Central Africa (Leakey 2013,
2014, 2017). A limitation of this study is that it focuses on
forest dependent communities residing around logging concessions. The results can thus not be generalized to all forest
dependent communities in general. Furthermore, this was a
cross-sectional study and no causal pathways between food
insecurity and dietary diversity could be drawn. Although this
study has revealed that some socio-demographic factors are
associated with food and nutrition security among consumers
of forest foods, the study does not provide the reasons for
the rampant food insecurity in Central Africa. Longitudinal
studies are thus recommended to further explore relationships. Finally, this study was carried out at during the peak of
the rainy season within the region, which relates with the
most food secure period of the year in Central Africa. To
increase the significance of the results, the same research
could be repeated during the dry season because forest foods
availability is dependent on seasonality.

CONCLUSION
This study points to a serious problem of household food
insecurity among communities residing adjacent to the forest
concessions in Congo Basin, affecting about 90% of respondents. The results provide some of the first insights into the
food insecurity status and dietary diversity measures among
communities adjoining forest concessions. Across the region,
a high food insecurity score was found among both those who
consume forest foods, who were most frequent in DR Congo,
and among those who did not, in Gabon. A high forest foods
consumption score (FFCS) in DR Congo did not result in
food security. However, fewer consumers of forest foods were
severely food insecure than was the case for those who did not
consume forest foods. Furthermore, an inverse relationship
between FFCS and HFIAS and the positive correlation
between FFCS and HDDS and FVS, implies that forest foods
have the potential to contribute to addressing food insecurity
in the Congo Basin. Given that access to income from sources
other than agriculture on logged land and illegal logging
was associated with higher food security, investing in ways
to provide income outside of these areas could contribute to
addressing health, nutrition and food security. To sustainably
address food insecurity in the three countries, urgent action is
required to promote, domesticate and conserve nutrient-rich
forest foods that are locally acceptable.

Can wild forest foods contribute to food security?

ACKNOWLEDGEMENTS
This study was funded by a grant from the Congo Basin
Forest Fund to Bioversity International; and by the donors
to the CGIAR Research Programme on Forests, Trees and
Agroforestry. Additional funding was provided to Bioversity
International by the Government of Italy. We gratefully thank
the people of the 34 villages for their participation and
collaboration throughout the data collection period. Similarly
we thank the concessionaires of SCTB and FIPCAM in
Cameroon, COTREFOR and CFT in DR Congo and Bayonne
and CEB in Gabon for their support, including access to their
concessions and their perspectives.

REFERENCES
ABRAHAMS, Z., MCHIZA, Z. and STEYN, N.P. 2011.
Diet and mortality rates in Sub-Saharan Africa: stages
in the nutrition transition. BMC public health 11: 801.
doi:10.1186/1471-2458-11-801
AGBOGIDI, O.M. 2010. Ethno-botanical survey of the nontimber forest products in Sapele Local Government Area
of Delta state, Nigeria. African Journal of Plant Science
4: 183–189.
ANGELSEN, A., JAGGER, P., BABIGUMIRA, R.,
BELCHER, B., HOGARTH, N.J., BAUCH, S. and
WUNDER, S. 2014. Environmental income and rural
livelihoods: a global-comparative analysis World Dev.,
64 pp. S12–S28
ARIMOND, M., WIESMANN, D., BECQUEY, E., CARRIQUIRY, A., DANIELS, M.C., DEITCHLER, M. and
TORHEIM, L.E. 2010. Simple food group diversity indicators predict micronutrient adequacy of women’s diets in
5 diverse, resource-poor settings. The Journal of nutrition
140(11): 2059S–69S. doi:10.3945/jn.110.123414
BAILEY, R.C. and PEACOCK, N.R. 1988. Efe pygmies
of northeast Zaire: subsistence strategies in the Ituri forest.
In Coping with Uncertainty in Food Supply, pp. 88–117
[I de Garine and GA Harrison, editors]. Oxford: Clarendon
Press.
BECQUEY, E., CAPON, G. and MARTIN-PRÉVEL, Y.
2009. Validation of Dietary Diversity as a Measure of the
Micronutrient Adequacy of Women’s Diets: Results from
Ouagadougou (Burkina Faso). Washington, DC: Food
and Nutrition Technical Technical Assistance II Project
(FANTA), FHI 360.
BERMAN, R.J., QUINN, C.H. and PAAVOLA, J. 2014.
Identifying drivers of household coping strategies to
multiple climatic hazards in Western Uganda: implications for adapting to future climate change. Climate and
Development 1 - 14. ISSN 1756-5529
BLANEY, S., BEAUDRY, M. and LATHAM, M. 2009.
Contribution of natural resources to nutritional status in
a protected area of Gabon. Food Nutrition Bulletin 30:
49–62.

BOEDECKER, J., TERMOTE, C., ASSOGBADJO, A.C.,
VANDAMME, P. and LACHAT, C.2014. Dietary contribution of wild edible plants to women’s diets in the buffer
zone around the Lama forest, Benin an underutilized
potential. Food Security. http://dx.doi.org/10.1007/s12571014-0396-7.
COATES, J., SWINDALE, A. and BILINSKY, P. 2007.
Household Food Insecurity Access Scale (HFIAS) for
Measurement of Household Food Access: Indicator Guide
(v. 3). Washington, DC: Food and Nutrition Technical
Assistance Project, Academy for Educational Development.
DE WASSEIGE, C., FLYNN, J., HIOL HIOL, F. and MAYOUX, PH. (Eds.), 2014. Les forets du Basin du Congo.
Etat des forets 2013. Weyrich, Belgium, 328 pp.
DJOULDE, D., ESSIA-NGANG, J.J. and ETOA, F.X. 2012.
Nutritional properties of ‘bush meals’ from north Cameroon’s biodiversity. Advanced Applied Science Research
3: 1482–1493.
DWEBA, T.P. and MEARNS, M.A. 2011. Conserving indigenous knowledge as the key to the current and future
use of traditional vegetables. International Journal of
Information Management 31: 564e571.
EGGER, G. and DIXON, J. 2014. Beyond obesity and lifestyle: a review of 21st century chronic disease determinants. BioMedical Research International 2014(5):
731685.
ELLIS, F. 2000. Rural Livelihoods and Diversity in Developing Countries. Oxford University Press.
FA, J.E., OLIVERO, J., REAL, R., FARFAN, M.A.,
MA´RQUEZ, A.L., VARGAS, J.M., ZIEGLER, S.,
WEGMANN, M., BROWN, D., MARGETTS B. and
NASI, R. 2015. Disentangling the relative effects of
bushmeat availability on human nutrition in central Africa.
Scientific Reports 5: 8168. https://doi.org/10.1038/srep
08168 PMID: 25639588
FAO, IFAD, UNICEF, WFP and WHO. 2018. The State of
Food Security and Nutrition in the World 2018. Building
climate resilience for food security and nutrition. Rome,
FAO. Licence: CC BY-NC-SA 3.0 IGO
FAO. 2011. Guidelines for Measuring Household and
Individual Dietary Diversity. Rome: FAO.
FRISON, E.A., SMITH, I.F., JOHNS, T., CHERFAS, J.
and EYZAGUIRRE, P.B. 2006. Agricultural biodiversity,
nutrition and health: making a difference to hunger and
nutrition in the developing world. Food Nutrition Bulletin
27(2): 167e179.
FUNGO, R. and TIEGUHONG, J.C. 2019. Nutrient and
Bioactive Analyses of Forests Foods for Policy Making on
Food and Nutrition Security in Central Africa. Nutrition &
Food Science International Journal 8(3): 555737.
FUNGO, R., MUYONGA, J., KAAYA, A., OKIA, C.,
TIEGUHONG, J.C. and BAIDU-FORSON, J.J 2015.
Nutrient quality and bioactive compounds of Baillonella
toxisperma, Trichoschypa abut and Pentaclethra macrophylla from Cameroon. Food Science and Nutrition
3: 292–301.
FUNGO, R., MUYONGA, J., KABAHENDA, M., KAAYA,
A., OKIA, C., DONN, P., TCHTAT, M., TCHINGSABE,
O., TIEGUHONG, J.C., LOO, J. and SNOOK, L. 2016b.

R. Fungo et al.

Contribution of forest foods to dietary intake and their
association with household food insecurity: A crosssectional study in women from rural Cameroon. Public
Health Nutrition 19: 3185–3196.
FUNGO, R., MUYONGA, J.H., KABAHENDA, M., OKIA,
C.A. and SNOOK, L. 2016a. Factors influencing consumption of nutrient rich forest fruits in rural Cameroon.
Appetite 97: 176–184.
GUARIGUATA, M.R., FERNANDEZ, C.G., SHEIL, D.,
NASI, R., JAUREGUI, C.H., CRONKLETON, P. and
INGRAM, V. 2010. Compatibility of timber and nontimber forest product management in natural tropical
forests: perspectives, challenges and opportunities. Forest
Ecology Management 259: 237–245.
HARDIN, R. and AUZEL, P. 2001. Wildlife Utilization and
the Emergence of Viral Diseases. In: Bakarr, M.I.,
Da-Fonseca, G.A.B., Mittermeier, R.A., Rylands, A.B.,
Painemilla, K.W. (eds.) Hunting and Bushmeat Utilization
in the African Rain Forest: Perspectives Toward a
Blueprint for Conservation Action, 85–92. Conservation
International Center for Applied Biodiversity Science,
Washington, D.C
HODDINOTT, J. and YOHANNES, Y. 2002. Dietary Diversity as a Household Food Security Indicator. Washington,
DC: Food and Nutrition Technical Assistance Project,
Academy for Educational Development.
ICKOWITZ, A., POWELL, B., SALIM, M.A. and SUNDERLAND, T. 2014. Dietary Quality and Tree Cover in Africa.
Global Environmental Change 24: 287–94. in Southwest
Cameroon. PLoS ONE 14(4): e0215281. https://doi.org/
10.1371/journal.pone.0215281
JOHNSON, K.B., JACOB, A. and BROWN, M.E. 2013.
Forest cover associated with improved child health and
nutrition: evidence from the Malawi Demographic and
Health Survey and satellite data. Global Health: Science
and Practice 1(2): 237–48. https://doi.org/10.9745/ghspd-13-00055 PMID: 25276536
KAMGAING, E.K., MINTO’O, S., MINKO, J., MIDILI, L.,
MINTSA, E., MBADINGA, S., KOKO, J. and ATEGBO,
S. 2018. Iron Deficiency and Psychomotor Development
of Infants in Libreville (Gabon): Iron Deficiency does not
Explain Everything. EC Paediatrics 7: 315–322.
KANA-SOP, M.M., GOUADO, I., MOFOR, C.T., SMRIGA,
M., FOTSO, M. and EKOE, T. 2008. Mineral content in
some Cameroonian household foods eaten in Douala.
African Journal of Biotechnology 7: 3085–3309.
KANIE, N., ZONDERVAN, R. and STEVENS, C. eds 2014.
Governance ‘of’ and ‘for’ Sustainable Development
Goals: UNU-IAS /POST2015 Policy Report. Tokyo:
United Nations University – Institute for the Advanced
Study of Sustainability.
KELLER, G.B., MNDIGA, H. and MAASS, B. 2006. Diversity and genetic erosion of traditional vegetables in
Tanzania from the farmer’s point of view. Plant Genetic
Resources 3: 400e413.
KUHNLEIN, H., ERASMUS, B., CREED-KANASHIRO,
H., ENGLBERGER, L., OKEKE, C., TURNER, N.,
ALLEN, L. and BHATTACHARJEE, L. 2007. Indigenous

peoples’ food systems for health: finding interventions
that work. Public Health Nutrition 9: 1013.
LAIRD, S. 1999. The management of forests for timber and
non-timber foret products in Central Africa. In: Sundereland, TCH, Clark, LE, Vantomme, P (Eds.). FAO. Rome.
Pp. 51–60.
LEAKEY, R.R.B. 2013. Addressing the causes of land degradation, food / nutritional insecurity and poverty: a new
approach to agricultural intensification in the tropics and
sub-tropics. In: Wake Up Before It Is Too Late: Make
Agriculture Truly Sustainable Now for Food Security in
a Changing Climate, UNCTAD Trade and Environment
Review 2013, U. Hoffman (ed.), 192–198, UN Publications, Geneva, Switzerland.
LEAKEY, R.R.B. 2014. Twelve Principles for Better Food
and More Food from Mature Perennial Agroecosystems,
In: Perennial Crops for Food Security, 282-306, Proceedings of FAO Expert Workshop, Rome, Italy, 28–30 August
2013, FAO. Rome.
LEAKEY, R.R.B. 2017. Trees: an important source of food
and non-food products for farmers – an update. In: Multifunctional Agriculture: Achieving Sustainable Development in Africa, RRB Leakey, 99-100, Academic Press,
San Diego, California, USA.
LEAKEY, R.R.B. 2018. Converting ‘trade-offs’ to ‘trade-ons’
for greatly enhanced food security in Africa: multiple
environmental, economic and social benefits from ‘socially
modified crops. Food Security 10: 505–524. DOI 10.1007/
s12571-018-0796-1
LEAKEY, R.R.B. 2019. From Ethnobotany to Mainstream
Agriculture – Socially-modified Cinderella Species
Capturing ‘Trade-ons’ for ‘Land Maxing’. In: Special
Issue on Orphan Crops, Planta 250: 949–970. DOI:
10.1007/s00425-019-03128-z
LEVANG, P., LESCUYER, G., DEHU, C. and LUCILE
BROUSSOLLE, L. 2015. Does gathering really pay?
Case studies from forest areas of the East and South
regions of Cameroon. Forests Trees Livelihoods 24:
128–143.
LIERE, M.J. VAN., ATEGBO, E.A.D., DEN HARTOG, A.P.
and HAUTVAST, J.G.A.J. 1995. The consequences of
seasonal food insecurity for individual food-consumption
patterns in North-Western Benin. Food Nutrition Bulletin
16: 147–154.
MAISONNEUVE, C., SANOU, D., OUATTARA, K.,
CONSTANCE, P., SANNI, Y., BLANCHET, R. and
DESROSIERS, T. 2014. Women’s empowerment: a key
mediating factor between cotton cropping and food insecurity in Western Burkina Faso. Journal of Food Security
2: 51–58.
MARQUANT, B., MOSNIER, A., BODIN, B., DESSARD,
H., FEINTRENIE, L., MOLTO, Q., GOND, V. and BAYOL,
N. 2015. The importance of Central Africa’s Forests. In:
de Wassige, C., Tadoum, M., Eba’a Atyi, R., Doumenge,
C. (Eds), The Forests of the Congo Basin – Forests
and Climate Change. Weyrich, Belgiu, 128 pp. Chapter 1,
pp. 17–34.

Can wild forest foods contribute to food security?

MAUNDU, P.M. 1996. Utilization and conservation status of
wild food plants in Kenya. In The Biodiversity of African
Plants. Proceedings of the XIV AETFAT Congress, 22–27
August 1994, Wageningen, The Netherlands, pp. 678–683
[LJG Van der Maesen, XM van der Burg and JM van
Medenbach de Rooy JM, editors]. Dordrecht: Kluwer
Academic Publishers.
MAXWELL, D., VAITLA, B. and COATES, J. 2014. How
do indicators of household food security measure up?
An empirical comparison from Ethiopia. Food Policy
47: 107–116.
MBHENYANE, X. 2017. Indigenous Foods and Their Contribution to Nutrient Requirements. South African Journal
of Clinical Nutrition 30(4): 5–7. Retrieved from http://
www.sajcn.co.za/index.php/SAJCN/article/view/1299
MUVATSI, P., KAHINDO, J.M., and SNOOK, L. 2018. Can
the production of wild forest foods be sustained in timber
concessions? The impact of logging on the availability of
edible caterpillars hosted by sapelli (Entandrophragma
cylindricum) and tali (Erythrophleum suaveolens) trees
in the Democratic Republic of Congo. Forest Ecology
and Management 410: 56–65. https://doi.org/10.1016/j.
foreco.2017.12.028
NASI, R., TABER, A. and VLIET, N.V. 2011. Empty Forests,
Empty Stomachs? Bushmeat and Livelihoods in the
Congo and Amazon Basins. International Forestry
Review 13(3): 355–68. https://doi.org/10.1505/1465548
11798293872
NDOYE, O. and TIEGUHONG, J.C. 2004. Forest resources
and rural livelihoods: the conflict between timber and
non-timber forest products in the Congo Basin. Scandivian.
Journal of Forestry Research 19(Suppl. 4): 36–44.
NOUTCHEU, R., L., SNOOK, M. TCHATAT, H. TAEDOUMG, O. TCHINGSABE, and J. TIEGUHONG.
2016. Do logging concessions decrease the availability
to villagers of foods from timber trees? A quantitative
analysis for Moabi (Baillonella toxisperma), Sapelli
(Entandrophragma cylindricum) and Tali (Erythrophleum
suaveolens) in Cameroon. Forest Ecology and Management 381(2016): 279–288. http://dx.doi.org/10.1016/j.
foreco.2016.09.039
ONIMAWO, I.A., OTENO, F., OROKPO, G. and AKUBOR,
P.I. 2003. Physicochemical and nutrient evaluation of
African bush mango (Irvingia gabonensis) seeds and
pulp. Plant Foods Hum. Nutr. 58: 1–6.
PELTO, G.H., SANTOS, I., GONCALVES, H., VICTORA,
C., MARTINES, J. and HABICHT, J.P. 2004. Nutrition
counselling training changes physician behaviour and
improves caregiver knowledge acquisition. Journal of
Nutrition 134: 357e362.
PIMENTEL, D., MCNAIR, M., BUCK, L., PIMENTEL, M.,
and KAMIL, J. 1997. The value of forests to world food
security. Human Ecology 25: 91–120.
PINGALI, P. 2007. Westernization of Asian diets and the
transformation of food systems: implications for research
and policy. Food Policy 32: 281e298.
POWELL, B. 2012. Biodiversity and human nutrition in
a landscape mosaic of farms and forests in the East

Usambara Mountains, Tanzania. Montreal, Canada:
McGill University; 2012.
PRADHAN, P., COSTA, L., RYBSKI, D., LUCHT, W. and
KROPP, J.P. 2017. A Systematic Study of Sustainable
Development Goal (SDG) Interactions, Earth’s Future
5: 1169–1179.
RATHNAYAKE, K.M., MADUSHANI, P.A.E., and SILVA,
K.D.R.R. 2012. Use of dietary diversity score as a proxy
indicator of nutrient adequacy or rural elderly people in
Sri Lanka. BMC Research Notes 5: 469.
RENSBURG JANSEN VAN, W., VORSTER, I.H.J., VAN
ZIJL, J.J.B. and VENTER, L.S. 2007. Conservation of
African leafy vegetables in South Africa. African Journal
of Food, Agriculture, Nutrition and Development 7(4):
1e13.
RIST, L., SHANLEY, P., SUNDERLAND, T., SHEIL, D.,
NDOYE, O., LISWANTI, N. and TIEGUHONG, J.C.
2012. The impacts of selective logging on non-timber
forest products of livelihood importance. Forest Ecology
Management 268(2012): 57–69.
ROCHE, M.L., CREED-KANASHIRO, H.M., TUESTA, I.
and KUHNLEIN, H.V. 2008. Traditional food diversity
predicts dietary quality for the Awajún in the Peruvian
Amazon. Public Health Nutrition 11: 457–465.
RUEL, M.T. 2003. Operationalizing dietary diversity: a
review of measurement issues and research priorities.
Journal of Nutrition 11 Suppl. 2: 3911S–3926S.
SERRA-MAJEM, L., PASTOR-FERRER, M.C., CASTELL,
C., RIBAS-BARBA, L., ROMAN-VIN~AS, B., RIBERA,
F.L., et al. 2007. Trends in blood lipids and fat soluble
vitamins in Catalonia, Spain (1992e2003). Public Health
Nutrition 10(11A): 1379e1388.
SHACKLETON, C.M. and SHACKLETON, S.E. 2004. The
importance of non-timber forest products in rural livelihood security and as safety nets: evidence from South
Africa. South African Journal of Science 100: 658–664.
SIAWAYA, D.J.F., MOMBO, R.B., OBAME, A.A.S.,
ALAME, E.A.K. and RERAMBIAH, L.K. 2015. Prevalence and Relationship between Hyperglycemia Hypertension and Obesity in Libreville-Gabon: A Pilot Study.
Endocrinology Diabetes Research 2015, 1.
SONWA, D.J., SOMORIN, O.A., JUM, C., BELE, M.Y. and
NKEM, J.N. 2012. Vulnerability, forest related sectors
and climate change adaptation: The case of Cameroon.
Forest Policy and Economics. doi: 10.1016/j.forpol.2012.
06.009.
TABUTI, J.R.S., DHILLION, S.S. and LYE, K.A. 2004. The
status of wild food plants in Bulamogi County, Uganda.
International Journal of Food Sciences and Nutrition
55: 485e498.
TAEDOUMG, H., MAUKONEN, P., YOBO, C.M., IPONGA,
D.M., NOUTCHEU, R., TIEGUHONG, J.C., and
SNOOK, L. 2018. Safeguarding villagers’ access to foods
from timber trees: insights for policy from an inhabited
logging concession in Gabon. Global Ecology and
Conservation 15: e00436. https://doi.org/10.1016/j.gecco.
2018.e00436
TATA, C.Y., ICKOWITZ, A., POWELL, B. and COLECRAFT,
E.K. 2019. Dietary intake, forest foods, and anemia in

R. Fungo et al.

Southwest Cameroon. PLoS ONE 14(4): e0215281.
https://doi.org/10.1371/journal.pone.0215281
TATA NGOME, P.I. 2015. The contribution of fruit from trees
to improve household food security in the context of
deforestation in Cameroon. PhD thesis, Rhodes University,
Grahamstown, 195 pp.
TATA NGOME, P.I., SHACKLETON, C., DEGRANDE, A.,
and TIEGUHONG, J.C. 2017. Addressing constraints in
promoting wild edible plants’ utilization in household
nutrition: case of the Congo Basin forest area. Agriculture
& Food Security 6: 20. doi.org/10.1186/s40066-0170097-5.
TCHATCHOU, B., SONWA, D.J., IFO, S. and TIANI, A.M.
2015. Deforestation and forest degradation in the Congo
Basin: State of knowledge, current causes and perspectives. Occasional Paper 144. Bogor, Indonesia: CIFOR.
TERMOTE, C., BWAMAMEYI, M., DHED’A DJAILO, B.,
HUYBREGTS, L., LACHAT, C., KOLSTEREN, P. and
VAN DAMME P. 2012. A biodiverse rich environment
does not contribute to a better diet: a case study from DR
Congo. PLoS One 7(1): e30533.

THOMAS, L. and MIDDLETON, J. 2003. Guidelines for
Management Planning of Protected Areas. IUCN Gland,
Switzerland and Cambridge, UK. ix + 79pp.
TIEGUHONG, J.C. and NDOYE, O. 2007. The impact of
timber harvesting in forest concessions on the availability
of Non-Wood Forest Products (NWFP) in the Congo
Basin. FAO Forest Harvesting Case Study 23.
UNITED NATIONS ENVIRONMENT PROGRAMME
1999. Republic of Cameroon: Biodiversity Status Strategy
and Action Plan; Convention on Biological Diversity.
Yaoundé: Republic of Cameroon and UNEP.
VOLLMER, S., BOMMER, C., KRISHNA, A., HARTTGEN, K. and SUBRAMANIAN, S.V. 2016. The association of parental education with childhood undernutrition
in low- and middle-income countries: comparing the role
of paternal and maternal education. International journal
of epidemiology 46(1): 312–323. doi:10.1093/ije/dyw133
WORLD BANK. 2006. Repositioning Nutrition as Central to
Development. A Strategy for Large-Scale Action.
WORLD FOOD SUMMIT. 1996. Rome Declaration on
World Food Security.

