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Abstract

The African Baobab is a strategic indigenous tree speSmisasbsiioica. Its pulp is highly nutraesatical

is used as food ingredient and dietary supplement in Africa, EU and America. Locally, the pulp is used for s
products. Leaves are also highly nutritious and nutraceutical with increasing demand too. As a result, pul
leaves are overharvestatle wild, jeopardizing the species natural stands. Domestication of baobab has becon
urgent and several researches have been carried out to speed this process, though several aspects are
uncovered. With the growing local/global market atoainmdpioaiicts it becomes imperative to
structure/upgrade its value chain (VC) which yet has been so far disregarded in national state agenda, in sj
its demonstrated potential to promgieoprgrowth, especially women who are specialized irodaotsab p

related activities. Taking advantage root on technical evidences and knowledge products generated by two |
(201522017) RUFORWBRG projects (125 & 135) in Benin, this project aims to develop a sustainable and
competitive baobab VC in Ber@mroject is built around six-pemkages and will facilitate univev&ily

and community |linkages to upgrade baobab produc
baobab conservation.

Keywords: Baobab, promising doses, experid@mnesstication, Benin.

Résumé

Le baobab africain est une espéce d'arbre indigéne stratégique de I'Afrique subsaharienne. Sa pulpe es
nutraceutiquet est utilisée comme ingrédient et complément alimentaire en Afrique, en Europe et en Amériq
Sur le plan local, la pulpe est utilisée dans plusieurs produits. Les feuilles sont également trés nutritive
nutraceutiques et fortement demandéesdfuenane, la pulpe et les feuilles sont surexploitées dans la nature,
mettant en péril les peuplements naturels de l'espéce. La domestication du baobab est devenue urgen
plusieurs recherches ont été menées pour accélérer ce processus, tautefmsEpeptasiont toujours non
élucidés. Avec le florissant marché local / mondial autour des produits du baobab, il devient impératif de stru
/ améliorer sa chaine de valeurs qui a été jusqu'ici ignorée dans I'agenda national, malénéosré potentiel d
de promouvoir une croissance favorable aux pauvres, en particulier les femmes spécialisées dans les act
relatives aux produits du baobab. En se basant sur les évidences techniques et les résultats générés par
projets récents (2B 7du RUFORUBIRG (125 et 135) au Bénin, ce projet vise a développer une filiere de
baobab durable et compétitive au Bénin. Le projet s'articule autour de six paquets de travail et facilitera les
entre l'université et les Institutions d'enseigneméntnedtion techniques (TVET) et les communautés afin
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d’"améliorer | es produits de |l a chaine de valeur
subsistance des agriculteurs et la conservation du baobab.

Mots clés : Baobalbdosage, expénentatiomdomestication, Bénin.

Introduction (background, problem and justification of the study, research questions/objectives & hypotheses)

Benin republic, despite its relatively stable democratic system, remains one of the pooresbdduntries in the \
Almost 40 percent of its population lives below the poverty line (UNDP 2016). In this country, food and nu
security is still challenging, and this challenge will be higher in the future given the risen population. The cc
relies heaviyangr i cul ture (70 percent of the country’s
However, agricultural production is limited by factors including a lack of modern farming technologies, poor st
inadequate conditions for storing vimgsamd processing food, showing that the overall food security, nutrition
and trade conditions are poor (FAO 2015). In these conditions, inhabitants and partibuledysgfatdien (O
women in reproductive age face major threats such agmidsdicigricies which highly affect their well

being. For example, high anaemia rates (78.1 % in children under 5 years and 61.3 % in women of reprodi
age) are due to iron deficiency (INSAE & Macro International Inc. 2007). With such waa, alarming pict
improvement of food and nutrition security becomes a must. To efficiently address these issues, wild edible
and their derived foods come to be an excellent source to explore. These resources often rich in micronutrier
be used in fodaifood fortification. Then, if well structured, their value chains can strategically contribute t
i mproving farmers’ revenues and hencenadndilpcalove t |
people use them raw, or partially processedhampisghe African baoBdhr{sonia digithtd,one of the

most remarkable trees of the world (Gebauer et al. 2016). Several studies in different African countries
highlighted this indigenous fruit tree as a priority species for domestficatitararsd (Gebauer et al. 2016).

In many countries in West Africa including Benin, its leaves, and fruit pulp are the main ingredients in sal
porridges and beverages prepd@tiadare et al. 2DMecently, baobab has been referredsoper it

based on its nutritional profile (e.g. vitamin, fatty acid, mineral) (Gruenwald 2009). For example, the consun
of 40 g of baobab pulp provides 100% of the recommended daily intake of vitamin C in pre&&fhant women (:
years) (Chadare et2dl09). Its fruit pulp has very high vitamin C content (up to 500 mg/100g dw, ~ ten times mc
that of orange, and three times the that of chocolate milk), hemogdaigthpanfiertidts. leaves contain

important amounts of minerals namelydif@acam and vitamins such as pro Vitamin A (Chadare et al. 2009,
Chadare et al. 20T2)e to this exceptional nutritional value, baobab has been acknowledged as a novel food |
the European Union in 2008 (regulation EC N°258/97 of the Europdpnarieiadismancepiesl food

ingredients in the.US

Despite the huge nutritious and economic importance of the species pulp, leaves and derived products, their
Chains in Sub Saharan Africa are still under developed. Indeed, the speciesfedtilpfacingsome
challenges namely: (i) low competitiveness of actors along the entire Value Chainshéivestdgavtgost

and pulp handling making necessary to dévatgpdaAnalysis and Critical Control Point (HACCP) plan for
safetyleaves and pulp, (iii) lack of or limited knowledge of private and public service providers concerr
appropriate technology packages to promote baobab products, (iv) inappropriate rural development policie
programmes focusing on baobab, and$pyedad mistrust between VC operators, as well as between private
and public stakeholders, making necessary to establish an operating platform involving all stakeholders. Tt
the production of the pulp is seasonal, techniques are being devetmpets fstorage to have adequate

pulp throughout the yEar that, several studies and initiatives focused on baobab, and the project team membe
have substantially contributed (segbasio et &009, Chadare et al. 2009, Plildhsoindin et 220185

These studies showed the potential of baobab for entering biddzdes vethea valuable contribution to
sustainable agribusiness. However, overexploitation of fruits, has caused decline of the species population
lack of natural regestion (Sanchez et al. 2010).réfssitive harvest of leaves from reproductive wild trees
gives rise to reduced and late fruit production and ultimately to population declimeenEhesefore



sustainability (i.e. avoid relying on wild baababhitbeare declining) given the rising demand, it is a
requirement that farmers engage in the production of both leaves and fruit, hence baobab cultivation. Baobe
long live tree that produced its first fruit in average after 12 years, vehpeodaces aarlier, after three

months of planting. Recent studies conducted in Kenya showed that baobab can be successfully grafted. Wi
method baobab can start fruiting earlier than in the wild, approximately after 3 years, which is an except
scientific achievement, and a great asset for baobab fruit pAjamekatet al. 2DIVet, this technique

has not been tested in Benin, and is still not accessible to farmers. In addition, performance of such techn
may be affected by bi(gests, competition, etc.) and abiotic conditions (precipitation, temperature, humidity, St
etc.) which greatly vary across countries. It is therefore necessary to engage resdmsbd@uswence

and guidance of farmers and nurture thg exigtains.

Based on the above demonstrated chatlengegject aims to combine both participatory research and capacity
building actions to set a long lasting valorization scheme for the African baobab at a national scale in B
Specificallyhe project willdirgnose baobab leaves and fruit pulp value ebi@asjZé]actors involved in

baobab leaves and fruit pulp value chains (VC) into a platform and networks to ensure long lasting connec
[iiifdevelop market driven technal@gickages for baobab leaves and fruit pulp arprdeédgexdto allow

baobab cultivation and supply the market with safety and quality baoioalualsyijfeitablish pilot

incubators for baobab leaves and fruit pulp valorization i #neagrdjgcaleup addeslalue novel
technologies at country level, addvelpp an advocacy plan for better integration of baobab products in food
and nutrition security strategies but alsolassawss opportunity at national level.

The maiiny pot hesi s underlying this research project
adaptation of improved production technologies and their adoption by rural gatherers, farmers and
entrepreneurs will enhance nutrition, food sdcurityiarv el i hoods in Benin”". Subs
() Baobab VC is matructured with disconnected stakeholdergqetiodeing; (i) Baobab reproductive
performances vary across the study sites; (iii) Length stem cutting and nwhbes ofittiogsspositively

affect their rooting and leafing abilities of the species; (iv) There is a lack of sdfatyekirivanpgisg of

baobab leaves and pulp as well baobab pulp packaging; and (v) Developed technologies are profitable
profitability differs across the production aim (leaves or pulp).

The project is prepared such that it shifts from traditional conservation and poverty alleviation approaches
use of a businesgented approach withgmar growth strategy. Partfahee project include public research
institutions (LABEF, LEA, LSA), local communities, three Technical Vocational Education and Training (T\
institutions, N@overnmental Organizations (ON6&y JurAfrique, GBenin), and one privatepfofit
company (“La bourgeoise”).

The project focus and implementation (activities and methoddlogy

The project is organized in six work packages (WB)agB4is and mapping of the baobab value chains;
WP2- Participative organization of actors invddaetlah value chains; We3apacity building on market

driven technological packages; ®&dblishment of pilot incubators for baobab products valorization in each
projectzones;WH?s sessment of far mer s’ penteclengdgicabpackagesn d a
and the impact on household welfare (income, food security) and establishment of baobab garden/plantatiol
WPG6-Scalingipthe novel technologies at country level through an advocacy plan for better integration of baok
prodats in food and nutrition security strategies at national scale.

WP1The diagnosis will consist in g activities as follow:

0] Collaborative mapping of the baobab products valubchamu gh st akehol de
and survey, the structure (links and actors) will be mapped and roles/responsibilities will
analyzed.

(i) Assessment of the economic potential and environment of the baobab products value cha
Using market test and ecananalyses, the market and value adding potential as well as



the gain distribution will be estimated at different stages of the VC; Using network analy:
the VC governance structure, functioning, and supporting institutions will be described as \
as wlitical, legal, administrative and infrastructural framework conditions.
(i)  Participatory assessment of opportunities/constraints for leverage points identificatio
SWOT analysis will be coupledawiimalytic hierarchy proc@sdP to describe
suppontig and inhibitor factors. Using root causes analysis, the challenges and opportunitic
that are critical firobab products value dig#vC) development will be identified, and
hence used as points of leverage to either overcome constraintppottuséizs.
This diagnosis wékult in(1) identification of stakeholders (VC operators, VC supporters and VC
enablers) and existing networks; (2) clarifying the roles and responsibilities of all stakeholders fo
performance and competitiveokdse VC and understanding of the degree and structures of
interdependencies between the different stakeholders; (3) economic characteristics of the VC that c
market potential, ebshefit relations and return on investments; (4) knowleddalstribetiefi
among operators along the VC; (5) knowledge of the efficiency or deficiencies of linkage manageme
VC operators along the VC; (6) description of the institutions supporting the VCD, including stren
weaknesses, opportunities aratsi{NOT), as well as needs for upgrading the capacities of service
providers; and (7) description of the political, legal, administrative and infrastructural framew
conditions, including analysis of their impact on VCD, and need for change.

WP2:Based on the detailed knowledge of the VC from the previous WP, this second WP throt
participative approach, will organize actors involved in baobab value chains with the ultimate go
creating a platform of actors and a strong network. Thesagamded around two main activities:

0] Cocreation of platform involving all actofsh e pl at f or m wi | | i nv (
associationslGO working with farmers, women associations working within the baobab VC
the national business institutions;

(i) Training of actors at micro, meso and macro levels involved in the baobab VC and
linking actors horizontally and vertically to boost the value. @haractivity will be
achieved through a tkdtag workshop whereby a baobab praduet be organized
and presentations made on the baobab VC. This will contribute to attract more attention
the project. Ministry of industry will be invited to lunch the workshop along with the rectol
the University of Aboi@alavi and the wibean of the Faculty of Agronomic Sciences.

WP3: In this WP, tleapacity building will mainly involve baobab raw material (leaves and pulp)
producers/collectors, baobab products processors and marketers. This WP will consist in both research
trainingResearch experimentglémtify best vegetative propagation methods to supply with early producing
baobab tre&he research team has developed through a previous f&REQRIONa technical manual for
producing baobab leaves from seed in a tineffthree months. This was a significant contribution in
domesticating baobab. While this has been achieved for the productiessofidsastese for precocious

baobab fruiting. Precocious baobab fruiting is however necessary to suppaytdibeancdasibaobab

pulp. Vegetative propagation techniques are known to make possible precocious fruiting (Anjarwalla et al.
Akinnifesi et al. 2006). Two vegetative propagation techniques will be examined in thigaitinjg@ndamely
aeriamarcotting. Grafting has been recently tested successfully in Kenya (see Anjarwalla et al. 2017) and ne
be tested in Benin conditions. To our knowledge little is known on baobab marcotting which, if successful is
good way to quickly reprotdackab. One M.Sc. student will work on the grafting technic in the three climatic
regions of the country and another M.Sc. student will work on the marcotting also in the three regions. Each
student will be assisted by two B.Sc. For the graftmenepg®mmobab scions will be collected in different zones
from the top part of the vigorous plus tree crown. Scions of about 20 cm length will be grafted on rootstoc
different ages (2 years, 3 years, 4 years, 5 years). These trees exiss fpajepie{RUFORGKG,

CORAF). A factorial thtegign with two replicates of 10 scions will be used. The three factors to be considere
are: factor 1 = rootstock age (2 years, 3 years, 4 years, 5 years); factor 2=grafting method (Top cleft anc
veneer grafting methods); factor 3=mother tree. T



scion (and bearing new leaves) will be used to assess performance of the trials. Data will be collected on gt
success and the lengtlagded new shoot produced. The most promising technigue will be identified and usel
to train farmers during training workshops to inform and sensitize local people (farmers, extensionists, NGO
other stakeholders) on the best vegetative propagatisniaeh of the three TVETSs with their 30 students

will collaborate to lead this experiment. As far as experimentation for aerial marcotting is concerned, trees
different ages (2 years, 3 years, 4 years, 5y@geqr8: such trees exist frewiops projects [RUFORUM

GRG, CORAF, DADOBAT]) will be combined with two substrates (sand and sawdust) to assess succe:
marcotting. At this step, the watering regime will be normal. Successful marcots will be transplanted. But «
transplantatiorage, water stress may become a constraint and then negatively affect the regrowth. Therefore
transplantation stage, two water regimes (normal water requirements versus stress) will be examined to id
which tree age and substrate better respater tetress. Findings will help developing technical manual for
successful marcotting of baobab and will next be used to train farmers. Therefore, in-eagttr@giog, a two
session will be done to demonstrate to farmers how young baobizhdviesteshto produce leaves and

how vegetative propagation of baobab can be implemented for precocious fruiting. The ultimate goal behin
activity is to increase the supply of baobab products without jeopardizing the natural baobab trees.

Alsojn this WP, capacity of involved actors in BVC (farmers, processors, wholesalers and retailers) will be bu
for posharvest handling. For that, a research will be implemented to develop a HACCP plan for ensuring safe
baobab leaves and pulp. Wbk will consist in: (i) a hazard analysis of the traditional pulp extraction, (ii)
elaboration of an HACC plan for pulp extraction for women association involved in the activity. In first place, H
team including processors and food scientestelojilallist of ingredients, materials and equipment used in
the extraction of baobab pulp. Then, a process flow diagram of the baobab pulp extraction will be developed
a participative method involving the HACCP team. From this point, skaratgsssavill be performed to

identify the critical points which are important to monitor to ensure safety of the pulp to be produced. The sev
principles of the HACCP plan will be used to develop an appropriate HACCP plan for dlodnaditional extr
baobab pulp: (i) conduct a hazard analysis, (ii) determine the critical control points (CCPs), (iii) establish c
limits, (iv): establish monitoring procedures, (v) establish corrective actions, (vi) establish verification procec
(vii)establish recordkeeping and documentation procedures. Next to the development of a HACCP plan for
baobab | eaves and pulp, one pilot farmers’ mo d e |
up in each region. This pilot liréewie for training farmers on baobab leaves and baobabapugstpost
handling and conditioning for optimal baobab pulp and leaves powder conditioning.

WP4: This WP consists of two main activities: (i) Establishment of demonstrationlpéote torcbpolpab
production to train actors of the value chain. This demonstration plot will look like an allotment garden of at
ha per region in each pilot site (three sites in total: one per region). A local management community will be
and famers willing to establish plot will be voluntarily given one pending filling the contract, terms and the con
of use which will be defined by the local committee under the authority of the village head and the commune.
of each of the three negiwill lead the management of this garden in collaboration with local authorities. The 3
students from the TVETs will be trained in writing business plan and applying for funding at the national
business fund. (ii) Establishment of units forppgwlaald leaves pbatvest handling to guarantee food

safety, increase their competitiveness and to train actors of the value chains: A processing unit will cons
installing equipment for packaging dried baobab leaves and baobab pulp.

WP5: This WHands as an impact assessment of all research and capacity building activities that have been di
so far (from the first year of the project to now) before scaling the novel technologies at country level. Indica
success will include (but nitcedino): (i) number of baobab seedlings or young trees per farmers, (ii) number anc
proportion of farmers with baobab young trees on their farms, (iii) number and proportion of farmers who hav
planting baobab trees, (iv) number and propontiem afittobaobab young trees on their farms/gardens, (v)
number and proportion of women who have used the fadiioed flmochula, (vi) number and proportion of



infantchildren malnutrition, etc. The study design will be as follow: twaytypék lod witlasidered in each
regiongcontrol villagehere no activity of the project has been impleménteyemttbn villaggehere all

activities of the project have been conducted). In each village, baseline survey and endline someey (6 months
the end of the) will be conducted and data will be collected on the above indicators of suiecess. Differenc
difference (D.i.D) approach (Abadie 2005) will be used for data analysis.

WPG6: It will consist in (i) developing advocacy plan tgwaalgysliat national, departmental and municipal

to sustain functioning baobab value chain in Benin, (ii) enhancing market penetration and market access f
actors, (iii) creating an institutional framework including all stakeholders arid abendastitwtions of

interests (private and public), and (iv) formalize the governance structure of the value chain.

Expected outputs and impacts of the project

The expected outputs to be delivered are &] flodlobab leaves and fruit pulpclaires diagnosed and

mapped in Benin, [ii] operating platform and networks actors of baobab leaves and fruit pulp value chain:
market driven technological packages developed for baobab leaves and fruit pphodarudsdarided
stakeholders captated on these technologies, [iv] operating piftiretaltators for baobab products
valorization in the project areas, [vheadidecdovel technologies for baobab leaves and fruit pulp-and derived
products scaled up country level, [vi] INPIF0,,5nd 30 TVET students traifmegdcbriented research,

and Vii] maintenance of collaborative working relations among researchers, farmers, market actors, nati
agricultural research and advocacy institutions, and government, TVETS.

Thedirect impact of the project will reach 300 farmers, 60 small-aize:dhexdierprises involvéaatab

leaves, fruit pulp and defiveducts value chains, and 36 students. The targets groups include young, women
far mer s’ a s s o c, stadéents,candsresearthérs. Tise,projdtGs@eks to promote and nurture long
term partnership between public research institutions, local communities, TVETs, NGGgradihd private for
companies. The project enyvite argariztion athe vaiye chainsevhila c t o
contributing to food security and nutrition of households as well as sustainable conservation of baobab t
Accordingly, through the development of the baobab value chains, this project is expdotebbtalstimulate
economy through the development of business aspects of farming, postharvest handling and processing of b
products. Some expected development milestones include: [i] stakeholders along the baobab value chains in
are connected, [ii] glyof raw materials (baobab leaves and pulp) is increased while pressure on wild populati
of the species is reduced, [iii] the safety and standard of baobab pulp and leaves are improved, [iv] new entel
for valuing baobab products were createdjpvlm of the add value generated by the chain benefits the local
people (small hol der s’ and processors), and [ vi]
improved. Through its objectives, the project will strategically cdmtébutéto | f i | ment of t he
since it aligns with its vision as well as the MasterCard Foundation mission. By contributing to agricul
diversification, safety baobab products, thand i mp
project also aligns with the Malabo declaration of African Union on accelerated agricultural grewth but also th
SDGs (end poverty, zero hunger, good healthoaimgwetid gender equality).
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ABSTRACT

Wild Edible Plants (WEP) golaynportant role in food security locally. Relevant studies have been
performed and published on a diversity of WEP at different scales but remain scattered. This study ¢
to inform on utilization of top priority WEP in Benin. Datconosommportance of the species

were collected from litterature combining digital and numerical approach. Results showed that the te
priority species for economic valorizatiitefiezia paradoxa, Parkia biglobosa, Adansonia digitata,
Irvingia gabonessBlighia sapida, Tamarindus indica, Dialium guineense, Vitex doniana, Borassu
aethiopum and Garcinia Kblay are mainly used for food, medicine, craft industry, wood, construction
and cosmetics and contribute to income generation. Severaddetsvedopide from from the
speciesAdansonia digitappeared to be the species that provide the highest number of or the most
important derived products (up to 35 derivd products with baobab pulp as a very important one witt
economic value); anfoilowed by paradox@vith shea butter as a very important product with high
economic value) ddbiglobos@vith fermented condiment as a very important fermented product in
African food culture). The species with the lowest number or I¢astrivgooptaniuct &eCola

V. donianandD. guineens&he value chain of products from the top ten species is facing many
constrainsts. Further investigation shoultbtat@etd nutritional valuation of the reported products,
their stabilizationdatheir upgrading for more profitable markets for their intesgratiahfood

policies to meet food and nutrition security.

Keywords: Wild Edible food uses, medicinal uses, valuation, West Africa

Introduction
Food problems have been haunting humankind since immdiMazell @n&ood, 2008)
large number of rural families 48ahdran Africa is facing chronic food insecurity and cannot recover
even in a good growing season. With such a picturatitme @irdvild Edible plants (WEP) for food
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security becomes an asset. In Southern Ghana, it was estimated that 258,000 people gain a subst
part of their income from natural foods among wiildwdeR, 199%)ther studies have pointed

out the sa@economic importance of wild species as reliable (@dpwatcats, 2007; War, 2007;

Dossou , 2008; Pymiith, 2010; Assogbadio et al., 203 resources made a huge contribution to
food and healthcare of almost 80% of people living ig develknie@®’an Andel, 2008.cording

to the World Health Organization, despite their huge importance, limited efforts have been mad
integrate those resources into formal plan supporting local and national develogroenbaniite socio
contributio of those resources to livelihoods and the impact of their use on the environment a
increasingly recognized worldwide. Recent studies focused on the distribution, uses, and socioecor
importance, nutritional and food value of th€ ApsoiEmdja006; Chadare et al. 2008; Fandohan,

2011; Gouwakinnou, 2011; Vodouhe, 2011; Houehanou, 2012; Chadardn eidaliti @9 LBGRI

(2002) and FAO (2014) identified the ten top prioty species to be valued in the country. It is thus tim
know merabout the available potential of the priority species in order to proceed with more focus
studies on value chains to be developed. The present review summarises the tradititheal utilization
top 10 priority species for valuation in Benin. Researdhs ar e i denti fied on t

Methodology

Reported data were collected through checking online databases (Googlescholar, PubMed,
Scopus) and manual search of the resources available at libraries of main univewslitteseaf Benin.
data were related to utilization and socioeconomic importance of each species. Collected data foc
on the top 10 priority WEP species of Benin as defined by FAO, (2014). Tables were used to sumi
the information gathered

Results

Priority Wild Edible Plants for food security and nutrition in Benin

Arecent study by FAO (2014) using a new and innovative prioritization approach (Bhrem et al., 201C
previously successfully applied to crop wild relatives species in Benin (Id8hyieketeal .a 281

of 10 priority species for economic valorization. Théellsia: paradoxXarkia biglobgsa
Adansonia digitatevingia gabonendsdighia sapid@amarindus indi@ialium guineensdétex
donianaBorassus aethiopamiGarcinia kala

1. Usage othe 1Qoriority WEPS

Top priority WEP are multipurpose species used mainly for food, medicine, cosmetic
construction, and in craft industry. Distribution of those species across Benin is ver§)diverse (Figu
While some spexieare distributed countrywide, other species remain located to specific
phytogeographical districts. Several studies dealt with WEP uses by local j€ogjaietEdnin
2003; Assogbadjo, 2006; Chadare et al., 2008, Ekué, 2009; Fandohaamszl &t AhoR012;
FAO, 2014; Idohou, 2016)Accor ding to their findings, mo ¢
leaves, bark, root, and sap) are valued raw or through pretreated or fully processed products. |
remains the most valued orgais &itbwed for most of the species by the leaves, seeds, roots/tubers,
sap, and flowgiGodjia et al., 200Byen if some efforts are recently made to process these species,
techniques used are still traditional and/or semi traditional and treinadistiitution on high
standing market. A summary of the different products made from the different species is present:
table 1.
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Figure 1. Location of priority Wild edible plants for economic valorization in Benin
SourceFAO (2014)

1.1. Adansonia digitata

Baobab tree is used by the rural people for food, medicinal, craft, cultural and economic purpc
(Assogbadjo, 2006; Chadare et al., 2008; FAM) Beh), the species is more valued in the North
and the organs are mostly collected by women. This comes from the fact that the baobab is cultt
integrated in the daily life of the populations living in that area. Consequently, thevidaeels are most
in North as vegetable sauce followed by the pulp and the seeds.

Baobab leaves Benirikouimkoundia local recipe sauce made with dry baobab leaves sauce
+ *“Afitin”, a traditional fP.ebrglobegp e lthve @lson d i me
Yatirankourgauce which is made whole baobab fresh leawesuwtideundi made with ground



fresh or dry baobab leaVesiwoundas similar tdouimkoundkcept dehulled and cooked beans
(Vigna unguiculptre used to replace Affitihe recip@hadare, et al., 2008)

Baobab pulphe pulp of Baobab serves in making gruels, mostangeadieqlf ewowi
pulp beverage, ahcthd andSolaniand dough but it is also eaten as dessert whereas the seeds serve
for sauce recipes. A least important product from baob&bugoiMaukodmixture of pulp and
sugar(Assogbadjo, 2006, Chadare et al., 208§)ulp is used to produce somepdnitikslarly
juice and syr@pan Guimbo et al., 2012; Chadare et al., 2008; FAe201lp)is used in recipes
of some gruel namely “mutchoyan” in | ocal di
Baobab seeds and kerriéle: seeslof baobab, once husked, can be consumed after soaking
either in acidified or alkalined cold or hot water. It could be also cooked in water, fermented in nc
conditions inside banana leaves (for examplejlard sam24 h or roasted. Vegetaladiateoil
is extracted from the peeled seeds of baobab which also serves in some sauce recipes as thicker
NigeriDan Guimbo et al., 20k?Benin, some foods are derived from baobab seekisrnaimely
Moutokpei, Matofaman, Batokoue, DikoudhgogaiviougouAll of these foods are traditional
sauce recipe made with whole seeds roasted andVignaioikgk{ fermented baobab seeds
(Matofamamikouanyolyriseeds powddatokoueMougoundoroDikouanyowauce is generally
made from seeds that cannot be decorticated. The differenééobgtweelorand Mougou
mougols about one ingredient only used in the first case. The kernel is also used to made some re«
of sauce namdigyohouni@ermented mhoct) an@arasauce (local bean inclu@@dadare, et al.,
2008) Another derived product is croquette of baobab which is well sold oD #meGuanikedset
al., 2012)

1.2Vittelaria paradoxa

Among the top 10 species identified, Shea bustghérarost valorized in national and
international markets in term of marketing. Indeed, fresh fruits of shea butter very consumed, its all
and patrticularly its butter are much comme(Eiali¢est al., 2008; FAO, 20dBenin, the fruits
are deplped, stored for few days, then boiled and dried or smoked to extract kernels up to but
production often storage in baskets lined witbcteala @ranilieaves, paper bags, jute bags and
plastics with coyelonfo, et al., 201@gnerally the alnads are conserved in bag or in a pot whereas
the butter is conserved in pot or in calabash in rupahavessou et al., 2012; Honfo, et al., 2012)

1.3Parkia biglobosa

Néré(Parkia biglobgda a WEP of which the most valued organs are thepssshaseta
condi ment <called ®“afitin” in Benin | ocal | a
Yoruba), a local condiment very appreciated by local (daukiatitznet al., 2006; Ekué et al., 2008;
Koura et al., 201Akouehou & Apwmta, 2015)his type of condiment is characterized by significant
organoleptic and nutritive qualities and replaces fish or the meat in sauces in certain areas, becau
its high protein cont&udepoju, 2009; Vinceti et al.,; 284i&ue et al.,1&) Dossou et al., 2014
The fermentation time is | onger in “iru/sonr
sonru are very soft products as they are preferred by some consumers whereas afitin is preferred
cotyledons havilegs soft textu(dzokpota et al., 200B)ese condiments are used in almost all
sauces accompanying the tuber or cereal doughs, namely: slimyy sauce (of okra or crin crin), vege
leafy sauce or tomato sauce. They are sometimes consumed ateaofreske sised for the
preparation of "moyo”, a Beninese specialty containing tomatama enian, 01The seeds



which constitute the principal food resource drawn from Parkia are very rich in proteins, lipids, mi
substances and othetriments in considerable propoAkmsefiou & Azokpota, 206h5)eneral,

the methods of fermentation of seeds of Parkia vary from one country t{@aokpota,ozteal.,

2006; FAO, 2014)

1.4 Blighia sapida

Blighia sapida widely recognized and used as food and medicine with a high economic anc
sociecultural valy&kue, 2009; FAO, 20Irtjeed, the fleshy arils surrounding the seeds, when ripe,
are enjoyed by many people during breakfast or even in sauce rediBked, @009 he fruit
is consumed raw by children and adults and sometimes incorporated in sauce after frying or dryir
local populations. Then, women use it as condiment to replace fish. Husk and soap are also del
product of this speciey vearkete(FAO, 2014)eaves and barks are used together to treat sore
stomachache, epilepsy and yellow fever in GBkurab2009)

1.5Borasus aethiopium

Borassus tree, is among the highly valorized WEP by local people. Almost all parts of the t
(stpe, leaves, petiole, final bud, fruits, hypocotyle and root&§alskas2dlé). Benin, the most
valorized part of this tree is the hypocotyle which is often eaten boiled or roasted and is much appre
by local populati@alako, 2016)hdleshy part of the fruit is also consumed and can serve to produce
an excellent juice. Petioles are used in craft industry especially for palisades, hedges, partition
livestock building; brush (with the shortened limb). The branches and theekbdoresnakeng
baske{Salako, 2016)

1.6 Tamarindus indica

The pulp of tamarind is used as a laxative, purgative beverage, and porridge. It also usec
malaria treatment. The fruit is used in a sauce preparation as an aphrodisiac for men. It is also us
treat male impotence and against cough by Fulabaaedetively (Fandohan, 2011). Fruit was
the only commercially valuable food part of the tree. A recent study pointed out its pulp as the 1
requested product of the Tamarind tree which is used by processors to produce juice either los
prepared ithe zones of collection or prepared and bottled by small processing units mainly installec
northern and the southern BEA@, 2014)

1.7.1rvingia gabonensis
The pulp of wild marigar(gia gabonensis consumed raw in Benin. Its almond constitutes
one of the condiments most coveted by the populations in the southern because after drying and grir
it is used to make a very special and slimy sauce very much appreciated by the population. Its nuts
considerable place in the exchanges of threB¥ERFAO, 2014; Vihotogbe et al.,.Zle&l bark
of bush mango trees is sometimes severely stripped for medicif\dhotogbsest al., 2014)

1.8. Vitex doniana

Vitex donianéblack pulm) leaves are used as leafy vegetables. Black putyn has m
applications in traditional medicine. Decoction of the bark is used in the treatment of diarrhea:
macerated | eaf mixed with alum (locally call
sap of fresh leaves is used imrwenst@ndor stomatitis. The aqueous decoction of the leaves is used
in bath of finger in the whitlows. Decoction of leaves treats headaches, rigidity, measles, the cutan
eruptions, the fever, chicken pox and hemiplegia and by internal way is uspddiseeasgsirat



treatment and for tonic, febrifuge and an@fedic014A crush of its barks and leaves is applied

to the wounds and the burns to heal them. The hot aqueous extracts of the leaves are used ag:
stomachache, rheumatic pains, igrdtaonisea and dysentery. The methanoic extracts of its bark can
be used against the gastro enteric infections. The bark also looks after the leprosy and liver dises
The roots, the bark and the leaves are used against nauseas and colice fnugstdchtierysed to

treat anemia and the roots to treat the bler{Ré&@hez014)

1.9. Garcinia Cola

Fruits oGarcinia kokre edible and its roots are abundantly used in pulverized form and/or
infusion to treat the Ulcer of Buruli. Thiscupies a very significant place in the cultural ceremonies
(FAO, 20140 summarize, fruits of this species are usually sold on the local markets and are eat
fresh, as a collation by all age groups. The leaves, the bark and the roots ae/ased targyee
of disease whereas hard and heavy woodare used for the manufacturing of floor and other local bu
materials. In traditional pharmacopeia, the roots are aphrodisiacs, the bark is analgesic and is us
cure cough and the dental ddwaleaves fight against the antenatal pains, diarrhea and the asthenia.
With regard to the young stems and the branches, they are used like (6&1©0oP03HdNg

1.10. Dialium guineense

Fruits are sold on local markets and commonly consumed by all classes of population either raw ol
drink with addition to water and sugar, some medicinal recipes (FAO, 2014). The leaves, the barks
the roots are used to heal a various rangesdggdsdeaditional pharmacopeia, the bark are used as

analgesic and against coghing and toothache; leaves are used against prenatal pains (FAO, 2014)

Table 1: Derived products of priority Wild Edible Plants for conomic valorization in Benin

WEPs Derivegbroducts References
Ekué et al.(2008); Ahouans
Vitellaria paradoxa | Fruits, Kernel, almdmnatter al.(2012); Honfo et al.(2012
FAO, (2014)

Ekué et al.(2008); Koura et
al.(2011); Dan Guimbo et a
(2012); FAO (2014)

Seeds, pulps powders, afitin or

Parkia biglobosa .
«SouUNrw or «ru,

Nectar, syrups, croquettes, dried,
leaves, powder of leaves, gruels,
dough, mutchoyan, ngalakh, oil, | Assogbadjo (2006); Ekué e
Nanganfirou, Yewowi, Tcho, Solg al.,(2008);Chadare et al.(20
MoukotMoukou, Kouimkoundi, Dan Guimbo et al.(2012); F
Moutokpei, Matofan, Batokoue, | (2014)

Dikouanyouri, Mougdougou,
Tayohounta, Sarai, potash
Apple (fruit), nuts, endocarp, entif FAO (2014)/ihotogbé et
fruit, wood al.(2014)

Soap, fre_sh dried or fried fruit, hu Ekué (2009): FAO, (2014)
fleshy arils as condiments

Adansonia digitata

Irvingia gabonensis

Blighia sapida




Pulp, Juicgpokes, shafts and nave Fandohan (2011): FAO, (2C
for cow harnesses

Dialium guineense Fruits, some medicinal recipes | FAO (2014)
Fruits, vegetable sauce, some tis

Tamarindus indica

Vitex doniana ) FAO (2014)
recipes
Borassus aethiopum Brush, basket, boiled or roasted | Ekué, et al. (2008); FAO,
hypocotyle (2014); Salako (2016)
Garcinia kola Fruit, Nut FAO (2014)

Conclusion

Wild Edible Plants can be valued to fight against food insecurity and padeudatitionrural

areas. However, the unregulated exploitation of wild plants can put severe pressure on population:
even threaten the survival of species. Greater efforts are required to ensure the sustainability of
harvested plant produs#EP draw a high potentiality of valoraiztion in order to tackle the
undernourishement in local level. But, some contraints need to be mastered to really make them v
in policy strategy. It is necessary to perform research on the food aralomgtitimmadfthe

reported products, their stabilization and upgrading for more remunerative markets so that they
included in national food policies to meet food and nutrition security.
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Abstract

Adansonia digitdtais a majestic tree revered in Africa for its medicinal and nutritional value.
The different parts of the tree (kmr&sdad pulp) are used for different purposes. Despite the health
benefits properties of the baobab pulp and leaves, few studiatevé¢o their nutraceutical
propertie§.he present review aimed to point out some nutraceutical properties of these parts of the 1
and their potential health benzgiffisrent terms related to baobab and functional properties were used
on selected research’s engines ab8drickedTlee dat a
review showed that baobab leaf is rich in glycosides, saponins, stenmiidsamdlagoextract
has an inhibitory activity on some pathogenic microd@igantsracompoursdgeh aprocyanidin
B2 vitamin @allic acid and epicateatare found in the piilpe pulp contains alkaloids, glycosides,
steroids, coumarins flavonoids, saponins, carbohydratesthe family of glycosidfesyr
hydroxycinnamic acid glycosides, six iridoid glycosides and threeophghydethdes were
identified in the pulpe efficiency of baobab pulp extract on the total bloodl duritsteand
blood glucose contlnbugh the experiences made on rats and human patients waBanliddénced
pulp can be used against diabetes and obesity whose prevalences are increasing. The review reve
the inhibitory effect of the leaf exirpathogenic microorganisisesgillus flavus, Staphylicoccus
aureus, Escherichia coli, Salmonellauythtar studies must be focusedamtitherobiptoperties
in food storage, and on itentification of molecules responsible aftithabetic and anti
cholesterolemic effects of the baobab pulp

Keywords. DiabetesQbesityMicroorganisms, Nutritidmagtional properties,

Introduction

Baobab okdansonia digitatabelongs to the Bombacafaaagy, which consists of around
20 genera and 180 species. The tree species is found widespread throughout the hot, drier regioi
tropical Afrigg&urashi et al., 201A8dansonia digitdtais a majest tree revered in Africa for its
medicinal and nutritional vaiheepulis an excellesdurce aintioidantdue to the vitamin C content
which is seven to ten times higher trarettierangeg/iljoen et al., 2013tudies condedton
baobab organs showed that crude protein, crude lipids and carbohydrates concentration ranged fro
to 17 g/100g dw, 0.2%cb g/100g dw, 46.6 to 8I1(00g dm respectively for baobab pulp, 10.1 to 15
0/100g dw, 4.0 to 6.3 g/100g dw, 40.Q B1&@g dw respectively for baobab leaves (Chadare et al.
2009; Assogbadjo et al., 2012)

In the past decatlee treeeceived grovmterestromseveral pharmaceutical companies and
researchers due to its various medicinal, nutritional and cosmetiogreggfiissseeds, leaves
and bark contribute to the livelihood of many tribal populaaassitnsAdrsource of foos did
medicine (Wickens, 1982; Codjia et al., 2001; Sidibe and Williams, 2002; Cha@&arehehahn2009
et al.,, 200Pe Caluwe et,a201 More than three hundred traditional uses have been collectively
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documented in Benin, Mali, Zimbabwe, Cameroon, the Central African Republic, Kenya, Malawi, $
Africa and Sene@@uchmann et al., 20203trong demand of baobab and its derived products exist
particularly in Sudan where 60 to 75% of consumers appreciate baobab products due to its nutrit
valugAdam, 20171t is becoming important to properly understand the different properties of the baob:
tree andhowit could play a significant rélealtipromotionfhuman being. The increasing demand

for natural ingredients improving health and appearanatrastaigobeverages as the fastest
growing segment on the functional food market. Functional beverages are launched as fortified w
tea, diary or juices claiming overall nutrition, eraggyy antielaxing efféGiaienwald, 20@thd

constitutes an opportunity for next generations in food@mdusfritee major challenges, in Africa,

in the last years has been to establish the baobab as a commigreaialezropomiic val@enaud

et al., 20233n a wholgartsare used for multiple medicinal purposes in many parts of Africa and were
found to show interesting medicinal properties iactiadtant prebiotitke activity, anti
inflammatory, analgesic, antipyretic actidigrriwoea, astysentery aeity and excipig¢kaboré

et al., 2001 These therapeutic functions were described by many authors but their nutraceutic
components wenardlyassessedlhe pres# short review aimed at contributing filling that gap
documentingutraceutical properties of baobab pulp and leaves, and their effects on diabetes ar
obesity

Methodology
The literature search was donerbgusit he f ol |l owi ng search ter
“functi on alofbaanod arbu tprud cpe’ut i“cfaulnct i onal and nut

“Medicinal pr ope‘ranteismiocfr adbbaioabla bp rpaup épgdt icaasf t’ g f
status” andThbPi akesteas cht at esgi nes Webed f werce
“ S ¢ oapnuésg” 6. A mtabfl62articles were consultednduthe data collectonl the28 more
focusedrticlesvereused in the writing ofgghesent sharview.

Results and Discussion
Obesity and Diabetes

WHO estimates that there are about 180 million obese adults, and that there are in additiot
least twice as many adults who are overweigBodvithassndex BM) of 25.0 to 29(Bjorntorp,
2002. The globgrevalence of obesity has doubled in recentalet#isesliseas@s associated
with lower concentrations of specific antiaxitt@dshich may play a role in the development of
obesity related diseases such as cardiovasculartiissasae et al., 201Bhe prevalence of
overweight and obesity among wemereasing in developing couwssrgsliindeed, the number
of obese persommubled in Kenya, Benin, Niger, Ruadda,e dnd Ugarala, widle tripled in
Zambia, Burkina Faso, Mali, Mahwaaraniom 1993 to 20@¥mugsi et al., 20.13besity was
identified as an important risk factor for onset and progressioe widegeall disordérsduced
dyslipidaemia, metabolic dysfunction, and inflammation are attributable to the development of a vari
effects on central nervous system é€CdS) Par ki nson’' s di sedasese and
metabolic changekich could alter the synaptic plasticity of the neurons and lead to neural death,
affecting the normal physiology of central nervo(Bisyts&tral., 2017

The human population worldwide appears to be in the midst of an epideiftaofaidbetes
Tiwari, 2002

The global prevalence of diabetes currently exceeds 400 million and is projected to increas
more than 600 million affected persons by the yaadded@Bping countries will account for the
greater proportion of the projected increase in diabetes ({[agatpdaek, 2007



The nutraceuticals

Nutraceuticals a term which combined the words *
food product that provides health and medical benefits, including the prevention and treatment of dic
(Ujjaliya et al., 2018 nutraceuticalalso defined asy substance consida®a food or part of a
food which provides medical or health benefits including the prevention or tregtitiecitidisdisease
isolated nutrients, dietary supplements, diets and dietary plans, genetically engineered foods, he
products and prosed foods such as cereals soups and beJgVagks 2005The term
Nutraceuticals is also used to design bioactive natural compounds that have health promoting or dic
preventing proper{igiott and Ong, 2P02any food nutrientsranraceuticals. They betortbe
group of carbohydrates, lipids, proteins, minerals, fibers and Vitamins.

Nutraceuticabmpoundsa Baobab pulp

Many studiedescribed the potential or reported health benefits of the pulp consumption or
human bodyhirteen components were reported for the first time in bémlralyplodxycinnamic
acid glycosides, six iridoid glycosides and three ploedygétbasideShe four hydroxycinnamic
acid glycosides (HAGs) ar&x(B)}feruloyp-D-glucose, -O-(E}caffeoy-D-glucose, -&-(E)
caaeoyiB-Dglucose, -6-(E)}caaeoylo-D-glucose. The six iridoid glycosides—pispectioside,
verminoside, -@(E)feruloylcatalpol, -C§-coumaroylajugol, -O&E)caeoylajugol, -©
(E)feruloylajugol. The three phenylethanoid glycosides are: martynoside, acteoside and isoacteo
Hydroxycinnamic acid glycosides, iridoid glycosides and phenylethanoid diycogitiebevire
main components in baobab frui{Lpwp al., 201L7Theiridoid glycosides gpltenylethanoid
glycosidewere revealed to hamtioidant antiinflammatgrantimicrobial and antiviral efteets
al., 2017

Somechemicalamilies were found in thabah pulpxtractthey arefannins, Terpenoids,
Alkaloids, Coumarins and S{&mteun et al., 20.J6he same compalswere found in the ethanolic
extract of dried baobab puly;atteethe alkaloids, the glycosides, the steroids, the flavonoids, the
saponins, the carbohydrétegums anthemucilag€Saravanaraj et al., 2017

Bioactive compounds were found in baobab pulp: procyanidin B2 (533 + 22.6 mg/100 g F\
vitamin C (AA + DHA) (466 + 2.5 mg/100 g FW), gallic acid (68.5 + 12.4 mg/3Gpgaddhrand (
(43.0 £ 3.0 mg/100 g fvgrshall et al., 217

Nutraceuticeabmpounds Baobab leaves

Baobalkeaves are usually used in dry fornpimteep ar at i on of a soup |
in Northern Nigeg(@gbaga et al., 2QIYatirankounti salj¢€ouwoundou satiaad’Kouimkoundi
saucéin BeniChadare et al., 2008e leaves are believed to have nutritional and medicinal benefits
and have been used fosé¢hpurposes in Africa and Asisever there has been limited research on
the detailed constituents of the deg(@gbaga et al., 2017

Theevaluation of tpeesence @omephytochemicatsaqueous extract of leaes®aled
that he leaves are richpmytochemicals such as glycosides, saponins, steroids and flavonoids while
alkaloids, tannins and resins are §blsemia et al., 2015



Antimicrobigdropertiesf baobab pulp and leaves

Baobab leaves have-amtrobial properties on certain microorgamiema edl., 2016
The use of its aqueous exstamivedts inhibitory effect on pathogenic microorganisms, at different
doses (Table The table shows that baobab leaf extract has a significai8taeffieglooaccus
aureugat alittle dose (12.5 mg/mklso revealed the inhibitory efféstberichicoliata doseof
50mg/mandSalmonellgyphiata dose of 100 mg/il ColandS. Typhare considered as target
pathogens microorganismmanyoodproductsuchas juice, nectar, miBaobab leaves extracts
could be usdd prevent stomach aches and typhoid fever respectieaiyhilueory actions=on
coliandS. typhi.

Table 1: Effect of baobab leaves extract on some microorganisms

Microorganisms Doses (mgof dried lefunl
of the solutipn
12.5 25 50 100 200

Staphylococcus aureus, + + + o+ +
Escherichieol + o+ +
Bacillus subtjlis + + o+ +
Pseudomonas aeruginose + +
Salmonellgphj + o+
Candida albicgns + o+ +
Aspergillus niger + o+ +
Rhizopustolomifer + +
Penicillum rotataim + o+ +

+ indicates an inhibition of microorganism
SourceAbiona et al. (2015)

Baobalpulp has inhibiy effect on moulds. The use of baobab fruits extract on the vegetative
growth and aflatoxin secretiohspgrgillus flav(8QU21) anklspergillus parasiti¢G8S921.7)
strains, at different concentrgtlobs3, 5 and 7% wi/v) revealed an inhibition of the total aflatoxin
secretion up to 288.5%or A. flavusnd 11.99.1% foA. parasiticusvhereas the inhibition of
aflatoxin B1 production ranged betweét9.29@nd 1358% for the two strainpeesvely. It
indicates the antifungal activity and inhibitory effect of baobab on the growth and aflatoxin productis
twotoxigenic strai(is-Nagerabi et al., 2013

Effect of the baolabpextract on the body
1 Antidiabetic effect

The use atheethawlic extract on streptozoiadimced diabetes rats revealed a significant
effect on the blood glucose comtemexperiment evidence obtained indicates that ethanolic extract of
Adansonia digitatéruits possess the antidiabetic properties which suggests the presence of biological
active components wheservéurther investigation and elucid@ticavanaraj et al., J0ARother
similar experienae diabetic rats which were adminisaabab pulp extralsbweat doses lower
than 5000 mg/lsignificant decrease in blood glucose level when compared to diabetic control after t
weeks treatment with the eXivadtammad et al., 201t6involvea hypoglycemic actioitthe
extract which might be due to the presence of various phyiodsrhataisulp



1 Antiobesity effect

An intervention trial conducted at Soba Hospital, Sudan, to evaluate Auarmrstauts of
digitatgoulp on serum lipids amohgraarpopulation of hyperlipidemic patients revealed a notable
reductionfthe levels odtal cholesterdb(068%) and iglycerides (57.4¥%the intervention group
comparetb the control gro@@adour et al., 201The intervention growgre administrated with
atorvastatin tablets combividdbaobab pulphié the control grorgreivedablets of alvastatin
only this reductisuppose a combined effect of baobab pulp and v #alldtsat i n’' s

Anothestudyon ratstevealed the effect the baobab pulp on the total ctidlesteeni et
al., 2016 IndeedHyperlipidemmgas induced in rats via feeding on high lipid diet foilf Bevet&s.
received different doses of baobali @ByKg, 2.9/kg and 3.4kg. The experience resdal
significant increase inhigh density lipopro{élDLxontenbbservewith 1.25/kg, 2.50/kg and
3.759/kg A. digitataqueous fruit pulp extract possesshgpattipidemactivity.

Conclusion

The mulpurposes treAdansonia digitégastill revealing its several properties and chemical
substances explaining the provided different benefits. Its nutritiovedl walastigated while its
medicinalaluas stilunder discoveiiyhe presesthortevievshowed thehytochemisadr bioactive
compounfamiliegdentified in pulp deales Someesearoks haveprovea significaeffect of pulp
on diabetes and t o tindlmarcbeiogk. Estheestudids musnbe foated s b
theidentification of molecules ahéchesponsiblétbe antiliabetic and antiolesterolemic eféect
of the baobab pulfhe antimicrobpbpertiesiay also be testedoodstoragexperiments
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Abstract

Micronutrient deficiencies are known as main problem that affect women in reproductive age in deve
countries. Fodattification is one of the strategies that has been sumsdsftight against such

a plagueFor technical reasons and better sustainability, the classical food fortification is progressiv
difficult in developing countridsaaitb food fortification is more and more used as alterimafave.
oleifeandAdansonia digitati@ two available species used for their nutritional proppetsent

studyaimed at)(identifying the most appropriate food matrices candidates for food to food fortificatic
(ii) formulating adequate food to food fortification using moringa leaf powder and/or baobab fruit pu
women in reproductive age and (iii) determiningttihiéoroot the formulated food to iron daily need

for women in reproductivedgefood vehicles candidate for food fortification were selected using the
consumption frequencies.fdiéication rate was defined according to local popula®arnmactic

data from literature. Carbohydrates, fat, protein, iron, zinc and calcium contents were theoreti
estimated using two methods mainly the manuglimokitiing) yield and retention factors) and a
method using Nutrisurvey softwareT2@7edts showed that the fortification decreases but not
significantly the macronutrients content of maize porridge while it increased the iron content f
3.90+1.1mg/100g (dw) to 8.91+1.0mg/100g in dual fortified maize porridge (Baobab fruit pulp ar
moring leaf powder) (p=0.01). The daily consumption level (667g/day) of dual fortified porridge by wo
in reproductive ageuldcover 52% of iron recommended intake-goegmat and no-lactatig

women, 60.6186lactation women and 18.45% for pregnanthe bioavailable quantity is probably
lowerMoringa leaf pow@dtPand baobab fruit piBPxould be used for successful food to food

fortification and thensuclideserve thorough investigation.

Keywords : dual fortification, micronuttefidiencies, porridge,
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Résumé

La carencenmicronutrimentssteun probleme majeur des femmes en age de procréer dans les pays
en voie de développement. Plusieurs stratégigsiads dont la fortification alimentaire existent et
sont utiliségmur combattre avec succes ce fléau. Pour des raisons techniques, la fortification classic
est de plus en plus inefficace dans les pays en voie de développement car est reste moins durable
le temps et elle laisse place donc a la fortificatibpaaliatiement qui est de plus en plus utilisée
comme alternatiar ailleurdjoringa oleifesaAdansongigitataont deux ressources tres utilisées

par la population a cause de leurs valeurs nutritiohnellbdg la présente étudedesf identifier

les matrices alimentaires candidates pour la fortification aliment par aliment, (ii) formuler des forn
adéquates de fortification aliment par aliment en utilisant la poudre de feuille de moringa et/ou la |
du fruit de baobab pourdesfnes en &ge de procréer et (iii)
la couverture des besoins journaliers en fer des femmes en age de procréer. Les matrices aliment
sont choisies en utilisant comme critere leur fréquence de consoeumadierfottdication est
déterminé a partir des résultats de revue de littératpratigfudsstraditionnetles femmes. Les

teneurs eglucide, lipide, protéine, fer, zinc et adsiaiments fortifiés onestiénéesde facon
théorigue’ @ané¢ "métdhode manuell e intégrant | es
logiciel Nutrisurvey 2007. Les teneurs en macramgriandvillie de mais ont dimiig de

facon non significatagrés fortificatitendis quéa teneur efer augmentde facon significative
(p=0.0%0.05)dans labouillie de mais doublement fortifiée avec la poudre de feuille de moringa et I
pulpe du fruit de baoBal8,90+1,1mg/100g base seche a 8,91+1,0mg/100g base seche. De plus, une
consommation joaliére de 667g/jour de la bouillie de mais doubldideqdontaiouvrir 52%

des besoins journaliers eddsrfemmes en age de procréer ni enceinte et ni allaitante, 60,61% des
besoins journaliers en fer des femmes allaitantes et 1Beg&afaggrirnaliers en fefelames
enceintesla quantité biodisponible étant probablemelna fadhldre de feuille de moringa et la pulpe

du fruit de baobab pourraient étre utilisées avec succés pour la fortifatetiparaisslent it

e¢ donc mérite plus d’ investigation.
Mots clés : bouillie, carence en micronutridoerle fortification

Introduction

In the developimguntries, the micronutrients deficiencies represent a public health problem wit
physiological and economic cozseeg(Berger, 2003The World Health Organization (WHO)
estimates that more than 2 billion people are deficient in key vitamins and minerals, particularly vif
A, iodine, iron and zind tie most vulnerable groups to these deficiencies are pregtatmtgand

women and young chil@Pas et al., 201 ®eficiencies of these micronutrients are estimated to affect



maternal mortality and impaired physical, mental and psyektpatentef its foetus, therefore,

its affect people’s | ife qual ietay 20¥6jniBenim, can |
demographical survey revealed that 41% of women in reproductive ag@NSABnaeIFor

womerof reproductive agen deficiency affected cognitive development of children and increase
morbidity and mother mor(Blgsger, 20Q03~ood fortification is one strategy that has been used
effectively to prevent micronutrient deficiencies and hagtibegmpdeveloped countries and can

be employed to supplement micronutrients to wo(bes &taal., 20l Because of difficulties of
sustainable implementation in developing countries, food to food fortification is more and more uss
alternativé&kecent research projects showed tlaadoatritionahportance of forest food resources

such as baobafiChadare, 20l&nd moringa leave (Zongo et al, 2013; Houndjih@qiBp. af

baobab contaitarbohydrad€76.2 + 1.0%), proggiB.2 + 0.1%), and lows @t3 £ 0.0%Psman,

2004. Abdullahi et al (2014) reported that the baobab fruit pulp contains high level of antioxidat
essential minerals especially calcium, potassium, iron, magnesium and vitamin C. According to Ch:
(2010), the baobab pulp is known to be rich in vigatoiB8Dmg/100g. dive leaves dforinga
oleiferehave been reported to be a valuable som@eraditriensuch agprotein (17.01%) and
carbohydrade(63.11%), crude fibre (7.09%), ash (7.93%) and micronutrient (Ca (1.91%), Fe¢
(107.48£8.2) and Zn (60.06£0§)e am Affiku, 201Moringa leaves hdeaen used to combat
malnutrition, especially among infants and nursing_ooptieerset al., 2018 the present study,

these two food resources are considered as footifiearssd in food to food fortification practices in

order to improve cover rate of micronutrients especially iron for women of reproductive age.

1. Material and methods

U Study areas and field survey
Thidieldworwas conducted in the three biogeoglkaphi of Benin: sudanian zone, syiiaran
zone and guinean zareere moringa leaf powder and/or baobab fruit pulp arenritesfated i
habit of populatioma/o municipagwere selected in each biogeographical zone and two villages per
muricipalityThe sample size was determined accoagmédie (1998) formula(4Ri&Pi)/P)
with Pi the proportion of consumers offoaibpatpnd/or moringa powder of leaf among 50 randomly
che&ed people and d the margin error fixed at 0.07. Inventory and consumption frequency of f
matrices that used moringa leaf powder and/or baobab fruit pulp as ingredients, proportion of mo
and baobab traditionally added by women of reproducte/ecageded.

U Food matrices selection and food fortification
The field survey provides a large number of food matrices. The food matrices selection was perfo

using consumption frequency and proportion of women in reproductive age who cdnsume each



matrice. A score of consumption fre¢®€ERYyas then defined and computed as below for each food
matrice.

nAé B Y T O I = i T T = 1 T T o T T S O e B I I S
With SCF= Score of comgtion frequency
The food matrices that have thestsgloee o€onsumption frequemsre selecteas potential
candidatefor foodo foodortification. The fortification rate was determined using local population
practices relative to the amounbiofiga leaf powder and/or baobab fruit pulp daily consumed by

women in reproductiveageliterature data.

U Food to food fortification assays
A dual food to food fortification practice was performed. Traditional food practices and literature rev
mogly fortification with moringa leaf powder only. Fortification with baobab fruit pulp was mostly use
technological purposes. The fortification rate reported in literature were very variable. In the pre
study, three types of fortification are used
(i) fortification of maize porridge with only Moriogaéeatt@a forfication rate o¥gwWb);
(ii) fortification of maize porridge with baobab fruigpalfpootification rate of%.Qb);
(ii) fortificatiarf maize porridge with a precise combination of baobab fruit pulp and moringa leaf pow
at a globdbrtification rate of 1%Qwb)

U Theoretical assessment of physico-chemical characteristics of unfortified and fortified food

matrices
Macronutrients and micronutrients content were assessed using calculation procedures including th
of yield and retention faf¥tsqueLaicedo et al., 200®ethod 1) and Nutrisurvey 2007 software
(method 2)n the first method, the yield factospplsd atecipe levegimacronutrient) and the
retention factors at ingredientlgyetially for minerals content of ingredients. In the second method,
the nutritional value of each ingredient was included in food database of the Nutrisurvey software ar
amounof ingredient in recipe was indicated. The nutritional value of the recipe nutritional value \
estimated automatically by the software. The mean values were calculated with data provided by th

methods.

U Contribution of fortified food to iron recommended daily intakes of women in reproductive age

The iron recommended daily intake of female, lactating women and pregnant women from Rose
(2011) were used. The consumption level of the fortified food daily consumed by women in reprodt
agewas used to estimate the iron recommended intakes cover rate through formula below

LT "M " CHHITH CHTOT LT THEH T OHT
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U Statistical analysis
The stagtical analysis was performed using Minitab 16 Aatilyaecof variance (ANOVA) followed
byTurkeyest were performed to assess difference betfiegaridrtinfortified foadnm of their

macronutrient anadmnuient contents.

2. Results
Through field surysgveral food matrices were iderititsahe with the highest score of consumption
frequencyvas selected, food to fowtifiation assaywere performed folloviegda theoretical

assessmewfnutritional value.

2.1.Food matrices used by women in reproductive age and their score of consumption
frequency

The field survey showed that foagiynatrices used moringpdseder and/or baobab fruitgmalp
these matricemry from one biogeographaato another.able 1 shows teeore consumption
frequencyf different porridges (maize, sorghum and soya) &gusadpst soup, palmsoup,
tomato soup and koata soup) consumed by women in reproductive age in the three biagyeographical .
of Benin. lallbiogeographical zgnihe maize porridge has the dtigtmre 131 in the Guinnean
zone, 340 in the Sudas@aimean zone and 295 in the Sudanian zone respectively. It appears obvious
that maize porridge will be used as food matdodtoftwddortificatioassays withnoringa leaf
powder and/or baobab fruitgguiprticast

Table 1: Score of consumption frequenfopdfmatrices used by women in reproductive age per

biogeographical zone

Guinean Sudandsuinnean Sudanian
Maize porridge 295 340 131
Sorghum porridge 125 37 21
Soya porridge 21 13 -
Grundnut soup 18 129 -
Koata soup 41 - -
Tomato soup - 68 3
Palm nwoup - - 125

- Na determinable because ineasonsued in respectively biogeographical zone

2.2. Nutritional value of the fortified and unfortified maize porridge for women



The macronutrients contents of the fortified and unfortified maize porridge(msangahaetbtd

using yield and retention faeta$ligher than those using met{Nadrdurvey softwail@emean

of carbohydragdeontent of maize porridge decreased after dual fortification from 120.37+64.7g/100
(dw) to 106.03+£55.1g/100g (dw). However, theganteintent increased mize porridge fortified

with MLPfrom16.89.+10.5/100g (dw) 17.28+9.4/100g (dwJhe famearcontent increased also

in maize porridge fortified with (f#bM7.13+5.6/100g (dw) #®17+4.59/100g (d@gnerally, no
significant difference feasmdetween unfortified porridge and fpdifiede &D.05) (Table 2).

Table 2: Macronutrient content of unfortified and fortified maize porridge (g/100g dw)

- e Carbohydrate Protein Fat
Fortified and unfortified food Methods (gM00gdw)  (g00g dw) (gi100g dw)

Method 1 166.14 23.92 10.66

Maize porridge Method 2 74.60 9.10 3.60
Mean 120.37464.7 16.51+10.5 7.13%5.0

. : . : Method 1 144.96 23.03 9.98
Maize padge fortified Wit BPY - method 2 67.10 10.40 4.00
Mean 106.03+55.1 16.71+8.9 6.99%4.2

Method 157.02 22.06 9.95

Maize porridge fortified with Bl Method 2 74.60 8.70 3.60
Mean 115.81+58.3 15.38+9.4 6.7814.5

Method 1 149.53 23.96 10.34

Maize porridge fortified with MI Method 2 64.10 10.60 4.00
Mean 106.81+60.4 17.281+9.4 7.17%4.5

BFP: Baobab Fruit Pulp

MLP: Moringaeaf Powder

Method 1: Manual method using yield and retention fadthed 2: Nutrisurvey software

Table 3 presents micronutrient content of fortified and unfortified m&eagrathcgasnoticed

that the estimation of micronutrleetusing methodNutrisurvey softwasas loerthan those

using method(thanual method using yield and retention feletorean ofon content incredse
significantly on duaified maize porridigem 3.90+1.1mg/100g dw ta&8.9thg/100g dp=0.0).

Themean o€alciuntontenincreasag from 72.00:00mg/100g dw to 220.67+63.7mg/100g while the
mean afinccontenincreaseéfrom 0.84+0.9mg/100g dw to 2.55+0.8mg/100g dw on dual fortified maize

porridge.

Table 3: Mineral content of unfortified and fortified maize porridge (mg/100g dw)

g g Iron Calcium Zinc
Fortified and unfortified food Methods (mgH00g dw) (mg/100g dw)  (mg100g dw )
Method 1 3.10 19.00 1.47
Maize porridge Method 2 4.70 125.00 0.20
Means 3.90%1.1 72.00£75.0 0.84+0.9




Maize porridge fortified vidEh B Method 1 8.23 175.64 3.09

and MLP Method 2 9.60 265.70 2.00
Means 8.91%1.0 220.67163.7 2.55%0.8

Method 1 3.22 47.30 1.50

Maize porridge fortified vilth B Method 2 4.60 142.70 0.40
Means 3.91+1.0 95.00%67.5 0.9540.8

Method 1 8.17 161.49 3.08

Maize porridge fortified Mifh Method 2 9.60 256.9 2.00
Means 8.88%1.0 209.20%67.5 2.54%+0.8

BFP: Baobab Fruit Pulp  MLP: Moringa Leaf Powder

Method 1: Manual method using yield and retention factdethod 2: Nutrisurvey software

U Contribution of maize porridge fortified to iron recommended intakes for women in
reproductive age

Table 4 showisecontribution of fortified maize pdwidgerecommended daily intd@esvomen

in reproductiage. fie consumption of 667.63g/d of dual fortified maize ponaipe powidge

fortified witLPcoversespectively 52%8&nd 60.68%of iromecommended dailiake fdactating

and nofpregnant and niactating women a@#5%of iron intakes was covered for ptegmaan

using dual fortifiedize porridge and maize porridge fortified with MLP rdieencentoned are a

maximum. In practice, part of the ririerdswcontent will be bioavailable. As such, the actual cover

rate after absorption is probably lower.

Table 4: Contribution of fortified maize porridgs teecommended daily intakesoimen in

reproductive age iron recommeiailgdtakes

Women Iron content  Iron on porridge Recommended  Covers

targeted (mg/100g dw)  consume (mg/d) intakes (mg/d) rate (%)

Unfortified mai Lactation 3.90 1.86 7.00 26.52
porridge Pregnancy 3.90 1.86 23.00 8.07
Female 3.90 1.86 8.10 22.92

Maize porridge Lactation 8.91 4.24 7.00 60.61
fortified ( with Pregnancy 8.91 4.24 23.00 18.45
BPF and M Female 8.91 4.24 8.10 52.38
Maize porridge Lactation 3.91 1.86 7.00 26.59
fortified with Pregnancy 3.91 1.86 23.00 8.09
BPF Female 3.91 1.86 8.10 22.98
Maize prridge Lactation 8.88 4.23 7.00 60.40
fortified with ~ Pregnancy 8.88 4.23 23.00 18.38
MLP Female 8.88 4.23 8.10 52.20

3. Discussion



Food to food fortification appears to be more adequate in developing countries provided that the
fortification raeused for a selected target group and that food fortificants deliver needed quantity ar
quality of micronutrients. By addingdHertdicants to the food matrices, it is likely that this affects the
whole compositiortteé fortified foodsdeed, according to theoretical estimations performed in the
present study, moringa leaf powder and baobab fruit pulp improve ¢hés mamtanitof maize

porridge after fortification. As such, a decrease of carbohydrapesrafgaftizefortification was

noticed as similarly repdoy&diejuyitaet al (2012)y fortifyinggi powder with baobab fruit pulp and
Abioyeet al (2015) in ogi powder fortified with moringa leaf powder. The inaerehsaloiuinon

contenbf maize porridge fortified with moringa leaf powder and dual fortified with MLP and BFP car
attributed to the high iron and calcium contengafleadpowder. As reported by Kayalto et al (2015),

the moringa leaf powder contains 53.75mg/100g dw of iron and 1443.90mg/100g dw of Calcium 1
baobab fruit pulp contains 4.30mg/100g dw of iron and 1.70mg/100g @whaf&alchioh@s

suchdual food to food fortification is a potential way to upgrade micronutrients content of food and de
nutritious foods to target populations.

Iron deficiency is the mostly worldwide deficiency found in the world.iBynpreectigjhtyway

thrawgha good approach of food to food fortification, such a deficiency may be reduced in ma
developing countries. Indeed, the cover rate found in this study were up to 60% which is interes
However, there may be a discrepancy between microrentiantdbeir bioavailabidie to its

high vitamin C content, baobab pulp can be seen as acidulate that may have a positive effec
digestibility of micronutrients. As such, food to food fortification is a potential way to deliver micronut
to arget populations. These aspeetdfurther investigation and would provide data to adjust the
fortification rate. Apart from the previous aspect, theoretical estimation of nutritional value is com
practice and offers a rough idea about the pataenbot the food and is cheap. However, it is not
always as precise as laboratory analyses which are very costly. Indeed, in the present study, the
methods used provide different theoretical values for the same foods. This may be dbe to the fact th
manual calculation method includes yield conversion factoGai¢édquetzl., 2008) and provide

higher values than the one provided by the software (Nutrisurvey software 2007). This conversion f
IS a necessary because, the yield faasoused to integrated undergoirfpanges of raw foods

weight after preparatioranyother treatment (VasgqQaicedo et al, 2008). According to Bognar
(2002), the preparation of food by heat processing in particular by cooking may lbaddesssential ¢
in weight and nutrient content. The software is used mainly for rapid estimation of food found during
survey. It appears that the best to do is to proceed with laboratory analyses whenever possible to

more precise values about foochtaitramtent.



Conclusion

Maize porridge is the food matrices with the highest score of consumption foetjfiesioyn The
usingmoringa leaf powder and or baobab frag fartficant significaimityeased mineral content
of food matrices used (maize porridge) especaily calciurcontent. igoodto mentiorthat
theoeticabssessmemtf nutritional value is diffenetin labratory analysis. Investigagea to be

performed at lab gctd assess nutritional value oédoitifid and their acceptability.
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Abstract

The baobab is a mpltipose tree which is use in many countries for its nutritional and medicinal
properties. Due to its sensorial and nutritional properties, it constitutes an opportunity for some proce
units to valorize it through the procek#ivegpulp; one of its derived products is the nectar. The
stabilization of this product involves thermal treatments. The aim of this study was to assess
effectiveness of different thermal treatments scales on the microbiological, physicochemical
organoleptic qualities of the baobab nectar. The baobab technological diagram used in selec
processing (two thermal treatments) units was documented and realized. For the assessment of diff
pasteurization scales, a modified technology witingealsasted; the used scales weré5{T1)

for 15 minutes, (V8fC for 10 minutes and §03} for 5 minutes. A preference test was performed

to find out the preference of consumers for products with two or one thermal treatments. The paran
suchas pH, brix value, color and the lleatiofcid bacteria and yeasts and moulds were determined
on the freshly produced pasteurized nectar and thoSbkestedts showed that panelists have a
preference for nectar produced with one thernealttrElagme is no significant difference in pH and
color whatever the pasteurization scale applied. Lactic acid bacteria were absent in freshly
pasteurized baobab nectar stored for one month at 30°C. All baobab nectars have mould and yeast
in accatance with the standards. A storage experiment integrating processors practices and modi
techniques are necessary for technological optimization that promotes nutrients retention and safet

Keywords: Baobab, color, lactic acid bacteria, nectalgptgacharacteristics.

Résumé

Le baobab est un arbre a usages multiples qui est utilisé dans de nombreux pays pour ses propr
nutritionnelles et médicinales. A cause de ses propriétés sensorielles et nutritionnelles, il constitue
opportunité poaertaines unités de transformation qui le valorisent a travers la transformation de
pulpe; I'un de ses produits dérivés est le nectar. La stabilisation de ce produit implique des traiten
thermiqued. " obj ect i f de c et titée de diffcuedte barerses dedraitémeats u e
thermiques sur les qualités microbiologiquescpimysjues et organoleptiques du nectar de baobab.

Le diagramme technologique du nectar de baobab utilisé dans les unités de transformation sélectior
(deuxraitements thermiques) a été documenté et réalisé. Pour I'évaluation des différents baremes
pasteurisation, une technologie modifiée avec un traitement thermique a été utilisée; les baremes u
étaient: (T1) 65°C pendant 15 minutes, (T2) 75iClLfemilautes et (T3) 80°C pendant 5 minutes.

Un test de préférence a été effectué pour déterminer la préférence des consommateurs pour les pre
avec un ou deux traitements thermiques. Les paramétres tels que le pH, le degré Brix, la couleur
chage des bactéries lactiques et des levures et moisissures ont été déterminés sur le nectar pastel
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fraichement produit et ceux stockés. Les résultats ont montré que les panélistes ont une préférence
l e nectar produit anvtraitement @aherrnigue. bl m'y & pag deediffémeaced i f
significative de pH et de couleur, quel que soit le baréme de pasteurisation appliqué. Les bacte
lactiques sont absentes dans le nectar de baobab pasteurisé fraichement et conservé pendant un
a 30C. Tous les nectars de baobab ont une charge en levures et moisissures conforme aux norn
Une expérience de stockage intégrant les pratiques des transformateurs et les techniques modifiée
nécessaire pour l'optimisation technologique qui faeteisgota des nutriments et la sécurité
sanitaire du produit.

Motsclés Baobab, couleur, bactéries lactiques, nectar, caractéristiques nutritionnelles

Introduction

The baobabAdansonia digitataee is commonly encountered under tropicalcoltidtns

(Akubor, 2017yhe consumption of its fruits improves the nutritional quality of African population d
(Parkouda et., 2007). In West Africa and especially in Benin, baobab (bark, leaves, fruits, seeds)
widely used by local populatem#dd, therapeutic and economic and/or sociocultural reasons
(Assogbadijo et al., 2005; Kouyaté et al., 2011). In Benin, baobab fruit pulp is traditionally valued i
form of beverages (juice and nectars), fermented dough (commonly called Qdamcagayan in
language), porridge as well as lollipops (Chadare et al., 2008). A very popular and widespread prod
the baobab nectar, also called in Senegal "Bouyé juice" (Cissé et al., 2009). Most of those fresh ne
were not stabilized and therefeeclingted shelf liwadays, more and more pasteurized baobab
nectars are available on Beninese markets, especially in large cities. However, the quality of tf
commercialized nectars is still unknown. In Benin, the color and viscosityas§ lpgotdabeatkict

Benin suggest that applied heat treatments are severe. Such an observation was confirmed by
investigations of Gbaguidi et al. (2017) during pineapple juice processing. Knowing that baobab is r
heat sensitive nutrients such asvita severe heat treatments could significantly reduce the nutritional
quality of baobab nectars. Consequently, this study aimed to determine the most appropriate cond
for baobab nectar pasteurization in Benin.

Material and Methods

Material

The baobab pulp used for production was purchased at Dantokpa market in Cotonou.
Methods

Experimental design

Six commonly visited supermarkets of Cotonou, the economic capitale of Benin, were screened to id
the commercialized baobab nectar bramgsodéssing diagram of the three most common brands
encountered was determined through a procesg fsllaly. Productions were followed per
processing unit to identify the flow diagrams as well as the conditions applied for implementing eac
opeation. Based on the flow diagrams used by the processing units, a modified flow diagram \
suggested for obtaining a fluid Baobab nectar in the laboratory conditions. This diagram was te
measuring pH, brix value, color, load on lactic acid Hacastsan

Using the modified flow diagram, three pasteurization schemes nardEyn(iri)tés,°(d2):75°C
10 minutes, and (T3):89%@inutes were tested. The suggested schemes were compared measuring
pH, brix value, color, load on lactic acic actgeasts.



The most promising product was compared with the conventional product obtained from the proce
unit diagram.

A storage test was performed by assessing thelpdysted (pH, brix value and color) and microbial
(lactic acid bactemalgyeast counts) characteristics of the nectars after production and after 30 days ¢
storage at 30°C. All analyses and productions were performed in triplicate.

Analyses

Nectar pH was measured with a pH meter according ts®) Z®0®nethod. Nectar brix value
was determined using an ATAGO digital refractometer according @(&C5Qa¥Golor of
baobab nectar was determined using the CR410 Konica Minolta colorinhétar, to* exskosss.
For each sample, these parameters were measured in duplicate.

Yeastzounts were assessed on sabouraud agar supplemented with chloramphenicol agar incubate
25°C for 5 days (ISO 21%27008). Lactic acid bacteria were enumerated on de Man Rogosa and
Sharpe medium after incubated at 30°C for 3 days (ISO 15214: 1998).

An analysis of variance followed by a Dunett test helped comparing the baobab nectar characteri
during storage.

Preference test was conducted with 37 baobab nectar common consumers selected as panelists.
were assigned to compare the pasteucizechne pr epared according to t
pasteurized nectar according to the modified diagram.

Datawere analyzed using thetaed binomial test (Watts et al., 1981).

Results
Production of pasteurized baobab nectar acommoegtors techniques

Pasteurized baobab nectar is usually made from pulp. First, the processors mixed the baobab pulg
water and homogenized. Next, the mixture is sieved to remove the wastes (baobab fibers and seec
the sieved mash, sugar is agdbdnore water and the mix is cooked for about 30 minutes. At the end
of the heating, the nectar is packed in 25 cl glass bottles initially well cleaned. The bottled nect
pasteurized at 90°C for 25 minutes. The flow diagram for the protessirefddigaisab nectar

shown in figure 1.

Production of baobab nectar using the modified te¢haitporatory

Baobab nectar was made from baobab fruit pulp, hot water and sugar using the below diagram pres
in figure 2. The baobab pulp weasdsto remove some wastes, mixed with hot water at 60°C and
homogenised. The obtained mix is packed in sterilezed or initially well cleaned bottles (25cl)
pasteurized at 6536 minutes, 7510 minutes and 80%0minutes.
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Preference of uncooked baobab nectar before pasteurization

The preference test performed with 37 randomly selected panelists revealed that 62.2% of the pan
preferred the pasteurizeddaolectar without cooking (one thermal treatment) while 37.8% preferred
the pasteurized nectar with cooking (Table 1)

Table 1 : Preference of baobab nectar

Number of

Number of tasters per criterion chosen

) Criteria
Prefered product panelist [rumber (%)]
Acid taste 52.1
Pasteurized baobab nect 23 Sweet taste  65.2
without cooking Texture 43.4
Aroma 39.1
Global 62.2
preference
Acid taste 50
Pasteurized baobab nec  , Sweet taste  42.8
withcooking Texture 50
Aroma 35.7
Global 378
preference

Effect of pasteurization on the plisicocal characteristics of pasteurized baobab nectar

Table 2 shows the physimmical characteristics in terms of pH, Brix alue avftheoloab nectars
according to different pasteurization scales. In general, the characteristics do not vary from
pasteurization scale to another. More specifically, pH values are at about 3 while brix values ranges
12.97 to 13.15. The colompaters remained also quite stable.

Table 2: Effect of pasteurization on the plhsicocal characteristics of baobab nectar

pH Brix L* a* b* AE™*

Treatment value

T1 (65°€5 3.15+0.15 13.15+0 49.31+0 9.13+0, 18.90+0 48.71+0
min) a .02c 4A6a 35a .97a .54a
T2(75°C 3.01+0.01 13.01+0 49.87+0 9.16+0, 19.41+0 48.69+0
10min) a .03b .27a 12a 17a 17a

T3 (80°€ 3.10+0.03 12.97+0 49.63+0 8.86+0, 18.88+0 48.2040
05min) a .04a .3la 24a 24a Ala

In each column, the same letters indicate they are not significantly different at 5%

L = lightness; a = redness; b = yellowness



Effect of pasteurization on microbiologriaatestics of baobab nectar

Table 3hows the average microbial load of the pasteurized baobab nectar. Lactic acid bacteria
absent whatever the pasteurization scale applied. The microbial load of yeast and moulds contain
the baobab nectar pasteurized at 65°C is 2.25 log10 [eRbégevdiinectar pasteurized at 75°C

and 80°C are < 1 log10 CFU/g. The higher the pasteurization temperature, the lower the yeast and r
load.

Table 3: Microbiologicdlaractastics of pasteurised baobab nectar

Treatment Shelf life  Lactic dad bacteria Yeast and moulds
(days) (logdUFC/Qg) (logoUFC/qg)
T1 (65°€C15min) 0 0 2.25
30 0 2.46
T2 (75°€10min) 0 0 <1
30 0 2.01
T3 (80°CG5min) 0 0 <1
30 0 1.59

Ability to the preservation of the pasteurized baobab nectar

Table 4 shows the pH and the brix value values of the pasteurized baobab nectar stored for 30 day
significant changes were observed between pH values of freshly pasteurized nectar and the san
(65°C and 80°C) and the ones stored for one momtheatperature.

The brix value of pasteurized baobab nectar irrespective of the pasteurization scale decreased d
storage while color parameters remained quite stable.

Table 4: Effect of storage time on the ply®atcal characteristics of bauabr

Physic&ehemical charagstics

Treatment Time
pH Brixvalue L* a* b* AE
0 3.15+0.15 13.15+0.02 49.31+0.46 9.13+0.35 18.90+0.97 48.71+0.54
T1 (65°€5min) 30 3.18+0.01 12.96+0.03 49.11+0.03 9.55+0.31 18.40+0.28 48.67+0.38
ns rx ns ns ns ns
0 3.01+0.01 13.01+0.03 49.87+0.27 9.16+0.12 19.41+0.17 48.69+0.17
T2 (75°€@0min) 30 3.17+0.00 12.86+0.05 49.16+0.18 9.47+0.03 18.80+0.17 47.86%0.23
rx ns ns ns ns **
0 3.10+0.03 12.97+0.04 49.63+0.31 8.86+0.24 18.88+0.50 48.20+0.41
T3 (80°&min) 30 3.02+0.02 12.53+0.02 49.52+0.12 9.92+0.20 19.90+0.02 48.64+0.15
ns il ns ns ns ns




ns: not significant; ***: significant at 1%; **: significant at 5%

L = lightness; a = redness; b = yellowness

Discussion

To reduce microbial load, the processors apply several thermal treatments which can also rec
nutritional quality of baobab nectar. This study show that tlasremokingnce on the organoleptic
characteristics. The effect of pasteurizati@ntreafoid is not significant at the 5% threshold. Indeed,
the parameters measured (pH, Brix value, color) are more intrinsic to the nectar whatever
pasteurization used. Some differences may be noticed during storage according to pasteurization st
The low pH (3-35.8) of baobab nectar is favorable to a good preservation. Similar pH values wer
found in nectar of Parkia pulp (pH=3) (Ouattara, 2011). Chadare et al., (2017) reported that stora
30°C for one daynoinpasteurizeloobab milk nacinduced a significant decrease in pH kalue

thermal treatment applied in the nectar under investigation may hinder any change in pH value. How
other changes may occur during storage. Indeed, baobab nectar stored at 4°C for 11tdays lost 35%
total sugar content (Cistsal, 2009). The same tendency is observed in the present study where the
brix value of baobab nectar decrease after only one month of storage. As such, a longer storage p
would induce a greater decreasealBexs an expression of total soluble solids content which includes
also sugars. More precise estimation would include measurement of total or individual sugar.

The limit for yeasts and moulds in nectars according to standards is 30 CFU/gd(K&@).Standa
Irrespective of the pasteurization scale, the produced nectars are in accordance with the standard. In
yeast and moulds can grow at temperature range from 0°C to 60°C with a water activity between 0.’
0.8 (Alboratt al, 1995). The mence of yeast and moulds in baobab nectar can be explained by their
growth in baobab pulp if it’s exposed to hu
sometimes hard to fully preserve raw material against humidity as meridtaettifobigldposa

used to prepare some nectar (Ouattara, 2011). This suggests that the practices of good handling @
material and good manufacturing practices would help to prevent presence of some microorganisn
fact, at pH lower than 4.5,lweitgd pathogenic microorganisms can grow except the acidophilic ones
(Davidson and Critzer, 2012). As such, distribution temperatures, if not too high may keep for a reasc
time the product with low microbial load if there is no cross cahuanynabolction, packaging

and distribution (Chadare et al., 2017).

Conclusion

Practicing two or one thermal processing does not affect itieeipigaiccharacteristics of
pasteurized baobab nectar. Panelists have a preference for baolmabneetttarmal treatment.
Pasteurized baobab nectar has a low microbiological load whatever the pasteurization scale provide
the temperature is high enough to inhibit yeasts and moulds. A storage experiment integrating proce
practices and maatiftechniques are necessary for technological optimization that promotes nutrient
retention and safety.
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Abstract

African baobal\dansonia digitata) is a large treghich socieeconomiémportance is well
establishedlmosall parts of this tree are fizedarious purposes. The leaves are very rich in vitamin
C, previtamin A, iron and contaportannhucilages. Tlyeung leaves the speciean becooked

andeaten as a vegetable but most often they are dried aeat Plosvgalp of the fruititiaakally

enters in thareparation of several beveigeto itacmessn vitamin C, calcium, magnesium and
other importaminera. Nowadayghe pulp isoldin many European and American countries, making
baobab a highly important commodity. Yet, most current utilisations are based on wild populations
recent investigations pretiap decline of the natural populations making urgent to engagje the specie
domestication. Vegetatik@pagations are methods of multiplication that offer several advantages
especially with regards to consyireferences and precociousmssvorkains torevievwcurrent

knowldge on the differgagetative propagatisethodsf baobab anddscussuture perspectives

for mainstreaming baobalsed agroforestry systems into diversification and poverty alleviation
programsxisting literature on different methods of fraplaafatiomereassessedNVe found that
cuting,grafting anah vitromultiplication usitwyonode segments are the vegetative propagation
methods already tested on badhelresults showed that the success of grafting frootuafe
89%whenconsidering the modality ofrtbisodTheMurashige & Skaowyironmestipplemented

or not with phytohormones is the best conditionfitrabactivity &. digitataxplants, regardless

of their type$he success rate averages 30 percent whedatyoie acid (AIB) hormone is used
considering cuttin@gher approaches suclaiagayeringechnicare stilbangtestedn ordeto

identifyghe best methtmlrecommeridrrapid and efficient propagatibie species

Keywords: baobabdomesticatipcuttings, graftingyering, multiplication.

Résumé

Le baobab africaikdénsonia digitdta ) est un grand arbre dont |
En effepresque toutes les parties de cet arbre sont utilisées a divessesiiies. sont trés riches

en vitamines C, en-pitamine A, en fer et contiennent des mucilages (10 % ms). Les plus jeunes
peuvent étre consommeées comme légume mais le plus fréquemment elles sont séchées puis réduit
poudre. La pulpe du fruiedraditionnellement dans la préparation de plusieurs maladies car, riche en
vitamine C, en calcium, en magnésium et en ¢
sont utilisées dans le traitement de plusieurs maladies comme |é @aludisme, ke l a di ar
infections microbiennes. Les graines sont un
devient une source de revenus et de sécurité alimentaire pour les communautés locales. Ainsi, on a
a une pressiau r | " espece qui devient menaceéeée. L a
mul tiplication végétative est une solution p
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milieu natur el en ce s e n sractgristiques désrés ptececiea tin d e
temps plus court que la reproduction par graines. Ce travail a pour objectif de faire la synthese
connaissances actuelles sur les différentes méthodes de multiplication végétative du baobab et de d
des perspeaees futures pour une meilleure propagation. La littérature existante sur les différent
meéthodes de reproduction du baobab a étéectirsultéssort que le bouturage, le greffage et la
multiplicationvitree n ut i | i sant des segments de ncuds s
déja testées sur le baobab a cégsuméthodescitted@ s sus n’ ét ant pas | es
propagation végétative, il faudra penser a faire le marcot@gé aénestpar exemple, faire une

étude comparative de toutes les méthodes possibles afin de mettre a disposition la meilleure mét
utilisable par les populations afin de multglepl e c e .

Mots-clés: Baobajbouturage, greffage, marcottagejeatitthdomestication.



Introduction

Adansonia digitdta the Africarbaobab is characteristic of the Sahelian zones and belongs to the
Malvaceakamily. It is the only spemmesng theighof thegenusAdansoniaccurring West Africa
(Wickenaind Low&008)African baobab is a largevitdd 8 to 25 mafheight and 5 m to 10 ah
diameter The tree gives hanging flowers and produces tagsuestaimumerous seeds
surrounded by a floury pulp. Baobab flowers amethesgmeparation of '‘potash’ used in human
nutrition. Nectar is also sucked by children as a desserTlerenack.maimycomeayenerating

activies around the speciessubSaharan Afrid@&ebaueet al.2016).The leaveareused as
vegetablesheyare rich in vitamin CAptamin A, mineral salts, and iron (Kanhat2011)The

leaves and bark are used in the treatment of several diseases such as malaria, tuberculosis, micr
infectiongjiarrhogaanaemiaetc. (Watt and BreBeardwijk, 196 2Adesanyat al.1988 Abbiw,

1990Van Wyk and Gericke, 2B&éndleet al.2003 Tapsoba and Deschamps,;28f&kens and

Lowe, 2008, De Calewval 2009 Ngutaet al2010)Fruit pulp is used in folk medicine as a febrifuge
(Ramadaetal.1994Bosclet al2004 Sidibe and Williams, 20B2cently, baobab has been referred

to as a “superfruit " vithransfatd aaddmineraforinstamdethel t i on a
consumption of 40 g of baobab pulp provided 8O commended daily intake of vitamin C in
pregnant women-@39 years) (Chadateal 2009). Its fruit pulp has very high vitamin C content (up to
500 mg/100g dw, ~ ten timesthamtbat of orange, and three times that of chocolate mdk), hence
high arbxidant propgrtLeaves contains important amounts of minerals namely Iron and Calcium an
vitamins namely pro Vitamin A (Cleadd2€09, Chadaet al 2014). These micronutrients are also
biavailable for human blyadaret al 20®@). Due to this exceptional nutritional value, baobab has
been acknowledged as a novel food by the European Union in 2008 (regulation EC N°258/97 of
European Parliament) and also accepted as food ingredients in the UST{eddul209RAIso

nowaays sold in many European and American countries, making baobab a highly important commc
This importance and exploitation have put wild populations of baobab into severe threats :
domestication of the species has becomeTinegrritvatiorof baobab will not only help to reduce

the pressure on the baobab natural individuals but also to cover the growing demands of the popul
for baobab products. When reproduced blyeséesi, flowseof the baobab appe@38years later

(Diopet al2(5) and the young treegnotbeidentical to the pastahes (Assogbadgt al2006).

Vegetative propagation istype of propagatitimat uses fragment of the vegetative system to
propagate the plant. The different variants most commanisaliaesbm are cuttings, layering and
grafting (ICRAF, 2011). The advantages of vegetative prupagatdiased propagatiare:

earlier fruiting of trees; the integral transfer of the hereditary characters oftihdesotretdnts

the mliplication of species whose seeds are not availdidepaiter timing of greduction

because it no longer depends on the fruiting sEagewasithe risk of intensification of diseases is
great; the chances of creating new varietetuerkand the techniques are more expensive and
require much more expertise (ICRAF \2@Eiative propagatadso offartheadvantages to fix

desirable traitsspecially with regards to consysneferenced-or examplgrafted plants have
similarltaracteristic traits to the paants andanshorénperiod for fruit production. These grafted
plants can begin to flower less than 5 years after grafting (Sidibe & Williams 2002)e@tafang is a
propagatiomethod that can be a powedblfor reproducing the desirable phenotypic traits of baobab
(Simons & Leakey 2@dnnifedt al2008). Tik studwaims to reviadifferent methods of vegetative
propagation of baobab treermmdiscuss future prospéatdhe species domestication



2. Methods

Scientific articles and technical documents were researched in Google scholar armhRiesearchGate
various methods of propagation of bddieaky words used for our researcé: Wwaobab,
domesticatioottings, grafting, layering, multiplitagoobtained articles were summarized.

3. Results

African baobab is naturally distributed in most abilnetiseaharaegior{Wickens, 1982). Within

some of thesmuntries, its distribution is limited. This is the case, for example, of t@éad, where
speciess absent in the east parof the countryné South Afrigehere it is transversely distributed
(Wickens, 1982). Althaughasavannlaand dry zorgecis (FAO, 1988), baobab is found in the
wetlands of EquatofiicadGabon, southern Cameroon and Democrafidi@oatgm preseah

Sao Tomé, Madagascar and Comoros Islands. Baobab can withstand very higis teetpa@satures
very low tempedureg42°- 2C¢° C) (Simpson, B)9he altitude for good baobab growth vary between
450 and 600 m, but several authors reported its presence at altitudes ranging from 1 m in Benin to
m in Ethiopia (Wickens 1982, Wilson 1988, von Carlowitz 1991).

Cuttings

It is advisable to choose the cuttings of abo(Asbgbadjet al2009. Thisconsists ta(i)fill the
polyethylene bags with well compacted (sterilizesteilizent) substratéf;choose a young
baobab plant obtained from seed germ(iigtiame at the young plant and this with a secateur the
leaves of the cuttings chosen before cutting them from the niiojlcat platitigs with a diameter

of about 10 cm using stedlifizuning sheagcut the base of the cutting at a righ(a)gieferably
immerse the base of the cutting into the previously prepared hormor&b\(fyréddale a ron

use of hormone significantly reduces the rate of (enyplsryg the cuttings vertically in a hole
approximately 2 cm deep so that the bud is just above the surface of (Vig)snfsteateat the
substrate is well packed around thesratith(jx) ater the cuttings to prevent them from drying out.

Photol Resumption ybung baobab cuttiilyssogbadgt al2009)

Baobab tree canfimepagately cutting method. The success rate averages 30 percent-when Indole
3-butyric acid (AIB) hormone is usisdu@cessate is about 2 perogithout hormofssogbadijo

et al2009. The advantage of this method is to multiply clones in a relativelyAssng ipeded

al.2009. The flow diagramtfoe processinghzfobalzuttings shown in figure 1.



Baobab tree

2

choosea young baobab platained
from seed germination

2

prune at the young plant the leaves of the ¢
chosen before cutting them from the mothe
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water -) ‘

ensurehat the substrasenell packed around 1
substrate

Figure 1: Processing diagram of baobab cuttings

Grafting

To graft baobab tree, we need a graft aboufflbhigrand 1 cm in diameter and a rootstock from a
young baobab tree. gradt must be mature and must be betavebd onth$he different stages

of theside eneer technic used to gadbab consist @fidentify at the level of a young baobab plant
the grafts to be us@égremove, one week before the graftragiapethe grafts from their leaves
before separating them from the mothéiijdarttly collect the grafts on the choserspleioje

the graftingiv)select a healthy, vigorous baobab seedling that is the(vpptateelgnd topping

the rootstockyi)toast the graft just above an(eyenake an oblique cut on the graft of the same
notch as that of the rootstock so that they interpainetrateye a slice of bark and wood about 4
cm long on the stem efrotstock until it reaches the sagxgimghtly ligate with polyethylene tape;
(x)protect both plants with a waxed cloth and water them well until the gaafireasotzkdime



ribbon once recovery is compeiedAssogbadget al2009. Grafting of baobab is showphoto
2.

Y

Photo 2Grafting dfaobalf{Agbohessou,2(18

The choice of grafts and rootstocks should twa lasquieferences of the populations. Grafting has

the characteristics of adding the quantitative traits of the strains used, shortening the reproduction [
and beingealized at any time of the. &de veneer grafting method and top cleft metfiod
(Anjarwallat al2016 were tested on baolakafts are collectedm@® (orthe basis of their fngjt
performance for exampleg.grafts had about 20cm. These grafts were thentgrgfegting doors

from seedlings and different ages: 1 year and 2 years. The best results were obtained on baobab g
onto Zearold rootstocks using site veneagrafting meth@dd3%) and top cleft grafting method

(720. Herberet al.(2018Yyeportedortop cleft (66.6%) dndside veneer (63.3Ug)west survival

rates were obtained on rootsbbdy®arold rootstocks usimdesveneer grafting methodfae top

cleft grafting meth{@ahjarwallat al2016)A compason of the twoethods shedthat with thiep
cleftechnique, the average shoots length is higher compared to the average shoosi@agth with the
veneer grafting metfjarwalla et 2D16. Thegrafting success is strongly influenced by the period
ofthe yeain which it is achievéerberet al (2018)Growth hormones should be concentrated in the
buds to promote differentiation of vascular elements in the graft tissustsa{l2@G&)aimorder

to assess the best time of year for baobab grafting, grafts should be harvested and grafted at diff
times of the year when they are at different physiological levels and at different stages of growth,
considerinthe variation condition&njarwallat al.2016. In addition, the studies of Hexbalt

(2018 revealed significant differ&eteeemyraftingnethods in two different months: October and
decembefhoot growth was 3.30 = 0.708 cm for sideamdrizé0d + 0.713 cm for top Tledse

results indicate that baobab is easily amenable to graftinggvelfiiimy is done at the right time
(Herberet al2018.

In Vitro propagation

N’ D etwnl€012have studdthe optimal conditions for in vitro propagation of the baobab tree that
would allow a mass production of plants for their subsequent introduction into the planting areas.
reactivity rate is 100% for apex, cotyledonary and axillary nodes roiltsineedeva he number

of newly formed shoots depends on the type of explant but also the nature and concentration o
hormone. It is the same for the average shoot lengfie meanchumber of newly formed nodes.



The restd of this study showmatMurashige & Skoog (MS) envirosopgiemented or not with
phytohormones is efficient for the in vitro rea&teaitgaiia digitataxplants, regardless of their
types for micropopagafouligitataxplants react spontaneously in MS culture neadiagconhot
growth regulatghé’ D et yl2012.

Photo 3A. Sterile seedling®\otligitateB. Apex (APX); C. Axillary nodes (AN); D. Cotyledonary
node (CN) neofornfetll * Btah2@&L2)

The number of newly formed shoots depends on the type of explant but also the nature and concent
of the hormone. The same goes for the average shoot length and the average number of neofor
nodes. Growth regulators alsofhavarableffect on éhformation of baobab roaotiseiim vitro
cultureThirty days after planting, the besinmidtithe growthfofdigitataxplants is the medium

MS + @enzyl aminopurine (BAP) OL51r(lg’ D et §l2012. Comparing the growth rate of explants
grown oMS media containing different cytokinins like BAP and Kinetin has allowed to determine that
BAP is more effective than kinetin for the formation of new shoots whatever the type of explant te
(N’ D etyaB2012. So, in the absence of polyphenolic interactions, which could interact on
morphogenetic capacities of baobab explants, due to the power of activated charcoal adsorben
baobab explants, the BAP is more organogenic at the same concentration than Kinetin.

In vitro propagation of Adansonia digitatasing two-node segments

Using twaodes segment isiarvitrgoropagation method testedRollet al. 2014 due to the low
germinability of bablsaeds. F&ollet al(2014, micropropagation was tested as a methaokior
propagation of explants fmonivegrown seedlingds.vitrashoot multiplication was achtbveadgh
enhanced axillary bud proliferation of sterdimmdeta@gments. The shoots propagatisavas
achievedThe best resultereobtained with MS environmigoplemented with 10 mM of zeatin
riboside (ZR) alone or with combinations of 1.0 or 10.0 mM ZR and 10.0 nsMdB&apnstrdot

In the presence of these proliferative conditions, the highest percentage oikpigetisenaisg e
obtained, callus formation was limited to the basal parhotifeesegment and completely absent
in the regenerated sh{@®tdlet al2014. In addition, the shoots obtdienglopedel] both in terms

of mean number of nodes aook $#&ngth. The seeds subjected to chemical scarification gave a very
high germination rate. All seeds were develapedrantatadtoseedlings. In addition, udAg

at 10uM is the best option for having high rate (Rofietird2014. The best rate of survival were
77.77 %72.72 % and 57.14&4pectively fplants formdbm the apeplats stemming from the
axillary nodesdfor those formed from cotytetlsing twaode segments from ingerminated
seedlings represem@tgood starting materialXodigitatan vitro culture because plant tissues in
vegetative phase were resilient to sterilization with sodium hypochlorite.



5. Conclusion

From the currekbowledge, cutting and grafting could be the best reggtienkimown to
propagatbaobalby vegetative waye also have vitrgoropagation aimd vitrgoropagation using

twenode segmentddditional work is necestalycrease the successegetative propagation
methods. For example, air arektealayering can be testadd a comparative study of all the
possible methods in order to make available the best method usable by the populations in order to m
the species and thus reduce pressures in the natural environment.
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Résumé
Les lycéesTechniques Agricoles (LA A)travers leurs missions et objectifs jouenprimaddéal
dans | e développement du Bénin. En effet, ce
compétences variées qui ont accompagné |’ enc
jusqu’a nos jouercshnilues' @dgivbud&s agenlt’sex® c ut
indi spensables pour | " encadrement des produc

aux entreprises agricoles, aux organisatignsmom e r ne me nt al e s-conseilie r ven a
producteurs. A travers les collaborations avec des partenaires multiples, ces institutions contribue
développement local du pays.

Mots-clés : Auteemploi, entreprise agri¢ademation agricole,

Summary
Technical and vocational educatigraamdgTVET) institutichsough their missions and objectives
play a key role in the development of Benin. Indeed, these institutions provided various skills fol
technical support to farmers from colonial period to date. Their graduestsageatededicated
to the execution of essential tasks to help producers for the improvement of agricultural productivity.
also provide specific skills to agricultural enterpgsesrnorental organizations involved in advising
local farmershiugh collaborations with multiple partners, these institutions contribute to the loc
development of the country.

Keywords: Agricultural busineAgricultural trainigglfemployment

1. Introduction

La création des institutions de formation@icdéh er che dans | e domai ne
marquée par trois périodes spécifiques suivant les aspirations des gouvernants. Dés les années 19
France, colonisateur du Bénin, avait besoin de matiéres premiéres pour alimenteteses industries
développement de ces plantes et cultures au niveau des territoires colonisés a besoin de ressot
humai nes qualifiées formées | ocal ement. D’ o1
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recherche, un dispositif de formation du persbmmel gar e d’ appoi nt afin o

d"acclimatation et jardins d’essais » qui,
agronomique et zootechnique. Ce dispositif de recherche est mis en relation avec un centre de rech
aMontpéller en France pour | ’introduction dans |
C’est dans ce contexte qu’est né en 1914, | €
Novo qui va devenir en 1954 le Centre Techniqu¢ Agiicéle . Ce centre a ral
parce que devant servir | e Dahomey, | e Togo

contremaitres de cultures, des agents pour les coopératives et les sociétés de prévoyance et des ¢
conduteurs des travaux agricoles et desagiistnts de laboratoire. Sur instruction du gouverneur
fédéral le CTA de Pditvo va étre transféré en-€6td v oi r e . En | ieu et p
Pratique Agricole (EPA) de -Rorto qui a pour missienformer des techniciens agricoles pour
assurer la vulgarisation agricole aupres des agriculteurs.

A | "accession du pays a | i ndépendance, .
dépendaient de la méme direction a savoir la Directicgnden&niset de la Recherche Agricole.
Cette direction a restructuré |’ enseignement
» qui forme | es agents de maitrise, d’'-encadr
agrictes, les collectivités rurales, les services publics, les(BplEéaidseau « Centre de Formation
Rurale » (CFR) qgui forme des agents de bas:¢
agricoles et paagricoles, les collectivités ruratesetvices publics, les socidtsle niveau «

Centre de Formation Permanente » (CFP) qui assure le recyclage et le perfectionnement de tou
agents du développement et de la coopération, ainsi que des agents de tout organisme public et pri
en font la demands (iv) le niveau « Centre de Formation Professionnelle Agricole » (CFPA) qui assu
la formation des jeunes agriculteurs.

A |’ avenement de |l a révolution entre 1975 et

pour devar Complexes Polytechniques Agricoles niveau 1 (CPA 1) tout en conservant la mission
départ. Le seul lycée agricole, le LAMS subit également la mutation pour devenir Complexe Polytech
Agricole niveau2 (CPA2). A partir de 1990, la périodeau dénoasratique les CPAL sont devenus

« College d’'Enseignement Technique Agricol e

création d’  autres |l ycées agricoles avec div
encore Lycée Technigueopagtoral (LTA). Pour ces deux catégories, on dénombre en 2018 dix
établissements.

La présente communication analyse la contribution de ces institutions de formation agricole
dével oppement | ocal au Béni n. eHNéd)de Sé&koduietrati ér e s
Lycée Technique Agricole de Natitingou.

Le Lycée Agricole MédjiSékou (LAMS) est un lycée public de formation agricole mixte et a régime
internat et externat. Il a été créé en 1963 sur une superficie de prés de 200 hectares. Il offre des ¢
initiaux, des cours a distance ainsi que des formations modaldieegegdrgpleprincipales

filiéeéres de |’ enseignement technique et prof

Le Lycée Technique Agricole (LTA) de Natitin
au Béninen 2018. llaété crééenmars 1998 sayspel | ati on du Col | ége
AgricoléCETA) pour oftteés formations diplomantes dans le secteur agricole.



2. Matériel et méthodes

Les informations synthétisées dans cette communication sont issues de la revue documentaire basé
| " exploitation des rapports annuels des | yc
| > éducation national e a bLesf@aes) faiblesses) bppoéunités e¢ g a |
menaces ont été répertoriées a travers une analyse SWOT.

3. Résultats et discussion
3.1.Mission et objectifs des lycées techniques agricoles

Les lycées techniques agriocofgmumissiomeforner (savoir et savfé@ire)etd * € d (sayaire r
étre)dans le domaine agridokece fait, leurs principaux objectifs sont entre @)faee dequérir

aux jeunes éléves les connaissances fondamentales et technique dans le secteur agricole (form
initiale) (i)assurer la formation professiennedl ont i nue aux acti fs agri
installation(iiijproduire et vulgariser de nouvelles technologies en matiére agricole.

Cdte missioat ces objectifermetterdux LTAl" appuyer de mani ére dur a
secteur amole au Bénintravers

- La mise a disposititas entreprises agricdie¢éama i n d’ ceuvr e qual i fi éce
- L 'mdlication déa compétitivitédetla performance des entreprises agricoles
- Laqualificatigorofessionnelle des jeleresue de leur insertians la vie active

3.2.Statistiques sur les apprenaats sein des deux LTA durant les dix dernieres années

Sur | es dix dernieres années (2008 a 2018),
lycées techniques agr&e@lau r ant cette période, | effectif t
Lycée Agricole Médji de Sékou (Figure 1a), et entre 200 et 850 au Lycée Technique Agricole de Nati
(Figure1b). " é vol ut i on de cet e fisfoemdns stablenavecturre éégépu e

tendance a |l a baisse au niveau du LAMS. Au n
croissance qui se not e. Cette situation au
| * établ i dsemantl eetf adussxque plusieurs LTA ont
du LTA de Natitingou).
a b
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Figure 1 : Evolution de | " effectif des appre

Agricole Médji de SékbuLycée Techue Agricole de Natitingou).



3.3.Formations offertes

Les LTAoffrent des formations techniquegeangs entrepreneurs agricoles polyvadents

| " obt eBirtdwent ddi’ Et udes AgricoOi esomeopdi Eabdses
TropicaleEAT) Le BEAT s’ obtient a | ’issue du cur s
considérés dans cette communication, seul le LTA de Natitingou dispose de ce niveau de formatic
ce niveau ne couvre que deux filieres (production yegétlattiat animale). Le DEAT quant a lui,
s'"obtient a la fin des études du niveau 1|1
| ' a g r(iadead).t ur e

Tableau 1 : Spécialités de formation et compétences spécifiques offerteBAdans les

Options Compétences spécifiques
Maraichage (cultures des légumes) ; Grandes cultures
Production Végétale Cultures industrielles ; Horticultures fruitiBl@sicultur

ornementale (Floriculture)
Elevage des volailles (avicujtBakiculture (élevage des a¢
Production Animale Elevage des ovins et caprigvage des bovirslevage de
lapins (cuniculturé&abrication de la provende

Production des jeunes plants forestiers (Pépimitsases) plac
et suivi des plantations forestigriciculture (élevage

escargots) Production du miel (apicultufjoduction (
champignons comestibles
Production de jefsde siroge fruits (orange, maggananas, soj
Nutrition et Technologie | baobab..); Production de purée (tomate, pimeRroduction ¢
Alimentaire yaourt Production de gari et du tapiBeaduction des huijl
Fumage de vianglgle poisson Pr oduc;ti.on ¢
Construon rurale (animaleries, pistes rurales, étangs e
piscicoles, ponceaux, digues; &taghinisme agricole (tractg
...); Installation des étangs et bassins pisdi@otesruction d
foyers améliorgdHydraulique agricole (installdésnsystéme
d"irrnigation)

Production des aleyirtislevage de poissoRabrication de

provende de poisson

Foresterie

Aménagement et
Equipement Rural

Péche et Aquaculture

Outre la formation initiale dipléretel A, notamment le LAN4BpsetdeCellule de Formation
Continue Agricole (CFC) qui organise des sessions de formation continue ou modulaire. Cette forrr

continue qualifiante est organisée au profitdeg acieurs r avai | Il ent déja (fo
du privé) et ausidse x pl oi t ants agricoles désireux d’av
domaine précis de | ' agr ladurdetda formatian ualilighte variee u x

suivant le ou les modules de formationss@licté a la formationrdmt droit au DEAT, elle se
déroule sur cing (05) années scolaires avec deux (02) regroupements par an.

3.4.Débouchépotentiels des dipldmés des LTA

Quel que sditspécialitéhoisiga la fin de leur formatiesm dipldmés des ISbit capableke:
V S’ a-wddmployeen créant et/ou en gérant des entreprises (fermes) agricoles et agro
alimentaires.



V Jouer le réle @enseiller agricaaprés des producteurs et productrices a la base dans les
communautésrurglea ni mat eur s d’ s@é&peosluctewss, pdogransnesoetiou a t i
projets de dével oppement. agricole et de s

V Servir commfggent technicien spécialésés de diverses structures agricoles et de gestion de
Il "environnement .

Enclair, ce type de formation permdtiayx| 6 més des L TA ¢grefessionrtelee s’ i r
contrairement aux di pl 6 meé®utetbigles §TYAsoht €anrau des’ e n s
ajustements dans leur dispositif de formation compte tenu des différentes crise éooemique et fina
traversé par le pays. En effet, en 1986, le gouvernement a gelé le recrutement systématique dal
fonction publique pour raison de crise économique et financiere. Ceci a obligé les LTA a révisé
curricula de formatioonteamnr &me 6t -aenpeisCed & gquit 6 ene t
pour effet la pluralité des débouchés aux diplébmés (secteur public, secteur privé, organisation c
soci été civile, ..) . Les dipl dmés des LTA ont

- Poursuite systéema#gles études supérieures (40 a:45%)es pri nci pal es f

ces diplémés au niveau des universités sont la sociologie, la géographie, les sciences juridiq

et | "agronomi e.

- Empl ois salari és dans | mserahtoausai bieneau ravgau dec o | €
Il "administration publique (54 %) que dans
- Autres professions (2 a 6 %) : i s’ agit
| "agriculture (pol i ceemengetcr).dar meri e, magi s
- Autee mp |l oi (8 a 12 %) Dans cette catégor.i
alimentaire, | a vente desurbdaintrants veéteér.i

3.5. Mitrice ForcegaiblessepportunitédMenacesles LTA

Commaeoutes structures opérationnelles, les LTA présentent des forces et des faiblesses. De la mé
maniére, des opportunités et des menaces se préseiftabteme @Pu nombre des forces, il y a

la disposition de curricula de de formation bieneélaborgsu r t out | > engouement
type de formation. Toutes fois, des faiblesses comme le manque de matériels pour les travaux prati

et | e manque d’  enseignants permanents entrav
dispoibilité dp | usi eur s voies d’insertion des dipl én
LTA.

Tableau 2 : Forces, faiblesses, opportunités et menaces des LTA

Forces Faiblesses Opportunités Menaces
Insuffisance de
Curricula de certains matériel Suppression

Avenir certain pou

formation bien pour les travaux éventuelle d
. . . les apprenants .
elaborés pratiques de la niveau |
formation
Plusieurs voies
Manque d’insert

d’ ensei dapprenants dans|
permanents vie active (Etat,

ONGs, Entreprise
i ndividu

Formation de qual

Source pourvoyeu
de ressource
humaine de qualits

Utilisation massi
des enseignants




pour le vacataires pour |
développement d¢ formation

| ' agricu
Bénin
Engouement awac
des apprenardsce
type de formation

36Di spositif déaccompagnement et dobéinstallat

Plusieurs mécanismes sont mis en place pour suivre et accompagner les diplomés des LTA. Au no
deceuxxi , 11l vy a |l e projet d’ Ilnsertion Durable
Nutrition et Technologie Alimentaire du Lyoée Mgdii de Sékou (NTA LAMS).

0O Projet d’'Insertion Dur ab(DPA)des Di pl 6 més d

Le projet est mis en ocuvre par |’ ONG APRETE
Technologies Traditi onn é&lmarehg du tevail, deil1208 jeunesi n s
finissants dont 25% de femme, sortis de 3 Lycées Techniques Agricoles (LTA).

Le projet dans son exécassare (i) & renforcementsd@pacités organisationnelles, pédagogiques
et techniques des Lycées Techiigtiesles ainsi quadlesies directions techniquesmeistere
impliquées dans le suivi des établissefijdntenforcement des compétences techniques des jeunes
finissants par des stages professionnels pratiques aupres des entreprirgsagepalgtes
managériales et entrepreneuriales en vue de leur insertion sur le marché du travail.

Le projet appuie les jeuné&avers (i) uraménagement sommaire de périmetres adfirdéss ;
dons en équipemen(i§)Un accompagnemenvteme de | ' obt e fivjLéesuimidede mi
leurs entreprises.

U Incubateur Nutritetifechnologie Alimentaire du Lycée Agricole Medji de Sékou (NTA LAMS)

Cet incubateur encore appelé couveuse ou pépiniére d'entreprispgncgpgdeumission
d'accompagner gateurs d'entrepsisotammeifgs jeunes qoint fini leur formattechnique
agricol e, option nutrition et technol ogi e a
compte. Il a pour objectifs @ijtéadontre thémage dgsunes ; (ii) larfnation des jeunes a Fauto

emploi ; (iii) laéation d'emploiso u v e a u rcitation & la trahsfoumation des produits agricoles.

Cette unité produit et vend différents types de produits destinés a la consommation. Les acte
principaux sont ipldomésdelo pt i. orEl N BA | e ur efpériencds professiohnell@sc q u i
dans la production et la vente des produite isstransformation ajimentaire durant deux ans
d’incAblti ®snu dd sc etotng iémau kpadtsi amanf,in de s’ ins
Dans | "exécution des diffeérentes tdehksébhueéeep
de production une prime forfaitaire de 20.000 par mois pour les deux premiers mois de travail puis
prime mensuelle proportionnelle aux bénéfices réalisés. La prime mensuelle est évaluée a 409
bénéfice sur les ventes mensuelles.

Parallélement a ces dispositions, les LTA mettent souvent en place quelques autres actions pour le
des dipl 6 mées. 'l s’ agit de



L’ él aboration d’ un répertoire des cont a
apprenants

La mi s e eaatueipdesairdoematibnsaupres des apprenants ou de leurs parents sur
leur situation professionnelle,

La réalisation d’enquéte périodique aupr ¢
agricoles autres queure,e Ministere en char
Les visites de terrain organisées lors de la préparation de la mise en stage des apprenants.

3.7.Collaboration avec les universités et autres structiuresgcteungriculture

En matiére de coopéra®t les universités et autres structures du secteuleadrTdalet
des relatiorsrec

i

i

La coopératialemandes|Z/PDDANEPADa travers desntratde partenariat avec des
entreprises polummersiodesapprenants en fin de formation esrevieer installation en
entrepreneur agricole.

Des ONG | ocales et méme international es,
(Association des Personnes Rénovatrices des Technologies Traditionnelles) a travers la mis
ceu v r Br a jugettion @rable des Diplémes du Secteur Agropastordh@dbddApar

le Canada.

Lesini ver sités publiques et mémanprier&ses e d
Calavinotamment Raculté des Sciences Agronom(g8e&g a travers le projbti® a
échelle de | a valorisation des produits a

leur qualité sanitaire et chaines de valeur pour la sécurité alimentaire et nutritionnelle au Bé
(BAOCHAIM) Aussi, la relation entre la FSAL&MS est matérialisée panite a

disposition de la FSA de parcelle sur le site du Lycéeédjjdectxkipour servite site
d’"expérimentation.

L’ ambass ataersdd | miraeé&l en pl ace d'ausemmdypar cel
lycéela brmation au Bénin et/ou en Israél des enseigmantsni se en pl ace d
Learning by Doingdpprenants en fin de formatidaraél.

Les entreprises agricoles du Bénin pour la mise en stage annuel des apprenants.

4. Conclusion

Les LTA ont deplais périodes coloniales apporté leur contribution au développement du Bénin a trave
la mise a disposition de compétences spécifiques dans le secteur agricole. Ces compétences on
utiles aussi bien dans le secteur public gpeugrivéa mé | i or at i on Thbetefdisa pr o«
de nos jours, le manque de formateurs qualifiés dans les LTA et le manque de ressources matérielle
du mal a garantir une adéquation formation/emploi.
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