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Résumeé

Cette thése vise a comprendre pourquoi une graadie ge la population malgache souffre
de malnutrition alors que le pays est connu posiriseesses en ressources naturelles, comme
les feuilles deMoringa oleifera(MO). L’hypothése principale est que la malnubritiest liée
non seulement a la pauvreté, mais aussi aux cregagiccomportements alimentaires. Une
démarche en trois phases a été utilisée. La casatién nutritionnelle et sensorielle des
poudres de MO a tout d’abord montré des variatides taux en protéine, lipides, acides
aminés et gras, calcium, magnésium et fer et degriptés organoleptiques en fonction du
lieu d'origine de MO. Des études de croyances atiques alimentaires ont ensuite été
réalisées dans deux régions en zones rurales anasgh Elles ont montré que les aliments
glucidigues dominent dans l'alimentation. En reveecles légumes-feuilles ne sont pas
considérés comme nutritives. Les attitudes et cotapm®nts alimentaires sont plus basés sur
les propriétés sanitaires des aliments que suwililbge en nutriments et le caractere
énergeétique. Les facteurs déterminants le choimealtaire de la population ont été identifiés:
disponibilité, prix, pouvoir rassasiant, habitude peéférence. Enfin, quatre formulations
combinant manioc et MO ont été évaluées par deménf le produit avec 1,2 % de poudre
de MO et sucré est le plus accepté et choisi fageaatres qui contiennent moins de MO et
non sucrés. Il serait possible de contribuer dansitte contre la malnutrition en proposant
des produits pas chers et incorporant le MO avecpidegrammes d’éducations adaptés a
chaque zone cible.

Mots-clé :
Moringa oleifera Madagascar, croyances alimentaires, habitudesatare, nutrition,
sensoriel, malnutrition, manioc

Abstract

This work aims at understanding why a high proportdof Malagasy population suffer from
malnutrition, while Madagascar is rich on naturasaurces, likeMoringa oleiferaleaves
(MO). The hypothesis is that malnutrition is rethteot only on poverty but also on food
beliefs and behaviour. The studies integratingggmyichology, food sciences and nutrition
were conducted on three phases. First, nutriti@rmal sensory characterizations of MO
powder showed variations of protein, fat, aminalacfatty acids, calcium, magnesium and
iron contents and organoleptic proprieties depenadim locations. Secondly, a study of food
beliefs and practices was performed in two regiongrban and rural zones. It showed that
Malagasy food is mostly based on carbohydratessfaatt that leafy vegetables are not
considered as nutritious. Food attitudes and bebeawiwere mostly based on sanitary
proprieties of food than on the equilibrium of nemts and the caloric characters. The
determinants factors of food choice of the Malagaggulation were identified: availability,
price, satiating power, habit and preference. Rmdbur formulations combining cassava
roots and MO were evaluated by school age childrensweet product with 1.2% of MO was
the most accepted and chosen in front of the ott@mgaining less MO and not sweet. It is
possible to contribute to fight against malnutntioy proposing cheap foods containing MO
and by integrating information about MO in nutnti@ducation programs adapted to each
target area.

Keywords
Moringa oleifera Madagascar, food beliefs, food habit, nutritisensory, malnutrition,
cassava
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INTRODUCTION GENERALE

Dans le monde, plus d’'un milliard de personnes ntivencore dans l'extréme
pauvreté, et bien davantage souffrent de malmuritiD’aprés le premier Obijectif du
Millénaire pour le Développement, ce chiffre daidser afin de réduire I'extréme pauvreté et
la faim en 2015 (Banque Mondiale, 2014). D’apresiéane source, depuis I'an 2000, certains
pays en développement ont réduit leur extréme gdénde moitié et sont parvenus a atteindre
cet objectif plus tét que prévu. Toutefois, cettepé n'a pas été franchie dans beaucoup de
pays d’Asie du Sud et d’Afrique, tel que Madagash#ais tant que les facteurs responsables
de la pauvreté ne sont pas éliminés ou ne sontipaisues, il est difficile de croire a la
disparition de la malnutrition.

Pour réduire la malnutrition, il est nécessairaefitifier les facteurs responsables.
Plusieurs acteurs de différents organismes intemeaix issus de différents domaines, tels
gue la Banque Mondiale, le FMI, I'Unicef et le PAME sont attaqués a ce probléeme. La
plupart de ces organismes sont arrivés a la canalupie le facteur majeur est la pauvreté
(Tanumihardjo, Anderson, Kaufer-Horwitz, et al.,0Zp. Bien que cette conclusion ne soit
pas erronée, car le manque de moyens entrainénia éle est quelque peu simpliste. En
effet, d’autres facteurs que ceux liés au faiblevodr d’achat jouent également un role.

Si on regarde le cas des pays développés, on palégngent parler de probléme de
« malnutrition » quand on observe la prévalencegé@lale I'obésité. De nombreuses études
issues de différents domaines, telles que la pdygle ou la sociologie, cherchent a
identifier les facteurs responsables du surpoiddeefobésité. Parmi ces facteurs, le godt,
'émotion (Dressler & Smith, 2013; Stubbs, Blund&l Caballero, 2013) et les mauvaises
pratiqgues alimentaires (Bellisle & Dalix, 2006) d#ent jouer un rble important. Pour les
pays sous développés, des facteurs tout aussi eremplpeuvent étre a l'origine de la
malnutrition. Par exemple, selon Dettwyler (1986)Nali, les sources de malnutrition chez
les enfants sont en partie dues a des mauvaiseguesaet croyances alimentaires. D’apres
les croyances maliennes, si les enfants n'ont pa @le manger, ils ne devraient pas étre
forcés a le faire; s'ils ressentent le besoin dmger, ils prennent seuls la décision de
mangerDans cette thése on s’intéressera au cas partidgi®adagascar. Comme cela a été

mis en évidence au Mali, nous faisons I'hypothése la malnutrition n’est pas uniquement
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due aux problémes de pouvoir d’achat mais ausspaatiques et croyancealimentaires et
aux représentations de [lalimentation. Cette hypsth repose sur les observations
suivantes. Le pays est connu pour sa richesseuse fet flore (Lourenco, 1996) avec, par
exemple, des plantes a feuilles comestibles appdiEgumes-feuilles obrédesdont la
plupart ont une valeur nutritionnelle élevée (Rathtoandro, Avallone, Picq, Ralison, &
Treche, 2010). Mais, la plupart des ressourcesela malgaches sont mal exploitées par la
population locale. Face a cette observation, naus rsommes demandés dans cette these:
Pourquoi existe-t-il encore une population mal nowie a Madagascar alors que le pays
possede de nombreuses ressources naturelles ? Paumigcertaines ressources ne sont
pas assez exploitées? Autrement dit pourquoi privdgie-t-on certains aliments et ne
valorise-t-on pas d’autres, alors que ces autres ialents peuvent étre bons
nutritionnellement et disponibles ? Nous nous sommes particulierement intéressés a la
plante Moringa oleifera (MO) qui a l'avantage d’étre a la fois nutritivé elocalement
disponible. MQ connu sous le nom d’ «arbre miracle » (Fuglie, )988t partie des
ressources alimentaires pas suffisamment valorgssddéadagascar malgré ses caractéristiques
nutritionnelles intéressantes (Moyo, Masika, Hu§dviuchenje, 2011). Dans certains autres
pays, les feuilles de cette plante ont été utdiséans des programmes de lutte contre la
malnutrition, par exemple en Afrique du Sud (Fah29p5; Moyo, Masika, Hugo, &
Muchenje, 2011; Thurber & Fahey, 2009). Ces fesiipeuvent donc jouer un role important
dans I'apport nutritionnel chez les personnes nwirmes (Freiberger, 1998; Thurber &
Fahey, 2009). Plusieurs Organisations Non Gouveen&ates, en particulier Trees for Life
(USA), Church World Service (USA), Educational, €ems for Hunger Organization ou
ECHO (USA), GIANT (USA), Helen Keller InternationdlGuinée) et Santé et Nature
(Congo), ont recommandé MO comme « alimentationrefié pour les pays tropicaux ». La
plante MO est présente a Madagascar notammentesuzdnes cotieres de I'lle ou la
population a déja intégré les feuilles dans sametiitation depuis des années. Par contre, elle
était méconnue des habitants du haut plateau 2008, année a laquelle 'ONN (Office
Nationale de la Nutrition) a commencé a mener urgg@mme de sensibilisation de la
population malgache sur les bénéfices nutritionmigs feuilles de MQRandrianarivelo,

2008). Bien que cette plante commence a étre @asué les terres du haut plateau, ses

! Les croyances sont définis comme une connaissampetive des consommateurs, associée aux attributs
avantages et produits, tandis que les attitudesspondent a la sensation individuelle ou aux répsn
affectives face aux attributs des produits (Verb2Réaene, 1999).
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feuilles ne font pas encore partie des alimentstirellement consommeés au méme niveau
gue les autres légumes-feuilles.

Ce manuscrit s’organise en quatre grands chapliess. données expérimentales y sont
présentées sous forme d’articles scientifiquegésden anglais et de posters présenteés lors de
congres internationaux.

Dans le premier chapitre, ugéude bibliographique présente dans un premier temps
Madagascar avec des informations sur la populatem]angues, I'état économique, I'état
nutritionnel de la population et les problémes &d&limentation. Dans un second temps, les
facteurs influencant les choix alimentaires notamnenez les enfants et les populations a
faible pouvoir d'achat sont abordés. La derniergtipade ce chapitre s’intéresse aux
changements d’habitudes alimentaires en lien dveoduction de nouveaux aliments.

Le deuxiéme chapitre présente deux études visaataxtériser des feuillesde MO
récoltées a Madagascar. La premiére étude évaloeni@osition nutritionnelle des poudres
de feuilles de MO récoltées dans cinq villes duspa@fin de voir s'il existe des variations
selon les lieux d’origine, les teneurs en protéimeatieres grasses, minéraux, acides aminés
et acides gras ont été mesurées (Article 1 et PdgteLa deuxieme étude s’intéresse a
'aspect sensoriel des feuilles de MO. Des poudssses des cing mémes villes ont été
évaluées sensoriellement par quatre panels noaieédrutilisant soit la langue francaise soit
la langue malgache lors des descriptions des podAirticle 2 et Poster B).

Le troisieme chapitre présente Igsratiques nutritionnelles et croyances
alimentaires a Madagascar. Une combinaison de groupes focde efuestionnaires a été
utilisée pour étudier les attitudes et croyancéseaitaires des parents d’enfants issus de
guatre lieux (Article 3 et Poster C).

Le quatrieme chapitre presente deux eétudes axéesdes produits formulés
incorporant les feuilles de MO. La premiere étudesente lepratiques et représentations
autour des feuilles de MO et des racines de manigar les parents malgaches. Cette étude
de représentation d’'aliments est associée a des dessoriels hédoniques sur des produits
formulés a base de manioc et de MO chez des erdants des écoles publiques (Article 4).
La deuxiéme étude évalue lagports nutritionnels des produits finis aprés I'ajout de MO
(Poster D).
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CHAPITRE 1 : REVUE DE LA LITTERATURE

Cette thése s’intéresse a la population malgadsehabitudes, attitudes et croyances
alimentaires. La revue bibliographique présentesdame premiére partie quelgques données
sur Madagascar et sa population. Ensuite, la deexjgartie s'intéressera a la notion de choix

alimentaire et la troisieme partie aux changemeiigbitude alimentaire.

A. Madagascar : son économie, sa population et satntion

|. Caractéristiques de la population malgache
La population malgache a été évaluée a 22 599 @BRamts en Juillet 2013. Elle est

essentiellement rurale (86 %) mais inégalementrti€psur le territoire avec une densité plus
élevée sur les Hautes Terres avec 5 % de la populat Antananarivo ville, la capitale
(INSTAT, 2010).

Le peuple malgache est formé de 18 ethnies qui camaictérisées par des styles de
vie, des dialectes, des traditions et des croyardiffgrents. L'extréme variété des
caractéristiques ethniques peut s’expliquer pastbire du peuplement de I'lle a travers les
vagues d’'immigration successives et la cohabitaiec les premiers habitants de I'lle, dont
les Austro mélanésiens (Randriamandimby, 1981;&6@®12), puis plus tard les populations
Africaines parlant la langue Bantoue (Hewitt, Kmu&oldman, Campbell, & Jenkins, 1996;
Poetsch, Wiegand, et al., 2013).

D’aprés la derniére enquéte démographique et dé saalisée en 2008-2009, la taille
moyenne des ménages est de 4,7 personnes, plée éavmilieu rural (4,8) qu’en milieu
urbain (4,4) (INSTAT, 2010). La population malgacest constituée majoritairement de
jeunes avec 64 % de la population ayant moins deng%et 47 % moins de 15 ans (INSTAT,
2010).

ll. Caractéristiques d’Antsiranana et d’Antananarivo
Madagascar est une ile localisée dans I'Océan rin@ie400 km a l'est de la cote

africaine. Ce pays est composé de 22 régions isdassdécoupages des six anciennes
provinces. Ces derniéres deviennent actuellementeieprovinces autonomes portant les
noms de leurs plus grandes villes : Antsirananahdjgnga, Toamasina, Antananarivo,
Fianarantsoa et Toliara.

Des différences entre les régions sont dues aumatiars ethniques, culturelles,

économiques, climatiques, géologiques, agricolesr.eRemple, sur le haut plateau, a cause
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de la haute altitude, on peut observer des diffiaemle température entre les deux saisons,
tandis que sur les zones cétieres, le climat reséeid pendant toute 'année. Ceci entraine,
par conséquent, des différences en termes de viégétatre le haut plateau et les cotes. Pour
illustrer ces différences, nous allons nous foealsur les villes d’Antsiranana qui est une

zone cotiére et d’Antananarivo qui est sur le lpdateau.

ALROTRA
MANGORO

ANALAMANGA
ITASY

BONGOLAVA

VAKINANEARATRA

AMORON’ I
MANIA

HAUTE
MATSIATRA

Figure 1. Carte de Madagascar montrant les 22 régmns

Antsiranana
La ville d’Antsiranana, appelée aussi Diégo Suafeit, partie de la région Diana

(Figure 1). Elle est située a I'extréme nord de Mgabcar a 12° 281" S 49° 2801" E.
Deux sous-préfectures constituent cette ville: skabhana | (Antsiranana urbain) et
Antsiranana Il (Antsiranana rural). Antsirananaaiibest la capitale économique de la région
du nord, tandis qu’Antsiranana rural a uniquemerg wocation agricole.

L’effectif de la population de la région Diana & é€pertorié comme étant le plus
faible par rapport a ceux des autres régions. Bmpmventaire des districts de Madagascar
en 2001, il existait 98456 et 77218 individus asiatnana | et Il respectivement. La majorité
de la population est constituée d’ethnikstakaranaet Sakalava Les croyances et les
traditions Antakaranasont intimement liées aux « divinités naturellegu+ peuvent étre
incarnées par un arbre, une plante, une montages;hute d’eau, un lac ou un autre élément
de la nature (MAEP, 2003b).
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Les écoles primaires publiques (EPP) sont au nomiér&6 a Antsiranana urbain et
111 a Antsiranana Il. Il existe respectivement Z eblleges publics dans ces deux zones. Un
seul lycée est repertorié a Antsiranana (MAEP, BP03

La région est soumise a un climat de type tropitalst caractérisé par une alternance
d'une saison seche de mai a novembre et d'unendaisaide et chaude a partir de décembre.
Les températures moyennes annuelles de la régianrskativement élevées toute I'année
(entre 20 et 26°C). La ville d’Antsiranana est aessactérisée par la présence d’une saison
du vent d’Alizé, le « Varatraza », entre Avril ebWembre (MAEP, 2003b).

Seule 8,5 % de la superficie cultivable de la régiiana est exploitée pour des
cultures vivriéres, de rente et industrielle. Ldtune vivriere occupe 67 % de la surface
cultivée, dont 4/5 est occupée par le riz. Ellecesne également la culture de manioc, mais,
haricot, patate douce, pomme de terre... La cultereetite, occupant 19 % de la surface
cultivée, regroupe la culture de café, cacao, podtvanille. La culture industrielle occupe 13
% de la surface et est focalisée sur la cultureath®e a sucre, arachide et coton. La culture de
fruits et légumes occupe une faible proportionadtetre cultivée. En plus de I'élevage bovin,
la péche occupe une grande partie des activitéslad@opulation: péche maritime
traditionnelle et artisanale et péche industri®MAEP, 2003b).

Antananarivo
La ville d’Antananarivo est située au centre dwyspat fait partie de la région

Analamanga (Figure 1). Sa situation géographiqud&%s53 S 47° 31E. Elle est divisée en
trois sous-préfectures : Antananarivo Renivohit@nténanarivo urbain), Antananarivo
Antsimondrano et Antananarivo Avaradrano. Ces dedernieres sous-préfectures
représentent Antananarivo rural. Antananarivo urldaune superficie de 88 km2 (Wikipedia,
2014).
La région Analamanga se caractérise par :

- sa situation de métropole nationale : a la fa@ipitale de Madagascar et centre politique,
administratif et économique du pays.
- sa géographie spécifiqgue constituée de hautalatte collines plus ou moins escarpées et
de massifs volcaniques (MAEP, 2003a).

Le nombre total de la population a Antananarivaéestimé a 2 000 000 en 2010.

L’effectif de la population est plus important enlieu rural (environ 65 %) qu’en milieu



Revue de la littérature

urbain (MAEP, 2003a). Du point de vue ethniquemigorité de la population est composée
deMerina.

Au niveau de I'enseignement public, le nombre désprimaires publiques est de 89,
129 et 53 a Antananarivo urbain, Atsimondrano earAdrano respectivement, d’apres la
direction de I'enseignement secondaire et de laduc de base en 2001-2002. D’apres la
méme source, le nombre d’écoles primaires privétspleis important : 328, 169 et 128
respectivement. Le nombre de colleges et de lypébkcs varie également selon les sous-
préfectures. Les taux de scolarisation varient & 2 27,2 % dans les trois sous-préfectures
d’Antananarivo. En ce qui concerne l'enseignemardéseur, la plus grande université
publigue malgache est localisée a Antananarivo.

La région Analamanga fait partie du régime climagidgropical d’altitude, supérieure a
900 metres. Elle est caractérisée par une températoyenne annuelle inférieure ou égale a
20°C. L'année comporte deux saisons bien individgak : une saison pluvieuse et
moyennement chaude, de Novembre a Mars et unefeaithe et relativement séche, durant
le reste de I'année. Il existe aussi de nombreus-stimats (MAEP, 2003a).

Au niveau de lagriculture, la culture vivriere,cldisée uniquement en zone rurale

d’Antananarivo, occupe plus de 95 % des superficigivées. Les principales cultures sont

le riz, le manioc, le mais, la patate douce, lécbaet la pomme de terre (MAEP, 2003a).

[ll.  Langues utilisées par la population malgache etitiguisme
Bien que le peuple malgache soit diversifie, uneglee officielle est pratiquée a

Madagascar : la langue Merina. Elle a plusieuigirags, dont I'influence arabe et du groupe
austronésien, notamment indonésiens (Dahl, 195hdifamandimby, 1981; Rondreux,
1972). En plus de la langue officielle, chaque iethautre que celle de la capitale, pratique un
dialecte. Vingt-trois dialectes différents ont gdpertoriés dans toute I'lle (Dahl, 1951).
Depuis la colonisation francaise, qui a débuté&9blla langue francaise est devenue
la deuxieme langue pratiguée a Madagascar. Bienlgueancais reste la langue officielle
dans lI'enseignement et I'administration depuisdé@pendance de Madagascar (1960), une
grande proportion de la population malgache ne ris@itpas correctement cette langue.
Rondreux (1972) parle de bilinguisme imparfait @n requilibré (owiglossig§ qui se définit
comme étant une forme de bilinguisme dont la dengiéangue n’est pas maitrisée avant la
cinquiéme année de I'existence au méme degré gpeefaiére langue. La diglossie stricte

(les deux langues lues, parlées et écrites majgopd&rance de la premiére langue) par
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rapport a la langue francaise est observée chéairoes personnes ayant atteint le niveau
universitaire, celles qui ont pratiqué cette deonddangue au cours de leur cursus scolaire.
La plupart des diglottes malgaches sont soit dgkttiés récepteurs (la deuxieme langue
comprise mais non parlée), soit des diglottes teckas (la deuxieme langue comprise dans le

seul domaine de la spécialité de l'usager).

V. Etat économique du pays, pouvoir d’achat de la ptation
Economiguement, Madagascar fait partie des paysnl@iss avancés de I'Afrique

subsaharienne. Plus de 92 % de la population @t awins de deux dollars PPA (parité de
pouvoir d’achat) par jour (World Bank, 2013). Ce=ux dollars (~ 4500 MGA) permettent,
par exemple, d’acheter au marché seulement % kizd@300 MGA), trois tas de bredes
(1000 MGA), quatre cuilleres a soupe d’huile (30GA), trois oignons (200 MGA), trois
tomates (200 MGA), dix beignets traditionnels (30GA) et ¥ kg de charbon (1000 MGA)
pour nourrir une famille de cing personnes pendastjournée. La viande ne peut pas entrer
dans la liste d’achat a cause de son prix élevékilngramme de viande de bceuf colte 8000
MGA (en Janvier 2014).

La croissance de Madagascar a été affectée papmbreuses crises politiques et
sociales (Ralambomahay, 2011). Suite a la quatriénise politique entre 2009 et 2013, le
pays a été classé économiquement & 18" ptace sur 169 pays en 2010.

La majorité de la population pauvre est localidéaas les zones rurales, lieux ou le
secteur agricole prédomine : 82 % contre 14 % dieunurbain. 73 % de femmes et 74 %
d’hommes pratiquent I'agriculture (Barrett & MinteB003; INSTAT, 2010). Une grande
proportion de la population urbaine se classe temdeux quintiles les plus riches (93 %). A
'opposé, en milieu rural, cette proportion n'esiecde 31 %. Entre les régions, on constate
également des écarts importants. En effet, daréglan d’Analamanga (au centre), 84 % de
la population sont classés dans les deux quirléeplus riches et 5 % dans les deux plus
pauvres (INSTAT, 2010; Razafindravonona, StifeRP&ternostro, 2001).

Divers facteurs limitent le développement de I'émoie de I'lle tels que la faiblesse
des performances agricoles (Minten & Barrett, 2008)at du réseau routier (IMF, 2003), les
catastrophes naturelles (OECD African Developmemtk3 2006).

D’aprés I'enquéte nationale sur les ménages réapsé 'INSTAT (Institut National
de la Statistique de Madagascar) en 2001, les lgsnslus pauvres a Madagascar, souvent

non qualifies et apatrides, utilisent le systeme cdéiure de subsistance, qui est une

10



Revue de la littérature

agriculture de survie avec peu ou pas de récoltendre, comme dans la plupart des pays
d’Afrique subsaharienne (Tangtrakul, 2010). La fation de la culture a petite échelle

provient du fait que les ménages pauvres ne poss@ds assez de terrain a exploiter. En
plus des crises « interminables », le pays conchdgue année, une période de pauvreté
saisonniere qui touche les populations les pluyneay notamment les populations rurales.
Cette période, appelée « période de soudure », guagre mois et demi et s’étend de

Novembre a Février (Minten & Barrett, 2008) et espond a un épuisement précoce des
récoltes jusqu’aux nouvelles récoltes. Les périatkesoudure sont marquées par I'adoption

de stratégies de survie au sein des ménages,a@duction du nombre de repas par jour.

V. Etat nutritionnel de la population malgache : maldrition

V.1. Situation de la malnutrition & Madagascar
Madagascar est I'un des pays les plus touchésepardbléme de la malnutrition

(Figure 2). Le niveau d’insécurité alimentaire, idéfoar rapport au pourcentage de la
population n'ayant pas assez a manger de facongomemte ou temporaire, est évalué au
niveau national a plus de 50 %, d’aprés I'enquééonale sur les ménages en 2001
(INSTAT, 2003).

Comme dans la plupart des pays d’Afrique subsamagieet ceux en voie de
développement, la malnutrition protéino-énergétigast la plus répandue. En 2001, les
disponibilités énergétiques alimentaires (DEA) eté évaluées a 2048 kcal/per capita/jour,
disponibilités insuffisantes pour couvrir les besoénergétiques moyens de la population
(2129 kcal/per capita/jour) (FAO, 2005).

D’importantes carences en micronutriments sontcéss a la malnutrition. Le goitre
sévit encore dans certaines régions, malgré unsoocumation assez répandue de sel iodé.
Comme l'alimentation apporte peu de lipides et pgeuproduits riches en vitamine A, la
carence en vitamine A est courante, en particelez les méres. L'anémie touche quant a
elle surtout les groupes vulnérables, enfants ptaises et femmes en age de procréer
(INSTAT, 2010).

11
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Figure 2. Carte montrant les zones au monde touchggar la malnutrition (rouge bordeau : avec 20-35 %
de la population séverement malnutrie, rouge vif: @ec 5-19 % de la population malnutrie, blanc : tax
faible de malnutrition) (Trees For Life, 2013)

V.2. Origine de la malnutrition
La malnutrition a Madagascar peut étre expliquédgprésence de plusieurs facteurs.

La pauvreté est le premier facteur responsableette malnutrition. La variabilité des prix
des aliments s’y ajoute et est devenue un problgmertant depuis la libéralisation des prix.
Soumis aux fluctuations saisonniéres et régiondéss prix peuvent tripler dans certaines
régions pendant les périodes de soudure. En pllisndeffisance d’emploi, de la faiblesse
des revenus et de linflation, les catastrophesursliés (affectant 49 % des ménages)
viennent accentuer le probléme de la malnutritiodimitant 'accés aux aliments (affectant
56 % des ménages) (INSTAT, 2010). Chez les paysaiftsvateurs, l'insuffisance de
disponibilité provient d’'une insuffisance en sudade plantation et donc d’une insuffisance
de production agricole destinée a 'autoconsommdfidinten & Barrett, 2008).

D’aprés Galasso & Umapathi (2007), les causes imatexl de la malnutrition sont
basées sur trois piliers interactifs : le role defiments a travers la prise alimentaire et la
supplémentation, le r6le des services de santé ptadection contre les maladies, et le role de
service de soin envers les enfants. Selon Ramalams& Huffman (2008), di au manque de
moyen financier des ménages dans les pays soukppes, les aliments sources de
micronutriments, tels que les produits d’originenzale sont souvent chers et inaccessibles.

Ceci entraine un régime alimentaire de mauvaiskt@@aec une consommation insuffisante,

12
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par exemple, en vitamines A et B12, fer, folateziet. De plus, la biodisponibilité de la
plupart des micronutriments est affectée par lalipaison des aliments consommés dans un
méme repas, la présence d’inhibiteurs (e.g., detefirs anti-nutritionnels) et le mode de
préparation. Quand un régime déficient en micromants touche les meres, il est
responsable d’'un état nutritionnel pauvre avant en@ue I'enfant naisse, et conduit a un

retard de croissance au cours du développemerdrdarnt (Figure 3).

Disponibilité Prise
alimentaire T d’énergie
Consommation Appetit
de gras \ \ \
Consommation de Déficience en
Vit A —» Vit A
/ A
Aliment Consommation v
d’origine de Vit B12
animale \
4 > —»( maternel pauvre Poids a la
Qualité du \A pendant la naissance

grossesse et
I'allaitement,

régime bas
Consommation

- de folate
Inhibiteurs - / \ /
alimentaire Croissance et
- développement

faible pendant
I'enfance

Figure 3. Origines et conséquences de la malnutrtn multiple en micronutriments (Ramakrishnan &
Huffman, 2008).

V.3. Programmes de lutte contre la malnutrition
Afin de lutter contre I'insécurité alimentaire, desogrammes d’aide alimentaire ont

été mis en place a Madagascar, tel que le SECALWSECurité ALImentaire et

Nutritionnelle Elargie) avec comme composantes ggpades le PCN (Programme

Communautaire de Nutrition), le FID (Fonds d’Intemtion pour le Développement), la
SNSALP (Stratégie Nationale de Sécurité Alimentdiaes la Lutte contre la Pauvreté) et le
volet IEC (Information - Education - CommunicatioDepuis 1999, le Ministére de la Santé
de Madagascar assure é€galement la prise en chaggerdants séverement malnutris au
niveau des CRENI (Centres de RENutrition) de 3atf@s Hospitaliers de Districts, avec
'appui de 'UNICEF et de la Banque Mondiale. En020Q Madagascar a adopté la PNN

13
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(Politique Nationale de Nutrition) pour combattaenhalnutrition et ses conséquences, compte
tenu des Obijectifs du Millénaire pour le Dévelapget, et assurer un développement rapide
et durable. Le document du PNAN 2005-09 (Plan Mafial’Action pour la Nutrition), qui
traduit la PNN en actions concretes, a été vahid&@005. L’élaboration de la PNN et la
validation du PNAN ont été réalisées d’'une facontisectorielle et pluridisciplinaire. Les
partenaires de la lutte contre la malnutritiontsda société civile, le secteur privé, les ONG
nationales, des institutions nationales (groupegepsionnels, universités) et la communauté
internationale telle que la Banque Mondiale, 'URK, I'OMS, la FAO, le PAM,
TUNESCO, I'USAID, I'Union Européenne, la Coopémati Japonaise, le CARE et le Catholic
Relief Services.

En matiére de lutte contre les carences en micrioments, la stratégie porte sur le
développement et le renforcement des trois axegasis : (1) la supplémentation en
micronutriments (vitamine A et fer), (2) la fortgéition des aliments clés (par exemple, le sel
iodé) et (3) la diversification alimentaire et I'&horation de I'utilisation des aliments au
niveau des ménages (pour augmenter I'apport aleirenén micronutriments, en particulier
en vitamine A et en fer). Ces trois axes nécedsitea amélioration et une diversification de
la production, portant notamment sur la produdivitivriere, surtout dans les zones
d’'insécurité alimentaire, au travers du développdnte jardins potagers et fruitiers, de la
pisciculture, du petit élevage, et du renforcentest marchés locaux.

V.4. Etat nutritionnel des enfants
Le probleme de malnutrition chez les enfants méudte attention particuliere

puisqu’il est admis que toute forme de retard d@ssance pourrait entrainer un déficit
physique et cognitif irréversible (Behrman, 1996ri®@pton, Victoria, de Onis, et al., 2001).
De plus, la malnutrition met les enfants en positiolnérable face aux maladies, telles que
les maladies respiratoires, les maladies lieescatences (e.g., Beriberi, Kwashiorkor).
D’aprés les résultats récents des enquétes de CEBNIen 2013, la prévalence du
retard de croissance (malnutrition chronfjuest trés élevée (48 % chez les enfants
malgaches de moins de cing ans), ainsi que l'ilarfte pondérale (13 %). Ces chiffres sont
Supérieurs aux pourcentages moyens dans la réegibAfdque subsaharienne (37 % et 9 %

respectivement), au Moyen-Orient (24 % et 8 % reffpEment), mais se rapprochent de ceux

2 Malnutrition chronique : défini comme un retarddafveloppement de I'enfant, notamment un retard de
croissance, d'aprés 'UNICEF
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des pays de I'Asie du Sud (45 % et 14 % respeceveinChez les enfants d’age préscolaire,
la prévalence de carence sub-cliniqgue en vitaminestAde 6 % (FAO, 2005). Aucun recul
important de la malnutrition n’a pu étre observ@uls plus d'une décennie a Madagascar
(FAO, 2005). Au contraire, avec la derniere crisétigue, la malnutrition aigiie a augmenté
de plus de 50 % (World Bank, 2013).

C’est en milieu rural que la proportion d’enfants@sant un retard de croissance est la
plus élevée (51 % contre 43 % en urbain). Sousrtad sévere 27 % des enfants en milieu
rural sont concernés (World Bank, 2013). A Antaravo ville, 36 % des enfants scolarisés
dans des écoles primaires sont atteints d'un retdgdcroissance (Razafimanantsoa,
Razafindramaro, Raherimandimby et al., 2013).

La proportion d’enfants souffrant de malnutritiohr@nique varie également de
maniére sensible avec le niveau d'instruction dedae : c’est chez les enfants dont la mére a
un niveau primaire que la prévalence de malnutrigst la plus élevée (52 %) (Galasso &
Umapathi, 2007; INSTAT, 2010). Les meres ne corseais pas intuitivement les bonnes
pratiques alimentaires et la connaissance de cemebopratiques ne leur vient pas
automatiqguement. Malheureusement, les meres nenmassent pas toujours quand leurs
enfants ne grandissent pas correctement ou soutfeemalnutrition modéréeAfin de lutter
contre la malnutrition chez les enfants, un desemseyserait d’améliorer la connaissance des
meéres en matiére de nutrition, d’hygiéne et deiquat alimentaires (Galasso & Umapathi,
2007).

VI.  Autres problémes alimentaires a Madagascar

V.1. Probléme d’hygiéne
Le probleme lié a I'alimentation malgache ne satémpas uniquement a l'insuffisance

de disponibilité en nutriments mais aussi aux meegaconditions d’hygiéne dans les
pratigues alimentaires. Chez les vendeurs d'alimeat#ns les petits restaurants appelés
« gargottes » dans la ville d’Antananarivo, on wmudans la majorité des cas, une

contamination fécale des aliments duEszherichia coliet a Salmonellaspp., responsables

% Le retard de croissance sévére : défini commeespandant & un rapport taille/age inférieur & sBares en
dessous de la médiane indiquée par les normes @M®Bissance de I'enfant

4 Malnutrition modérée : définie comme correspondant rapport poids/age entre -3 et -2 z-scorefeesous
de la médiane indiquée par les normes OMS de amgssde I'enfant. Elle peut étre due a un faibbgpoat
poids/taille (amaigrissement/emaciation) ou a uinéaapport taille/age (retard de croissance) ané&
combinaison des deux
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de toxi-infections alimentaires (Sarter & Sartefl12). Le non respect de I'hygiéne se
manifeste sous forme (1) de la non protection tlegeats contre les contaminations pouvant
étre apportées par l'air, la présence d'objetsrigogs et d'insectes, le non stockage des
aliments au réfrigérateur, (2) de la non utilisatide produits désinfectants comme la
chlorination d’eau, (3) du non acces a l'eau deesti niveau du lieu de vente, (4) du non
lavage fréquent des mains, (5) de la réutilisati@au usée lors du nettoyage des mains et de
la vaisselles, et (6) de l'association entre priEpet esthetisme (par exemple, a partir du
moment ou les couleurs claires dominent, les valsdgigent leurs locaux comme étant
propres). En accord avec ces observations, lesédsnde I'Organisation Mondiale de la
Santé ont montré que 18 % des cas de mortalité casntaux maladies diarrhéiques™3
cause de mortalité aprés la malaria et les infesticespiratoires dans les pays sous
développés (WHO, 2006).

V.2. Interdits et tabous alimentaires
Les interdits et taboudady) s’inserent dans les pratiques et choix alimeesante

certaines ethnies ou tribus. Ils peuvent étre igéess a une ethnie ou a un village, voire une
descendance familiale. Souvent, ils ont été crégslgs « grands hommes » du passé (les
ancétres) et sont trés respectés dans des zorlagéascou le niveau d’instruction est moins
élevé. Lefadyfait objet d’'une ambivalence : d'une part, protégertains aliments considérés
comme étant des objets sacrés et, d'autre partterdire une liste d’aliments pour
consommation suite a des expériences négativeaffRgahanana, 1970 ; Francois, 1968).
Par exemple, si une personne décede ou tombe magade avoir mangé un aliment, ce
dernier peut devenir interdit pour toute la sociétar faute de connaissance et de moyen de
vérification, les gens préférent imposer cet alimemmmefady, pour éviter que celui-Ci
empoisonne encore d’autres personnes (Graeber).28€l6n Francois (1968, p.118) la base
du mécanisme psychologique dady malgache serait que «lorsque l'ouverture sur les
sciences exactes et leurs schémas opérationnetaimste ou inexistante, les hommes en
société recherchent une explication des phénomdaas lirrationnel congu comme le
domaine de forces occultes non totalement discEsgparfois bénéfiques, parfois nocives. »
Le fady integre la culture malgache comme un moyen d’irap@galement certaines
regles de bonne conduite ou d’éducation. Le nopeasde ce$ady par une personne peut

avoir des répercussions d’ordre mental, telle quedur d’étre frappé par le courroux des
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ancétres, ou de perdre la richesse, ou d'attrapendladie, voire méme la mort (Walsh,
2002).

Pour les ethniedntakaranaet Sakalava(peuples du nord ou I'on constate des traces
d’'influence musulmane), la viande de porc fait ipades alimentdady (Gennep, 1904 ;
Francois, 1968). Dans I'étude de Brown (1999) dansord de Madagascar, si la plupart des
villageois ont tendance a agir de facon a ne paleniesfady, c’est uniquement pour ne pas
attraper la lépre. Presque tous les gens dansétatte ont été convaincus que la maladie est
la conséquence d’avoir mangé un aliment fady. @esus et croyances reliés aux aliments

n’ont donc pas été mis en place pour des raisomgives, encore moins d’ordre gustatif.

B. Les facteurs impliqués lors des choix alimenta@s
Il est admis que le répertoire alimentaire eséligne culture : « Dis moi ce que ce que

tu manges et je te dirai qui tu es. » (Rozin, 199B&n que la nature offre une multitude
d’aliments comestibles, seule une petite proportiences aliments est acceptée par une
culture. Si les Occidentaux ne mangent pas d’iesecte n’est ni pour des raisons de
disponibilité ni pour des questions d’éventuelesftoxiques voire physiologiques (Fishler,
1990). D’aprés Bisogni, Connors, Devine, & Sobd02), I'identité d’'une personne, d’'une
ethnie ou d’'un peuple se reflete a travers lesaildisqu’il ou elle considere comme étant
mangeable et la fagcon dont il ou elle les prép&eoir pourquoi un peuple consomme tel
aliment mais pas tel autre a toujours préoccupéstesologues, les psychologues, les

chercheurs en santé, voire méme les industridlagi®alimentaire.

I. Les déterminants du choix alimentaire
Selon Fishler (1990), si nhous consommons certdingeats, « c’est tout simplement

parce gu’ils sontlisponibles parce que nougimons leur godt parce que notreorps les
exigeou qu'ils présentent des avantages pour lui. kpatiibilité et lecolt sont a I'évidence
des conditions nécessaires a la consommation.sieBhs modeles (Khan, 1981; Land, 1983;
Pilgrim, 1957; Randall & Sanjur, 1981; Shepherdd3)9ont été introduits pour expliquer les
choix alimentaires. Trois grands groupes de fasteassortent de ces modéles: les aliments,

la personne et I'environnement extérieur (Figure 4)
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Figure 4. Modele de Shepherd (1985)

I.1. L’aliment a choisir
Le déterminant « aliment » intervient dans le chdiixn aliment selon ses propriétés

physico-chimiques et sa teneur en éléments natriti composition nutritionnelle de
'aliment entraine des signaux physiologiques chedividu qui entrainent un ajustement
extrémement fin de la prise alimentaire pour satief des besoins non seulement
énergétiques, mais aussi métaboliques, contribaiast a la régulation du bilan énergétique
de l'individu (Bellisle, 2003). Comme exemple dgrsl physiologique, on peut citer la
satiété et le rassasiement, la faim et 'appétiefferd, 1985). Par définition, la satiété est un
état d’inhibition de la faim (réduction de la setima de faim). Quant au rassasiement, c’est le
processus qui conduit a l'arrét de la prise alirmeatet controle la taille de la prise
alimentaire. D’aprés 'OMS, la faim se définit comnétant 'ensemble des sensations
provoquées par la privation de nourriture, quiter I'hnomme ou I'animal a rechercher des
aliments, et que l'ingestion de nourriture faitpdigitre. La faim signale, de fagon interne et
innée, le besoin en aliments (Rozin, 2007). L’apsét manifeste par un désir de manger.
Deés I'enfance, l'individu humain a une auto-cap&agtopre a choisir I'alimentation
répondant a ses besoins nutritionnels (Davis, 1928fe a son systéme nerveux gastro-
intestinal. Ce systeme est impliqué dans le comtd@ I'équilibre entre la faim et la satiété,
ainsi que dans la stimulation de l'appétit et lasconmation de nourriture (Houpt, 1982;
Mithieux, 2013). Fishler (1990) appelle cette cafgdla « sagesse du corps ». Le rassasiement

intervient, par la suite, dans I'arrét de la pdeenourriture en limitant la quantité d’aliment a
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consommer (Cummings & Overduin, 2007). L’homme, owntout animal, a le besoin de
chercher suffisamment de sources énergétiques manveles aliments pour maintenir ses

fonctions vitales et pour supporter les activitésdrvie (De Graaf, 2007; Rozin, 2007).

Pouvoir rassasiant des aliments
Le pouvoir rassasiant d’'un aliment est le facteuplus important par rapport aux

nutriments ou substances que le corps ingere (B@60B; Halford, Hill, & Blundell, 2005).
Ce pouvoir rassasiant peut étre percu par les comsbeurs et mesurable quantitativement

grace a la connaissance de la composition de Ealfm

Les participants de I'étude de Burns, Cook, & May@®13), provenant d'une
population ayant un faible pouvoir d’achat, ont ritéan aliment rassasiant en termes de
guantité et de provision d’énergie nécessaire fEsuactivités physiques. Cette représentation
est cohérente avec des études physiologiques endlique le rassasiement est déterminé par
le volume, le contenu en macronutriments, le gdllaedensité énergétique de l'aliment
(Booth, 2003). Les mémes participants ont aussritdée pouvoir rassasiant en termes
gualitatif ou par types d’aliments. lls ont assamé&ouvoir aux aliments riches en glucides et
aux produits amylacés (pain, riz, pomme de terggaet), bien que les glucides ne soient pas
le macronutriment le plus rassasiant : ils le sonins que les protéines d’apres certaines
études (Anderson, Tecimer, Shah, & Zafar, 2004 k&, Varela, Diaz, Linares, & Garrido,
2014). L'association entre la catégorie d’alimeglcidiques et le rassasiement peut sans
doute s’expliquer en termes économique : les gascidnt partie des aliments rassasiants qui
sont accessibles a cette classe de populatione(fi&giérger, 2008).

L'état de l'aliment joue également un role impott dans le phénoméne de
rassasiement. Moins il y a d’eau dans l'alimentispl a un effet rassasiant. Les aliments
solides ont donc un effet rassasiant plus élevdapualiments liquides (Hulshof, De Graaf, &
Weststrate, 1993; Mattes, 1996), a I'exceptionsiegpes (Mattes, 2005).

Il existe également une autre forme de rassasiequemégule les prises alimentaires :
le rassasiement sensoriel spécifiqugolls, Rolls, Rowe, & Sweeney, 1981). Il se triagar
une diminution de I'appréciation d’'un aliment awde son ingestion pendant un repas, par
rapport aux aliments qui n'ont pas été consommesplEnomene est principalement lié aux
propriétés sensorielles des aliments, et est tesdépendant de leur valeur énergétique et

nutritionnelle.
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[.2. La personne lors de son choix alimentaire
Le mangeur est I'acteur principal du choix aliméetaen agissant par rapport a la fois

a ses préférences sensorielles, ses attitudesyetnoes et ses habitudes.

Préférences sensorielles
Les propriétés organoleptiques sont souvent regesipous le terme « goQt » dans le

langage courant. Ces propriétés influent sur lefépences alimentaires. De nombreux
travaux ont mis en évidence le rble considérahle jpar les propriétés organoleptiques
produits dans les choix alimentaires (De Graaf,7200otamment dans les pays industrialisés.
Par exemple, Furst, Connors, Bisogni, Sobal, & FA896) ont interviewé 29 adultes sur les
criteres qu’ils utilisent lors de leur achat d’adimis aux Etats-Unis. Les aspects sensoriels
apparaissent en premiere position avant l'aspeondrnique, la santé et les bénéfices
nutritionnels, la commaodité, la relation socialéaetjualité des décisions de choix alimentaire.
L'importance du golt a été également observée thume enquéte réalisée sur 2967
personnes par Glanz, Basil, Maibach, Goldberg, &J8n(1998) a Hawaii, avant le prix, la
nutrition, la commodité et le contrdle de poidsiques soient les facteurs démographiques.
Plus récemment, Januszewska, Pieniak et al. (20dtl)nis en évidence lors d’'une étude
réalisée en Belgique, Hongrie, Roumanie et Phiiepique I'aspect sensoriel reste le facteur
le plus important par rapport a la santé, la conitécet le prix quelque soit le pays. Selon
Sobal, Bisogni, Devine, & Jastran (2006), la préf@wance des propriétés organoleptiques
dans le choix alimentaires pourrait s’expliquer lgafiait que ces propriétés sont les premieres
a étre en contact direct avec le consommateur pénglail consomme Il'aliment ou la
boisson. En revanche, il est important de souligyerle « golt » n’est pas le seul et 'unique
facteur qui guide une prise alimentaire (De Gra@f)7; Rozin, 2007). Rozin (2006) illustre
ceci a travers la consommation de beeuf. Si lesdhimeuvent préférer le boeuf comparé au
riz, le riz reste toujours le plus consommé a cailee facteurs culturel, géographique et

économique.

Attitudes
Des 1935, Allport définissait I'attitude comme dtanun état mental de préparation,

organisé au travers de I'expérience, exercant ofleence directrice ou dynamique sur la

réponse de l'individu a tous les objets et situetiavec lesquels il est en relation » (Allport,

20



Revue de la littérature

1935, p.798). Plus tard, Kraus a défini les atgs) comme des constructions psychologiques
relativement permanentes et stables correspondded eésumés évaluatifs d’'un item (Kraus,
1995). Verbeke et Viaene (1999), quand a euxparié d’associations stockées en mémoire

a long terme entre un objet donné et I'évaluatpmsitive ou négative, de cet objet.

Selon la Théorie du Comportement Planifié ou TChzdA, 1991), les attitudes
joueraient un role important dans les comportemefistte théorie postule que le
comportement humain, pour étre effectif, doit di@bétre décidé/planifie. La planification
des comportements s’appuierait sur trois typesadeedirs. Le premier facteur est l'attitude
par rapport au comportement et se référe aux jugensar la désirabilité du comportement et
de ses conséquences. Le deuxieme est un facteiat, dmasé sur les normes sociales se
referant aux considérations sur linfluence et ifopn des proches par rapport au
comportement. Et le troisieme facteur est l'aufeca€ité, qui renvoie aux croyances du sujet

sur sa capacité a réussir le comportement (Figure 5

Croyances par
rapport aux Attitude
comportements|—]
x Jugement des|
conséguences

Croyances
normatives || Norme

X Motivation & subjective

respecte IR

Intention Comportement

Croyances au -
contrble 1 Controle [_.---~

X Pouvoir

Figure 5. Représentation schématique de la théoragu comportement planifié (Shepherd & Raats, 1996)

La théorie du comportement planifié a été utilisks différents domaines : le
marketing (Chiou, 1998), les interventions sur kdioration des pratiques sanitaires en
alimentation (Milton & Mullan, 2012), la promotiattes aliments bons pour la santé (Povey,
Conner, Sparks, James, & Shepherd, 2000), etcétddes mettent toutes en évidence l'effet
des intentions dans les comportements. Dans I'é@eddilton & Mullan (2012) par exemple

la TCP a été appliquée dans une intervention pidatge sur I'étude de comportement en lien
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avec des problémes sanitaires alimentaires. Ceitie @ été réalisée pendant quatre semaines
chez des jeunes adultes australiens et a montiléegtipossible d’appliquer la TCP dans le
cadre de I'amélioration du comportement hygiéniguec les aliments. Les mesures ont été
faites en quatre étapes: La premiére mesure ast®rés observer le comportement des
participants, a travers I'enregistrement de le@sies de nettoyage de mains, de la surface de
travail et des ustensiles. Ensuite, les particgpantt dd remplir un questionnaire de TCP
incluant six composantes relatives aux attitudesymes subjectives, controle du
comportement percu et a I'intention. La troisiemesare est une tache informatique basée sur
une intervention de la TCP. Cette tache a pour datnéliorer les connaissances, le
comportement auto-déclaré et les variables de AR, Tafin de changer le comportement
d’hygiene. Enfin, les participants remplissaientquestionnaire de suivi de la TCP incluant
les quatre composants cités en étape 2. Cette atudentré que les attitudes, les normes
subjectives et le contr6le du comportement percédipent de maniere significative
l'intention des participants a préparer les alirmede facon hygiénique. En termes de
comportement, 28 % de la variance est expliquédegantentions. Dans une autre étude sur
la consommation de fruits et legumes, Povey, Cqor8arks, James, & Shepherd (2000) ont
trouvé que la TCP explique 57 % de variance dasmsnieentions de manger cing fruits et

Iégumes par jour.

A ces facteurs de choix alimentaire s’ajoutent @gaint les habitudes et
comportements passés (Booth & Shepherd, 1988; ui;BKroeze, Oenema, & Brug, 2008):
on a tendance a refaire ce que I'on a I'habitudéde. Pour comprendre les comportements

alimentaires, il faut donc aussi s’intéresser aabitides des consommateurs.

Habitude
L’habitude peut étre considérée comme étant un odeipent fréquemment répété

dans le passé (Triandis, 1977) ou comme un commperte automatique ou hors de la
conscience du sujet (Ronis, Yates, & Kirscht, 1988 habitudes peuvent étre déclenchées
par plusieurs types de mécanismes. Par exemplait l@'écouter le journal le matin (indice
environnemental) active le fait d’aller travailldrut) qui en retour, entraine le fait de monter
en voiture (comportement a but dirigé). Les halatugeuvent étre aussi déclenchées par des
indices dans I'environnement social et psychologjdels que la présence d’autres gens ou un
état d’humeur spécifique (Adriaanse, Ridder, & dig, \2009).
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Les habitudes jouent un rble important dans le astement et le choix alimentaire
(Gardner, De Bruijn, & Lally, 2011; Tuorila & Pangim, 1988). Le fait de manger devient un
acte habituel et automatique et, dans plusieursleasrepas sont consommés aux mémes
endroits et moments (Conner, Norman, & Bell, 20Q2)r6le des habitudes a, par exemple,
etée démontré dans la consommation de snack (Vématar2006), de fruits (Brug, de Vet, de
Nooijer, & Verplanken, 2006), de légumes et fryieinaerts, de Nooijer, Candel, & de
Vries, 2007), de boissons hygiéniques (Chin a Fimgh, Brug, & van Mechelen, 2008), de
viandes (Feldman & Mayhew, 1984), de poissons (8ehher & Trondsen, 2008), de chips
(Towler & Shepherd, 1991/1992) et l'intention densommer des fruits de mer (Honkanen,
Olsen, & Verplanken, 2005).

La robustesse d’'une habitude alimentaire est trde fjluand celle-ci est reliée a une
tradition culturelle. Par exemple, Atkin (2013) tadée le cas des Indiens qui migrent d’une
région vers une autre. Ces migrants préferent moetia acheter les produits gu’ils avaient
I’habitude de consommer dans leur ville d’origine&me si ces produits sont relativement
chers comparés aux produits alternatifs disponitééess leur nouvelle ville. Cette robustesse
de I'habitude croit quand le comportement est ne@ale facon répétée par des expériences
satisfaisantes (Wood & Neal, 2007).

I.3. Les conditions économiques et I'environnemersocial dans lequel le
choix s’opére

Les conditions économiques et I'environnement $ocians lequel le choix
alimentaire intervient (prix, disponibilité, marqurilture...), représentent la troisieme classe
de facteurs intervenant sur les choix alimentaifgsrevenant sur I'exemple des insectes, si
certains Africains, Asiatigues ou Sud américaingsoonment des insectes, ce serait sous la
pression de I'environnement, pour s'adapter a laupé ou a la famine, qui les pousserait a
surmonter leur répugnance et a absorber des esppiese sont pas habituellement

considérées comme de la nourriture (Fishler, 1990).

Disponibilité
Plusieurs études se sont intéressees a l'infludada disponibilité des aliments sur le
choix alimentaire (Diez-Roux, Nieto et al., 1999r&yth, Macintyre, & Anderson, 1994;
Raynor, Polley, Wing, & Jeffery, 2004). La dispadiiib peut étre en lien avec la proximité

des lieux d’achat, I'accessibilité des alimentsgli@nzone d’habitation. Par exemple, chez les
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enfants, plus les fruits et légumes sont disposildlda maison ou a I'école, plus ils sont
consommeés (Hill, 2002). La disponibilité sembleeetm facteur plus important que la
préférence dans les comportements alimentairesn &giman (1989), dans la vie de tous les
jours, nous mangeons plus frequemment un alimerdude de sa présence que parce que
nous l'aimons.

La disponibilité des aliments résulte de I'interastde plusieurs facteurs : biologique,
psychologique, social, culturel et historique (RQZA006). Par exemple, les facteurs culturels
co-déterminent, avec les facteurs environnement@&grnomiques, ce qui est planté, pour les
végetaux, ou €éleve, pour les animaux, et ce quingsbdrté dans un pays (Rozin, 2006). Une
étude sur les consommations alimentaires de lalgt@u en Tanzanie a montré qu'il existe
des différences en termes de types d’aliments comsxs entre zones rurale et urbaine, dues a
la restriction de disponibilité alimentaire en zongale (Mazengo, Simell, Lukmaniji,
Shirima, & Karvetti, 1997). Les traditions peuveal@terminer le conditionnement de vente
d’'un aliment, qui modifiera sa disponibilité immath pour les ménages. Le riz est stocké
dans le commerce dans des sacs de 50 kg a Madadaschs qu’en France, des paquets

d’un kg sont les plus courants.

Prix

Le prix des aliments joue un role important dansdeportement d’achat alimentaire.
Il a été répertorié dans plusieurs travaux comnamtéle déterminant majeur des choix
alimentaires (Blanck, Yaroch et al., 2009; GlanasiB et al., 1998; Ritson & Petrovici, 2001;
Rozin, 1996a), surtout chez les ménages a faihlggod’achat, les personnes sans emploi et
les retraités, et aussi chez les personnes redgeasde I'achat des aliments (Lappalainen,
Kearney, & Gibney, 1998).

Le prix influence également le choix alimentairenglde sens ou les consommateurs
construisent mentalement des prix de référencepanttuits frequemment achetés (Grunert,
2006). Si les prix rencontrés sur le marché dépadse prix de référence attendus, le produit

en question pourrait ne pas étre acheté.

Culture
La culture est la caractéristigue démographiquella informative pour prédire le

choix alimentaire d’'une personne (Kittler, Such&r,Nelms, 2001; Rozin, 2007). Si les
Francais raisonnent avec les aliments en termesudgne et de plaisir, les Américains

pensent plutot en termes de valeur nutritionndllesgues liés a la santé (Rozin, 1996a). La
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sagesse et la coutume de ce qui est mangeablprepap a la consommation sont transmises
d'une génération a une autre. Les cuisines spéesica une culture dictent ce qui est a
manger, sous quelle forme et dans quelle combinaElisabeth Rozin (1982) a proposé trois
eléments majeurs pour décrire les différentes ticadi culinaires : les aliments de base, les
ardbmes caractéristiques a ajouter dans la nouwgrifarg., sauce soja) et les modes de
préparation typiques. D’aprés le méme auteur,uéisres imposent également a quel moment
et dans quelle quantité il faut manger un alimentssforme de « normes » de consommation
(Rozin, 2007). Par exemple, dans la culture ami@echest approprié de manger au moins et
au plus une unité de taille modérée d’un alimemnéa un seul bol rempli mais pas plus, une
pomme entiere mais pas deux, un sandwich et nonupasmoitié de sandwich (Geier,

Hankins, & Rusiniak, 1974). Les cultures dicterslégient I'importance des aliments dans la
vie de facon plus générale. Pour les Indiens, pamele, la nourriture assure un role social
majeur, dans le sens ou le repas crée des relatames entre les membres de la famille, en
termes de qui mange avec qui et dans quel or@gm€’'mange en premier) (Khare, 1976). Les
cultures dictent aussi les manieres de manger, l&gpe« manieres de table »: les
comportements appropriés a table, les couvertdigeut(fourchette ou baguette, voire méme

chez certaines cultures a la main) (Rozin, 2007).

[I. Choix alimentaire chez les enfants
D’aprés Nicklaus & Issanchou (2007), les facteuynisysiologique, génétique,

sensoriel/affectif et l'influence sociakont les déterminants influencgant la prise alimeata
chez I'enfant (Figure 6). D’autres éléments ont é&gélement répertoriés dans la littérature
comme influencant le choix alimentaire des enfdetsmedia, les enseignants, les personnes
proches telles que les freres et sceurs et les adpm(Holsten, Deatrick, Kumanyika, Pinto-
Martin, & Compher, 2012; Rozin, 1996b). Cullen e$ £ollaborateurs (2003) ont également
mentionné l'importance de la disponibilité et dackessibilité comme étant un facteur
favorisant la consommation de fruits et légumeslgmenfants. En plus de ces deux derniers
facteurs, Reinaerts, de Nooijer, Candel, & de V(i2807) ont ajouté les habitudes et la
période dans la journée.

Chez les adolescents, aux Etats-Unis, les factuv@nts ont été soulignés comme
étant les plus importants : la faim et I'envie @aimiture, le godt, les considérations de temps

et la commodité (Neumark-Sztainer, Story, PerryCd&sey, 1999). D’aprés McKinley et ses
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collaborateurs (2005), les barrieres majeures poa alimentation saine chez les enfants
entre 11 et 12 ans au nord de l'lrlande et de llAmgre sont le godlt, I'apparence des
aliments, le pouvoir rassasiant, le temps/effatptix, le choix/disponibilité, le risque, la
rébellion, I'image du corps et le poids. Le rolepiix dans le choix alimentaire des enfants a
de la valeur seulement chez les plus agés qui cocene a étre conscient que le prix des
aliments est un facteur limitant la capacité de®a a acheter certains aliments (Holsten,
Deatrick, Kumanyika, Pinto-Martin, & Compher, 2012)

Valeursymbolique
4' Information nutritionnelle

Génetigues

| Perceptionssensorielles (golt, flaveur, texture)

Répanse affective Expérience }7
. ex : : Style parental
Conséquences | Préférences alimentaires | tylep | Parents

physiologiques

Prise alimentaire

‘;I(i

|

Sensationsinternes Influencesextrinséques:
(sensoriel, Expérience et influencescognitives et
physiologiques et influences sociales informationnelles
réponses affectives)

Figure 6. Structure conceptuelle des déterminantsedchoix alimentaire chez les enfants (Nicklaus &
Issanchou, 2007)

Préférence alimentaire des enfants
Le choix alimentaire chez les enfants est doming lpapréférence (Nicklaus &

Issanchou, 2007), qui peut étre a la fois innée Ipatermédiaire de prédispositions

génétiques et acquise grace a l'expérience et ppreatissages (Birch, 1999). La formation
de la préférence alimentaire se fait dés la vienatade, via le liquide amniotique (Schaal,
Marlier, & Soussignan, 2000) et se poursuit apaasaissance, via le lait maternel (Mennella
& Beauchamp, 1996a). L’enfance est la période qudide la formation des préférences
alimentaires (Cashdan, 1994; Hendy, 1999). Les2mates qui sont établies a I'age de 2-3
ans semblent étre prédictives des préférences lawt de I'age adulte (Nicklaus, Boggio,

Chabanet, & Issanchou, 2004). Skinner, Carrutl).g2002a) ont montre, par exemple, que

les préférences alimentaires d’'un groupe d’enféigiss de 8 ans correspondaient a celles
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gu’ils avaient a I'age de 4 ans. Cooke, Wardle let(2004) ont trouvé que I'exposition
précoce aux fruits et légumes pendant la périodsedmge est associée a une forte fréquence
ultérieure de consommation de fruits et [égumeg ¢b® enfants entre 2 et 6 ans. Une étude
similaire a montré que l'introduction tres tét draénts solides par les meres dans le régime
de leur bébé est associée a un régime varié digafgnce (Cashdan, 1994).

Quant aux aversions, leur apparition, qui est ragpachez 87 % des individus comme
liée & des troubles gastriques ou intestinaux, néeni@ plus souvent & un age situé entre 6 et
12 ans (Garb & Stunkard, 1974). Une seule expégiadmmentaire malheureuse suffit a
induire une aversion durable, méme si les troutligsstifs se sont produits plusieurs heures

apres l'ingestion (Garcia, Ervin, & Koelling, 1966)

Les enfants ont des préférences innées pour le gaiié et une aversion pour les
golts amer et acide. La position de la préféreace fiu golt salé n’est pas claire (Birch,
1999; Desor, Maller, & Andrews, 1975; Desor, Mall& Turner, 1973, 1977; Ganchrow,
Steiner, & Daher, 1983; Garcia & Hankins, 1975;ir®te 1977; Steiner, Hayne, & Lewis,
1979). Des solutions plus sucrées sont préféréesapport a des solutions moins sucrées
(Nisbett & Guswitz, 1970). Par contre, la prédispos a préférer un godt sucré est modifiée
par I'expérience avec l'aliment (Beauchamps & Mora882; Sullivan & Birch, 1990). De
méme, la réponse de rejet face a 'amertume estfié®gar expérience, d’apres une étude
sur un hydrolysat de protéines formulé a golt a@éennella & Beauchamp, 1996b).
L’'aversion a 'amer peut étre surmontée par apEsage (e.g., boire de la biére, du café noir
etc.). Quant a l'acide, certains jeunes enfanteld@pent une préférence forte envers cette
saveur (Liem, Mars, & de Graaf, 2004). Une préféeed la saveur salée ne peut étre
observée qu'aprés I'age de 4 ans d’aprés Beauch&@opgart, Mennella, & Marsh (1994) et
Beauchamps, Cowart, & Moran (1986). Chez les bdbé&syeau de sel préféré est plus élevé
gue celui préféré par les adultes (Beauchamps & aiiowvit990; Beauchamps & Moran,
1985).Les enfants aiment les stimuli a forte inténCeci est di a une sensibilité moins
développée que celle des adultes. Par exemmeété montré que les enfants discriminent
moins bien des concentrations en saccharose quedides (De Graaf & Zandstra, 1999;
Zandstra & De Graaf, 1998).

Les enfants plus jeunes se focalisent plus suintiises visuels et texturaux que les
plus agés (Rose, Laing, Oram, & Hutchinson, 20@4g® adultes (Nicklaus & Issanchou,
2007). En effet, dans une étude menée par Roseg,L@ram, & Hutchinson (2004) sur les
préférences sensorielles aux viandes, les jeunmten(6-7 ans) se sont focalisés sur les
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attributs texturaux, tandis que les enfants plugsage sont focalisés sur les godts et les
odeurs. Thybo, Kuhn, & Martens (2004) ont égalenmeoitré, a I'aide d’une cartographie de
préférence de plusieurs variétés de pommes efiecuéc des enfants de 6 a 11 ans, que la
préférence de ces variétés est influencée par tiexiure. Concernant les perceptions
texturales, les parametres oraux, tels que latamntt les forces liées a la mastication, ont
un impact sur la préférence des enfants (SzczestfaR).

Il a été également démontré que si un aliment astctérisé en méme temps par un
golt prononcé et une densité calorique élevéerdimence a ce godt particulier augmente
(Birch, 1990a; Booth, Mather, & Fuller, 1982). Lesfants acquierent plus rapidement des
préférences aux aliments a forte densité énerg&tigmomparés aux aliments moins
énergeétiques (Birch & Deysher, 1985; Birch, McPh&&inberg, & Sullivan, 1990) grace a
un effet physiologique postingestif positif, telegla sensation de rassasiement (Kern, Mc
Phee, Fisher, Johnson, & Birch, 1993 ; Birch, 199%oke & Wardle, 2005). Ce
conditionnement pour des aliments énergétiques pexpliquer en particulier le
développement de la préférence pour les alimerts @@irch, 1992; Johnson, Mc Phee, &
Birch, 1991; Kern, Mc Phee, Fisher, S., & Birch93Pet, a 'opposé, le fait que les légumes
sont moins aimés (Skinner, Carruth, Bounds, & AegP002b). La préférence d’aliments a
forte densité énergétique chez les enfants etdefescents s’explique également par leur
besoin en énergie, en relation avec leur croissatckeur développement (De Graaf &
Zandstra, 1999; Drewnowski, 1998).

La familiarité influence le choix alimentaire desants (Cooke & Wardle, 2005). Les
enfants n’aiment pas les aliments gu’ils n'ont j@ngoQ(tés (Aldridge, Dovey, & Halford,
2009; Birch, Brich, Marlin, & Kramer, 1982). « ll8ment ce qu’ils connaissent et ils mangent
ce gu’ils aiment » (Cooke, 2007, p.294). De méraegdntexte dans lequel l'aliment a été
présenté pour la premiere fois est trés importargqu’il constitue ce qui est familier ou du
moins ce qui est acceptablement classé par lesiteném tant qu’aliments (Birch, 1990b;
Mela, 1999). Par exemple, I'enfant peut étre faaniéi un godt de fraise dans un bonbon, alors
gue I'expérience globale avec le fruit réel (fraipeut étre percu discordante et donc rejetée
(Aldridge, Dovey, & Halford, 2009). Ceci est di fait que la difféerence de formes entre les

deux aliments (bonbon et fruit) n’est pas reconstugomprise.
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[ll. Comportement alimentaire dans les pays sousd®ppés ou chez les
communautés a faibles revenus
Il est évident que les déterminants des choix altaiees sont différents dans les pays

développés et dans les pays sous-développés. @lnig(2010) illustre cela a travers la
comparaison entre le Malawi, un pays sous dévelggidé Pennsylvanie, un état représentant
un pays développé. Si a Malawi, le choix alimeeta@pose sur la question « Que planter ? »,
en Pennsylvanie, la question est plutét « Que nrahge L'acces aux aliments est différent
selon ces deux contextes. Dans les pays indusésalies aliments sont faciles a acquérir et a
préparer, tandis que dans les pays en voie deafipahent, I'alimentation représente plus de
la moitié du budget des ménages et représent@dgsds durées de préparation.

Un nombre limité d’études s’intéresse au choix ahiaire dans les pays en voie de
développement et aucune n’'a été trouvée sur MadagaBn revanche, un nombre plus
important d’'études s’intéresse a la prise alimeatahez les personnes issues des ménages
pauvres des pays industrialisés (Burns, Cooke, &dda2013; Temple & Steyn, 2011). La
notion de pauvreté, dans le cas des pays indisésalest estimée en termes de pouvoir
d’achat des ménages. Un ménage est considéré cétanigauvre si son pouvoir d’achat est
inférieur a celui de la majorité de la communautésidérée.

Le premier critere de choix alimentaire chez lesnagés « pauvres » est le prix
(Drewnowski, 2009; Pinstrup-Andersen, 1985). Leosec critere est celui du caractére
rassasiant des aliments (Alvina, Araya, Vera, &,PP400; Burns, Cooke, & Mavoa, 2013).
Selon Drewnowski et Darmon (2005), quand les rasgsufinancieres deviennent limitées,
les consommateurs a faible revenu essaient de nsxineur choix alimentaire en se
procurant le maximum de calories pour une moindedse. Ceci se manifeste sous forme
de priorisation des aliments rassasiants et glgeeti (Mazengo, Simell, Lukmanji, Shirima,
& Karvetti, 1997). D’aprés Phororo (1999) et PinptAndersen (1985), les ménages a faible
pouvoir d’achat dans les pays pauvres dépensegérgral 50 % ou 60-80 % de leur revenu
dans l'alimentation. Dans certains pays, un aliméatbase correspond a 40-60 % des
dépenses budgétaires alimentaires. Quand le prirelmier aliment de base augmente, par
exemple le riz, les ménages pauvres substituenaloeent par d’autres aliments de base
considérés comme « inférieurs », tels que le maie enanioc, qui sont des sources de
calories moins chéres (Senauer, 1990). Par aill@aisrman (1988) et Behrman, Deolalikar,
& Wolfe (1988) ont suggéré que I'augmentation deerel peut ne pas améliorer la prise de

nutriments chez les ménages a faible revenu.
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D’autres facteurs, tels que les facteurs enviroramaux et comportementaux,
influencent le choix alimentaire des familles pasvrCes facteurs incluent: l'accés aux
aliments bons pour la santé (Cummins & Macinty)6), le stress psychologique (Dallman,
Pecorano, & la Fleur 2005), la difficulté a balantes demandes exigées par le travail et
I'alimentation de la famille (Devine, Connors, Shi& Bisogni, 2003; Devine, Jastran, Jabs
et al., 2006) et le manque de connaissance nutmgite (Hendrie, Coveney, & Cox, 2008).
Diverses études (Barker, Lawrence et al., 20081dtor1986; Wolfe & Behrman, 1982),
montrent que I'age des parents et leur niveaul@tiele! affectent I'état nutritionnel de leurs
enfants. Le fait que les parents soient plus agaseseau intellectuel plus élevé, notamment
chez les meres, entraine des effets positifs statl'nutritionnel de leurs enfants. Le fait de
vouloir satisfaire les enfants peut étre un faceirchoix alimentaire dans le contexte de
faible revenu. Tel est le cas d’'une meére de fangllecontinuait a nourrir ses enfants obéses
de nourritures pas saines tout en sachant quaieréten surpoids, dans I'étude de Kaufman
et Karpati (2007). Ceci vient du fait que la m@rgeait son comportement comme étant
correct car ces nourritures procuraient du plasisa fille. Les relations sociales jouent
également un réle dans le choix des aliments cbgzadlultes a faible ou moyen pouvoir
d’achat. Devine, Connors, Bisogni, & Sobal (199&)portent que si les gens continuent a
aimer les fruits et légumes c’'est grace a leuri@pdtion dans des activités et rituels
familiaux incluant les fruits et légumes, les ex@dces de préparation de ces aliments et la

mémoire de leur godt plaisant.

C. Introduction de nouveaux aliments

I. Néophobie
La néophobie est définie comme étant une réticaniogérer de nouveaux produits.

Elle est une caractéristique des omnivores, dboiain. Ce dernier est exposé aux risques
d'un environnement dans lequel plusieurs sourcesealaires peuvent étre toxiques. La
présence de ces risques conduit I'individu a etilide nouveaux aliments avec précaution, et
a privilégier des aliments familiers autant quegias. D’apres Koster et Mojet (2007), la
néophobie est apprise. Le fait d’apprendre quets@mmation d’un aliment est sans risque
peut donc aider a augmenter sa préférence (Nickldasanchou, 2007).

La néophobie engendre des comportements de rejperdhire (Pliner & Salvy,

2006). Fallon & Rozin ont fait état de trois phérmeas majeurs a l'origine du rejet d’'un
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aliment chez I'humain : (i) dversiondue a ses caractéristiques sensorielles ; (@ntgerou

la peurde ses conséquences négatives dues a sa consomnat{oi) le dégoQf qui surgit a
I'idée de sa nature ou de son origine (Fallon &iRp1983; Rozin & Fallon, 1980). Pliner,
Pelchat, & Grabski (1993) ont montré que des ptsdobuveaux présentés devant des
consommateurs dans un contexte de laboratoirenéfagecus comme étant légerement plus
dangereux que des produits qui leur sont famili€ette notion de dangerosité est un bon
prédicteur de la volonté de godter un produit. égalit, quant a lui, est d’ordre émotionnel. Il
est défini comme une répulsion face a I'incorparatd’'un objet offensif (Rozin & Fallon,
1987).

La néophobie est un facteur individuel lié a I'abes personnes plus agées sont, en
général, moins néophobes que les plus jeunes (Natea& Pliner, 1997; Pelchat & Pliner,
1995; Pliner & Loewen, 1997). Par ailleurs, HarperSanders (1975) ont montré que les
enfants d’un an et demi sont moins néophobes qug de trois ans et demi. D’apres
Cashdan, la néophobie n'apparait pas avant I'agevion trois ans. L'age de 2 ans est I'age
ou les nouveaux aliments sont les plus acceptésh@laa, 1994, 1998). Cependant, Cooke,
(2007) a observé un age d'apparition de la néoghphis précoce que celui trouvé par
Cashdan. Cet age correspond a la période ou I'eafaquiert sa mobilité, quand il explore
indépendamment son environnement. C’est a ce moqueihtdécide ce qu’il mettra ou non
en bouche. Selon I'étude de Loewen & Pliner (1980héophobie peut étre dissipée apres la
consommation d’'un nouvel aliment palatable chezelgfants entre 10 et 12 ans, mais non

entre 7 et 9 ans.

[I. Comment adopter une bonne habitude et changer uraunaise
habitude alimentaire chez les enfants?
Les habitudes alimentaires peuvent se former e¢vardifférentes périodes de la vie

humaine (Koster & Mojet, 2007). Mais si I'enfancet d’age critique pour former les
préférences/aversions alimentaires (Cashdan, 18fhdy, 1999), elle peut étre aussi
considérée comme la période la plus adaptée paurmledifier. Plusieurs facteurs et

parametres peuvent étre manipulés afin de faciliterodification d’habitudes alimentaires.

[I.1. Contexte de la prise alimentaire
Une facon de changer une habitude est de modifieortexte situationnel dans lequel

la prise alimentaire se fait habituellement. Sdket, Sijtsema, Dagevos, & De Bruijn (2011)

'environnement physique influence le comportemalitnentaire, car plus un aliment est
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disponible, plus il a de chances d'étre consommaésiAVan Osch et ses collaborateurs
(2009) ont montré que pour favoriser, par exemple&eonsommation de fruits, une solution
serait de les mettre sur une table, c’est-a-direuse zone de passage fréquent, facilement
accessible. Plus de 45 % des comportements tead&ne répétés dans la méme localisation

physique presque tous les jours (Wood, Quinn, &igag002).

Les moments de consommation jouent aussi un r@teritant. Pour faire manger aux
enfants des aliments bénéfiques pour la santéeypample les Iégumes, Williams, Paul,
Pizzo, & Riegel (2008) ont proposé de créer pluxchsions pour les consommer, comme
pendant les moments de récréation. Ces momenissporrdent aux moments ou les enfants
ont faim. La plupart des aliments sont plus accegténdant I'état de faim que quand

I'individu est rassasié (Rolls, 1988).

[I.2. Education nutritionnelle
L’éducation permet de modifier les comportements defants. Différentes formes

d’éducation peuvent étre rencontrées dans ladttiées.

L’éducation a la santé et I'éducation nutritiona@iérmettentle changer les habitudes
alimentaires. Certains travaux suggerent qu’en amsbrtdes approches d’éducations
traditionnelles, I'éducation a la santé est beapquus efficace (Rothman, Sheeran, & Wood,
2009). Ceci peut se manifester, par exemple, @tsaiutilisation d’étiquettes nutritionnelles
afin d’informer les consommateurs des apports wples, ou l'utilisation d’'une technique
d’autorégulation telle que proposée par Stadletti@gen, & Gollwitzer (2010). La technique
d’autorégulation est une technique faisant intarvedes éléments cognitifs et
comportementaux tout en impliquant l'intention tieacgement.

L’éducation nutritionnelle est généralement fondée des théories, telles que la
Théorie de Connaissance - Attitude - Comportemé&BAC). Cette théorie s’appuie sur le
fait que la connaissance est une condition néaesstiprobablement suffisante pour changer
un comportement. Elle suggére qu’'un moyen de chramgeomportement serait de fournir
aux individus des connaissances sur comment lempodgement influence leur santé. Ces
connaissances influenceraient positivement leurtudé envers le comportement et
éventuellement conduirait a la modification de congment désiré. D’aprés Birch (1999),
les connaissances a offrir aux parents doiventepatur la facon dont les préférences
alimentaires des enfants sont apprises. Elles dbigassi se baser sur les prédispositions

naturelles des enfants, concernant la préférenae Ipcsucré et salé et le rejet de I'acide et
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'amer, le rejet de nouveaux aliments, et I'apps=age a aimer les aliments basés sur la
fréquence d’expositions et les contextes et cores@mps de l'ingestion.

Cependant, l'efficacité des connaissances sur #gdgment de comportement a été
remise en cause par Lytle & Achterberg (1995).ppéa Lytle (2005), la Théorie Sociale
Cognitive (TSC) de Bandura (1986) s’avere pluscaffe. Au lieu d’expliquer aux gens
comment leur comportement affecte leur poids, kEgque de cancer et de maladies
cardiovasculaires ou d’autres maladies, la TSMealite sur les comportements spécifiques
qui influencent le risque et aide les individudtaiadre le changement qu’ils souhaitent.

Les stratégies d’éducation nutritionnelle s’adaptantype de population a éduquer.
Pour les enfants en age scolaire, par exemplaydaton peut se faire a I'école avec comme
éducateurs les enseignants eux-mémes (GOFN Educaf®5). Les matiéres, dans ce cas,
couvrent une variété de thémes, tels que le rédendériments dans le corps, les sources
alimentaires en nutriments, la production et lex@dés alimentaires, les facteurs influencant
les choix alimentaires et I'alimentation saine @mdyale (Society for Nutrition Education,
1982). L'utilisation de livres s’avére égalementiceice De Droog (2014) a montré, par
exemple, qu’un livre illustré avec des photos dgiiges est un moyen efficace pour faire
manger des légumes aux enfants de 4 a 6 ans enfl@sts sont impliqués dans la lecture et

s'ils répondent aux questions reliées a I'histoareontée.

[1.3. Education sensorielle
L’éducation sensorielle est une méthode initiée Jaaques Puisais pour sensibiliser

les enfants au golt (Puisais & Pierre, 1987). Ceti¢hode a été utilisée plus tard dans le
cadre des « Classes du golt », menée a Dijon ay@ojet EduSens sur les enfants entre huit
et dix ans (Reverdy, Chesnel, Schlich, Koster, &de 2008). Il s'agit d’éduquer les enfants

aux différents golts des aliments a travers doegenis. Le but de cette étude était d’évaluer
I'effet de I'éducation sensorielle sur la néophobre mesurant le niveau de néophobie chez
les enfants avant et aprés le programme. L’édutasiensorielle a réussi a réduire la

néophobie et a favoriser I'envie de godlter les eaux aliments. Mais malheureusement, ces
effets ont disparu dix mois plus tard. L’éducatsensorielle ne semble donc étre efficace

gu’a court terme.
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II.4. Réle de I'exposition répétée via la familiarié
Il a été mentionné plus haut que la familiarité lest des facteurs importants dans la

préférence alimentaires des enfants. Le processuseftant d’établir cette familiarité releve
de la théorie de la simple exposition (« mere ewpos en anglais) qui initialise la
transformation d’aliments redoutés et évités emetits familiers et potentiellement aimés a
travers le fait que plus on est exposé a un stispydlus on l'apprécie (Zajonc, & Robert,
1968). Des études faites en laboratoire confirncette hypothese : la préférence d’aliments
et de flaveurs augmente avec une exposition rép€gteeffet a été démontré tant chez les
adultes (Pliner, 1982; Pliner, Pelchat, & Grabdid93) que chez les enfants (Sullivan &
Birch, 1990, 1994, Wardle, Cooke et al., 2003).pkecessus de simple exposition est décrit
par Kalat & Rozin (1973) comme étant une « sécapigrise » : I'ingestion répétée d’aliment
non familier sans conséquences gastro-intestinaiégatives permet d’augmenter
'acceptabilité de cet aliment. En outre, les rigast de rejet liées a la néophobie pourraient
étre limitées suite a une exposition répétée gdiatu rejet.

Pour que le processus d’exposition soit efficatéaut que I'enfant soit sdr des la
premiere expérience que l'aliment n'entraine pacalEséquence postingestive déplaisante
(Birch, Fisher, 1998). Il faut également éviter naonotonie, et pour cela le nombre
d’expositions est un parametre a prendre en coei@eadapter a 'age de I'enfant (Aldridge,
Dovey, & Halford, 2009). Or aucune régle ne perntgttablir le nombre optimal
d’expositions. Wardle, Cooke, et al. (2003) onutr® que chez les enfants entre 3 et 7 ans,
dix expositions a un nouveau légume sont nécesspoer augmenter leur préférence, bien
gue la prise de ce légume commence a augmentetr raéame la dixieme exposition. Chez les
enfants agés entre 5 et 7 ans, huit expositiomsnaent rouge entrainent une augmentation de
préférence et de prise (Wardle, Herrera, Cooke,il8s@, 2003). Le nombre d’expositions
nécessaires est entre cing et dix d’aprés BircBJ)L8hez les enfants de 2 ans. Par ailleurs,
Sullivan & Birch (1990) ont trouvé que chez lesasmi§ de 3 et 4 ans, huit a 15 expositions
sont nécessaires avec du tofu sucré, salé ou fades une autre étude avec des enfants de 7-
9 ans et 10-12 ans, plus de 20 expositions onfadtes et I'envie d’essayer de nouveaux
aliments n'a été observée que chez les enfants gés (Loewen & Pliner, 1999). En
revanche, Sullivan et Birch (1994) ont suggéré ge’'seule exposition au godt d’'un nouvel
aliment peut étre suffisante pour augmenter ragiicaht la quantité consommée et
I'appréciation d’'un aliment.

Les expositions tres tét dans la vie humaine (defauvie prénatale) peuvent avoir des

effets a tres long terme, méme plusieurs années tphd (Schaal, Marlier, & Soussignan,
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2000). Etre exposé a une large variété de golgsdtédans la vie aide I'enfant & étre moins
néophobe et plus prét a accepter de nouvellesuitavéialler, Rummel, et al. (1999) ont
montré qu’une exposition précoce avec lI'ardme delleapouvait engendrer une préférence

pour un ketchup aromatisé a la vanille a I'age tadul

[I.5. Récompense
Dans certaines circonstances, I'exposition peytaseétre efficace. Pour remédier a ce

probleme, Hendy, Williams, & Camise (2005) ont mre@ de combiner exposition et
récompense sociale pour augmenter la préférentee @insommation de fruits et légumes
chez les enfants entre 6 et 9 ans. Un aliment ppautexemple, étre donné a I'enfant en
récompense de ses bons comportements, et ainseategynsa préférence pour I'aliment offert
(Birch, Zimmerman, & Hind, 1980). Cependant, seuhombre restreint d’aliments, bonbons
ou aliments a haute valeur énergétique, engendeffanpositif de la récompense. Certains
aliments, tels que les légumes, entrainent pluiGeftet négatif de la recompense et risquent

de créer une aversion.

[1.6. ROle de l'influence sociale
L'influence sociale a un effet important sur I'aptabilité et la préférence chez les

enfants (Rozin, 1990) a travers des mécanismesitdtion et de conformation, conscient
et/ou inconscient, a la pression du groupe (De fG2@®7). De multiples études ont montré
gue la préférence a des aliments neutres ou noésgiweut augmenter si le jeune enfant peut
observer un proche consommer le méme aliment (Bir8B0; Birch, Zimmerman, & Hind
1980; Hobden & Pliner, 1995; Duncker, 1938; Marinh®40).

Les parents jouent un rdle important dans la fonatdes préférence et des
comportements alimentaires de leurs enfants (BiFikher, 1998; Rozin, 2006; Sherry,
McDivitt et al., 2004). D’abord, ceci est di autfque ce sont les parents qui contrélent la
disponibilité et le choix alimentaire au sein dydo(Rozin, 2006), en particulier les meres de
par leur réle dans I'achat et la préparation deseaadts (Holsten, Deatrick, Kumanyika, Pinto-
Martin, 2012). Ensuite, les enfants ont tendandmiter la préférence alimentaire de leurs
meres, s'il s’agit de filles, ou de leurs peres mplas garcons (Rozin, 1996b, 2006). Par
exemple, les enfants acceptent plus facilemenbfs@mmation d’'un nouvel aliment quand
leur mere se montre comme modéle en premier (H&p@ganders, 1975). Ces conclusions
doivent toutefois étre interprétées avec pruderaredes travaux menés par Birch, (1988)
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indiquent que la corrélation entre les godts alitaees des parents et ceux des enfants est
faible et qu’elle n’est pas significativement diffate de celle que I'on peut trouver entre les
godts alimentaires des enfants et ceux des patentses enfants de la méme école.

Apres les parents, les pairs influencent égalenesnénfants qui les prennent comme
modelesCet effet est plus important si le modele a le mége, plutdt qu’un age plus élevé
(Hendy & Raudenbush, 2000). Selon Rozin (1996, dersonnes vivant avec |'enfant,
surtout ses freres et sceurs, ont plus d'influengecet enfant que d’autres personnes.
D’autres études ont montré que des camarades d'§ookent également un rdle non
négligeable. Ces derniers deviennent dans ce caedele que I'enfant imite. Cette imitation
encourage l'enfant a essayer de nouveaux alimerdsfais que celui-ci revient dans son
cercle familial (Holsten, Deatrick, Kumanyika, Rifflartin, & Compher, 2012). Hendy &
Raudenbush (2000) ont montré que les enseignantajgmt étre aussi des modéles efficaces
pour les enfants préscolaires mais seulement quawoct-ci jouent le réle de modele
"enthousiasmant”, en donnant des commentairesdhbles sur les nouveaux aliments, mais

pas en les consommant ‘silencieusement’.
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La plupart des travaux sur les choix alimentainediquent que ces derniers sont
influencés par trois grands groupes de facteusségpectivement a la personne, I'aliment et
'environnement socio-économique. L'objectif globale cette these est d’explorer
importance de ces trois types de facteurs poungrendre les choix alimentaires malgaches
et proposer de nouvelles solutions pour réduirmdnutrition des enfants d’age scolaire a
Madagascar. Il s’agit de favoriser I'introductiofaldnents localement disponibles et a fort
potentiel nutritionnel dans l'alimentation de lapptation malnutrie. Nous nous sommes
intéressés particulierement aux feuilles de MOsguit des sources potentielles en nutriments
tels que les protéines, les minéraux, ou les vitamiPar rapport aux autres légumes feuilles,
les feuilles de MO sont peu consommées a MadagaBoartant, si cette plante est moins
familiére sur le haut plateau, elle pousse de fagmrépandue sur les zones cotieres.

Nous nous sommes intéressés aux enfants entré3/aats, ce qui correspond a I'age
scolaire (classes primaires). Tout au long de aieebibliographique, il a été observé que
cette tranche d’age a peu attiré I'attention ddswas promouvant les programmes de lutte
contre la malnutrition a Madagascar, alors qu'elgrespond a une période critique du
développement chez I'enfant. Nous avons choisi éeannos études en considérant deux
zones différentes : Antananarivo (sur le haut platest Antsiranana (une zone cétiére) en
contrastant les zones urbaines des zones ruratemigon de la différence de leur position
géographique, ces deux zones posseédent des cestaopiés différentes, en termes de culture,
croyances et pratigues alimentaires, ainsi qu'emde de veégétation et disponibilité

alimentaire.

Dans cette thése, nous allons vérifier trois hygsdls principales.
La premiére hypothése concerne les caractéristiquastionelles et organoleptiques des
feuilles de MO d’origine malgache.
H1 : « Les caractéristiques des feuilles de MO, tarititionnelles qu’organoleptiques, sont

différentes selon les zones d’origine » (Chapijre 2

Les deux autres hypothéses concernent les croyantdasonnelles des parents d’enfants

scolarisés dans deux régions malgaches.
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H2 : « La faible consommation de certains alimentir& potentiel nutritif, tels que les
feuilles de MO, et la consommation importante diesitaliments peu nutritifs résultent des
structures de croyances alimentaires développées différentes régions de Madagascar. »
(Chapitre 3 et chapitre 4).

H3: « Si les feuilles de MO ne sont pas assez \&wies a Madagascar, c’'est a cause de
importance que la population malgache donne aakitbdes alimentaires et au pouvoir
rassasiant des aliments.» (Chapitre 4)

Pour tester ces hypotheses, des poudres de fedall®O d’origine malgache ont tout
d’abord été caractérisées avec des meéthodes iresttales (analyses chimiques) et
sensorielle (test descriptif). La composition ertaias nutriments (protéines, matiere grasse,
acides gras, acides aminés, calcium, magnésiumr)etldns les poudres de feuilles de MO
issues de cinq régions de Madagascar a eté analyssearactéristiques organoleptiques des
mémes poudres ont également été évaluées avec éeda sensorielle descriptive : le
Profil Flash. Ces deux études ont été regroupées léachapitre 2. Ensuite, pour pouvoir
comprendre pourquoi la population malnutrie ne oamee pas certains aliments nutritifs
disponibles, les pratiques et les structures dgacice nutritionnelle en général et concernant
plus particulierement le MO et le manioc par lesepts d’enfants ont été étudiées en utilisant
des méthodes d’entretien et d’enquéte. Les dortdlestées sont décrites dans dbapitres
3 et 4 Enfin, cette thése a pour finalité de proposer des alimantsmse de ressources
habituelles (racines de manioc) qui ont été erggmutritionnellement grace a I'ajout de
poudres de feuilles de MO pour essayer d’améliétat nutritionnel de la population
malnutrie malgache, notamment les enfants issusndesges a faible revenu. Des godlters a
base de manioc et de poudre de feuilles de MO w@nfabriqués. Le manioc a été choisi
comme matrice incorporant les feuilles de M@squ’il est I'aliment de sécurité des ménages
pauvres malgaches et qu’il est disponible toutenise et a moindre codt. Plusieurs
formulations de golters ont été évaluées par ke gar des enfants en vue de vérifier leur
niveau d’acceptabilitéPuis les apports nutritionnels apportés par lesldsude MO ont été

calculés. Les données sont présentées damajstre 4.

Les entretiens et enquétes ainsi que les testersglasont été réalisés a Madagascar,
tandis que les analyses chimiques présentées dtadlese ont été effectuées en France, sur

des produits collectés a Madagascar.
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CHAPITRE 2:

Caracterisation des poudres de feuilled/deinga
oleiferad’origine malgache
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CHAPITRE 2 : CARACTERISATION DES POUDRES DE
FEUILLES DE MORINGA OLEIFERA D'ORIGINE MALGACHE

Ce chapitre s’intéresse a la question suivanteell€aisont les caractéristiques, tant
nutritionelle que sensorielle, des feuilles de M@ridine malgache ?

|. Introduction

MO est une plante originaire d’Inde, ou elle esjad@rgement connue par la

population indienne. Elle pousse dans les zonescales et subtropicales (Figure 7).

Figure 7. Zones au monde ou pousse la plartéoringa oleifera(Trees For Life, 2013)

Les différentes parties de la plante (les feuilles, fruits, les graines, les racines,
I'écorce et les fleurs) ont de multiples usagesi thérapeutique que nutritionnel (Fahey,
2005). Les differentes préparations issues de MQ.,(extraits, décoctions, cataplasmes,
cremes, huiles, émollients, pommade, poudres, dgas) ont des activités antibiotique,
antitrypanosomial, hypotensive, antispasmodique, tiulagreux, anti-inflammatoire,
hypocholestérolémiant, et hypoglycémique. Les @wigsont également utilisées pour la
purification d’eau par floculation, sédimentaticantibiose et éventuellement réduction de
parasiteSchistosoma cercariae tite€Concernant les feuilles, elles peuvent étre consées
fraiches, cuites ou conservées sous forme de posékchées pendant des mois sans

réfrigération (Fahey, 2005). Les feuilles de Modrant été incorporées sous forme de poudre
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dans des aliments, tels que des cookies en Inde ave concentration de 5, 10 et 15%
(Dachana, Jyotsna Rajiv, Indrani, & Prakash, 2aiiDdes bicuits secs a base de farine de
manioc et de patates douces avec une concentogi®B37 % et 1,82 % au Ghana (Owusu,
Oduro, & Ellis, 2011) en vue de les enrichir entpites, minéraux, vitamines et fibres. Elles
ont également été utilisées dans l'alimentatiormaie, en tant que source protéique. Des
feuilles séchées de MO provenant du Niger ontr&térporées a différentes proportions (12,
24 et 36 %) dans les régimes des poissons TilapidAlemagne (Richter, 2003). Au
Nicaragua, en vue d’améliorer la production lagigles vaches, 2 et 3 kg par rapport a la
matiere seche de feuilles de MO ont été ajoutées ar alimentation deux fois par jour en
plus des foins habituels (Sanchez, Spénrdly, & heP006).

Si I'incorporation de poudre de MO dans l'alimemathumaine et non humaine s’est
avéree bénéfique, des facteurs antinutritionnetsegalement été trouvés dans les feuilles :
tannins, composés phénoliques, composés phytiqudses haute concentration dans les
régimes, les feuilles de M@nt entrainé un arrét de croissance des poissamasau régime
contenant 20 et 30 % de poudre de feuilles de Mi@rdua premiére semaine. Ceci est d0 a
la présence de saponines, de composeés phénoligdespbytates dans ces feuilles (Richter,
2003). Toutefois, I'effet des saponines reste aiéér puisqu’a plus faible proportion I'effet
contraire a été observé (Francis, Makkar, & Beck@Q1). En revanche, aucun glucoside
cyanogénique n'a été détecté dans les feuilles kistak Becker, 1997).

Les études sensorielles réalisées sur les feuidglO repertoriées dans la littérature
se sont limitées a des tests hédoniques. La pldparétudes proviennent de I'Inde et des pays
d’Afrigue comme le Ghana ou le Nigéria. Par exemplambiar et Parnami (2008) dans une
étude menée en Inde, ont incorporé des feuilléshea blanchies de MO dans trois recettes
traditionnelles indiennes a base de légumineuses. feuilles fraiches ont été ajoutées a
différentes proportions, allant de 20 a 83 %. Dosmgts non entrainés ont procédée a
I'évaluation de I'acceptabilité globale et par ragpaux critéres suivants : apparence, aréme,
godt, texture et arriere-godt. Les recettes inc@mo67 % de feuilles de MO ont été trouvées
comme étant les plus acceptées. Plus recemmenykwad Ezeugwu, & Eme (2013) se sont
interéssés a I'évaluation hédonique de boissondaée a partir de poudre de feuilles de MO
provenant du Nigeria. Des sujets naifs ont évahgcéptabilité globale, 'acceptabilité par
rapport a la couleur, au golt et a 'arbme de thmssons (extraits a partir de poudre de
feuilles de MO et de poudre de thi@ton). Chaque extrait a été obtenu en mettant 2 g de
poudre dans 200 ml d’eau chaude. L'extrait de pewuldr MO est plus accepté que celui de

poudre de thé en ce qui concerne 'évaluation d¢oled de 'arbme. Par contre, sa couleur est
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moins acceptée que celle de I'extrait de thé. Aadlifférence n’a été observée par rapport a

I'acceptabilité vis-a-vis du godt. Ces études, lgjaiencourageantes restent toutefois limitées.

MO n'a commencé a attirer l'attention de certaidgercheurs et organismes a
Madagascar que tres récemment (vers 2008). Bienlemétudes réalisées dans d’autres pays
aient prouveé les différentes vertus de cette pjatatet nutritionnelle que thérapeutique, a
notre connaissance, aucun article scientifiquepodé sur la composition nutritionnelle des

feuilles de MO recoltées a Madagascar, ni sur lptopriétés organoleptiques.

Ce chapitre présente deux études. Dans un prereimapst la caractérisation
nutritionnelle des feuilles de MO venant de Madagas été réalisée, a travers les analyses
des protéines totales, matiéres grasses totalegramix (calcium, magnésium et fer), acides
gras et acides aminés. Les caractérisations oré mar cing échantillons de poudre de
feuilles de MO, récoltés dans cing villes diffeent(Figure 8): Antananarivo (centre),
Antsiranana ou Diégo Suarez (nord), Mahajanga (puEsamasina (est) et Toliara ou Tuléar
(sud). Ces villes font partie des cing plus grandéss de Madagascar, et a cause de leur
situation géographique, ont des caractéristiquéiretes en termes de climat et de

végetation.

Figure 8. Carte de Madagascar montrant les cing Viés d'origine des feuilles déloringa récoltées

Dans un second temps, les propriétés organolegtides mémes poudres de feuilles
de MO ont été décrites par des sujets bilinguegachks. Le fait de réaliser les tests avec des
sujets bilingues (parlant la langue malgache éargue francaise) nous a permis de vérifier
I'effet éventuel des langues utilisées lors detstdascriptifs : existe-t-il une langue parmi les
deux qui permettrait de mieux décrire les alimehtpoint de vue sensoriel ?

Ce chapitre a pour but de vérifier I'hypothese:es Icaractéristiques des feuilles de

MO, tant nutritionnelles qu’organoleptiques, soifttdentes selon les zones d’origine » (H1).
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La premiére étude est présentée damdidle 1 (« Effect of geographical origin on the
nutritional composition and sensory properties Mbringa oleifera leaf powder from
Madagascar »). La seconde étude est présentéd’ detitde 2 (« Role of languages in food
description: contrasting Malagasy and French detesg ofMoringa oleiferaleaf powder »)

et le poster A (“Bilingual panels: A tool to evaluate the role lainguage in descriptive

tasks”).
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[l. Article 1:

Effect of geographical origin on the nutritional canposition of Moringa

oleiferaleaf powder from Madagascar

[En preparation]

Vonimihaingo Ramaroson Rakotosamimanahaominique Valentin, & Gaélle Arvisenét

! Centre des Sciences du Golt et de I'AlimentatitiR 6265 CNRS, UMR1324 INRA,
Université de Bourgogne, Agrosup Dijon, Dijon 210Bfance.

2 Laboratoire d’Analyse Sensorielle d’Ambatobe — DRFOFIFA, Antananarivo 101,
Madagascar

Abstract

Nutritional composition ofMoringa oleifera (MO) leaves was investigated as fonction of
geographical origin. The leaves were collected frime different areas of Madagascar.
Standard analytical methods were used: determmatiqoroportions of crude protein (CP),
crud fat (CL), aminoacids, fatty acids and minefaldcium, magnesium and iron). This study
showed that there are variations in chemical comipasof MO leaf powder from different
locations in Madagascar. The proportion of CP vhfirem 23.5 to 29.7%, CF from 5.2 to
7.5%, Ca from 974.5 to 2714.3 mg/100g, Mg from B87%b. 460.7 mg/100g and Fe from 3.8
to 8.3 mg/100g. Sample from Antananarivo had higjuamtity of polyunsaturated fatty acids
(linoleic acid or LA: 1704.9.9.g%, a-linolenic acid or ALA: 7940.9.g9.g%) than the one from
Antsiranana (LA: 693.6g.g", ALA: 2629.7ug.g%). The quantities of essential amino acids
into 100g of MO leaf powder were sufficient to cotlkee body need for adult. This finding
might be a reference point in the selection andnédation of plant-based nutrients

supplement in human nutrition.

Keywords

Moringa oleiferg chemical, nutrients, Madagascar
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1. Introduction

Moringa oleifera(MO), Lam. (Moringaceae), commonly referred to asé Miracle Tree”
(Fuglie 1999), is a member of the Moringaceae famviiich grows world-wide in the tropics
and subtropics (Booth and Wickens 1988). Madagades the climate and adequate
conditions to grow MO. Yet leaves from this wildapt are only consumed by a limited
proportion of population in Madagascar. So farsthkeafy vegetables are less valorised in all
Madagascar than in other countries where they ghowthe rural central part of the country,
next to the capital, in 2011, only 29% of the papioin declares having already eaten its
leaves (Ramaroson Rakotosamimanana et al, subjnitted

Previous studies showed that MO leaves provideiphellbenefits to human health (Igbal
2006; Anwar 2007), such as bringing numerous migi€Thurber and Fahey 2009). These
leaves have been shown to be rich in protein antharacids, minerals and vitamins
(Barminas 1998; Thurber and Fahey 2009; Sanchesidl; Nufiez-Gastélum et al. 2010).
According to Kidmose, Yang et al. (2006), they #re richest leaves in vitamin A among a
whole set of wild leafy vegetables. As such, MOvessaneed to be largely exploited because
they can contribute to fight malnutrition (Thurl&Fahey 2009).

Nevertheless, like for all plants, different factdike genetic background, environment
and cultivation methods can influence the nutrtionomposition of MOleaves (Brisibe,
Umoren et al. 2009; Sanchez-Machado, Nufez-Gasté&uml. 2010). Broin (2006) and
Thurber & Fahey (2009) showed that there is a wiggation in nutritional composition of
these leaves depending on country of origin. Sommerostudies reported variations on
mineral composition of MO leaves among differergioas within a same country (lgbal
2006; Anjorin, Ikokoh et al. 2010). There is howelmited reports on the variation of other
nutrients into MO leaves depending on regions withigiven country. In addition, while
general nutritional compositions of MO data arefuisenformation on Malagasy leaves is
lacking.

The main objective of the current study was to stigate the role of harvest location on
nutritional composition of MO leaf powders from Maghscar. In order to obtain an adequate
representation of the variability of climate andvieonment of the country, leaf powders
originating from five distant regions were studiddhe finality of this work was to check if
the nutitional properties of Malagasy MO leaves aseinteresting as those of MO leaves
previously studied in other countries, and to detee the interest of introducing MO leaves

into Malagasy diet.
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2. Materials and methods

2.1. Plant preparation
Fresh MO leaves were collected from five distant towns ofdslgascar: Antananarivo
(center), Antsiranana (northern coast), Toamasaatérn coast), Mahajanga (western coast)
and Toliara (southern coast). Two series of hasveare performed. The first batches of
fresh leaves, for the analysis of dry matter, asfitent, minerals, crude proteins, and crude
fat, were harvested in April 2012 in the five laoat. The second batches, for the analysis of
fatty acids and amino acids, were collected onhAmtananarivo and Antsiranana in June
2013. The green leaves were first separately cteahen sun-dried and finally milled into
powder using mixer traditionally used in familydtien. Manipulations of leaves when drying
and grinding were similar to avoid variation dueseimple preparation. The powders were
then stored in well-dried plastic container and@cted from light at about 6°C.

Moisture content was determined by drying of leafvders in oven at 45°C for 24h and

ash content was obtained after incineration at 6Go6f 3h.

2.2. Major macronutrients, aminoacids and fatty aails quantification

Crude protein content (CP) was determined using &uiitrogen Analyzer NDA 701
(Velp® Scientifica, Italy) (Wiles, Gray et al. 1998\itrogen-to-Protein conversion factor
was 4.4 (factor used for tropical plant samples).

Crude fat (CF) was quantitatively extracted witiRandall Extractor SER 148 (Fisher
Bioblock Scientific, France) which was used by Khi@nderson et al. (2003) and accepted as
AOAC Official Method 991.36. Before extraction, adiydrolysis was performed for 1h and
hydrolyzed samples were dried. Petroleum etherespl{Carlo Erba) was used to extract fat
material.

The crude fat fractions obtained from leaf powdeese submitted to transmethylation of
the fatty acids using boron trifluoride in metha@ackording to Morrison and Smith (1964).
Fatty acid methyl esters were subsequently extlagi¢h hexane and analyzed using gas
chromatography on a Hewlett Packard Model 5890chasmatograph (Palo Alto, CA, USA)
using a CPSIL-88 column (100 m, 0.25 mm i.d., Q0 film thickness, Varian, Les Ulis,
France) equipped with a flame ionization detedttydrogen was used as the carrier gas (inlet
pressure, 210 kPa). The oven temperature was héld°& for 5 min, increased to 165°C at
15°C/min and held for 1 min and then to 225°C 4&&/&fin and finally held at 225°C for 17
min. The injector and the detector were maintaiae@50°C. Fatty acid methyl esters were

identified by comparison with commercial and sytithestandards (Sigma Aldrich, L’Isle
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d’Abeau, France). The data were processed usinge#@hrom Elite software (Agilent
Technologies, Massy, France) and reported as @mp@age of the total fatty acids. All other
reagents and solvents were of analytical gradeoatained from Carlo Erba Reagents S.A.S.
(Val de Reuil, France).

For total amino acids quantification, the methoedugollows the reglementation CE
N°152/2009. The samples were hydrolysed with HERf® h under vacuum. The hydrolysate
was adjusted at pH 2.2. The amino acids were sioblbgy ion exchange chromatography and
guantified by reaction with ninhydrin using photdnedetection at 570 nm.

For Tryptophan determination, the norm NF EN IS®@B was followed. After basic
hydrolysis at 110°C for 20 h using Barium hydroxideyptophane was quantified by
Reversed-Phase High-Performance Liquid Chromatbgraping UV detector.

2.3. Minerals quantification

500 mg of leaf powders were incinerated at 600°€lgihhed and desilicated with 1 mL of
37% chlorhydric acid (Panreac Quimica, Castellanidiés, Spain) and 1 ml of 1 molLof
HCl (Panreac Quimica, Castellar del Valles, Spaifihe obtained solution was then
evaporated at high temperature. The residue wagdmwith distilled water and filtered.
Detection of calcium (Ca), magnesium (Mg) and ifde) were performed using flame
atomic absorption spectrophotometry. Element camnagons were determined using specific
calibration of 6 points for Ca and Mg and 7 poiimsFe, in the range 0 to 5 mg/L for Ca, 0 to
2.5 mg/L for Mg and 0 to 30 mg/L for Fe.

2.4. Data analysis

Each analysis was performed in triplicate andlal tesults are reported as mean, except
for the analysis concerning amino acids which waisrapeated. Data were analyzed using
one-way ANOVAs or Student t-tests. Newman Keuld {&NK) was used to identify
significant differences among treatment means. 3bigware XLSTAT 2013 (Addinsoft,

France) was used for statistical analysis. Datacgasidered significant at p < 0.05.

3. Results

Protein content in MO leaves from the five locaiamas from 23.5 to 29.7%. CF varied from
5.2 to 7.5%, Ca from 974 to 2714 mg/100g, Mg from 2o 460 mg/100g and Fe from 3.8 to
8.3 mg/100g (Table 1). The ash contents were frofth @0 11.48% and the moisture content
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from 6.34 to 8.46%. Total carbohydrates proporticas estimated by deduction to be from
44.7 to 54.8%. All the values are expressed omuiter (DM).

The sample from Antsiranana had the highest qyaotitrude protein (29.7%) and
the leaf powder from Mahajanga the lowest (23.5Pkg sample from Toliara had the highest
guantity of crude fat (7.5%) compared to the dites/es from the other locations whose fat
content was similar.

The dried leaves from Antananarivo had the higligsintity of calcium (2714.3
mg/100g) and there was no significant differenceqaéntity of Ca between the four other
samples. The highest quantity of magnesium wasrebdean the sample from Mahajanga
(460.7 mg/100g), and the lowest quantity of Mg wasserved in the samples from
Antsiranana, Toamasina and Antananarivo. The higinesntity of iron was observed in the
sample from Antsiranana (8.3 mg/100g) and the digades from Toliara had the lowest
guantity of Fe (3.8 mg/100g).

Table 1. Macronutrients and minerals composition oMalagasyMoringa oleiferaleaf powders from
different locations (means +/- S.D.)

Nutriment Antananarivo Toliara Mahajanga Toamasina Antsiranana
Ash (g/100g DM) 10.9 10.5¢ 9.7¢ 10.6¢ 11.5°
CP (g/100g DM) 28.4 26.6° 23.5¢ 27.0° 29.7°
CF (g/100g DM) 5.5 7.5° 5.3° 5.2° 57°
Ca (mg/100g DM) 2714.3° 974.5° 1327.7° 1387.7° 1156.7°
Mg (mg/100g DM) 289.9 360.8" 460.7° 280.0° 271.5°
Fe (mg/100g DM) 6.2 3.8¢ 6.2° 5.4° 8.3°

(The highest values for each nutrient were in béltans bringing the same letter were not signitigan
different from Neuman Keuls test@t= 0.05. DM: Dry Matter, CP: Crude Protein and CFude Fat)

As the protein contents of Antananarivo and Antsrea samples were the highest
(see Table 1), the amino acids contents analysss resiricted to these two samples. The
analysis of fatty acids was also performed witlséheame samples.

The dried MOleaf powders were found to contain 14 fatty aciflsvbich seven
saturated and five monosaturated (Table 2). Faitysanto MOleaf powder were dominated
by alpha-linolenic acid (ALA = 7.9 and 2.6 mg.gnto samples from Antananarivo and
Antsiranana respectively). Both of the two sampiese rich on palmitic acid (more than 2
mg.g'). Some fatty acid quantities in MO leaves varigi§icantly between Antananarivo

and Antsiranana. The most important difference wlaserved for the polyunsaturated fatty
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acids @-linolenic and linoleic acids), which were in highgquantity in MO leaves from
Antananarivo. On the contrary, dried Mfiom Antsiranana contained about twice the
quantity of oleic acid (656.7.9.g") than the one from Antananarivo (38Q:8.g"). The
quantities of the other fatty acids were less irtantir(less than 0.4 mg'ef powder).

Table 2. Fatty acids composition of driedMoringa oleiferafrom two locations

Proportion (% of total fatty | Quantity (mg.g-1 of powder
acids) HM)
Fatty acids Antananarivo Antsiranana| Antananarivo Antsiranana
Myristic acid (C14:0) 14 1.8 0.2 0.1 *
Palmitic acid (C16:0) 19.0 27.4 2.7 2%
Hypogeic acid (C16:1c9) 14 2.0 0.2 0.1*
Palmitoleic acid (C16:1c7) tr tr - -
Margaric acid (C17:0) tr tr - -
Stearic acid (C18:0) 2.5 4.9 0.4 0.4 n.s.
Oleic acid (C18:1c9) 2.7 8.9 0.4 0.7 %=
Vaccenic acid (C18:1c7) tr tr - -
Linoleic acid® (C18;2¢9,12(n-6) 12.0 9.3 1.7 0.7 ***
Arachidic acid (C20:0) 0.7 1.8 0.1 0.1n.s.
Alpha-linolenic acid (C18:3c9,12,15(n-3) 56.0 353 7.9 2.6%**
Behenic acid (C22:0) 13 2.6 0.2 0.2 n.s.
Erucic acid (C22: 1c9) tr tr - -
Lignoceric acid (C24:0) 2.0 4.3 0.3 0.3 n.s.
Total SFA 27.2 43.1 3.8 3.2
Total MUFA 4.7 12.2 0.7 0.9
Total PUFA 68.0 44.7 9.6 3.3

(% : essential fatty acids. HM: Humid Matter, tr:des, SFA : saturated fatty acids, MUFA : mono-unsdéd
fatty acids and PUFA: poly-unsaturated fatty acids)

n.s.: quantities not significantly different betwmesamples from the two sites, from t-testiat 0.05

*: quantities significantly different at = 0.05

**: quantities significantly different at = 0.01

***: quantities significantly different a& = 0.001

The quantity of each amino acid of the two sampgesbout similar. The eight
indispensable amino acids (IAA) were observed (thige, methionine, valine,
phenylalanine, isoleucine, leucine, lysine andttgpan) into the samples from Antsiranana
and Antananarivo (Table 3). The most abundant IA&svi,eucine, 2.26% and 2.76% in
Antsiranana and Antananarivo respectively. Thetlabandant one was methionine (0.48 and

0.57% respectively).
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Table 3. Amino acids composition of driedMoringa oleiferaleaves from two locations. Comparison with
the IAA composition of reference protein and requiements for adult and chidren aged 3-14.

Amino acids composition of | Adult indispensable amino acid +| Indispensable amino
dried MO leaves (mg/g his requirements? acid requirements of
protein) children between 3
and 14 years
Amino MO leaves MO leaves (mgl/g (mg/kg per day) (mg/kg per day)
acids from from protein)®
Antsiranana _ Antananarivo
His 22 23 15 10 12
lle 41 49 30 20 22-23
Leu 76 97 59 39 44
Lys 49 62 45 30 35
Val 53 61 39 26 29
Met 16 20 Met + Cys: 22 15 Met + Cys: 17-18
Phe 64 65 Phe + Tyr: 38 28 Phe + Tyr: 30
Thr 42 52 23 15 18
Trp 23 27 6 4 5
Cys 13 20
Asp + Arg 104 121
Pro 35 43
Ser 44 50
Glu + GIn 134 137
Gly 43 53
Ala 55 63
Arg 61 67

IAA: Indispensable amino acids (in bold)

= FAO/WHO/UNU. 2007. Protein and amino acid requirateén human nutrition. Report of a joint
FAO/WHO/UNU Expert Consultation. World Health Orgdrech. Rep. Geneva. Report No.: 724
b Mean nitrogen requirement of 105 mg nitrogen/kg gay (0.66 g protein/kg per day).

4. Discussion

The objectives of this paper was to evaluate therebf geographical origin on the nutritional
content of MO from Madagascar and to compare ttigional properties of Malagasy MO
leaves with those of MO leaves previously studiedther countries. The results showed
important difference between samples collectedfferént areas as well as some differences
between MO leaves from Madagascar and MO leaves @ther countries. These differences
are discussed below by nutrient groups. For eattient group three points are considered:
The effect of area on MO nutritional content, thiéedence between MO leaf powders from
Madagascar and those from other countries andyfitta¢ interest of introducing MO leaves
into Malagasy diet.
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Protein and aminoacids

Protein content of MO leaf powders differed accogdio harvest areas. The sample from the
north was the richest in protein followed by thenpée from the center. The sample from the
west had the smallest in protein content but nfedihce was observed between the samples
from the south and the east. The difference ingimatontent was probably due either to soll
composition and/or plants maturity (Anjorin, Ikokafa Okolo, 2010; Bamishaiye, Olayemi,
et al., 2011). It was difficult to determine claathe link between protein content and climate
because between the south and the east areasntla¢ectlifference includes quite numerous
variations. Moreover, Shih, Chang et al. (2011)oragd that there is no season effect on the
chemical compositions of MO leaves.

When comparing protein content of MO leaves witavppus works, the quantities of
protein in the five Malagasy samples of this stugye higher than dried leaves from Mexico
(Sanchez-Machado, Nufiez-Gastélum et al. 2010). @ncontrary, the quantities of CP
measured in our work were lower than those of dieedes collected in South Africa, where
protein level was 30.3% (Moyo, Masika et al. 20TT)e leaves from Nicaragua (Makkar and
Becker 1997) had about the same quantity of prq@8mM%) as the sample from Toliara and
Toamasina but had lower quantity than the samptea Antsiranana and Antananarivo and
had higher quantity than the sample from Mahajanga.

Compared to other protein source foods, MO leawass lze considered as a high
source of protein: protein content of certain meéaiswer. For example, meat of goat fed on
grass hay in Limpopo Province of South Africa hagraportion of protein of 14% DM
(Qwele, Hugo et al. 2013), about half the protentent compared to MO dried leaves of the
present study. This shows the interest of MO leagea good potential source of protein for
undernourished population in developing countrikes in Madagascar, where the prevalence
of proteino-energetic malnutrition is high.

Result obtained from amino acids determination e@spared to recommended daily
intake of essential amino acids by WHO. Accordiaghe quantity of each essential amino
acid determined in our samples from Antananarivd &mtsiranana, 100 g DM of leaf
powder of MO per day is sufficient to satisfy thedlg need of adult for all essential
aminoacids and the half of this quantity for a 3ykars old child. For example, the daily
requirement amounts for a children weighting 3Cakg 0.9 g (Lys), 1.12 g (Leu), 0.6 g (lle),
0.78 g (Val), 0.45 g (Thr), 0.75 g (Phe+Tyr), 0d.2ZTrp), 0.45 g (Met+Cys) and 0.3 g (His)

(WHO, 2007). Protein from MO leaves contain thes@na-acids in quite similar ratios,
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except for Trp which is most abundant than oth€hais, there is no limiting amino-acid in

MO leaves proteins, which seem to be high qualibten.

Lipid and fatty acids

A difference in crude fat content was observed ddtween the sample from the south and
samples from the four other areas. However, sowWardo not have a clear explanation for
this difference.

A comparison of our samples with MO from other miies indicate that the Toliara
sample had a higher quantity of CF than dried ledk@n South Africa analysed by Moyo,
Masika et al. (2011) which contained 6.5% of CFsTduantity however is higher than those
of the four other samples from Madagascar. 7.85%Fofvas found in MO leaf powder from
Senegal (Ndong, Wade et al. 2007), which is clasguantity found in the sample from
Toliara.

A high proportion of alpha-linolenic and palmiticids had already been observed in
MO leaves in previous work (Sanchez-Machado, NUB&agtélum et al., 2010) carried out in
Mexico.

The high amount of polyunsaturated fatty acidseesly alpha-linolenic acid, into
our samples makes these leaves nutritionally istexg This fatty acid is generally difficult
to find into diets, contrary to the other fatty @eiwhich are present in most fat foods. The
recommendation about ALA daily intake is 1.77 g #ochild, thus 100 g MO leaf powder
from Antananarivo would participate to about 45%tlos recommendation. Compared to
walnuts, which is known as a good source of ALA, NMaf powder from Antananarivo and
Antsiranana contains a higher proportion of ALA gared to global quantity of fatty acids:
ALA into walnuts represents only 14% of total faftgids. Elsewhere, the quantity of linoleic
acid (LA) into MO leaf powder is desequilibrateccading to ideal ratio (LA/ALA =5). To
complete the lack of LA into diet, it can thus Beommanded to add other food sources of
LA, like colza or soybean oil, in addition to MCalees. In these conditions, MO leaves could

prevent various diseases if frequently consumebgy2005).

Minerals
Important differences in minerals contents of M@f lpowder have been observed among the
five locations: twice the contents for Mg and Fe éimree times for Ca. The sample from the

center was the richest on Ca, the one from the wastthe richest on Mg and the one from
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the north was the richest on Fe. These differemgs® probably due to soil composition,
which is the main cause of plant mineral content.

Dried MO leaves recolted from Madagascar contaméigh quantity of calcium and
magnesium, compared to foods in general. Thisrigds in accordance with Moyo, Masika
et al. (2011)’s observation. Calcium content in M@ves is higher than the level observed in
other African non conventional leafy vegetabladansonia digitataCassia tora Colocasia
esculentaCorchorus tridensAmaranthus spinosus, Ficus sycomoamsl Ficus asperifolia
(Barminas 1998; Nkafamiya, Osemeahon et al., 20Ib level of iron was low in MO
leaves (less than 10 mg/100g DM). This finding daboon content does not concern only
leaves from Madagascar; a similar level was obsktve other researchers in Nigeria
(Barminas, 1998; Nkafamiya, Osemeahon et al., 20E®jewhere, the result of Moyo,
Masika et al. (2011) was not in accordance withfouding on iron level (49 mg/100g). The
MO leaves from Madagascar are thus at least sigstipporer in iron than those from South
Africa.

50 g of dried powder of MO from Antananarivo cambete the recommended daily
intake of calcium for adequacy for a child betwé&eto 13 years old (Institut of Medicine
2011).

To sum up, the results from the three nutrient gsoshowed that as in other countries
growing MO, Malagasy MO leaves can be used asgaod source of nutrients. The specific
content in the three nutrient groups depends oatilmt and so the selection of the optimum
leaves depends on the nutrient which is the mdstielet in the population of interest. If the
main deficience is in protein, it is adequate twade MO leaves from Antsiranana or
Antananarivo. Conversly, to promote essential fattyds consumption by population to
decrease cardiovascular diseases, MO leaf powder Antananarivo can be used as a good

source of this category of fatty acids.

5. Conclusion

This work shows that the Malagasy diet can satdsdity recommanded nutrients if local
nutritious foods like MO leaves are valorized. Méafl powder can be used to enrich foods
deficient on protein, essential fatty and aminalaccalcium and magnesium. They should be

valorized to combat malnutrition in children.
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Drying the leaves allows concentrating the nutgenfacilitating conservation and
consumption. Dried leaves can be used during tme tivhen feed is scarce or can be
transported to areas where it is not cultivatedaddition to the medicinal and therapeutic
properties of MO, the leaves can be used to imptoath and nutrition in sub-Saharan
countries like Madagascar.

The variation of nutritional composition of Mi@aves between different locations can be
due to environmental factors (soil composition atichate), age of the leaves, mode of
conservation between collection and analysis. Theysof the specific roles of these factors,

however, needs deeper investigations in the future.
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[I. Article 2:
Role of languages in food description: contrastingylalagasy and French

descriptors of Moringa oleiferaleaf powder

Vonimihaingo Ramaroson Rakotosamimarlan&aélle Arvisenétand Dominique Valentih
! Centre des Sciences du Go(t et de 'AlimentatibfiR 6265 CNRS, UMR1324 INRA, Université de
Bourgogne, Agrosup Dijon, Dijon 21000, France.

2| aboratoire d’Analyse Sensorielle, DRT, FOFIFA Axiibe, Antananarivo 101, Madagascar.

[Soumis a Journal of Sensory Studies]
ABSTRACT
Language might have an effect on the quality osegnprofiles on food description. In cross
cultural studies, it was observed that the effdctanguage and cultures cannot be easily
separated. The aim of this work is thus to sepdhase two effects by working with bilingual
assessors speaking Malagasy and French languagestyfnine assessors were recruited to
form four different panels: the two first panelsrfpeming the descriptive test in French
condition and the two others in Malagasy conditibive samples of drieMoringa oleifera
leaf powder from different locations and differehing methods were evaluated by Flash
profile method. There was no significant effectiaiguage on the global quantity of words
generated between the two conditions. But a sicamfi difference was observed in the
guantity of meta-descriptors for odour / aroma gaitg only. A qualitative analysis showed
that the preciseness of the terms in a given catedgpended upon the language. Malagasy
terminology was richer than the French one for swaategories. Higher between (0.85) than
within language RV coefficients (0.78) were obsdrvMer the taste / odor descriptors
categories. For the other descriptors no effetamjuage was observed on the positioning of
the powders.
PRACTICAL APPLICATIONS
This study offers new insight into the effect ofdaages on the description of fodthen
performing sensory analysis in bilingual countrtbé®, choice of the language should be based
on the sensory category which will be focused dms Effect of language on the odor/taste
category can be put in perspective with previossilie showing a strong effect of culture on
aroma descriptors (e.g. Tal al. 2010) and suggest that such an influence mighiugeto

language availability effects.

KEYWORDS

Language, DescriptioMloringa oleifera Malagasy, French
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INTRODUCTION
Language is at the heart of sensory descriptionyahanly a few studies focus directly on

this issue. Most of these studies discuss thecdlfff to use language to describe sensations
and the need of definitions (Giboreau 2007), refees (Rainey 1986; Krasner 1995) and
training (Meilgaardset al. 1999; Chambers 2004) to improve communication s&aultural
studies trying to relate sensory profiles estabtisire different languages suggest that
language might have an effect on the quality okegnprofiles. For example Blanchet al.
(2007) showed that a Vietnamese panel generateddescriptor than a French panel to
describe a set of fruit jellies. Likewise, Yamg al. (2012) found that a Korean panel
generated more attributes than a Chinese and amidengyanel to describe oils made from
Perilla seeds. In both cases the observed diffeszooncerned mostly odour descriptors. The
authors interpreted these results in terms of pobdamiliarity as Vietnamese are more
familiar with fruit jellies than French and Koreame more familiar with Perilla seeds than
Chinese and American. Another explanation couldthze the difference comes from the
structure of language itself. The idea that languagght determine the way people perceive,
analyse and act in the world was first defendetiMinrf (1956) under the name of Linguistic
Determinism. Although the view that thought andactre entirely determined by language
has been abandoned, some studies have shown tinguwage characteristics such as
grammatical gender can influence product experieara description (Fenket al. 2010).
The problem, however, in interpreting such resiglthat participants in cross cultural studies
often have different food experiences as well derdnt languages, and so the effects of
language and cultures cannot be easily separatecet(fal. 2010). In a first attempt at
separating these effects, Varetaal. (2008) compared the performance of panels speakeng
same language but coming from different countrfidsey showed that same terms (crunchy/
crispy) could have different meanings for two pangbm Spain and Uruguay or evoke
different perceptions depending on the country.

The aim of the present work was to separate larege#figct from cultural experience
effect by working with bilingual assessors. Madagass a good candidate to perform such a
study as two languages coexist in this country:dgasy, the native language of Malagasy
people, and French which is used in administratind educational communication. Most
educated Malagasy people are bilingual as theyMadagasy in their family life and French
in their professional life.

To avoid a potential effect of variation of famiity with the food tested we chose to
work with a novel food productoringa oleiferaleaf powdersMoringa oleiferagrows in
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tropical and subtropical countries in the worlgluding Madagascar, but only a small part of
the population already tasted its fresh leaves.additional interest to work witMoringa
oleifera leaves is that they have been shown to have higfitianal properties (Barminas
1998; Moyoet al. 2011). Knowing the sensory propertiesMdringa oleiferaleaf powders
could then help introducing these leaves into ttadalglasy food repertory.

Because we wanted to evaluate the effect of lareyeagsensory description we did
not want to use a descriptive method requiring aniing period such as Quantitative
Descriptive Analysis but a more spontaneous methoahich panellists generate their own
descriptors. At the same time we wanted a metheeédarimarily on language and not on
sensory similarities like free sorting (Choledtal. 2011) or perceptual mapping (Risvik 1997;
Pages 2005). So we opted for the flash profile nektivhich was proposed by (Dairou and
Sieffermann 2002; Sieffermann 2002) and showedetcethicient at accurately capturing
consumer’s perceptions (Veinaed al. 2011). This method was also proved to be adapted
with consumers using different languages (MoussandiVarela 2010)

In our research, Flash profiles were carried outuplicate in two language conditions
(French and Malagasy) by four panels. We hypotlkeésthat if the language in which the
flash profiles are performed affects the descrigtiof the products then greater differences
should be observed between the panels using difféamguages than between the panels
using the same language.

MATERIALS AND METHODS

Panels

Twenty-nine Malagasy untrained assessors were itedramong the panel database of the
sensory laboratory (LAS Ambatobe) of FOFIFA Antaaidvo. To warranty bilingualism, all
of them had a university background. They were oamlg divided into four panels of seven

or eight assessors (TABLE 1).
TABLE 1. DEMOGRAPHIC INFORMATION OF ASSESSORS

Panel FR1 FR2 MG1 MG2
Age 33,1+ 184 y.0. 243%14Yy.0. 341+11Gy.  245+19y.0.
Gender ?, 47 59, 29 39,49 72,13

Assessors were not informed of the aim of the stuatywere aware that powders of

leafy vegetables would be evaluated.
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Products

Six batches oMoringa oleiferaleaves were used. Leaves were sun-dried or dnedruhe
shade by using plastic strainer usually found imila kitchen. Then, dried leaves were
grinded by using a domestic blender (Auto-controtbb GENIUS 2000) during 10 min at
the maximum speed level. The drying and grindingcpsses can be reproduced by rural
housewives easily. The first five products were-dtiad and came from five different
regions of Madagascar: Antsiranana or Diégo SuéemDiégo), Mahajanga (SunMahaj),
Toamasina (SunToam), Antananarivo (SunTana) anéhrBo[(SunToli). The sixth product
was dried under the shade and came from Toliarad&koli). We chose these five locations,
which are the five out of six biggest towns of islnd, to represent its five corners: the
north, the west, the east, the center and the sesgiectively (FIG. 1).

04— Antsiranané(north)

.

4’// Mahajanga (west)

@.’j : 04— Toamasina (east)

\ m
<+ Antananarivo (center)

T il
. )

Q;_ o Toliara (south)
et A

FIG. 1: FIVE REGIONS OF ORIGINS OF MORINGA OLEIFERA LEAVESOLLECTED IN
MADAGASCAR

All products were stored in labelled polypropylditms placed in a clean well-dried
black container at ambient temperature after powagking process. For testing, they were
distributed into other polypropylene films and cddeith three digit numbers. Each sample
weight was 0.5 g.

Procedure

The Flash profile methodology was used to desdtibesix samples dfloringa oleifera
leaf powders. Four sessions were held in four diffedays, without repetition of measure, in
the sensory laboratory (LAS Ambatobe) of FOFIFA @&mdnarivo in Madagascar. Two
panels (FR1 and FR2) performed the Flash profil&nench language and the two others
(MG1 and MG2), in Malagasy language. Assessorsuated the products under white light
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using Fizz Réseau (Biosystemes 2012). The fourisessvere animated by the same
bilingual panel leader, who used only the languaigée test from the beginning to the end of
each session. In the French sessions, a Frenctaaddielped the panel leader. This strategy
was used to force indirectly panellists to use dhé/French language.

At the beginning of each session the aim and theiptes of flash profile were explained
to the assessors. Each session included threeastdgasted about two hours. In the first step
assessors were presented simultaneously with theasnples. They were asked to write
spontaneously on a sheet of paper a list of seratiiputes that described best the difference
between samples before, during and after consumpibaussing on all their characteristics:
appearance, texture, taste, aroma, tactile andaaydiensations. They had to categorize the
terms according to these six sensory modalitie® 3ilk modalities will be referred to as
“categories” throughout the paper.

In the second step, attributes generated by adisasss in the six categories were written
on a board to make all assessors of the group asfandat the other assessors found and
eventually complete their own list. When all terhveed been written on the board, assessors
rewrote their own lists organized by sensory catiego They were allowed to add words to
their initial list or to replace some of their omvords based on the terms generated by the
other panellists. This new list was used by assessoa draft for the next step.

In the third step, panellists had to rank the simgles according to the attributes of their
own list on linear scales. To facilitate the aneysf attributes by category, panellists were
asked to write before each attribute their panefiismber and at the end the initial of the
sensory category related to the attribute (“V”v¥@ual or appearance category, “T” for tactile
category, “B” for texture in mouth, “AR” for arom&DD” for odour and “S” for sound or
auditory). For example, the first panellists’ appeae attribute dried leave was coded as
“lfeuillesécheV”. In this last step, samples werespnted in a different order for each
panellist according to a Williams Latin square. lEE@anellist evaluated all the six samples.
Panellists were free to taste the samples as naittes liked and as often as they wanted to

complete the evaluation.

Data analysis

Data analysis was conducted in two steps. In tis¢ $tep, the vocabulary generated by
the panellists was analysed. Attributes from the panels using the same language were first
merged. Synonymous and antonymous were then graopetkta-descriptors” to reduce the

number of terms. The frequency of meta-descriptaas then computed for each language
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condition and chi-square tests were used to tesh footential language effect. All analyses
were performed in the original language by a biliagesearcher.

In the second step, four multiple factor analy$id-A, Escoffier and Pages 1998) were
performed, one for each panel (FR1, FR2, MG1, M&2ch assessor constituted one group
in the MFA. Statistical analyses were performedSIRAD version 5.5 (Coheris, France).
Visual examination of the MFA spaces and correfatmoefficients between the MFA

dimensions were used to compare the four panels.

RESULTS

Comparison of the vocabulary generated in the twaalnguage conditions

Summary statistics. To describe the six samples, panellists in the dfrecondition
generated from nine to 20 descriptors and parglisthe Malagasy condition from eight to
eighteen. The average numbers of generated dessriwere 13.14 (std 3.37) in the French
condition and 11.46 (std 3.09) in the Malagasy doyd A t-test showed no significant
difference between the two conditions (t(27) = hs). Thus language had no significant
effect on the global quantity of words generated.

After merging synonymous and antonymous, we foundta of 50 meta-descriptors in
the French condition and 41 in the Malagasy comditiAmong the meta-descriptors
generated in the French and Malagasy conditionsye8@ common, 20 specific to the French
condition and 11 to the Malagasy condition. T-tgstformed for each category showed no
significant difference between French and Malagasyitions, except for the odour / aroma
category (t(27) = 2.7, p<0.05).

FIG. 2 shows the repartition of the meta-descriptpenerated for each sensory category
as a function of language condition. The generdtepa is similar in the two language
conditions ¢3(5) = 1.33 ns). In both languages, the humberdofuo/aroma meta-descriptors

was the highest. Meta-descriptors related to sowere the least generated.
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FIG. 2. PROPORTION OF META-DESCRIPTORS GENERATED IN EACHNEORY
CATEGORY IN THE FRENCH AND MALAGASY CONDITIONS (EXRESSED AS
FONCTION OF TOTAL NUMBERS OF META-DESCRIPTORS)

ns: no significant difference between the two petages according to adjustment Khi-square tes¥at 5

FIG. 3 shows the repartition of meta-descriptorscerally generated in each language
condition. The categories with the highest amouinsmecific meta-descriptors were the
odour/aroma category followed by the texture in thogategory in both conditions.
Compared to the Malagasy condition, more specifetariescriptors were generated in the
French condition for the taste category. Inversehgre specific meta-descriptors were
generated in the Malagasy condition compared toRtemch one for the appearance and

auditory categories.
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FIG. 3. PROPORTION OF SPECIFIC META-DESCRIPTORS GENERATEDHACH SENSORY
CATEGORY IN THE FRENCH AND MALAGASY CONDITIONS (EXRESSED AS FONCTION OF
TOTAL NUMBERS OF SPECIFIC META-DESCRIPTORS)

ns: no significant difference between the two petages according to adjustment Khi-square tes¥at 5
**: significant difference at 1%; ***: significantlifference at 0.1%
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Descriptor analysis. TABLE 2 shows the list of meta-descriptors geneatdig panellists in
the French and Malagasy conditions. For the Appearaategory, the colour “black” and the
aspect “spread out” appeared only in the Malagamydition, whereas the appearance
“limpid” appeared only in the French condition. Rbe tactile category, the common meta-
descriptors were related to powder, hardness, tatyl roughness and dryness. More
specific meta-descriptors were generated in thedfreondition (“insoluble”, “unctuous” and
“grinded”) than in the Malagasy condition (“stay finger”). For the texture in mouth
category, four of the meta-descriptors were comnwithe two languages conditions and
seven of them specific. For this texture in mougttegory, the specific meta-descriptors
mentioned by the French panel were “soluble/indelubdry”, “powdery”, “soft”. In the
Malagasy condition, specific meta-descriptors weskated to roughness and associated to
swallowing phase. In the taste category, basiesasiftertaste and trigeminal descriptors were
distinguished, and the descriptor “tasteless” wieslén both language conditions. But French
panels detailed more the sensations related ta basties by using specific meta-descriptors
(“sweet”, “acid” and “salty”). In the aroma / odogategory, common meta-descriptors were
related to green notes (dry leaves, cassava leae),or fermented notes (acid, fermentation
and dry fish). Aroma and odour of Moringa leaf p@wevere compared to those of cassava
leaves in both conditions. More specific meta-desars were generated in the French
condition (“tamarind”, insect”, “honey”, “argillacais”, “woody”, “cigarette”, “hay”,
“seweed” and “Moringa”). In auditory category, ortiwo or three meta-descriptors were
generated expressing dryness and crunchiness.

Some attributes generated by assessors were aesbwaith qualifiers which specified
the meaning of the attributes (TABLE 3). Three tyé qualifiers were used. The first one
was related to the intensity of the attribute (édgair/foncé” meaning “light/dark”). The
second one denotes spatial aspects (e.g. “ivelamth precises that the cited colour was
different in the middle and on the edge of the peiudAnd the third type of qualifier was
related to affective evaluation (e.g. good/badhdiaage differences were observed in the use
of qualifiers. In Malagasy language most of the lifjees were generated in the visual
category whereas in French the qualifiers appeaauhlly in all categories. Qualifiers
associated to the tactile, texture in mouth anduddooma categories were generated only in

the French condition.
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TABLE 2. LIST OF META-DESCRIPTORS GENERATED IN FRENCH ANINIMALAGASY (Meta-
descriptors in bold were generated only in one lageg)

List of meta-descriptors

Sensory categories FR MG English translation
Appearance Jaune Mavo Yellow
Vert Maintso Green
Mainty Black
Homogéne/ Hétérogéne Tsy ranoiray Homogeneous/
Heterogeneous
Fin Madinika/ Lim/Granulated
Mitambaingambaingana
Broyé Potika/Torotoro/Voatoto Grinded
Feuilles seches Ravina maina Dried leaves
Fibreux Matsiraka/Fakaina/taho Fibrous
Limpide Limpid
Mivelabelatra/Miparitaka Spread out
Tactile Poudreux/Poussiereux Vovony Powdery
Mou/ Pateux Malemy/ Malefaka/ Mahery Lim/Hard
Granuleux/ Sableux Mamasipasika/ Granular/ Sandy

Mitambaingambaingana

Fin Malamalama/ Maisamaisatra Brandy/ Rough

Sec Maina Dry

Insoluble Insoluble

Onctueux Unctuous

Broyé Grinded

Manara-tanana Stay in finger

Texture in mouth Fin Malemy Brandy

Collant Maditidity Sticky

Des fils qui restent Mamakafaka Fibrous

Granuleux/Sableux
Soluble/ Insoluble

Mitambaingana

Granular/ Sandy
Soluble/ Insoluble

Sec Dry
Poussiereux Dusty/Powdery
Léger Soft
Mora atelina Easy to swallow
Manaikitenda Irritating throat
Maisamaisatra Rough
Taste Amer Mangidy/ Mafaika Bitter
Sucré Sweet
Fade Manganana/ Matsatso Tasteless
Acide Marikivy Sour
Aigre Acid
Salé Salty
Astringent Masaika Astringeant
Piguant Masiaka Hot
Arriere-godt Faratsiro Aftertaste
Odour & Aroma Feuilles seches Ravina maina Drydsav
Feuilles de manioc Ravitoto Cassava leaves
Cru Manta Raw
Tamarin Tamarind
Aigre Marikivy Acid
Masiatsiaka Hot
Insecte Insect
Poisson sec Patsa Dry fish/ shrimp
Miel Honey
Fermenté Masiso Fermented/ Rotten
Argileux Argillaceous
Voanjo Peanut
Boisé Woody
Cigarette Cigarette
Foin Hay
Algue Seweed
Moringa Moringa
Fofona Odour
Tsiro tono Grilled
Auditory Feuilles séchées Maina Dry
Non croquant Mikarepoka Crunchy
Mikasokasoka Rustle
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TABLE 3. LIST OF WORDS RELATED TO QUALIFIERS USED BY PANELBITS

Sensory
categories List of words bringing preciseness
FR MG Sens of preciseness
Appearance Colors
... clair / ... foncé (... light/ ... ...tanora/ ... antitra (... young/ ... old) Intensity
dark)
... be (... very) Intensity
... algue (... seweed) ... lomotra (... seweed) Nuana®loiur
... ivelany (... outside) Différence of colour according
to spatial dimension
... avec ... (...with...) 2 colors Mixture of colors
Loko mifangaro (Mixture of colours) Mixture of colors
...-atre (...-ish) Manopy... (Turn ...) Color switchesaimother colour
Textureasppearance
presque ... (almost ...) Intensity
Pas assez ... (Not sufficiently Intensity
)
... mais pourvu de ... (... but Another way to say
equipped of ...) “heterogeneous”
Misy... / Tsy misy... (With ... / Without ...) Presence / Absence
Roots of the words cited 2 times Effect of accentuating or
reducing the intensity
... vaventy / ... madinika (... crude / ... fine) Size
...tsara / ratsy... (... well / badly ...) Affective aspect
Tactile Non ... (Not ...) Opposite
Finement ... (Finely ...) Size
Légérement ... (Lightly ...) Intensity
Texture in  Moins ... (Less ...) Intensity
mouth
Taste Légérement... (Finely ...) Intensity
Roots of the words cited 2 times Effect of accentuating or
reducing the intensity
Odour & Fort / Faible (Strong / Weak) Intensity
Aroma Léger (Light) Intensity

Comparison of the product descriptions obtained wih the four panels

Four criteria were used to compare the panelgemgent among panellists (pairwise
R, coefficients), structure of the MFA (Eigenvalustdbution), MFA configurations
(description of products) and correlation betwegnggpal components (pairwise correlation

coefficients between dimensions).

Panellist consensusTo examine panellist’'s consensus we compiRedoefficients between
each panellist and the rest of the panel. MG1, M&R, and FR2 were considered separately.
The R, coefficient (Robert and Escoufier 1976) is a senplay of measuring the similarity
between two sets of variation which have been nmredson the same samplé&%.coefficient
has values between 0 and 1 with numbers closer toditating greater similarityR,
coefficients were calculated for all possible conalbions of panellists.

To test panellists’ consensus, we considered mafaRscoefficients from the four panels.
These means varied from 0.62 to 0.77, indicatingoad agreement between panellists
(Cholletet al.2011). A one-way ANOVA showed a significant effetfpanels (fy=3=8.2, p
< 0.05). A pair comparison using a Newman-Keulst teshowed a session effect but no
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language effect: No significant difference was fdlretween FR1 and MG1 or between FR2
and MG2 panellists but FR1 and MG1 were signifisadifferent from FR2 and MG2 (FIG.
4).
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FIG. 4. MEANS AND STANDARD DEVIATION OFRy COEFFICIENTS COMPUTED
BETWEEN PANELLISTS WITHIN EACH PANEL. THE ERROR BARREPRESENT
THE STANDARD DEVIATIONS

MFA space structures. To compare the complexity of the MFA spaces obthifoe the
four panels, we examined the scree plot of the MFI&. 5). Globally the scree plots were
identical for the four panels. A slight languagdeef was observed only for the first
component with a higher value for the MG1 and MG&gls (value corresponding to 6.15
and 6.07 respectively) than for the FR1 and FR2lsafvalue corresponding to 5.17 and 5.26
respectively)
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FIG. 5. SCREE PLOTS OF THE FIRST FIVE FACTORS OF THE ME®AMPUTED
FOR THE FOUR PANELS

MFA configurations. For the four panels, the first four components waralysed as
they explain more than 90 percent of explainedavene. As one of the disadvantages of using
Flash Profile is to obtain numerous descriptorssitoplify the MFA spaces, we represented
only attributes which contributed the most to tbenponents (contribution values higher than
the average contribution).

Panel FR1. The first four dimensions explained 90.64% of tlaiance (FIG. 6).
The first dimension (43.37% of variance) opposes:iT®am, which was described as
homogeneous (appearance), sandy/granular and, toit&hadeToli which was characterized
as dry (texture in mouth), insoluble and tastel&ke. second dimension (18.05% of variance)
opposes SunToli to SunToam and ShadeToli. Thesdastosamples were characterized as
green and did not smell dry leaves, hay, nor woblde third dimension (17.24% of variance)
opposes SunDiégo and SunMahaj, which were chaizateas having an aroma of cassava
leaves and being unctuous in touch, to the othepkes. The fourth dimension (11.98% of
variance) opposes SunTana, which is describedttas i taste and aftertaste and astringent,

to SunToli.
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FIG. 6. MULTIPLE FACTORIAL ANALYSES OBTAINED FROM PANEL FR1
SHOWING MAP OF PRODUCTS (A) AND CORRELATION CIRCLEB) IN THE FIRST

FOUR DIMENSIONS Point size is proportional to cos? of angle. Catlyibutes having high contribution
values were represented. Color codes : green (egopeEs, pink (tactile and texture in mouth), broitaste) and
blue (odour/aroma)

Panel FR2. The first four dimensions of MFA for the panel FB#Zlained 91.07%
of the variance (FIG. 7). The first dimension (BB@of variance) opposed SunToam, which
is described as bitter, astringent, powdery and dganeous in appearance, to ShadeToli,
which was characterized as granular in tactileusxtand woody, dry leaves and cassava
leaves in aroma/odour. The second dimension (22 &#4%ariance) opposed SunToli, which
was characterized as having dry leaves aroma,n®i8go, which had the odour of tamarind.
The third dimension (16.11% of variance) opposed®&go, which was characterized as
tasteless and having an aroma of dried leaves,hamleSoli. And the fourth dimension

(15.06% of variance) opposed SunTana to SunMahmaghmwvas characterized as greenish.
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FIG. 7.MULTIPLE FACTORIAL ANALYSES OBTAINED FROM PANEL FR2
SHOWING MAP OF PRODUCTS AND CORRELATION CIRCLE INT HE FIRST
FOUR DIMENSIONS. Only attributes having high contribution values were
represented. Color codes: green (appearance), pirfactile and texture in mouth),
brown (taste) and blue (odour/aroma)

Panel MG1. The first four dimensions explained 91.97% of tlmiance (FIG. 8).
The first dimension (43.57% of variance) opposeadsfioli, which was characterized as
green, not well grinded, with stem in appearanaadyg, hard, with nervure and stay in finger
in tactile and astringent in taste, to SunToamcthvas described as well crushed, powdery
and without stem in appearance, bitter, easy tdlewaand rustle. According to the second
dimension (20.53% of variance), the sample fromTama& was characterized as irritating
throat. The third dimension (15.14% of variancepresents well ShadeToli, which was
defined as bitter and having an aftertaste. Fin#iilg fourth dimension (12.73% of variance)
opposed SunToli, which had an aroma of potion (dieaves traditionally used by the

population to treat diseases), to SunDiégo, whiak eharacterized as green yellow.
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FIG. 8. MULTIPLE FACTORIAL ANALYSES OBTAINED FROM PANEL MG1
SHOWING MAP OF PRODUCTS AND CORRELATION CIRCLE INHE FIRST FOUR

DIMENSIONS. Only attributes having high contribution values eegpresented. Color codes : green
(appearance), pink (tactile and texture in mouthjwn (taste) and blue (odour/aroma), purple (augt

Panel MG2. In MG2, the first four dimensions explained 92.1&f¥the variance
(FIG. 9). The first dimension (40,72% of variancepposes SunToam, which was
characterized as rough in touch, dark green, gaéedlin appearance, sour and having
aftertaste, and ShadeToli, which was characte@@esimooth in touch, bitter, light green and
squeezed in appearance. In the third dimensio38%.of variance), SunToam was opposed
to SunDiégo, which was tasteless. The fourth dinoen$l11.12% of variance) opposes

SunMahaj to SunTana, which had an aroma of driedele
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FIG. 9. MULTIPLE FACTORIAL ANALYSES OBTAINED FROM PANEL MG2
SHOWING MAP OF PRODUCTS AND CORRELATION CIRCLE INHE FIRST FOUR

DIMENSIONS Only attributes having high contribution valuesra/represented. Color codes : green
(appearance), pink (tactile and texture in mouthjwn (taste) and blue (odour/aroma)

Similarities and differences between the four confjurations. The similarities and
differences between the four configurations werglaed by visual comparison of the
relative positions of the products on the MFA (FE39) and the computation of correlation
coefficients between the dimensions of the MFA (TABR4).

Visual comparison of the MFA maps showed high snties of the first dimension
emerging from the four MFA (about 40% of total @ate). For the four panels the main
difference between products is the opposition aiT®am to ShadeToli. This observation is
confirmed by correlation coefficients higher thaid9) except for the couple FR2-MG2 where
r = 0.59. This similarity between panels decreagdls the other dimensions. For the second
dimension the positioning of the six samples wanmarable only for the panels FR1 and
MG2 (r = 0.91) with an opposition of the samplesrirthe north (Antsiranana) and the south
(Toliara). For the third dimension, a high simitgrivas observed only for the panels FR1,
MG2 (with an opposition of SunToli to SunDiégo a@dnMahaj) and FR2, MG1 (with an
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opposition between SunDiégo and ShadeToli). Thésd@asities are confirmed by high
correlation coefficients (0.88 and 0.9 respectiveAnd for the fourth dimension, a high
similarity was observed for the panels FR2, MG2tlwan opposition of SunTana to
SunMahaj, r = 0.9), FR1-MG2 (r = 0.98) and FR1-KR2 0.89).

TABLE 4. CORRELATION COEFFICIENTS WITH THE FOUR DIMENSIONS®,(b, c and d) BETWEEN
PANELS (Coefficients indicated in bold characteerevsignificant at the10% level - dd I=o45 0.10,
theoretical value = 0.729)

a b
Dimension1 FR1-1 FR2-1 MGI1-1 Dimension 2 FR1-2 2ER MG1-2
FR2-1 0,93 FR2-2 0.75
MG1-1 -0,94 -0.83 MG1-2 -0.42 0.04
MG2-1 -0,79 -0.59 0.90 MG2-2 -091 -0.48 0.48
C d
Dimension3 FR1-3 FR2-3 MG1-3 Dimension 4 FR1-4 2R MG1-4
FR2-3 0.58 FR2-4 0.89
MG1-3 0.72 0.90 MG1-4 -0.3 0.07
MG2-3 0.88 0.59 0.67 MG2-4 0.98 090 -0.35

To summarize visual inspection of the MFA map, pamnels in the French condition
described the products in a similar way but notttt® panels in the Malagasy condition. This
could be taken as an indication that descriptiarté French condition were more stable than
descriptions in the Malagasy condition. Howevee, fiinst panel in the French condition was
also very similar to the second panel in the Madggeondition and to a lesser extent the
second panel in the French condition to the fiestg in the Malagasy condition. The smaller

similarities were found between the two panel$aMalagasy condition.

DISCUSSION

Effect of language on generated vocabulary. A comparison of the terms generated in
the two languages failed to show an effect of lagguon the global nhumber of generated
terms. However an analysis taking into account mtia¢ure of the terms showed that
participants in the French condition generated nepecific terms in the odour/ aroma
category than participants in the Malagasy conalitibhis result is reminiscent of previous
result (Tuet al. 2010) showing that French panellists generateceracoma descriptors than

Vietnamese panellists. The absence of languagetedfeserved in the four other sensory
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categories (appearance, tactile / texture in mdasite and sound categories) is in agreement
with the result of Blancheet al. (2007) who reported in their study on fruit jefli@ high
similarity between two sensory profiles of visuppaarance, texture by hand and texture in
mouth established in France and Vietnam.

This work also showed that globally, in the twodaage conditions, the number of
odour/aroma terms was higher than the number @i atescriptors. Interestingly, the number
of qualifiers generated in this category was alsghdr than for the other categories.
Following Tuet al. (2010), we hypothesize that because panelliste wet familiar with the
odour of the tested products, they had difficulpegng down the specific notes associated to
the product, and thus had to use a larger numbattibutes to somehow characterize those
notes. This phenomenon did not extend to the appeay tactile and texture categories as
these aspects d¥loringa oleiferaleaf powder are similar to that of other leaf-viagpes
powder. An alternative explanation can be stata@nms of culture as suggested by Feako
al. (2010). These authors stated that culture may plagle in determining the relative
importance of sensory categories. They showedxamele that the visual system is the most
important for Western societies, where there isghdr exposition to books, television, and
computers that require major input from the visondality. Likewise odour might be the
most important category for Malagasy people whiduld explain why a large number of
odour descriptors were generated, compared to oflemsory categories. Yet these
interpretations do not explain why the number dfiegated terms was higher in the French
condition than in the Malagasy condition.

A plausible explanation can be stated in terms s af language: whereas Malagasy
language is used in everyday life, French languagesed in scientific and administrative
context. According to Antmanet al. (2011), who compared consumer’s texture vocabulary
in three Spanish-speaking countries, consumergeeliterms according to their familiarity
and the importance they gave to them in their elegryife. Odour vocabularies belong more
to everyday life context than to scientific or adisirative context. So, it may be that
panellists generated more odour/aroma terms irFtkach than in the Malagasy condition
because they had more difficulty expressing themsations in this language, as if they need
to do it in front of a foreign French person. listbhase, panellist referred to terms which are

not used in everyday life and that they thoughterfamiliar to this virtual foreign person.

Effect of language on product description. No clear evidence of language effect on

the description of the product was observed in msults. A common dimension which
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opposed the ShadeToli to the SunToam products eaidérgm all four panels. Discrepancies
were observed for the other dimensions but thesereppancies cannot be attributed to a
language effect.

Our results seem rather to reflect inter panelamlity independently of the language used by
the panels. The majority of the descriptors wereduBy only one panel to describe one
sample. Only a small number of descriptors weremomto two, three or four panels: The
sample SunToam was characterized as homogeneouBRAy and FR2, powdery on
appearance by FR2 and MG1 and bitter by the fonelgaShadeToli was viewed as green by
MG1 and MG2 and had an aftertaste by FR1 and M@AD&go was tasteless by FR2 and
MG2. We can interpret that as if the flash profiteethod was less efficient to bring
reproducibility of results. This is due to the faéloat terminology used was not common and
consensual like on QDA. This lack of reproduciilitad been accentuated by the screening

process of descriptors which contributed more.

CONCLUSION

This research investigated the language effecieos®y description. The results showed
that only odour and aroma category was affectedamguage with bilingual Malagasy
panellists. The numbers of descriptors from thesottategories were about equal in French
and Malagasy conditions. Yet, French descriptorgleéd to bring more preciseness than
Malagasy ones through qualifiers. Despite thesellstifferences, the choice of language
(Malagasy or French) does not seem to be a crissaé and the two languages can be used
for descriptive analysis in Madagascar.

This work shows that it was possible to separageditural effect from the language

effect by working with bilingual panels.
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Dans le but de valoriser les feuilles de MO dansrdpertoire alimentaire de la
population malgache, il a été étudié leurs propsi@rganoleptiques. Les tests sensoriels ont
éte réalisés a Madagascar, ou les feuilles testgats disponibles. Or dans ce pays, deux
langues différentes coexistent : malgache (languele) et francais (langue administrative et
d’éducation). Dans le but de voir I'effet des laaguitilisées, il a été étudié laquelle des deux
langues est la plus adaptée lors des études sdtesodescriptives. Deux groupes de panels
ont été formées : un divisé en deux panels utiliEatangue malgache (MG1 et MG2) et un
autre divisé en deux autres panels utilisant lgdarfrancaise (FR1 et FR2). Il a été considéré
comme hypotheése que si I'effet des langues est iy cela serait visible sous forme de
différences par rapport aux termes sensorielsésilpar les deux groupes de panels.

Cing échantillons de poudre de feuilles de MO otét évalués. Les cing feuilles
récoltées puis séchées au soleil proviennent de vilhes différentes de Madagascar :
Antsiranana au nord (SoD), Mahajanga a l'oeust (folVbamasina a l'est (SoTa),
Antananarivo au centre (SoAA) et Toliara au sudl{§oUn sixieme échantillon, qui est issu
des feuilles récoltées a Toliara séchées a 'or(ibfial). La méthode descriptive Profil Flash
a été utilisée.

Cette étude a montré que, d’'apres la Figure lpdeels FR et MG ont généré le méme
nombre de termes, mais c'est la repartition deteames qui differe entre les modalités
sensorielles. Le nombre global de descripteursfferel pas entre les deux langues et environ
un tiers des termes est commun. En considératgie®s non communs, plus de descripteurs
d’apparence ont été générés en malgache gu’enafeanGontrairement a cela, plus de
descripteurs d’odeurs ont été générés en francées gqnalgache. Pour les autres modalités
sensorielles, les nombres de descripteurs ne sandifférents entre les deux langues. Le
résultat présentant les positionnements des étlbastpar les quatres panels, en Figure 2, a
montré que ces positionnements sont plutot affepsdsles origines des MO que par les
langues utilisées par les panels. D’aprés le Tableades calculs des coefficients RV ont
montrés des valeurs globallement élevées montrambanne stabilité des données en méme
temps entre chaque pair de panels utilisant la ménmgue et entre différentes groupes de
panels utilisant deux langues différentes. Les dewyennes des coefficients RV ont
montrées aucune différence avec les modalités Apparet Texture/tactile, se traduisant par
'absence d'effet des deux langues. Mais avec lalait@ Go0t/Odeur, la moyenne des

coefficients RV entre chaque pair de panels utitis@ méme langue est supérieure a celle des
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coefficients RV entre deux sortes de panels utitisieux langues différentes. Ceci se traduit
par la présence d’effet des deux langues avec ttalit® Golt/Odeur.

Pour conclure, les langues n'ont pas affecté laaatarisation globale et le
positionnement des échantillons de poudres deldsuille MO issues de différentes origines.
L’'importance de I'effet des langues n’est pas idpr@ selon les modalités sensorielles. Les
vocabulaires malgaches d’apparence sont plus riches ceux en francais, mais le
positionnement des produits ne sont pas identigaesles deux langues. Plus de descripteurs
d’'odeur ont été générés en francais qu’en malgatHe résultat de description d’odeur a

montré plus de différences entre les deux languesec les autres modalités sensorielles.
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V. Conclusion

Le second chapitre a permis de vérifier que lagdpes de feuilles de MO d’origine
malgache ont des propriétés nutritionnelles inszetes. Il a été également montré que les
teneurs en macro et micronutriments analysés girtgmiétés organoleptiques sont variables
selon les villes dorigine. Les poudres de feuillds MO venant d’Antsiranana et
d’Antananarivo sont les plus riches en protéindss(pde 28 % par rapport a la masse seche).
En plus de cela, I'échantillon issu d’Antsiranarst e plus riche en fer tandis que celui
venant d’Antananarivo est le plus riche en calcetnen acidex-linolénique. Les feuilles de
MO issues de ces deux villes peuvent donc étre langewsdorisées a Madagascar afin de
réduire les problemes de malnutrition protéino-géeque et 'anémie ferriprive touchant les
enfants malgaches.

Des variations au niveau des propriétés organglegg ont été également observées
entre les échantillons issus des différentes villégchantillon venant de Toamasina est
caractérisé par une saveur amere et a une appamentegéene, poudreuse, sans nervures,
avec une texture en bouche facile a avaler etextare tactile lisse. L’échantillon de Toliara
a une texture séche et insoluble en bouche, umheréeau toucher dure et granuleuse due aux
nervures et présente une arbme de feuilles sedimsge et de feuilles de manioc.
L’échantillon d’Antsiranana présente un arébme dea@n et a une couleur jaune vert.
L’échantillon issu d’Antananarivo a un ardme deilfes seches et a une caractéristique
irritante en bouche. L'échantillon de Mahajangash’earactérisé que par son apparence
verdatre.

Ces résultats confirment I'idée que les feuillesvi@ sont des ressources alimentaires
méritant d’étre valorisées & Madagascar afin deiréde probléme de la malnutrition. Avant
de les valoriser, il est important de comprendsehabitudes et croyances alimentaires des

Malgaches pour pouvoir ensuite développer un ptaxuiforme a ces habitudes et croyances.
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CHAPITRE 3: 'ETUDE DE PRATIQUES ET CROYANCES
ALIMENTAIRES A MADAGASCAR

|. Introduction

Avant de pouvoir proposer des stratégies factlitamtroduction de feuilles de MO
dans le repertoire alimentaire des Malgaches,tilnegortant de connaitre leurs pratiques et
croyances alimentaires.

Pour cela, une étude a été réalisée avec des patemfants scolarisés dans deux
régions de Madagascar. Cette étude combine deurocmgs : une approche qualitative
(groupes focus) et une approche quantitative (¢egsér questionnaire). La méthode des
groupes focus est bien adaptée a I'étude desdmtit(Byers & Wilcox, 1991). Par exemple,
en République du Tchad, la technique de groupessfecété utilisée pour connaitre les
perceptions, attitudes et pratiques alimentairess da département du Guéra (Laoukole,
Lacsala, & Djingue, 2005). Mais lI'une des limites dette méthode est le fait de ne pas
pouvoir généraliser les résultats obtenus car emékes collectées ne sont pas traitables
statistiquement. Une enquéte sur questionnairena domplété les données qualitatives des
groupes focus. Les infomations issues des groupassfont été utilisées pour genérer les
guestions fermées du questionnaire.

Cette étude vise a vérifier 'hypothése suivantd_a faible consommation de certains
aliments a fort potentiel nutritif, tel que les s de MO, résulte des pratiques et des
structures de croyances alimentaires développées différentes régions de Madagascar. »
(H2). Elle est présentée danarticle 3 (“Studying the nutritional beliefs and food praets
of Malagasy school children parents. A contributiorthe understanding of malnutrition in
Madagascar”) et lgoster B (“Food choice factors in developing countries: Tdase of

Madagascar”).
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[l. Article 3:

Studying the nutritional beliefs and food practicesof Malagasy school
children parents. A Contribution to the Understanding of malnutrition in

Madagascar

Vonimihaingo RAMAROSON RAKOTOSAMIMANAN/AGaélle ARVISENETand
Dominique VALENTIN
! Centre des Sciences du Go(t et de I'AlimentatidtiR 6265 CNRS, UMR1324 INRA,
Université de Bourgogne, Agrosup Dijon, Dijon 210Bfance.
?Laboratoire d’Analyse Sensorielle d’Ambatobe, DRAGFIFA, Antananarivo 101,
Madagascar

[Accepté dans Appetite]
Abstract
Madagascar is severely affected by the problemhdéiren malnutrition. The present study
aimed at exploring school children Malagasy partadd practices and beliefs structures
about the nutritional value of foods, to better enstiind the causes of this malnutrition. A
combination of Focus Groups (72 participants), gadstionnaires (1000 interviewees) was
used to evaluate the food beliefs and the nutalidvabits of low income parents of school
age children in urban and rural areas of Antanaoaand Antsiranana. The respondents’
beliefs were shown to focus not only on the nutreamd energetic composition of food, but
also to involve more general relations between faond health and particularly the sanitary
properties of food. Compared with such sanitarypprties, nutrient content was not
considered to be the priority in food choice anadfopreparation. The food category
considered to be the most nutritive was cerealsadlof protein foods, or vegetables and
fruit. Nutritional beliefs were not the same in tAatananarivo and Antsiranana areas, nor
between urban and rural areas of Antsiranana. mBiffe socio-economic contexts, food
availability and information may explain these drfnces.This study could guide actors
involved in nutrition promotion to adapt to specifireas their nutrition programmes in the

fight against malnutrition.
Keywords

Food believes, Food choice, Nutrition, Focus Grogyrvey, Developing country,
Madagascar
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Introduction

Madagascar is a country of contradiction: on onedha developing country with a high
percentage of its population under the poverty, lar& on the other, a country rich in natural
resources. Two thirds of the population live inatuareas, where the main activity is
agriculture (Dostie, Haggblade & RandriamamonjyQ20 Like most developing countries,
the island is severely affected by the problem afinutrition, especially in rural areas
(Devine, Connors, Sobal & Bisogni, 2003; Smith, R&eNdiaye, 2005, WFP & UNICEF,
2011). The term malnutrition is used to refer tdoaatimal nutritional health. Two
anthropometric indices are commonly used to defmkelren malnutrition: low height for age
(stunting) and low weight for height (wasting). &ry low weight for height (below -2 z
scores of the median WHO growth standards) is densd as a malnutrition state. If the
difference with the median WHO growth standardsbéow -3 z scores, and/or in the
presence of nutritional oedema, it is termed seweautrition (Shroeder, 2008). In 2008-
2009, Madagascar had the sixth highest incidenséuoted growth in the world, according to
UNICEF. Stunting is more prevalent in rural argaeyalence of 48.7%) than in urban areas
(WFP & UNICEF, 2011).

Fifty-three per cent of households in rural Madagashave an insufficient
consumption of nutritious foods to maintain an\atand healthy life (WFP & UNICEF,
2011). The Malagasy diet is based mainly on ridgd) an average consumption of 6.2 times a
week, vegetables (4.4 times) and tubers (3.9 timeshcipally cassava. Proteins from
vegetable and animal sources are rarely consunmeg @nd 2.3 times per week respectively)
(WFP & UNICEF, 2011). Thus, the proportion of canlgdrates in the dietary energy supply
is between 77% and 79%, which is high compared wattommended dietary allowance.
Protein consumption is low: about 45¢g per persandag, while theoretical needs are 56 g
per person per day, and fat consumption extremmhy bbout 20 g per person per day
(theoretical needs: 77 g per day) (FAO, 2005b)sThronic under-nutrition is worsened by
seasonal poverty (the period between the two @redsts), during which the caloric intake of
poor rural households decreases by 12% (Dostiegltlade & Randriamamonjy, 2002). This
problem particularly affects children, with 45-5086 under-fives suffering from stunted
growth (Fotso, 2006, WFP & UNICEF, 2011).

Food insecurity can result from insufficient foodadability, distribution problems,

the low purchasing power in poor households orpnaypriate food consumption in families
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(FAO, 2005b). The Malagasy government has laundatifdrent nutritional policies and
programmes to reduce malnutrition problems, buttriwgls have been attributed to a limited
number of communities and policies have remainadtdlerm (Repoblikan'i Madagasikara
2012).

Healthy and nutritive foods such as fruits, leguroeseaf vegetables are plentiful in
Madagascar. It is not yet understood why theseuress are not mainstays of the Malagasy
food repertory, as they are available and relativdieap. According to Rozin (1996),
although nature provides a very large variety aidpicts potentially rich in nutrients, only a
small subset of these products is considered akviathin any given culture. As summarized
in Shepherd’'s food choice model (Shepherd & R&H96), food choice is determined by
three classes of factors: foods, individuals angreml environment. The first class involves
the sensory attributes and anticipated consequeri@od, for example whether it might be
poisonous or, on the contrary, healthy. The seadasls of factors includes psychological
factors such as mood or neophobia as well as pbgstal factors such as sensitivity to
tastants. The third class of factors involves tt@nemic and social environment and includes
costs, availability of food products as well asiabpressure. These three classes of factors
interact with one another and are likely to be rat=dl by the beliefs and attitudes held by the
individuals. Beliefs are the simplest form of méntpresentation (or mental construct) and
are defined as a psychological state in which dividual holds a conjecture or premise to be
true. They are thought to play a causal role inghmduction of behaviour. For example,
beliefs about the nutritional benefits or harm atirkg a food may be more important than the
actual nutritional quality and health consequenicesletermining an individual’'s choice.
When considering children, factors related to p@reare also involved. As gatekeepers,
parents influence children’s food choices by sgttiules, providing information, and
modelling behaviours. In return, food preferencencwnicated by children affects parents’
food choices (Holsten, Deatrick, Kumanyika, Pintastth & Compher, 2012). While these
factors have been widely studied in the contexindfistrialized countries, there have been
very few studies aimed at understanding food chwoicdeveloping countries, especially in

Madagascar.

Our first hypothesis was that in Madagascar, ceidander-nutrition may be linked
not only to general food availability but also twofl practices yielded by parent’s beliefs

towards food nutritional values as well asth@ adequation between parent’'s beliefs and
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children preferences.” Given the importance of esinent reported in the literature, we also
hypothesized that parent’s food practices and tsefiuctures depend on geographical and
social context.

To test these hypotheses we used a combinatiato$ fgroups and questionnaires. Focus
groups are typically used to elicit information andights from small groups of participants
representing the population under investigationufNark-Sztainer, Story, Perry & Casey,
1999; Dammann & Smith, 2010). The questionnairevesyr although furnishing less
information than the focus groups, is helpful inpnaving the generalization of results. The
focus groups and questionnaires were conductedpaithnts of school age children in urban
and rural areas of Antananarivo (AU and AR, respelst) and Antsiranana, also known as
Diégo-Suarez (DU and DR, respectively). Antanarmgrilie capital of Madagascar, is located
in the central part of Madagascar, and is charaeigrby a heterogeneous population.
Antsiranana, the seventh most populated urban a&rdacated on the northern coast of the
island. The choice of these two locations was basettheir differences in climate, rain failure
and natural resources, resulting in different fagdilability. Economic status and ethnicity of
the population also vary (Repoblikan’i Madagasik&@03a and 2003b), as well as the food
intake typology of the population in the two pross (Madagascar ISFP, 2008). Fifty per
cent of under-five children are affected by chromalnutrition at Antananarivo, compared
with 37% at Diego (Repoblikan’i Madagasikara 201&)portant differences exist between
rural and urban population in these two provindeeppblikan’i Madagasikara, 2003a and
2003b).

Materials and methods

Participants

Focus Group

Seventy-two parents (six to eight participants geup) of children enrolled in public
primary school were recruited in three neighboudsodAmbatobe representing AU,
Ambatolampy Tsimahafotsy representing AR and Lafmigaepresenting DU) to participate
in the discussions. The number of participantdlem®?2 in AU (23 women and one man), 26

in AR (24 women and two men) and 24 in DU (23 worard one man).
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The recruitment was carried out through the heatbreasr teachers of the public primary
schools to reach low income parents. Parents whb dggeed to discuss the subject of
“children’s eating habits” took a screening intewi This selection step helped the
investigators to balance chattier and less chattyiggpants in forming the discussion groups.
The age range of the participants was between ti962nyears old. While the participant
selection methods used here cannot be considéweg to yield representative data for the
population as a whole, housewives, who are thoss hikely to be preparing food, comprise
the largest proportion of the Focus Groups. Sonmecjiaants occasionally worked on farms
or as domestic help and a few were employed iniledkobs (e.g. manual worker in textile

fields, selling vegetables). Only a few of them baen educated beyond primary school.
Questionnaire

The questionnaire was administered to 1000 paf&8% women and 206 men) of school
age children from different social classes usirfigca-to-face interview-assisted technique in
four different areas: 300 participants were intewed in AU, 300 in AR, 200 in DU and 200
in DR. The difference between the Antananarivo amisiranana sites in the number of
interviewees was related to differences in thel totgnber of inhabitants in these two areas.
The interviewees’ characteristics are shown in &dbl
To ensure even representation of each area, thstigueaires were administered in 24
neighbourhoods in AU, 18 in AR, 11 in DU and five DR. Interviewees resided in the
neighbourhood of the interviewing location. AR sitevere located about 20 km from
downtown Antananarivo, and DR sites were locateduat?0 - 50 km from downtown

Antsiranana.

Table 1

Respondent characteristics in four areas

Area$d
AU AR DU DR

Age

18-25 years old 16 29 37 12

26-40 years old 221 232 120 135

41-55 years old 60 36 36 39

> 56 years old 27 3 7 14
Sex

Men 95 65 10 33

Women 205 235 190 167
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Education level

Primary 86 135 21 48

Secondary 107 106 103 115

High school 84 44 54 36

University 23 13 22 1
Number of children in household

1 34 48 37 14

2-3 196 166 115 94

4-5 61 71 37 71

6-8 9 15 8 15

>9 0 0 3 4
Number of children in primary school

1 132 155 133 75

2-3 155 140 60 117

4-5 11 5 4 8

>6 2 0 3 0
Kind of school frequented by children

Public 78 133 55 128

Private 222 167 145 72
Remunerative activities

Agriculture 46 108 10 163

Farming 34 63 8 123

Fishing 1 8 1 0

Manual worker 9 45 14 5

Domestic work 17 14 34 9

“Road” salesman 157 146 64 47

Independent 104 92 43 30

Salaried 155 79 90 45

Executive 10 7 4 4

Hired man 9 55 2 10
Monthly household income

< Ar 50 000

(<USD 22.04) 10 30 48 37

Ar 50 000 — 100 000

(USD 22.04 — 44.09) 53 113 50 51

Ar 100 000 — 200 000

(USD 44.09 — 88.17) 91 94 ar 56

Ar 200 000 — 30@00

(USD 88.17 — 132.26) 85 28 18 4l

Ar 300 000 — 500 000

(USD 132.26 — 220.43) 48 20 24 14

> Ar 500 000 13 14 13 1

(>USD 220.43)

(°AU: Antananarivo Urban; AR: Antananarivo Rural; DAntsiranana Urban; DR: Antsiranana Rural)

Procedure

Focus Group
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Nine Focus Groups, three in each location, werd hetween March and July 2011 in a
focus groups room for AU, and in classrooms for &Rl DU. Each group discussion lasted
from 75 to 90 minutes. The discussions were comdliby a moderator in participants’ native
language (the official Malagasy language for AU &Rl and the north dialect for DU). The
Focus Group procedure (planning, questioning andemating) followed recommendations
(Morgan, 1998).

At the beginning of the Focus Group discussion,tigpants were encouraged to
participate actively in the discussion and to shesr experience. It was explained to the
participants that the discussion concerned their m&as and that there was neither right nor
wrong answers. The moderator informed participainés the conversation would be audio
recorded but that the tapes would be used onlhenftamework of academic research and
that participants would remain anonymous. Partitipaghen briefly introduced themselves to
break the ice.

To access to parents’ food practices we first asketh a question on their habitsh@at
are the foods that you frequently consujnéffen, to access parents’ food beliefs structures,
we used an association task in which participangsewprompted with a stimulus word
(nutrition) and were asked to indicate all the vgotidlat came to their mind8vhat comes to
your mind when | say nutritio? The free association task reflects the relastrength
(measured by how many participants produced a gwerd) of automatic associations
between concepts. The comparison between the tgensrated in the four groups of
participants gives some insights into the maindiglassociated with the nutritional value of
food in the different areas of Madagascar.

Then we focused on participants’ food choice adatéo evaluate the link between their
implicit beliefs (association task) and the crietihey explicitly declare using when buying
their food and their children’s foodMhat are the most important criteria you use toidec

what to eat? For you and your children?

Questionnaire

The focus groups allowed us to assess school ehildarents’food practices and beliefs
structures about the nutritional value of foodse Heliefs structures and food practices that
emerged from this technique were then validatetigusiose-ended questionnaire with a

larger population.
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The questionnaire was first elaborated in Frenclirr@mch was the common language
among the researchers involved in the study, aed translated by the first author into the
Malagasy language. To ensure that the original mgamad been maintained, the translation
was verified by a bilingual person who was not imed in the conception of the
guestionnaire.

A pre-test was carried out with 40 intervieweesisTirst trial led to a reduction in the
number of questions and to changes in the fornaratf the questions. As a non-negligible
proportion of the interviewees had difficulty reagi the interviewers had to read the
guestions aloud to them, which caused some memanfylgmns in terms of the ranking
guestions. To avoid such problems, ranking questiere replaced by multiple choice
guestions in which interviewees had to select titezas from among seven possibilities. The
final version of the questionnaire consisted oééhparts and included 31 main questions (29
close-ended, two open-ended questions) as well &dio demographic questions. Only the
guestions related to food beliefs, food habits smdo demographic information are presented
in this paper (Fig. 1).

Ten interviewers were recruited and trained toideatical questioning techniques. Each
interview lasted for about 15 minutes. Intervieweese encouraged to give responses related
to their own experiences and were told that theas meither right nor wrong response.

All interviews were carried out in July 2011.

Concept of “nutrition” by parents
Q1: From your mind which of them is the 3 words yase to describ

D

“nutrition”?
Expensive Satiating Tasty
Clean Nutritious Other:
Balanced Well cooked

Q2: Cite 3 foods you think having high nutritiovallue

Most important criteria considered by parents indd choice

Q3: From your mind, when you do your food shoppimgich of these are the|3
most important criteria?

Diversity Availability Habits to buy
Budget Children liking Health
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Q4: From your mind, when you prepare meal for afeild which of these are the
3 most important criteria?

Cleanliness Diversity
Vitamins and Calcium Children liking
brought

Satiety Energizing

Children food preference

Q5: Cite 3 most liked foods by your children:

1)
)
®3)

Fig. 1. Questionnaire

Data analysis

The audio-recorded discussions of all the Focusi@avere fully transcribed on the days
after discussion. The moderator and the assistadépendently analysed each transcription
using the notes taken by the assistants to supplethe tape recordings. The results were
then compared and adjusted after consensus haddmedred.

Survey data were first analysed by compiling thegfiency count for each question in
each interviewing area (AU, AR, DU and DR). Theeeffof interviewing area was then
tested using Pearson and McNemag3 Chi-square tests with am risk set at 5%. A
Bonferroni’s correction was applied to correct #heha inflation problem caused by multiple
tests.

Finally, a Factorial Correspondence Analysis ussiRAD version 5.5 (Coheris, France)

was performed to visualize relationships amongtestions.

Results

Results from focus groups and questionnaires asepted conjointly in order to avoid
redundant information. Verbatim taken from the f®cgroups are used to explain the
guantitative data obtained in the questionnaire. 8t by presenting respondents’ food
practices and we follow with participants’ food ileé&d and food choice criteria.
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Respondents’ food practices

When asked to indicate the kind of food they eames focus group participants
declared that they ate three times a day (breakiasth, dinner). They indicated that their
diets were largely composed of rice Especially rice, three times a day in our casefaten
with “laoka”, made up of vegetables or leafy-vedsés and possibly meat or fish on the days
when there was enough mohelhe questionnaire confirmed that rice is consdraeeryday
by 99% of the respondents, and even two or threestia day by some of them (68% and 27%
respectively). Salads of raw vegetables and fragtsdesserts were sometimes addé&fle “
make salad once a week; during the week just mecelaoka”. Breakfast varied depending on
the habits of the households. For example, ricetber kinds of food were citedir the
morning we don't eat rice but just tea [infusiomjcabread”.

Tubers like cassava roots in rural areas of Antanam, and plantain banana in
Antsiranana, were most often cited after ridéor us [from the north coast], food that can
replace rice might be: plantain banana with meathveoconut... Very tasty! It can replace

rice”. This may be eaten instead of rice in a meal @r stsack between main meals.

Low-income parents’ beliefs towards food nutritiohzalue as a function of geographical
origin (centre vs north) and urbanization(rural vsrban areas)

The words that were more frequently cited in theamtion task during the focus groups
were “clean”, “balanced”, satiating”, “nutritious®well cooked”, “tasty” and “expensive”.
The frequency of citation of these terms obtainedtlve questionnaire is shown in Fig.2 as a
function of the interviewing areas. ¥& analysis revealed an effect of interviewing andt
the main difference appearing between DR and tteetbther areas. In DR, the seven items
were almost equally cited with a proportion of tdga of around 40%, except “Nutritious
which exceeded 50%. This finding should be intégatewith caution, however, as it might
reflect either the fact that respondents in DR mtdl understand the question and answered
randomly, or that they found all the items equattportant.

In AU, AR and DU, the most frequently cited itemsnv&leari (more than 80%), before
“Nutritious” (between 61% and 80%) and “Balantefdetween 64% and 69%). A large
number of participants related nutrition to hygeooncerns (Cleanliness). In AU and AR,
focus group participants’ discussions revealed hmoportant cleanliness was in the handling,

preparing and eating of foodSThe most important aspect is cleanliness (...). Wirerals
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are served, the plates have been previously clearedl] hands should be washed... that’s

cleanliness... Even during consumption, cleanlines®cessary”In line with theimportance
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Fig.2. Frequency distribution of terms given by particifsarelated to the word "Nutrition” in 4 areas (**:
p<0,01 and ***: p<0,001 )
(AU: Antananarivo Urban, AR: Antananarivo Rural, DAltsiranana Urban and DR: Antsiranana Rural)

Qualitative aspects of foods (supply of importantrients and “balanced”) were also
important. “Balanced” meals, which can be undemdta® a diversity of foods, were related to
variety in nutrients: Changing menus corresponding to the six kindsadddcarbohydrates,
fats, proteins, water, vitamins and mineralsfDne way to obtain a balanced intake was to
make a different meal each day¥or me, the thing to do: when | do [cook] this doeday |
should not repeat it the next day if | can affotd iBut some participants understood
“balanced” in a different way: for them it correspled to using the same ingredients in
different recipes. Diversity is like that: with vegetables... | can oy example vegetables
every day, but | modify my way of cooking thefiBatiating, “ Tasty and*“Expensivé
were the items cited the least frequently: betw®&% and 24% in AU, between 11% and
16% in AR and between 2% and 9% in DU.

To further understand participants’ food beliefg wonsidered the three food products
cited as being the most nutritive together, forneparticipant. Results indicate that a total of
86 food products were generated by participanthienquestionnaire as being nutritive. The

items most frequently cited as being nutritive wareat, fish and rice. The lists of foods
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produced by parents were grouped into 11 categqies 3). Leafy vegetables and
vegetables were separated into two different caiegdecause leafy vegetables represent a
specific category in the Malagasy food repertorgndhg those categories, cereals were more
often cited as nutritionally good (16% of the iniewees). This category includes rice, pasta,
and maize. Rice was the most frequently cited foodhis category. The second class
included foods positioned in the middle: beansrydaroducts, vegetables, meat, seafood and

fruit.

18,0
16,0
14,0
12,0
10,0
8,0
6,0
4,0
2,0
0,0

Foods cited by parents to be
nutritionally good (% of answers)

Fig.3. Foods considered by parents as nutritionally good

The last class included categories which were simautusly less cited as having high
nutritional value by parents: sweets, tubers, leafgetables and eggs. Tubers, such as
cassava roots, were considered as incomplete,ngdgom focus groups discussiori$
cassava is eaten alone, it is not a healthy foashly if you prepare it by adding other
ingredients.” This category of food was identified by the respamd as lacking in certain
nutrients. It may be surprising to find that eggsl deafy vegetables were as negatively
judged as tubers and sweets. Indeed, eggs aredsiecamplete source of amino acids and
leafy vegetables are a source of vitamins, minesals$ fibores. The second class included
foods positioned in the middle (cited about twiseoéten as liked by children and four times
as often as being nutritive than the first clasg®ans, dairy products, vegetables, meat,
seafood and fruits. The last class was made uprefts, such as rice, pasta, maize ..., which
were viewed as nutritive (16% of the interviewems) preferred by children (28%). Rice was

the most frequently cited food in this category.
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Fig.4. Factorial analysis of categories of foodsetved as nutritious (A) by parents in four areas()
(AU: Antananarivo Urban, AR: Antananarivo Rural, DU: Antsiranana Urban and DR: Antsiranana
Rural)

Figure 4 presents the two first components of thieespondence analysis showing the
categories of foods judged nutritive by parentshie four areas. Factor 1, which represents
56% of the variance, opposes the Antananarivo g@fasand AU) to the rural Antsiranana
area (DR). Rural Antsiranana households cited proteh foods, and more particularly
seafood, meat and eggs. Factor 2, which repreg&ftsof the variance, opposes the urban
Antsiranana area (DU) to urban Antananarivo (AUJJ MDouseholds more often cited
vegetables as nutritionally sound foods, and ldendoeans, than households from other
areas. In AR and AU, parents more often cited [frddtiry products, tubers and staples as
nutritionally sound.

As no individual food can be considered to be tiotrally complete on its own, after
having looked at individual foods, we explored tassociations of foods cited by the
respondents to evaluate whether their beliefs &ires take into account this necessity of
association foods. To do that, cited food produetsre categorized into six groups,
corresponding to the six classes of nutrients tt@ytained (on the basis of the French food
pyramid (Absolonne, Sirjacobs, Guggenbuhl, & Colif99): (1) products high in complex
carbohydrates (cereals, legumes and tubers), @upts with a high protein content (meat,
seafood and eggs), (3) dairy products, (4) frugigétables, (5) sweets, and (6) fats. Next, the

95



Chapitre 3

number of groups corresponding to the three foamtlyets cited by each participant was
determined (Table 2). The contingency table revkalesery significant link between areas
and number of food groups (p = 0.0003). Respondenits rural areas, especially from DR,
more often cited three foods belonging to the sgrap than interviewees from urban areas.
Compared with other areas, respondents from Aldawere frequently foods from three

groups.

Table 2
Number of food groups considered by the interviesnsegood nutritionally (expressed in percentages)

AU AR DU DR

Frequency of citation of foods 5a 9b 5a 13°P
belonging to only one group

Frequency of citation of foods 512 56° 61° 62¢

belonging to two groups
Frequency of citation of foods ¢
belonging to three groups
¢, Chi-square results at a confidence level of 9b¥ierent letters in a raw
indicate that results are significantly differeetween areas.

35° 34° 252

Respondents’ food choice criteria

In general, the mother of the family or the maikketacare of preparing food in Malagasy
households. Shopping for food is a daily activilye to the lack of refrigeration. Figure 5
shows the percentages of global citation of fooctlpase criteria when shopping and when
preparing meals for children in the four areas. <iiering food purchase criteria when
shopping, “Price” was frequently cited (> 80%). Mtery considerations were often
mentioned during the Focus Group discussions; xample: ‘1 look at everything and the
lowest price is the one | buy'Most households interviewed cannot afford to beytain
categories of food like meats, except on the ddysnwhey receive their salary (once or twice
a month): YWhen we find a bit of money we buy a bit of mdtr aork [temporary work]”.
“Health and “Diversity were frequently cited (more than 60%). Health rhayinterpreted
either as related to a food’s nutrient contentooits sanitary properties. In the focus group
discussions, health was related to food contemhother said: For me, when | go shopping,
| aim at making meals complete [nutritionally], whimeans providing energnd force for
children, to make them healthyAnother mother said:About vegetables, when we go to the
doctor - we go to the doctor frequently - he alwagys that we should give children

vegetables and fruits. If meals contain vegetabdesl fruits, for me it's alright”.
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Fig.5. Percentage of food purchase criteria considergehbgnts when shopping (a) and when preparing meals
for children (b)

“ Availability” (about 40%), “Children liking (30%) and “Habit of buying it (about 15%)
were the least frequently cited items.

In terms of food purchase criteria when prepariregis for children, “Cleanlinesswvas
the most frequently cited item. Parents interviewedocus group discussions related that
foods sold in small restaurants were not safe scthey are very exposed to microbiological
contamination. Consequently, parents preferredgpireg their meals themselves in order to
control hygienic conditions during cooking. Afte€leanliness”, food content in terms of
vitamins and minerals (“Vitamifis and caloric content (“Energiziigwere also frequently
cited (>65%). “Satiety and “Diversity were cited by between 30% and 40% of parents.
“Children liking it was the criterion least cited by parents.

Chi square calculation with Bonferroni correctiotorfectedo = 0.044) revealed
highly significant differences among the four areascerning both food purchase criteria and
food preparation. Fig. 6 shows the first two comgras of the corespondence analysis carried
out on the food purchase and meal preparatiorrieribyy geographic area contingency table.
The first dimension, which represents about 61%hefvariance, opposes the Antsiranana
areas to the Antananarivo areas. Participants &atananarivo (AU and AR) seemed to use
similar criteria and emphasized health concernsen{tidealtli, “ Cleari, “ Vitamin and
mineral contents “ Energizing ) and” Children Liking it (when shopping) than participants
from the Antsiranana areas (DU and DR)e second dimension, which represents about 36%
of the variance, opposes mostly DU participants w&emed to favour “Children Liking”it
and “ Diversity’ (when preparing meals) to DR participants who sektoerely more on
“Availability”, * Habit of Buying it and the “Satiating power of foods.
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Fig.6. Factorial analysis of food purchase in four arghen shopping«) and when preparing meala
(AU: Antananarivo Urban, AR: Antananarivo Rural, DAltsiranana Urban and DR: Antsiranana Rural)

Discussion

Our first hypothesis was that in Madagascar, caildunder-nutrition may be linked not
only to general food availability but also to fopdactices yielded by parents’ beliefs. In
agreement with this hypothesis, our study highéghthe role of parents’ beliefs structures in
children malnutrition. In all four areas, “cleardss” was one of the words most closely
related to the prompt “nutrition” in the associatitask and one of the most often cited
criterion when preparing meals. It has been pointed that in Madagascar, food
contamination has serious health effects: the tHchygiene, inadequate hand washing and
ignorance of risk are at the origin of microbiologji toxicity in Madagascar (Sarter & Sarter,
2012). Respondents were aware of the important¢kei®fproblem. This association between
cleanliness and nutrition probably comes from thedl-known synergy of malnutrition and
infection as the leading cause of morbidity and talily in developing countries. Indeed,
malnutrition reduces resistance to infection anidtion affects nutritional status (FAO,
1997). The importance of the beliefs that a nweitiood is a food that does not make you
sick was shown to lead to food preparation hatetsiental to nutritional quality, such as
overcooking foods. This was revealed in our stughthe item “well cooked”, which was
chosen by 30-45% of the respondents in each dréawlell known that lengthy cooking
decreases certain vitamin contents in foods; thibe case with vitamins C, B1, B2, B5, B6

and B12. So, whatever the initial nutritional valae the foods eaten by the Malagasy
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population, the cooking process reduces availabkeiemts and tends to worsen nutrient
deficiencies in the population.

The nutritional composition of foods seems to flag second role, after cleanliness, but
before satiating potential, in Malagasy food bslisfructures. The fact that respondents did
not particularly associate the satiating propertyfands with the concept of nutrition,
suggests that they believe that they have enougph i satisfy their hunger. Yet, Malagasy
food supplies are considered to be hardly enougltomer the energetic needs of the
population (FAO, 2005a) and for this study, thepmeglents were chosen among the poorest

households in zones highly and moderately concelyethalnutrition. One explanation is
that while not meeting energetic needs, Malagasgisrere nonethelessffigiently satiating.

This assumption is plausible because of the vegly proportion of complex carbohydrates in
Malagasy meals. Indeed, the products consumed tis¢ ane cereals and tubers, which are at
once satiating and poor in energy and essentialentg. In contrary, leafy vegetables, which
are described in the literature as good sourcepratein as well as some vitamins and
minerals (Uusiku, Oelofse, Duodu, Bester, & Faéd0) and are not expensive and largely
available in Madagascar were believed by parentsite a low nutritional value.

Our study also showed that school children Malagesgnts’ beliefs led to food practices
that could be linked to children malnutrition. Rieehich is central in Malagasy meals, was
one of the foods most spontaneously cited by tepamdents as being nutritionally valuable.
It has previously been observed among poor houdslwmlffering from malnutrition that the
diet consists predominantly of cereals, with vew f'/protective” foods like fruits, pulses and
milk (Gopalan, 2000). In Madagascar, rice provi@88 of consumed energy and 50% of
consumed proteins (FAO, 1993). The highest pergenté food expenditure is spent on rice
(32% in 2010), followed by tubers (8%) (WFP & UNIEE2011). But this important cereal
consumption does not cover nutritional needs, ealiethose of children. Indeed, among the
major nutritional problems prevalent in rice-consugncountries, imbalanced dietary intake
is the most important one. The protein contenticé Is the lowest among the cereals. In
combination with other factors, it leads to thevalence of protein-energy malnutrition, iron
deficiency, vitamin A deficiency and iodine deficiendisorders. This analysis is in
agreement with the reports of NGOs which have ofeskthat the highest occurrence of
stunting is not among the very poor, as they eatvitgetables that they grow instead of
selling them, and these are rich in nutrients. “Wugst cases are those who can afford white
rice” (IRIN, 2012).
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However, beliefs towards food nutritional value ard the only food determinant. Our
results showed that food availability can modutateimpact of beliefs on food practices. As
an example, while most respondents believed tlersuare not good nutritionally, tubers are
still widely consumed, depending on location. Fawdilability can explain this phenomenon.
Indeed, previous work reported that tubers are woesl by poor households in the centre of
the country between two rice harvests, for exampleen they cannot afford to buy rice
(Dostie et al., 2002). During the lean seasonstimple substitution of rice by cassava cannot
provide balanced nutrients. Tubers and particuladgsava have extremely low protein
content (less than 1%) (FAO, 1997). Thus, cassseapecially unsuitable as the main source
of energy for young children.

It also lacks lipids and certain vitamins and mater It seems thus that parents’ food
beliefs structures interact with food availabilitygive rise to food practices that may lead to
children under-nutrition. Changing these food past, and thus decrease the rate of children
under-nutrition, would therefore require to acthbat the level of food availability and of
parents’ beliefs.

Our second hypothesis was that parents’ food mestand beliefs structures depend on
geographical and social environment. In agreemetft this hypothesis we observed some
differences between the studied areas. The difteisemight be explained by food availability
in the four areas. Antsiranana (north) and Antanaoacentre) climate and geographical
situation are different, resulting in different el resources and food availability.
Differences in economic status between the foussamneay also be responsible for differences
in access to food.

First, a difference between rural and urban aré@stsiranana was observed. Among the
four studied areas, urban area of Antsirananaeisvigalthier, resulting in a higher availability
of food products of different groups. In DU, chédrs liking a food was taken most often into
account, as if people could afford to fulfil thelnldren’s expectations because their access to
healthy food was higher than in the other threatioas studied. On the contrary, the rural
area of Antsiranana is poor, but it is a farmingioa, where crops are more available than
animal products. As a result, DR respondents pdatily valued meat and seafood as
nutritive foods, compared with other areas. Thaprisbably why they considered nutritive
food to be expensive. DR respondents emphasizathlality as a criterion of food choice,
showing the diversities of situations concerningess to food from different groups. As a
result of this limited access, satiating propertaasd diversity were more a source of

preoccupation in DR than in other locations. Whefining “nutrition”, respondents in DR
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did not give as much importance to cleanlinessthsraespondents. This relative lack of
concern for cleanliness could be due to the abseinseusehold facilities in this area (having
neither electricity nor running water), as wellsaseduced education about sanitary properties
of food. Thus, beliefs towards nutritional value fobd are clearly different in DR and
DU.Such differences between rural and urban area® wot observed at Antananarivo,
probably for two reasons. First, in Antananarivtg tural areas chosen for the study were
closer to the urban areas (20 km) than in Antsmanahere the nearest rural commune was
40 km away from the city. Secondly, in the capifAhtananarivo), rural migration is
frequent, making the urban population quite sintitethe rural one.

Differences were also observed between Antananaaividb Antsiranana. Despite the
relative poverty of their region compared with Ardeana, parents from Antananarivo
seemed to be more sensitive to health concernspin@mts from Antsiranana.

This is probably due to the fact that in the cdpitere is more access to media and
residents have higher levels of education thaménrést of the country. There are also more
educational programmes devoted to food and nutritian in the provinces, and this situation
could be responsible for the differences obsenetd/dien the centre and the northern areas in
terms of beliefs towards food. In agreement witis thterpretation parents in Antananarivo
cited foods belonging to more classes than parkeats Antsiranana, when asked to cite
“nutritive foods”, suggesting they knew more abouitrients contained in foods. As no
individual food can be considered to be nutritibh@lomplete, each answer highlights the
nutrients that respondents consider to be importaat healthy diet. Respondents who only
cite items belonging to a single group either dokmow nutrients and cite current foods, or
believe that particular nutrients are intrinsicaljgod or bad. On the contrary, respondents
who cite items from three different categories righow that particular nutrients are not
intrinsically good or bad but that the key issugasbalance their meals. Another result in
favour of the role of nutritional education in tb&pital is that parents from Antanaraviro cited
foods frequently mentioned in nutritional educatmmogrammes while in the north (DU and
DR) parents who have probably not received nutréianformation cited foods which were

familiar and/or locally available (e.g. seafoodydts).

Conclusion

This study showed that current food practices inddMgmscar are underlined by an

interaction between food availability and food b#istructures. Recommendations aiming at
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changing food practices to decrease children undeition must take into account these two
factors. Nutritional information focusing on thengplementarity between foods should be
associated with the promotion of local productibhese recommendations should be adapted
to the geographical areas as we showed rural \@uds well as geographical, differences in
both food availability and beliefs structures. Y#tis study focuses only on two areas of
Madagascar and thus need to be extended to othas & provide a wider picture of food
practice and beliefs in Madagascar
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I1l. Poster B :

Food choice factors in developing countries:
The case of Madagascar

V.Ramaroson'?, L. Razanamparany® and D. Valentin®
Centre ¢ du Gool et de FAlimentation, UMRE265 CNRS, UMR 1324 INRA, UB, Dijon 21000, France.
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Focus group with 72 parents of olar age ana an (BU) 7
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Qluastionnaire survey with 1000 parents of children 4 areas Antananariva Burs J
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Figure 1: Correspondence analysis of food purchase motivation

Dim 1: Antananarive participants emphasized more health
concerns than those from Antsiranana,
Dim 2: DU participants rely more on children preference
and diversity whereas those from DR rely on food
availability and satiating power as well as habits Dim 1: In AU and AR leafy vegetables and staples
were liked by children and perceived as nutritious
by parents whereas in DU children liked most
In DR the seven items sweats and dairy products and parents perceived
were almost equally cited. seafood, meat and eggs as more nutritious

In AU, AR and DU the most Dim 2; In DU children liked more fruits and eggs

frequently cited itern was but “Tubers” were viewed as more nutritious by
“Clean” befora parants.

“MNutritious” and
“Balanced"

Figure 3; Comespondence analysis of categories of
fonds liked by children (4} and though as nutritional
by paranis (&)

Figure 2: Terms related to
“Mutrition” in 4 areas

Differences in food nutritional representations and habits were observed between the Antananarivo and Antsirananz
areas. In the Antsira areas differences were also observed betweéen rural and urban areas. No such difference was
obhserved in Antananarivo areas. These results underline the necessity to take into gccount the geographical and social
environments into educational programs to valorize neglected high nutritions foods available in Madagascar.

5 European Conferance on Sensory and Consumer Research, 3-12 September 2012, Barn, Switzerand
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Le but de cette étude a été d’identifier les fat@le choix alimentaire chez la population
malgache issue de quatre lieux d’étude : Antsiranambain (DU), Antsiranana rural (DR),
Antananarivo urbain (AU) et Antananarivo rural (ARR parents d’éléves scolarisés dans des
ecoles publiqgues ont été recrutés lors des groigmss et 1000 parents d’enfants d’age

scolaire ont été enquétés lors d’une enquéte smstigmnaire.

Les résultats ont montré une différence en terneeegrésentations nutritionnelles entre
Antananarivo et Antsiranana. Les parents venanhtd@Aanarivo ont plus mis en évidence les
aspects en lien avec la santé par rapport a cemanvel’Antsiranana. A Antsiranana, une
différence a également été observé entre zonengrbeti zone rurale. Les parents venant
d’Antsiranana urbain ont plutdt donné d'importaricda préférence de leurs enfants et la
diversité des aliments, tandis que ceux d’Antsin@anaural ont raisonné en termes de
disponibilité alimentaire et de pouvoir rassasianhsi qu'aux habitudes alimentaires. Le
terme « nutrition » a été associé aux caractéussig« propre », «nutritif » et « équilibré » des
aliments a AU, AR, DU. Mais a DR, tous les sepimigeont été cités a la méme
fréquence. Des différences ont été également obsear rapport aux catégories d’aliments
aimés par les enfants et considérés par les paremisie étant bon nutritionnellement. A AU
et AR, ce sont les légumes feuilles et les alimelgsase qui remplissent cette fonction,
tandis qu'a DR, les enfants aiment plut6t les sigseet les produits laitiers mais les parents
considerent les fruits de mer, les viandes et lefs a@dmme étant bons nutritionnellement. A
DU, les enfants aiment plutét les fruits et les sauhis les tubercules ont été considérés par
les parents comme étant bon nutritionnellement.uAacdifférence n'a été observée par
rapport aux représentations nutritionnelles entrgezrurale et zone urbaine a Antananarivo.
Cette étude souligne la nécessité de prendre eptedes environnements geographiques et
sociaux lors des programmes d’éducations afin derigar les aliments nutritifs encore mal

valorisés a Madagascar.
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V. Conclusion

L’étude présentée dans ce chapitre a mis en éwadgue pour valoriser les feuilles de
MO a Madagascatr, il est important de considéretrtgs points suivants. Premiérement, lors
de la préparation des aliments, les ménages peatigles cuissons longues, entrainant ainsi la
diminution de taux en certains nutriments thermssx@@s, tels que les vitamines A et C
(Kidmose, Yang, Thilsted, Christensen, & BrandtO@0 Or, si les feuilles de MO sont
connues comme étant de bonnes sources en cesngi@nsuites a de forte température et
pendant une longue durée avec une gquantité imgertié@au, leur teneur en vitamine C peut
diminuer jusqu'a 98,5% (Sreeramulu, Ndossi, & Miotwema, 1983). Lors de
l'incorporation de feuilles de MO dans les alimeiitest donc important de ne pas les cuire a
forte température et pendant une longue durée. iPe@nent, I'alimentation malgache est
dominée par des aliments glucidiques, dont Ideiracines et les tubercules. Pour introduire
des feuilles de MO dans l'alimentation des Malgachie peut donc étre envisagé de les
incorporer a l'un de ces aliments glucidigues ldgs pconsommés a Madagascar. Et
troisiemement, les légumes feuilles sont représsnp@r les parents enquétés comme n’étant
pas des aliments a valeurs nutritionnelles élevd@es, que plusieurs études aient montré le
contraire. Il parait donc important d’accompagnartroduction de MO dans le répertoire
alimentaire malgache par une campagne d’informatisant & développer les connaissances

nutritionelles de la population concernée.
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CHAPITRE 4: FABRICATION DE GOUTERS A BASE DE
MANIOC ET DE POUDRE DE FEUILLES DE MORINGA
OLEIFERA

|. Introduction

La finalité de cette thése est de proposer deseatsnaméliorés d’'un point de vue
nutritionnel et incorporant les feuilles de MO. Bda choix de ces aliments, nous avons suivi
le raisonnement suivant : pour introduire un nowlehent, il faut préserver un sentiment de
familiarité pour favoriser son acceptation, parmgke en associant ce nouvel aliment a un
ingredient familier. Pour les enfants, cette notdmn familiarité est trés importante (Salvy,
Vartanian, et al., 2008). Pour preserver ce semtiinde familiarité, nous avons choisi de
fabriquer des produits a base de racines de magin@st le deuxieme aliment de base, tres
consommeé a Madagascar, surtout pendant la périedeadvreté saisonniere quand le riz
devient inaccessible a cause de l'augmentatiorodgsx.

Pour établir comment associer manioc et MO, noasisexploré, dans une premiére
étude, les habitudes de consommation de ces dgtédients et les représentations qu’ont les
parents d’enfants scolarisés face a ces deux imgrsd Ensuite, dans une seconde étude, des
produits associant manioc et MO ont été formulés. test consommateur a ensuite été
effectué pour évaluer le degré d’acceptation de mresluits par des enfants en classes
élémentaires. Les nutriments apportés par les psudie feuilles de MO ont finalement été
guantifies dans chaque portion équivalente a uriegqiour un enfant, pour les différentes
formulations.

Ces deux études sont présentées daticle 4 (« How to fight malnutrition in
Madagascar? A study combining food representatants consumer tests), le poster C
(« Paradox between malnutrition and nutritionalhmiess of foods in Madagascar: the
example oMoringa oleiferaleaves ») et Iposter D (« Sensory acceptance of cassava snacks
nutritionally enriched withMoringa oleiferaleaf powder among children from low-income
households in Madagascar”). Ce chapitre vise di@étihypothese : « Si les feuilles de MO
ne sont pas assez valorisées a Madagascar, céegtsa de I'importance que la population

malgache donne aux habitudes alimentaires et aubpaassasiant des aliments.» (H3)
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[l. Article 4:

How to fight malnutrition in Madagascar?

A study combining food representations and consumedests

Vonimihaingo RAMAROSON RAKOTOSAMIMANANA Dominique VALENTIN' &
Gaélle ARVISENET
! Centre des Sciences du Golt et de I'AlimentatitMR 6265 CNRS, UMR1324 INRA,
Université de Bourgogne, Agrosup Dijon, Dijon 210Bfance.
2 Laboratoire d’Analyse Sensorielle d’Ambatobe — DRFOFIFA, Antananarivo 101,
Madagascar

[Soumis a Appetite]
Abstract
The aim of this study was to understand how knogde@dbout consumers’ habits and
representation of local food products could helgettgping a new snack as a way to fight
children malnutrition in Madagascar. Madagasca&heracterized by a large variety of natural
food resources among which some are rich in nufidrut not consumed by the local
population, likeMoringa oleifera(MO). The first step of the study aimed at understantheg
reasons why such resources are not frequently omedun Madagascar, whereas other
resources such as cassava are largely consumededdsir low nutritional value. Results
showed that while cassava roots were perceivechigyviewed parents as having negative
effects on health, they continued to be consumedtduheir satiating power, low price, and
geographical and historical availability. In costraMO leaves which are known for their
health benefits, were not much consumed becaus¢hef low satiating power and
participants’ relatively low level of knowledge. @hsecond step of the study aimed at
evaluating children’s liking of formulated snackssaciating cassava roots and MO in four
areas. These snacks contained two concentratiofdfand were either sweetened or
not. The sweet snack containing the highest quyaotitMO was the one children liked the
most and chose to keep after the test. There wasamno effect of the area on the acceptance
of formulated snacks. This work is an example dbnsation of local plant ressources into

malnourished population diet.
Keywords

Moringa oleiferg cassava, Madagascar, children food choice, mutak and health beliefs,

food practices
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1. Introduction

Like most developing countries, Madagascar is styeaffected by the problem of
malnutrition, especially in rural areas (Devinen@ors, Sobal, & Bisogni, 2003; Smith, Ruel,
& Ndiaye, 2005). About one out of two Malagasy dhéin are concerned by this problem
(FAO, 2005), which can cause increased mortalityifelong serious damages, such as
reduced intellectual development, health and soprablems, and reduced performance
(Schroeder, 2008).

According to FAO evidence, food scarcity is the meause of malnutrition. Scarcity may
be due to two reasons: geographical inaccessibiityen food is not available, or economical
inaccessibility, when food is available but too empive for the population to buy it.
However, food scarcity cannot explain malnutritionMadagascar because this country is
characterized by a large variety and quantity a@irsd resources, which could potentially be
sufficient to feed the whole population. Yet, thessources are not accessible to poorest
households. Economical factors might explains phthis inaccessibility (Smith & Haddad,
2001), but are not the only factors involved. Ransdinan & Huffman (2008) observed that
poor households from developing countries spendargel part of their income on
carbohydrate-rich staple foods, and neglect footlghvbring protein and micronutrients.
Thus, limited access to food may result not onlynsufficient quantity of food consumed,
but also in non-balanced intake and poor dietaglityu

However, in Madagascar, poverty alone cannot exple predominance of consumption
of carbohydrate-rich staple foods, because riaegxample, is not the cheapest carbohydrate
staple food, but it is the most consumed food byalgfasy people whatever their economic
status (from twice to three times a day accordingRamaroson Rakotosamimanana,
Arvisenet, & Valentin, 2014). The principal mealdemposed of a large quantity of rice,
served with “laoka”, an accompaniment made of \ages and eventually meat
(Hardenbergh, 1997). During seasonal poverty, oepient of rice by cassava roots by poor
rural households worsens the nutritional situa(ibostie, Haggblade, & Randriamamonjy,
2002). Cassava is the second staple food concecoimgumed quantities, after rice (Ballet &
Randrianalijaona, 2011). Cassava roots containelnighantity of carbohydrates than rice but
are poorer in other nutrients. They are eaten ahost of the time, even if people are aware
that these roots cannot fulfill nutritional nee&a(aroson Rakotosamimanana, Arvisenet, &
Valentin, 2014). This situation is one of the majorderlying causes of protein-energy
malnutrition. Thus it seems that together with ptyeother determinants may explain

malnutrition in Madagascar
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To fight against malnutrition, micronutrient supplents are generally the practical short-
term solution. But in the case of chronic malnignf this strategy cannot last and a better
solution for improving diets of children in develog countries would be to focus not on
specific nutrients, but on specific types of fod@shroeder, 2008). In this aim, commonly
consumed staple foods could be associated withrdadfiide local plants. This association
would have the advantage of increasing intake amldnibe of both macro- and micro-
nutrients needed for growth and health. In Madagrasseveral plants could be eligible to
provide these nutrients. Among these plaitsringa oleifera (MO) seems to be a good
candidate. MO is a wild plant which leaves are fitlvitamins, amino-acidgp3 fatty acids
and iron (Thurber & Fahey, 2009). This plant graasily under Madagascar climate. It was
introduced in the north, like in some coasts of Btgakcar, at the beginning of the twentieth
century (Foidl et al. 2001). Its growing was fiesprivilege of the colons. It did not spread to
the center until recently, when the National Offiéer Nutrition (ONN) heightened
population’s awareness about its nutritional bésefONN, 2008). While MO leaves are
largely eaten and valorized in other countries likéia, the consumption of these leaves is
rather low in Madagascar.

Among the factors underlying food choice, availiypiand price were reported to be
the most important ones (Giskes, Van Lenthe, BM&gkenbach, & Turrell, 2007). For low
income households particularly, food price has &ewn to have precedence over all other
determinants of food choice (Blaylock, Smallwoodaskel, Variyam, & Aldrich, 1999;
Glanz, Basil, Maibach, Goldberg, & Snyder, 1998)va#ability and price constitute
households food acquisition power that must beimdjatshed from households food
acquisition behavior, that is, the desire to consanparticular food among multiple available
and affordable foods. It has been shown in developeuntries that persons of low
socioeconomic status are generally less likely aasaome healthy diets (Inglis, Ball, &
Crawford, 2005, 2009). Financial cost of diets toamply with dietary guidelines was
proposed as a reason. Another explanation coulshked to nutrition knowledge, which was
shown to differ significantly between socio-demamma& groups, with poorer knowledge
among those of lower socioeconomic status (Butd®87; Parmenter, Waller, & Wardle,
2000). Price and availability interact with pashaeor or habits which are dependent on
country, culture, community or family. For examgle India, where Eastern local population
have a preference for rice, migrants from northvwedia keep their cultural preference for

wheat and continue to favor it even if it is morpensive than rice (Atkin, 2013).
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Besides economical and cultural factors the semsatssociated to the consumption
of a food are important to explain consumers’ cadaeat a specific food rather than another
one. These sensations are of two orders: (i) theas®ns derived from the sensory attributes
of the product which are mostly related to likingdgpreference conducting the individual to
choose a food (Clark, 1998) and (ii) the physiatagisensations related to metabolic effects
caused by the intrinsic properties of the prodastmacro-nutrient composition and satiating
power. Satiation is defined as the processes tivag b meal to an end. It is closely related to
sensory and cognitive factors, as well as the siemsaf “fullness”. Fullness was described
by participants as “feeling of food in the stomagchstomach stretch”, “satisfaction”,
“contentment”, “energized”, “focused”, and “lack thfe desire to eat” in the study of Murray
and Vickers (2009).

The respective importance of factors underlyingdfaboice (price, availability, habit,
preference, satiating properties) depends on th@roemment and the population or
demographic group (Scheibehenne, Miesler, & To@8,72 All the studies cited above were
performed in developed countries. A limited numbkthese studies focused on low income
population (e.g. Burns, Cook, & Mavoa, 2013; Dresst Smith, 2013) but none were
dedicated to understand food choices in developountries. Yet, such knowledge could
help fighting malnutrition by introducing new hdwgjltfood habits.

The goal of this study was to understand how kndgéeabout consumers’ habits and
representation of local food products could heghting malnutrition. The first part of the
study aimed at understanding the practices andfbelbout the consumption of cassava roots
and MO leaves by school age children Malagasy parent®um &reas (two rural and two
urban areas), in which food habits were previoustpwn to be different (Ramaroson
Rakotosamimanana, Arvisenet, & Valentin, 2014). Nypothesized that satiating properties
and habits are the highest determinant of cassadaMO consumption, explaining the
difference of consumption of MO leaves among tleaar The second part of the study aimed
at improving the nutritional properties of cassavats based foods by combining them with
MO leaves. Food products containing these two oligrés were prepared based on food
practices revealed in the first part of the studgdonic tests were performed on these
products with school age children to evaluate tighdst concentration of MO children can
accept. We also hypothesized that differences in &@ilability among areas would induce
different levels of MO consumption and differemditig of snacks containing MO by children

in these different areas.
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2. STUDY 1

2.1. Materials and methods

2.1.1. Localisation
The study was conducted in urban and rural aredsiainanarivo (AU and AR, respectively)

and Antsiranana also known as Diégo-Suarez (DULARdrespectively). Antananarivo, the
capital of Madagascar, is located in the central paMadagascar, and is characterized by a
heterogeneous population. Antsiranana is locateithennorthern coast of the island and is

mostly populated by two ethnic populations.

2.1.2. Participants
A total of 1000 parents of school age children frdifferent social classes participated in

the studies. Three hundred participants were resctun AU, 300 in AR, 200 in DU and 200
in DR (Table 1). Their mean age was about 38 yekts79.7% of them were women and
20.3% men. The difference between the AntananamebAntsiranana sites in the number of

interviewees was related to differences in thd tmianber of inhabitants in these two areas.

Table 1. Characteristics of interviewed parents

Aread
AU AR DU DR

Remunerative activities

Agriculture, farming, fishing 81 179 19 286

Manual worker, domestic work, « road »

salesman, hired man 192 260 114 71

Independent 104 92 43 30

Salaried 165 86 94 49
Monthly household income

<Ar 50 000 (<USD 22.04) 10 30 48 37

Ar 50 000 — 100 000 (USD22.04-44.09) 53 113 50 51

Ar 100 000 — 200 000 (USD 44.09-88.17) 91 94 47 56

Ar 200 000 — 300 000 (USD 88.17-132.26) 85 28 18 41

Ar 300 000 — 500 000 (USD132.26-220.43) 48 20 24 14

>Ar 500 000 (>USD220.43) 13 14 13 1
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2.1.3. Questionnaire
The questionnaire used in this study is part ofaegdr research project aiming at
understanding Malagasy school children parentsd fpractices and beliefs structure. First,
focus groups were held with twenty-two parentstoldren enrolled in public primary school.
Then the beliefs and practices that emerged froenfolcus groups were used to build a
guestionnaire. Only the sections of the focus gsaumd questionnaire related to cassava roots
and MO are presented here. Other aspects of thecproan be found in Ramaroson
Rakotosamimanana et al. (2014).

To assess school children parents’ food practindsbaliefs structure about cassava and, MO
the following questions were inserted in the fogtmups:

- “Which foods do your children eat frequently?”

- “Do you think cassava roots have enough nutritioadlie?

- “Which foods do you think can be added to cassawtsrto make a nutritious meal?”

- “Can you cite some examples of leafy vegetablesclwlian be added to cassava

roots?”

- “Do you have a specific reason to cite Moringa s/

- “Do you think that it is possible to make a fooddeaof cassava roots and Moringa

leaves?”

The questionnaire was first elaborated in Frenclrr@nch was the common language
among the researchers involved in the study, aed, ttianslated by the first author into the
Malagasy language. A pre-test was carried out Whnterviewees. This first trial led to a
reduction in the number of questions and to changdse formulation of the questions. The
final version of the questionnaire consisted ok¢hparts and included 31 main questions as
well as 11 socio demographic questions. The gquestrelated to cassava roots and MO
leaves are presented in Figure 1.

Ten interviewers were recruited and trained toidsatical questioning techniques. To
complete the guestionnaire, interviewees were klelpeinterviewers who had to read the
guestions aloud to them. Each interview lasted dioout 15 minutes. Interviewees were
encouraged to give responses related to their oygereences and were told that there was
neither right nor wrong response. To ensure eveuresentation of each area, the
guestionnaires were administered in 24 neighboutao AU, 18 in AR, 11 in DU and 5 in
DR. Interviewees resided in the neighbourhood efititerviewing location. AR sites were
located about 20 km from downtown Antananarivo, BiRIsites were located about 20 to 50

km from downtown Antsiranana.
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Representation of cassava roots
1: From your mind, can these foods replace ricgeéneral and according to price, availability, ndional value and taste?

Nutritional
Price Availability value Taste
Maize oyes oho o m] m] m]
Breadfruit oyes ohno i u] u] u]
Cassava roots oyes ©no m o o o
Banana plantain oyes ohnho i u] u] u]
Sweet potatoes oyes ono mi u] u] u]
Taro oyes oho o m] m] m]
Pasta oyes oho o m] m] m]

2: From your mind, which are the 3 characteristidsassava roots (3 responses by group of items)?

Group 1: Group 2
Bringing energy and o Not tasty i
vitamins .

Not expensive o
Satiating u] Occasional meal o
Stomach ache u] Not easy to find o
Teeth bleeding u] Helping out i
Decalcifying u] Consume sugar O
Diversifying meal u]

NB: The item “consume sugar” means that cassava isateh alone but needs to be consumed with sugar.
3: Do you plant cassava? oyes o no

4: Do your children like cassava roots?1 yes o no

5: In which frequency do your children consume aaagsoots?o never o rarely o frequently o everyday

6: In which part-time of the day do your childresnsume cassava roots?
o snack in the morning o snack in the afternoon o breakfast o lunch o diner

7: From this list of ingredients, which ones do yald into your cassava roots?

Rarely Frequently
Never (<2 times/month)  (>2 times/month) Every day
Coconut mi mi u] u]
Sugar o o [u] [u]
Salt mi mi u] u]
Oil mi mi u] u]
Peanut o o u] u]
Leafy vegetable mi mi u] u]
Other: o o u] u]

Representation of Moringa oleifera leaves

8: Have you evero heard about o seen o eaten Moringa leaves?

If ever seen, where did you see ity the roadside o in your garden o in the market
Which town?zs Toamasina o Antananarivo o Antsiranana o Other,

If you have it in your garden,you planted by yourself arlt have already grown there

9: From your mind, what are the characteristicvidringa leaves?

| need them for my health oyes ohno
They cure oyes ohno
They protect me from illness oyes ohno
They bring nutrients oyes ohno
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They have a strong odor oyes ono
They should not be cooked long time oyes ohno
They are not different from the other leafy vegletab oyes ohno

10: Do your children like Moringa leaves? ocyes ono

11: In which frequency do your children consume ikigat leaves?a never o rarely o frequently o everyday

12:At what time of the day do your children consiiaginga leaves?
o snack in the morning o snack in the afternoon o breakfast o lunch o diner

13: From this list of ingredients, which ones daiyald into Moringa leaves?

Rarely Frequently
Never (<2 times/month)  (>2 times/month) Everyday
Coconut o o [u] [u]
Sugar o o [u] [u]
Salt u] u] u] u]
Oil u] u] u] u]
Peanut o o u] u]
Leafy vegetable mi mi u] u]
Other: o o u] u]

Fig.1. Questionnaire related to cassava roots and ®1leaves For the second question, items were separated
into two groups: health and other properties tadweemory problems (the questionnaire was admesdratally

as many parents in rural areas have reading/dliteproblems).

2.1.4. Data analysis
Survey data were analyzed by compiling the frequermunt for each question in each

interviewing area (AU, AR, DU and DR). The effedtinterviewing area was then tested
using adjusted chi-squarg?) tests with arm risk set at 0.05.

2.2. Results
2.2.1. Cassava roots: practices and beliefs

As shown in Table 2, there is a clear effect olhava respondents’ practices linked to
cassava plantation. Percentages of householdliaho cassava in their familial field were
higher in rural areas than in urban areas espgdralAntsiranana areas (74.5% in DR vs.
9.5% in DU). In all areas a large part of plantadsava is consumed by households (68.4% to
96.8%). However this difference in plantation i paralleled by a difference in consumption
pattern. In all areas, cassava roots are consutoad ar accompanied by other ingredients,
as shown in Fig.2. The most frequently added ingreds sugar (more than 77% of response)
followed by salt (less than 33.5%). In contrastisinot frequent to add leafy vegetables,
peanut, oil or coconut (less than 20%) to cassagtsr An effect of areas is observed for the

117



Chapitre 4

addition of coconut, salt and leafy vegetables Whiere more frequent in Antsiranana (DU
and DR) than in Antananarivo (AU and AR).

In the four areas a high percentage of parentsedti that their children liked cassava
roots (82.7% in AU, 88% in AR, 78.5% in DU and 8.t DR) and ate them more often as
a snack, especially in the afternoon (65 to 86%inttluring principal meals (less than 15%).
The main difference among areas concerns the fneguef consumption. The majority of
children ate them “rarely” (less than two times pemth) in AU and DR. In AR and DU, the
consumption was balanced between “rarely” or “fegly” (more than two times per
month). However, this result should be taken wittcpution because it is known that cassava
consumption is mostly seasonal. It was probablficdit for respondents to estimate their

mean consumption of cassava.

Table 2.
Responses obtained about cassava roots and MG leethe four areas

Antananarivo Antananarivo  Antsiranana Antsiranana

Urban (AU) Rural (AR) Urban (DU) Rural (DR)

- Proportion of households planting
cassava *** 31.67 51.67 9.50 74.50
- of which proportion of households
consuming cassava planted *** 86.32 96.77 68.42 86.58
- Consumption of cassava - Never 2.29 6.67 4.00 1.50
by children (%) *** - Rarely 72.14 40.33 59.50 61.50

- Frequently 22.14 51.33 36.50 36.50

- Every day 3.44 1.67 0 0.50
- Interviewees having - heard *** 82.00 70.33 98.50 100
heard about, seen and - seen *** 58.00 42.33 98.50 100
eaten Moringa leaves (%) - eaten *** 40.00 28.67 98.50 100
- Consumption of MO by - Never 0.98 8.96 0 0
children (%, based on - Rarely 92.16 77.61 17.50 45.00
interviewees that declared- Frequently 6.86 13.43 81.50 55
eating MO in previous - Every day 0 0 1.00 0

guestion) ***

(***very significantly different at risk 0.001 witly? test)
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Fig.2. Ingredients added to cassava roots more thawo times per month
(n.s.: not significantly different between the faueas, * significantly different at risk 0.05,*ery significantly different at risk 0.001
AU: Antananarivo urban, AR: Antananarivo rural, DAhtsiranana urban and DR: Antsiranana rural)

Fig. 3 shows the characteristics that parents &so cassava roots. Among the items
related to health, “decalcify” was the most citedall locations. In Antananarivo urban (AU),
the three items related to negative health chaiatits were the most cited (“decalcify”,
“stomachache” and “teeth bleeding”). In Antananarirural (AR), these three negative
characteristics were also largely cited but “satgd was in third position after “decalcify”
and “stomachache”. In Antsiranana (DU and DR),sbeond most cited item was “satiating”.
“stomachache” and “teeth bleeding” were cited lesften in Antsiranana than in
Antananarivo, and less often by DR than by DU oesients. The items the less often cited in
all areas (less than 30%) were “bringing energy\ataimins” and “diversify meals”.

For items related to other aspects than healtlsagasroots were principally considered to
be a cheap and helping out food, in the four arkaBR, “consume sugar” was most cited
than in other areas. Cassava roots are more codsonuasionally in urban than in rural

areas.
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Fig.3. Percentage of citation of items to charactere cassava roots (a: characteristics related to trition

and health, b: characteristics related to other aspcts)
(n.s.: not significantly different between the faureas, *: significantly different at risk 0.05,*ery significantly different at risk 0.001
AU: Antananarivo urban, AR: Antananarivo rural, DAhtsiranana urban and DR: Antsiranana rural)

2.2.2.MO leaves: practices and beliefs

100% of respondents from Antsiranana had alreatgneslO, whereas only 40% and
29% respectively in Antananarivo urban (AU) andalufAR) did. 18% and 30% of
respondents from AU and AR respectively did not wnib (Table 2). The percentages
corresponding to the localization where respondéatd seen these leaves are presented
(Fig.4). In Antsiranana, MO often grew in respondegarden. In DR, it was also available in
the market. In AU, the leaves had been mostly sed¢ine market. In AR, when respondents
had already seen it, it was mostly in the marked Maves are mostly eaten salty (Fig.5). In

Antananarivo, households cook them with oil. Onboat 20% of households of the four
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areas ate them with other leafy vegetables. The fequently added ingredients were

coconut, sugar and peanut.
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Fig.4. Locations where respondents have seen MO iess (in percentage).

(n.s.: not significantly different between the faueas, *: significantly different at risk 0.05,*ery significantly different at risk
0.001

AU: Antananarivo urban, AR: Antananarivo rural, DAhtsiranana urban and DR: Antsiranana rural)
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Fig.5. Ingredients frequently added to MO leaves wén cooking
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Most of the respondents indicated that their ckiddrconsumed MO leaves more
frequently at lunch. The large majority of respamdefrom Antananarivo declared that their
children ate MO leaves rarely whereas those frortsifanana urban ate them frequently. In
AR, half of the children ate the leaves frequerathd the others eat them rarely. Among
children having already eaten MO leaves, 82% arid rOAU and AR respectively liked it
against 92% and 96% in DU and DR respectively.

Fig. 6 shows the characteristics parents associaittdMO leaves. The characteristics
“used for health”, “curative” and “bring nutrientstere cited equally in the four areas.
“Preventive” health characteristic was more citgduoban than rural respondents. Results
related to sensory and culinary properties of M@ves were cited mostly by respondents
from Antsiranana, confirming they had more knowkeddout MO leaves than those from
Antananarivo. Parents from AR, the more numeroustomé&now MO, generally considered
its leaves to be identical to other leafy vegetable
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Fig.6. Percentages of items cited as characteriziddO leaves by interviewees who have already heard

about MO
(n.s.: not significantly different, *: significantdifferent at risk 0.05, ***very significantly diérent at risk 0.001)

(AU: Antananarivo urban, AR: Antananarivo rural, DAhtsiranana urban and DR: Antsiranana rural)

2.3. Discussion
On the one hand, cassava was considered by resgertdehave negative impact on health,

but still, was consumed in relatively large quaesit At least one respondent out of four

indicated that their children consumed it “frequghbr “often”, in the four studied areas.
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However the mean consumption frequency declareddognts must be taken with caution,
because it probably does not reflect a regular wmpsion. Indeed, cassava is recognized to
be a food shock absorber for less advantaged holgsehlwho mostly consume it during the
lean period, when rice is not affordable (Dosti@99). During this period, if each portion of
rice was substituted by a portion of cassava, treswemption of cassava would be two or
three portions a day. FAO evaluated cassava cortgamp Madagascar to be between 251
and 430 g per capita (Montagnac, Davis, & Tanunajoar2009). On the other hand, MO was
considered by respondents to have nutritive, otgadind preventive characteristics but was
scarcely consumed in Antananarivo. It was consummeste frequently by Antsiranana
children. This discrepancy between the large compsiom of cassava despite its negative
health effect and the limited consumption of MO gites its positive health effect can be
explained in term of availability, price, habitaste and satiating properties. Moreover, the
importance of each factor changes from one araadther.

Availability, that is, accessibility of food inhé local neighborhood, is the first
condition to food acquisition. It depends either thie local growing of the food or its
presence on the local market. Respondents consuasséva at a similar frequency in the
four studied areas. Growing of cassava in gardeass largely spread in the two rural areas,
where the availability of varied food on marketsilcbbe more limited than in urban areas,
showing that cassava was easily available fohallpopulation studied. This is in accordance
with the large availability of cassava observedviadagascar: 2366250 tones in 2002 from
data of Agricultural ministry of Madagascar (MAEBQ04). This criterion could favor the
wide consumption of cassava despite its nutritiqgg@brness: 157g per person per day in
Antananarivo and 48g per person per day in Antaman(Dostie, Randriamamonjy, &
Rabesolo, 1999). Concerning MO, the situation waitecdifferent. As expected it was not
only more consumed but also better known in theéhnpart of the country (DU and DR),
compared to the center part. In DU it could be tbum markets. It was also available in
markets in AU where respondents did not grow it.c@dirse, availability of a product is the
first condition to its consumption, but our resudteow that the reverse is not always true: an
available product can be neglected as a food.dbserved for MO which is available at AU
but not much consumed. The historical availabbtyMO seems to influence its consumption
more than its present availability.

Price is probably another explanation of the afivaness of cassava for poor
households. It is one of the cheapest staple foodsumed in Madagascar. Our study shows

that in rural areas, at least half the householdstassava, and thus make it even more
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affordable than in the market. One kilogram of éhesots cost MGA1000 (~USDO0.45) in the
market in 2013, and can feed a family of four eefpersons at lunch. MO is also planted by
half the households in Antsiranana area (DR and. )price is higher in the markets of
Antananarivo than in those of Antsiranana, probatiye to its higher availability in
Antsiranana. Yet, even if the role of price is djor importance, it cannot explain the limited
consumption of MO in Antananarivo. According to lighsy households’ practice, leafy
vegetables are eaten in small portion and usuatigorapany rice (Randrianatoandro,
Avallone, Picq, Ralison, & Treche, 2010). The pndjom between leafy vegetables and rice
in “laoka” is estimated to 1/4 to 1/10 accordinghtmuseholds’ practices (Chan Tat Chuen,
2010; Randrianatoandro et al., 2010). When rigeotsaffordable, poor Malagasy households
often replace it by cassava but without accompanitinvith leafy vegetables, as showed by
our results. Though, the association of cassava Mi{D would put the meal at the same cost
or even cheaper than an equivalent quantity of aiome: about MGA2000 per kilogram
during high season (0.9 USD).

Our results show that the knowledge of the posipx@perties of MO on health has
reached the population of the center, but its coqdion has not spread among all the
population. On the contrary, cassava is largelysaored, despite awareness of consumers
about its low nutritional interest. These resultsmfom statements previously made in
developed countries, that knowledge of nutritioaat health properties of a food do not
systematically increase its consumption (Ginon, daaly Martin, Combris, & Issanchou,
2009). To our knowledge, there is no informationtlire litterature about the weight of
nutritional information on food choices in develogicountries. Nutritional knowledge and
priorities in terms of nutrition and health are different in developed and developing
countries that it would be tricky to compare ousules with results obtained in developed
countries. Yet, one study could bring us elementauriderstand our results. This study
focused on the hierarchy of determinants of chédcdow income consumers of developed
countries (Burns, Cook, & Mavoa, 2013). It showhkdttlow-income consumers who have
experienced food insecurity weight up the attrisudea food in relation to its price. Satiating
hunger is the primary consideration in food pureh&fore other needs and sometimes at the
expense of perceived healthiness of a food. It sedmat it was also the behavior of the
respondents in our study. “Satiating” was amongntlest cited items associated with cassava
by the respondents. The weakness of cassava irs tefmutrient composition is probably
considered as a minor consideration compared t daifiating hunger perceived property.

Satiety sensation of cassava and staple food iaergkis very important related to their price,
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and this factor may be an important element of foledice, as demonstrated in Burns et al’s
study (Burns, Cook, & Mavoa, 2013). Satiating powtleafy vegetables was not mentioned
by parents during focus group discussions wheninigllabout characteristics of leafy
vegetables. These products are probably consider@dt enough satiating for their price and
for this reason, not consumed in as much quarsitstaple foods.

Additional factors could intervene, likady (cultural dietary taboos) which are often
mentioned to explain food behavior in MadagasEady are linked to ancestral beliefs. They
are decreed by the village elder. They are spetifia village or tribe and can vary a lot
between different tribedzady can concern all types of food. One exampldaaly concerns
noble people from Antsirabe region who should raststimeBidens pilosdeaves, which are
perceived as inflating knee (Francois, 1968; Grge2207). However the importance faldy
should not be overemphasized, since they almoappeared in large cities like Antananarivo
and we failed to find any evidence of fady ableetglain our results. More generally,
vegetables in Madagascar are not really considasefbod but mostly as accompaniments,
which is probably the reason for their limited comgption compared to carbohydrate rich
staple food (Razafimanantsoa et al., 2013).

The last factor influencing food choices is orgaptic property. Cassava is appreciated
by children and children who already tasted MO midd seem to reject it. This allows us to
envisage the formulation of a product associatimgsava and MO to increase the
consumption of MOn Madagascar. The formulation should take intaaat the practices of
Malagasy people concerning the two products. Resgundeclared to consume Cassava
mostly with sweet products, while MO was consumettleal with salt and oil in
Antananarivo. This last practice corresponds to mmast usual way to consume leafy
vegetables, which is to fry it first and to addvith water to prepare a stock which serves to
humidify rice during its cooking and is served wiite (Chan Tat Chuen, 2010). Respondents
from Antsiranana, who know MO well, underlined #song odor as a limiting factor. This
factor should be taken into account when propoi@ to children. A solution could be to
propose sweet products, first to increase theatphllity for children, who are known to like
sweet products, and secondly to correspond to thg @f consumption of cassava and
introduce a new way to consume MO. If this prodsdiked by children, it could be a way to

improve the nutritional quality of cassava by assotg it with MO.
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3. STUDY 2
The purpose of this study was to evaluate childréiking of snacks made of cassava and
MO in four areas in Madagascar.

3.1. Material and method
3.1.1. Assessors and localisation:
A total of 424 children between 6 and 13 years pétticipated in the hedonic tests
(respectively 119, 100, 101 and 103 in AU, AR, Didl DR). Sessions were realized in four
public schools located in four neighbourhoods. Thgo between boys and girls was
respectively 1.3, 1.6, 1.1 and 1.4 in AU, AR, DWdPR. Depending on the locations, 0% to
2% of the children were under the age of 7, 13%9% were 7 and 8 years old, 27% to 38%
were 9 and 10 years old, 27% to 39% were 11 angkafs old, and 10% to 17% were older
than 12 years.

3.1.2. Products
Four products, made of cassava roots, MO leaf poadeé sugar in different proportions

(Table 3) were formulated. Fresh cassava roots puehased at the local market. They were
grated and mixed with the other ingredients. MQvésawere from Antananarivo. They were
sun-dried, then grinded to powder by using a doiméstnder. The powder form was chosen
for practical reason (powder is easier to stora finash leaves). The mixture was cooked in
steam bath for 45 minutes, also for practical readdhe mixture was cooled at ambient
temperature and samples of about 25 g were disddbn glasses. Tests took place less than

three hours after samples cooking.

Table 3
Ingredients in different formulations (in percergagv/w)

Product Grated cassava root#loringa oleiferaleaf ~ Sugar

powder
C 100 0 0
C+M1 99,4 0,6 0
C+M1+S 89,4 0,6 10
C+M2+S 88,8 1,2 10

C: cassava roots; Mioringa oleiferaleaf powder; S: sugar

3.1.3. Procedure of hedonic tests
Each child participated in one session and tastedour samples which were presented in
a sequential monadic design according to a Willidiatsn square. No information about the
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products to be tasted was communicated to childedore and during the test. Children were
assisted by animators for scoring the overall gkon 7-point pictorial scales (Fig.7). The
answers given by children were transformed intoresxdo treat the results (extremely
disliked: picture on the left = 1, extremely likggicture on the right = 7). Animators also
filled out the second part of the form regarding,agender and education level of children. At
the end of the test, children chose one of theymtsdas a reward for their participation to the
test. To ensure they did not choose it on the lzsise remaining quantity of each sample,
they were given takeaway samples specially prepaed not the samples used for the test.
The code of the chosen product was recorded irgdfdim by the animator. The test was
performed in the native language of each location.

The tests were performed during snack time (fromttetwelve o’clock), before lunch.
Children did not eat at least two hours beforetéisé

S 6 6 0o o © ©
-

- ) ) O 0 )

Fig.7. 7-Pictorial scale used in the hedonic test

3.1.4. Data analysis

Hedonic scores from the four panels were submitted two-way ANOVA with the
following mixed model: Score = assessor area + ymbd product x area + error. When a
significant effect of product was found a Neumanilsg SNK) multiple comparison test was
performed to reveal significant differences amdmgyfour products. XLStat 2013 (Addinsoft,
Paris) was used for data analysis.

The choice data were analyzed by recording the eurob children who chose each
product as a gift at the end of the test in eaela.ahy? test was performed to check for area

effects.

3.2. Results
3.2.1. Acceptance of foods made of cassava rootslaviO leaves
The ANOVA showed:
e a main effect of productF(= 102.5; p < 0.0001). The presence of sugar
influenced the hedonic ratings. The SNK test inisathat sweet products
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(C+M1+S and C+M2+S) received higher scores (highan 5 out of 7) than the
other products (scores between 3.5 and 4.4).

* no main effect of ared(= 0.42; p = 0.73).

* a significant interaction between area and prodéct= 2.87; p < 0.002). A
subdesign analysis carried out by area showed theateffect of product was
significant in all areasH between 9.55 and 37.78, p<0.001). SNK test canied
by area indicates that there was no differenceikifig between C+M1+S and
C+M2+S, whatever the area, nor between C and C+dtept in AU where
C+M1 was the least liked product (Fig.8).
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Fig.8. Scores given to the tested products in acdepce tests
(In each area, means taking the same letter wergigraficantly different from SNK testat =0.05)

(AU: Antananarivo urban, AR: Antananarivo rural, DAhtsiranana urban and DR: Antsiranana rural)

(C: cassava roots; Mioringa oleiferaleaf powder; S: sugar)

3.2.2. Product chosen by children

At the end of the test, children had to choose moeluct among the four products of the
test, as a reward for their participation. The @reracy at which each product was chosen by
children was first computed for all areas takeretbgr. A significant difference was observed
between the four productg?(= 98.05 ata=0.05). C+M2+S was chosen the most often
(41.98%) followed by C+M1+S and C (28.54% and 285 children respectively). C+M1
was the least chosen (8.96%).

Then, to evaluate the effect of area on childresiad) the frequency at which each product
was chosen was computed for each area (Fig.). InBWand DR, C+M1+S and C+M2+S

were the most chosen, at similar frequenci@b¥¢tween 0 and 3.2 at0.05), whereas in AR,

128



Chapitre 4

C+M2+S was chosen the most. C+M1 was chosen tlsé ilrarban areas, whereas the three
first products (C, C+M1 and C+M1+S) were chosen ldest in rural areas. A significant
effect of area on product choice was found onlydeM1+S 2 = 10.93 at. = 0.05).
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*%x |- = -] O C+M1+S
Xk ] mC+M2+S

>
(e
>
Py
@)
C
)
Py

Fig.9. Products chosen by children as remuneratio(?6)
(AU: Antananarivo urban, AR: Antananarivo rural, DAhtsiranana urban and DR: Antsiranana rural)
(C: cassava roots; Mdoringa oleiferaleaf powder; S: sugar)

(ns: no significant difference, *: significant défence with khi-square testat 0.05, **: significant difference with khi-square
test ato = 0.01, ***: very significant difference with kisquare test at = 0.001)

3.3. Discussion
The addition of MO leaf powder did not decreaselittieg of product based on cassava roots,
except in AU where the product containing leaf pemwdithout sugar was slightly disliked.
Moreover the products containing MO were chosemahbyajority of children in the four
areas. Thus liking of MO did not depend on its congtion frequency by children. Indeed,
the first part of our result showed that in AU akid, respectively 3 and 4 % consumed MO
frequently or more, versus 83% and 55% in DU and DRe result obtained from AR is
noteworthy because the percentage of children wdw dihosen the product with a double
amount of MO powder (C+M2+S) is high compared te tiwee other products. In this area,
population consumed more frequently green leafyetages, compared to the three other
areas (Rakotonirainy, Razafindratovo, Sarter, Aartarisoa, Dabat, Ralison et al., 201&3.

leafy vegetables are more largely available in A&d§ (Rakotonirainy, Razafindratovo,
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Sarter, Andrianarisoa, Dabat, Ralison et al., 20J&rhapsfamiliarity to green leafy
vegetables may have guided them to choose the CE\M2er the other products.

The presence of sugar enhances the liking of tbduyats by children. Sweet products
were rated higher and were more often chosen bgirehi at the end of the test. These results
are in agreement with the notion of innate likinfy ssveet products by children. This
predisposition to prefer a sweet taste is modibigdexperience with food (Birch, 1999). In a
study of Desor & Beauchamps (1987), half of thelblyears participants selected the highest
concentration of sucrose as their most preferresv ffears later, only 32% of these same
participants selected the highest sucrose condemsa

The addition of sucrose could be questionable deweloped country, but it is not
against dietary recommendations in a country swciMadagascar, where caloric intake is
often low. Moreover, our results showed that thespnce of sugar really increase the liking
of products containing MO leaf powder. Thus childiean be expected to consume sweet
product more than product containing only cassanhMO. Presence of sucrose could thus
promote a higher consumption of micro-nutrieni8,fatty acids and amino acids by children.

The prices of the four formulations were calculavgdconsidering that all ingredients
were bought in local market. Each sample of 10@gfcMGA102 (~USDO0.04), MGA222
(~USDO0.12), MGA239 (~USDO0.12) and MGA359 (~USDO0.1@) C, C+M1, C+M1+S and
C+M2+S respectively. A solution to make a cheag@stduct could be to promote the

plantation of MO in local family fields for example

4. Conclusion

The most important factors found on this study xpl&n cassava large consumption was
satiating power. Habits can also explain why cassawts take the place of second staple
after rice. The situation was different concernm@. Its consumption mostly depends on its
knowledge by people, and culture to consume it geagraphic area. MO was considered to
have positive properties and was appreciated bglpewho consumed it. But it is difficult to
imagine to integrate MO leaves in Malagasy repgriood at the same place as staple food,
because people would probably not consider thesa@ating enough. A better alternative is
to propose a food containing cassava and MO. ltwe&lsaccepted by children and could be
suggested to parents as a snack both satiatingpviding to their children micro and
macro-nutrients such as proteins aa3. In parallel, an education program about the

nutritional properties of MO leaves could be usedricourage households to grow MO.
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Il. Poster C:

Paradox between malnutrition and nutritional richness of
foods in Madagascar: the example of Moringa oleifera leaves

o9

Introduction

In Madagascar foad insecurity exists despite rich natural resourcas.

In other countries, Morings ofeifera (MO} was proposed as a polential
solution 1o malnutrition due to its high nutntional properties.

The aims of this study were (o understand:
= if MO Iz known and how it is percelved by Malagasy population
= what are the nuiritional properties of MO leaves from Madagascar

Materials and methods

Vonimihaingo Ramarason 12, Gaélle Arvisenet’, Louisette Rozanomparany? and Dominigue Valentin |
D ORGA, URA G265 CNRS, LIMRIZ2 INRA, Université de Bourgogre, Agrosag Difan 21000 - France,
£ LABASAN, Faculty of Sclence, Antanonarka University, Antananarivo 101, Madagoscor - reomimimngoiyahoo. fr

¥ ‘lﬂ "y ‘V"

Wl 20 %0 35% of population suller Tram malnublion
I 5 to 19% of population suller from malnulrition
B Countries where MO can be found

Representation of MO leaves irhlbh btk

- Krowiedge and consumplion of MO

= Characteristics atiibuled o MO leaves

Focus groups - 72 parenls of scholar age children
67 Y and 5 7, 19 = 62 years old

Questionnaire; 1000 parems af children

TET ' and 203 &, 18 = 59 years old

Aim;

Determination of nutritional composition
of MO leaves

Product: MO harvested in Antananarive, sun-died and millad into power

Analyses:
+Crude protein: Dumas Nitrogen Anafyzer, Conversion faclor from
nitrogen o crude probein: 4.4
*Crude fat; Randall Extractor, Acid hydrolysis: 1h; drying of
samples before exdraction. Extraction solvent: pelroleum ether
*Minerals: alornic absorption spedtramelny

“Results

Have you already
heard abouwt MO ?

Have you aiready
seen MO ?

Have you already
eatern MO leaves ?

i i (=7}

= MO is less known and consumed in Antananarivo than in Diego
—=MNo difference between rural ans urban areas was observed

Facior 2 - P Do%

Mot delferenl Froem
|oahar leal vegeiables

No particular knowledge

of the plant

*rovicdes mutrismnts

shouldn't be cooked
fio 1 |Ong

Prorecrs fredm
i gaes

Fatar 1 - Frin w

Carespondernce analiss of propedies attrbuted o MO leaves fn the four areas

Mutritional value of MO dried leave powders

Crude proteins (g/100g) 6.5

Cruile fat (g 100 g) 5.1

Total earbohydrates (g/10g)
Ca (g/100g)

Mg (/1 00g)

Fe {ma/100g) 54

Values wone averaged owver three or four replicates. Tofal carbohydrates value is

2x°
33X

Drind!d'ﬂpowdar" 1 X .

1 X <

Twice the protein
content of eggs

Three times more

calcium than Swiss
chesase

The same iron
content than crude lentils

The same magnesium
content than almonds

Conclusion

T AT A T AT T

Main results

* Thera is nutntional interest to add Mornga olsifera into Malagasy food repertory.

* MO leaves were not equally known depending on the area: participants in urban areas were aware of nutritional properties whereas
participants from Diego rural know how to cook il, In Antananarive rural, participants did not have specific knowledga about MO,

Perspectives:

* To find a way to Introduce MO leaves in Malagasy food repertory, by combining it with satiating foods, such as cassava or rfica.
* To inform population abowt MO properties: sensory and culinary aspects should by highlighted in urban areas, and nutritional properties

in rural areas.
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Si, & Madagascar, la malnutrition touche encore graede proportion de la population,
certaines ressources alimentaire a fort potentiglitonnel restent encore mal valorisées,
telles que les feuilles de MO. Cette étude visend’ part, a comprendre le niveau de
connaissance et de perception de MO par les pareatgache issus de quatre lieux
d’étude (AU : Antananarivo urbain, AR : Antananariural, DU : Antsiranana urbain et DR :
Antsiranana rural), et d’autre part, a connaitsepi®priétés nutritionnelles des feuilles de MO
venant d’Antananarivo. Cette étude combine uneedtigdreprésentation des feuilles de MO,
a travers des groupes focus et un questionnaidg kfurs analyses nutritionnelles (protéine,
lipide et minéraux).

A Antananarivo, les feuilles de MO sont moins ages et moins consommées qu’'a
Antsiranana ou 100% de la population les ont déjssommées. Aucune différence de niveau
de connaissance et de consommation n'a été obsemiéezones rurales et zones urbaines.
Les parents venant des zones urbaines (AU et DUassocié plutdét MO a un aliment bon
pour la santé et nutritif. Ceux de DR ont plus desnaissances liées aux aspects olfactifs et
culinaires des feuilles, tandis que ceux d’AR oomsidéré les feuilles de MO identiques a
toutes les légumes feuilles, traduisant un mangueodnaissance de cette plante dans ce lieu.
Du point de vue nutritionnelle, les poudres delfeside MO contiennent deux fois plus de
protéine que les ceufs, trois fois plus de calciure tps fromages a pate dure, la méme
guantité de fer que les lentilles et la méme qteamteé magnésium que les amandes. Cette
étude a montré l'intérét nutritionnel d’introduites feuilles de MO dans le repertoire
alimentaire malgache. Il est envisageable de faciltette introduction en combinant les
feuilles de MO aux aliments considérés comme étassasiants, tels que les racines de
manioc ou le riz. Les propriétés de MO doivent éommuniquées a la population afin de lui
apporter des connaissances sur leurs feuillesnaissances sensorielles et culinaires pour les

ménages en zones urbaines et connaissances muieites pour ceux en zone rurales.

135



Chapitre 4

V. Poster D :

Sensory acceptability of cassava snacks nutritionally enriched on Moringa oleifera leaf
powder among children from low-income households in Madagascar a

h-‘ L A 5 'L-‘cnllmhamgo Ramaroson Rakofosamimanana’?, Dominique Valentin® and Gadlle Arvisenef’ §
"CEGA, UMR 5285 CNRES, UMR1324 INRA Ummrgr.la de Bourgogns, Ageosus Djon 21000 - France, - |
2 Latoratoire @ Analyse Sensorels dAmbalobs, ORT-FOFIFA, Antananarive 101, Madagascar B

Introduction

48% of malagasy children under the age of | Cassava roots ; z ; ) Objective: To make nutritionally
five have stunting problem due to poverty. In ; =Security food" for low-income improved products from
contrast, Madagascar possesseas a huges 1 households in Madagascar available foods [cassava roots
number of nulrtious and edible plants, like -Satisting food but deficient in enriched with Moringa oleifera
Moringa oleifera (M.o.). Thesa natural food protein, minarals ., leaf powder) for malnourished
resources can be utilized to improve dietary +> malagasy children

guality in children, helping to prevent par "

malnutrition. In this study, M.o. leaf powder H?:.:;g:;::r:ra ::'L‘IJ': c?;::ﬁ::i::h“dm"
formulated products and
=Though cheap and available, analyze the nutritional
underutilized in Madagascar composition of Moringa oleifera

lg_af puwder ir! tha_ﬂ_e products
Materials and methods

Hedonic test
Assessors: 424 chadren between T and 12 yvears old

\ ) Locations: four public schocis from two regions ; Nutritional composition of
Formulation of the products ; - Anlananarivo (center) - population nod consuming Mo, P

= Antsiranana (narh} = population consuming M.o M.o. leaf PDWdE'FS.'

Product Cirated Moo, leaf Sugar baolh in urban (AL and DU respactively) and rural araas (AR

cooked with CEESHVA powder and DR I'BE-'DBE-‘H‘-'EE:I.

3 roeds cceptance fest :

i Hedanie measures by usir.:: pactural slrucuned scale: * Protein — Dumas method

C 106 . = o = Minerals {Ca, Mg and Fe) — Flame
= = S L et atomic absorption spectrophatometry

-Used to combat malnutrition in other

was added to cassava roots to nutntionally countries
improve cassava basad foods., _;.b

C+M1 4 X ik Nor disliked fikied
axtramaly nor liked axtramaly sFatly acids — Gas chromatagraphy
C+MI1+5 40,4

Choice test

Each child chose one amang the four products as a Measures in triplicate
remuneration after acceptance test

C+M2+5 SRR

Results

Scores given to the tested products in
pl;s?ll:e ot ¢ Products chosen by children (%) as

remuneration :

The level of acceptability of
formulated products increased
when sugar was added, regardiess
of the proportion of M.o.
incorporated. The sweat product
with the highest quantity of M.o.
[C+M2+5) was chosen most often
in the four areas, whereas the one

without sucrose with M.o. [C+M1)
The level of acceptability of M.o. by the children depended on region: C+M1 was more accepted in wag chosen least,. The

Antsiranana (rural and urban) than in Antananarive (rural and urban), where it was disliked sweatness facilitates the
slightly. = People from Antsiranana were familiar to M.o., unllke those from Antananarive. Introduction of M.o. for children.

Pratain Ca Mg Fa linalele ac a-fnolanle ac

Mutriticnal composition of Mo, leal powtear 26,49% DM F530 g 00 DM 2702 mgH00g DM G832 moi0boDM 1.7 moig MM 794 iy HM

quantity of nutreants 2% o1 M 0. leart poveine Q619 60.72 mg fi.48 mg 007 mg 04 mg 16 mg

ML <0 o PRt % of Mol feaf powdar ** T 182,18 mg 19.45mg 42 m t1zmg 057 ma

Participation of 5% of M.o. sccarding 10 distary rafershos
Intakes (DR1) for @ chilonen af 4-5 yo 12 46% of DRI 22, 7T of DRI 14 56% of DR1 &% of DRI 1.2% ol DRI 63.52% af DR

" Ok ddry matien), HM thumid matberh. " 3 lirss of guaality of Mo ihan thase in C+M2+5

Conclusion

Knowing that the snacks enriched on M.o. were accepted and liked by the children, and that they increased the protein and oligo
elements intake, this study can help to formulate products with higher concentration of M.o., in order to improve the nutritional status
of Malagasy children from low-inceme households.

The sensory study was founded by French Embadgitagascar (Parrur project) !
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Si les racines de manioc constituent I'aliment éeusité chez les ménages a faible pouvoir
d’achat malgache et sont considérées comme étardiment rassasiant mais pauvre en
proétine et minéraux, les poudres de feuilles de d@t utilisées pour lutter contre la
malnutrition dans d’autres pays et sont un alinperst cher et disponible mais sous valorisé a
Madagascar. Comme ces deux aliments se complaiéitiannellement, les feuilles de MO
ont été ajoutées aux racines de manioc dans ld'eatichir nutritionnellement ces racines.
Le but de cette étude est d’évaluer le niveau @pibilité des produits formulés et
d’analyser la composition nutritionnelle des posdte feuilles de MO.

Quatre formulations ont été fabriquées : C (100%tnes de manioc), C+M1 (racine de
manioc + 0,6% de poudre de feuilles de MO), C+M{r&8ine de manioc + 0,6% de poudre
de feuilles de MO + 10% de sucre) et C+M2+S (racdeemanioc + 1,2% de poudre de
feuilles de MO+ 10% de sucre). Ces produits onegtdues aupres de 424 enfants scolarisés
dans des écoles publiques de quatre lieux détusld : (Antananarivo urbain, AR :
Antananarivo rural, DU : Antsiranana urbain et DRntsiranana rural). Les tests hédoniques
comportent deux étapes : test d’acceptabilitésatili une échelle picturale a 7 points et un test
de choix ou chaque enfant devrait choisir un pdesi quatre produits proposés comme
rémunération. Ensuite, les apports nutritionnelsoaigés par 1,2% et5% de poudres de MO
dans les formulations ont été calculés : protém@&éraux (Ca, Mg, Fe) et acides gras
essentiels (acide linoléique et acidénolénique).

Le niveau d’acceptabilité de C+M1 dépend des régiahest plus accepté a Antsiranana
gu'a Antananarivo. Ceci peut étre expliqué en terme familiarité de cette plante par les
gens d’Antsiranana. Les produits sucrés (C+M1+S+2+S) ont été les plus acceptés et le
C+M2+S a été le plus choisi dans les quatre litanglis que C+M1 a été le moins choisi. La
présence de sucre a donc facilité I'introductionMi® chez les enfants. Une formulation
incorporant 5% de MO participe a environ 13%, 22,8%%0, 6%, 1,2% et 63,5% par rapport
a la consommation recommandée en protéine, calanegnésium, fer, acide linoléique et
acidea-linolénique respectivement chez un enfant de 4 @ams. |l peut donc étre envisagé
d’augmenter la proportion en MO ajouté dans le eadiaméliorer I'état nutritionnel des

enfants malgaches issus des ménages a faible palachat.
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V. Conclusion

Cette étude a montré gqu'’il est possible pour laufdmn malgache de fabriquer
facilement et a moindre colt des aliments qui eomi&nt des quatités intéressantes de
protéines, acides gras essentiels et micronutrgnehtqui sont également rassasiants et
appréciés. Toutefois, méme si les golters propmsésété appreciés, pour pouvoir aller vers
la phase d’'appropriation de tels golters par lesages pauvres malgaches, il faudrait
proposer un mode de cuisson adapté a ces ménageletdans ce projet, les gouters ont été
cuits a la vapeur, un mode de cuisson ayant I'aggntde minimiser la destruction des
nutriments thermosensibles présents dans le MO qaisie fait pas partie des modes de
cuisson coutumiers a Madagascar. Un travail d’agtation des conditions de cuisson devra
donc étre réalisé dans le futur avec une doubl&aate : développer un procédé accessible a
tous les ménages et ne dégradant pas les propriétégnnelles des produits. Les feuilles de
MO étant consommables a I'état frais ou en poudns gtre cuites, une solution envisageable
evitant la dégradation des propriétés nutritioresetierait de pratiquer la cuisson de l'aliment
support indépendamment de I'ajout de MO. En eféeMO peut étre ajouté apres la cuisson
de cet aliment support. De plus, la suppressiotadeuisson des feuilles de MO pourrait
eviter la présence de forte odeur décrite comméain a la consommation de MO par les

personnes enquétées a Antsiranana rural notamment.
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L’objectif général de cette these était de compremdurquoi une grande partie de la
population malgache souffre de malnutrition alorge gMadagascar est connu pour ses
richesses en ressources naturelles. Nos travasensdocalisés sur les feuilles de MO. Trois
approches ont été utilisées: I'approche chimiquéra&ers les analyses nutritionnelles,
'approche sensorielle a travers les tests dedsrigt hédonique et 'approche psychologique

axée sur les études des pratiques et croyancesnadiimes.

1) Causes de la malnutrition & Madagascar

a) Importance des habitudes et des structures desogances alimentaires de la
population malgache, au détriment du contenu nutribnnel des aliments

Cette these a permis de comprendre que les stesati@s croyances alimentaires de la
population malgache expliquent certaines originedadmalnutrition a Madagascar, tel que
montré a travers les études de representationsiradés feuilles de MO et des racines de
manioc. En effet, il a été montré que la populatibalgache privilégie les aliments
glucidiques car ils sont considérés comme étanplies rassasiants. Les produits céréaliers,
les racines et les tubercules sont considérés coayar@ ce caractere. Contrairement a cela,
les aliments riches en d’autres nutriments, tels lgs aliments sources de protéines et de
micro-nutriments, ne sont pas autant consommeésscae sont pas considérés comme ayant
le méme caractere que les aliments glucidiquegaibée consommation de certains aliments
a fort potentiel nutritif et la consommation impante d’aliments peu nutritifs résultent donc
des structures de croyances alimentaires dévelepjaes différentes régions de Madagascar

(Hypothese 2).

En plus des croyances, les pratiques alimentaiedgathes sont aussi responsables du
probléme de malnutrition a Madagascar. Ces praigoat étroitement liées aux habitudes
bien ancrées de génération en génération. La prempiatiqgue qui ressort de notre étude est
la surconsommation des aliments glucidiques, tplke déja mentionnée ci-dessus. L'exemple
le plus concret est la forte consommation de rid, ept héritée de la culture alimentaire
asiatique, puisque les premiers habitants de Madagales Austro mélanésiens, venaient

d’Asie (Randriamandimby, 1981; Serva, 2012). Lerdprésente entre 3/4 et 9/10 dans un
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repas malgache (Chan Tat Chuan, 2010). Le resteeghs (entre 1/9 et 1/4) constitue le

« laoka », 'accompagnement qui est sensé applageprotéines, les matieres grasses, les
minéraux et les vitamines dans une ration alimentalette faible proportion de « laoka »

explique la présence de carences en nutrimentsvéissehez une grande proportion de la
population malgache.

L’observation de ces croyances et pratiques notmgiade déduire que si les feuilles
de MO ne sont pas assez valorisées a Madagasesr,acla fois parce qu’elles ne font pas
partie des habitudes alimentaires et parce qu'slhed considérées comme peu rassasiantes
(hypothese 3).

La deuxieme pratique mise en évidence dans ceilt@staen lien avec le mode de
cuisson des aliments pendant une longue période.dda raisons d’une telle pratique est le
fait de pouvoir détruire tous les organismes patheg éventuellement présents dans les
aliments non cuits ou lors de leurs manutentionsque Madagascar est parmi les pays dont
la prévalence de mortalité liee au probléeme sagitast élevée (WHO, 2006). Or, l'effet
dégradant de certains nutriments dans les alinseiites a la cuisson pendant une longue durée
est bien connu. Afin de minimiser un tel effet, dt@s procédés de cuisson dégradant moins
les nutriments peuvent étre proposés a la populadiec des matériels facilement accessibles

et pratiques.

b) Accessibilité des aliments

Le fait de privilégier le type d’aliments glucidigs peut étre considéré comme un
« comportement de survie » chez la population nchlga faible pouvoir d’achat, puisque ces
aliments restent le groupe d’aliments accessibig ptie (Ramakrishnan & Huffman, 2008).
L’accessibilité englobe le prix et la disponibildés aliments dans I'environnement considéré.
Par exemple, pendant chaque « période de soudwesi-a-dire période de pauvreté
saisonniere entre deux récoltes, le riz devienmmdiisponible et plus cher a Madagascar.
Cette situation entraine le groupe de populatiarvgaa substituer le riz par d’autres aliments
encore plus glucidiques, tels que les tuberculekstracines, qui sont accessibles toute
'année (Dostie, Haggblade, & Randriamamonjy, 20@#) non seulement ces derniéres sont
déficientes en d’autres nutriments (FAO, 1990),9r&ies sont aussi souvent consommeées
seules sans accompagnement, contrairement awnmne observé dans nos résultats. Ceci

engendre par la suite des états de carences onutelies chez ce groupe de population.
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c) Connaissances nutritionnelles et sanitaires vsomnaissances culinaires et
sensorielle

Il a été également montré dans cette thése quessfelilles de MO sont moins
valorisées, ce n'est pas par manque de connaissanti@gionnelles ou sanitaires---entre 59 et
70% des participants ont caractérisé ces feuilbesnte étant nutritives et entre 60 et 75%
pensent qu’ils en ont besoin pour leur santé---mpait par manque d’appropriation de ces
connaissances. Ce manque d'appropriation se manifes I'incapacité de la population a
associer les connaissances recues a un changeensmgortement.

D’aprés SunWoong, ChungJa, AeJung, & Mihyun (2000gxiste une association
entre connaissances, attitudes et comportemenemtianes. A Antananarivo et Antsiranana,
cette association s’observe uniguement a paticdesaissances culinaire et sensorielle. En
effet, en comparant les résultats d’enquéte entnéarfanarivo et Antsiranana, plus de
participants caractérisent les feuilles de MO @pport a leurs connaissances culinaire et
sensorielle a Antsiranana qu’a Antananarivo, ceegtia mettre en lien avec sa consommation
plus importante a Antsiranana gu’a Antananarives tennaissances culinaire et sensorielle
sont basées sur une exposition et une manipuladion produit, contrairement aux
connaissances nutritionnelles et sanitaires qupdesnts ont des feuilles de MO, qui peuvent
étre non robustes face aux expériences alimentdies connaissances nutritionnelle et
sanitaire sont souvent basées uniquement sur desmations indirectes, telles que le
« bouche a l'oreille ». Enfin, dans une sociétésdevie, le comportement alimentaire est

plutbt basé sur les apports ressentis immédiatequensur les apports a long terme.

2) Stratégies d’introduction de MO dans le répertaie alimentaire malgache

Nos résultats ont montré que les feuilles de MQigihee malgache constituent une
source intéressante de divers nutriments (protéiaeisles aminés essentiels, acides gras
essentiels, minéraux...) et permettent de contribudia lutte contre la malnutrition a
Madagascar. Or il a été montré que les compositiatritionnelles de feuilles de MO varient
selon leur lieu d’origine (Hypothese 1). Dans l@ttjf d’introduire les feuilles de MO dans le
répertoire alimentaire de la population malnutriealgache, plusieurs stratégies

complémentaires pourraient étre proposées.

a) Optimisation de la valeur nutritionnelle de MO dorigine malgache
L’étude portant sur les caractéristiques nutritedtes des poudres de feuilles de MO a

montré des variabilités par rapport aux zones destation. Comme pour toutes les plantes, la
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variabilité de la composition nutritionnelle petrtedue a plusieurs facteurs tels que le climat
(Igbal, 2006), la composition du sol (Anjorin, lkak & Okolo et al., 2010;
Jongrungruangchok, Bunrathep, & Songsak, 2010)tatl'éde maturité des feuilles
(Bamishaiye, Olayemi, Awagu, & Bamshaiye, 2011)s Mariétés génétiques (Pandey,
Pradheep, Gupta, Nayar, & Bhandari, 2010). Il sedainc intéressant de contrbler ces
parametres pour pouvoir optimiser les compositiomtsitionnelles des feuilles a récolter et
identifier la période optimale de récolte. Pendane saison de pluie et chaude, le
développement des feuilles est plus rapide. MOepedes zones chaudes et humides pour un
développement optimal, telles que dans les régabigeres (Toamasina, Antsiranana et
Mahajanga). Par ailleurs, il a été montré par S@imang, Kang, & Tsai (2011) qu’aucune
variation n’a été observée par rapport aux tawpmdéines, de matiéres grasses dans les
feuilles récoltées en hiver et en été. Néansmadeassfeuilles récoltées en hiver sont plus
riches en calcium et en cendre. La période d’heesitue entre juin et aolt pour Madagascar.
Concernant les compositions du sol, I'ajout deilfsaint influence considérablement la
composition nutritionnelle de la plante. Les bitfesants microbiologiques ont été
responsable de 'augmentation des taux en protémasganese, fer, magnésium, potassium,
phosphore, cuivre et vitamine C (Zayed, 2012). fieesiles dites « vieilles » (20° semaine
apres la taille de la plante) contiennent le maximde taux en protéine, fibre, cendre,
matiéres grasses (Bamishaiye, Olayemi, Awagu, & Saatye, 2011).

En complément a cette stratégie d’optimisationadgdleur nutritionnelle de MO, la
population cible devrait étre encouragée a transorles feuilles en poudre pour une
meilleure concentration en nutriments. Pour unleilrésultat, le mode de séchage idéal est
le séchage a I'ombre car les rayons solaires déterti certaines vitamines (Bechoff, Dufour,
et al., 2009). La transformation des feuilles endre permettrait €également 'augmentation

de la disponibilité toute 'année et aussi une Iegik conservation.

b) Facilitation de I'appropriation des connaissance nutritionnelles

Il a été observé que la plupart des participantpuéteés dans notre étude ont des
connaissances nutritionnelle et sanitaire du MO &amtre, il semble que I'éducation
nutritionnelle et sanitaire qu’ils ont recue n'aspaussi a modifier leur comportement vis-a-
vis de la valorisation des feuilles de MO. Des mesul’appropriation de telles connaissances
sont nécessaires en complément. Afin de ciblerelgfants, ces mesures d’appropriation

doivent considérer certains contextes :
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o S’adresser aux parents, notamment aux meéres, &inreddre le programme
d’éducation nutritionnelle beaucoup plus effica@mslles ménages (Sheikholeslam,
2004).

» Favoriser les interactions entre les enfants de en@ge a I'école ou avec les
personnes ayant une influence sociale au cours dedsommation de ces aliments
(Hendy & Raudenbush, 2000; Olsen, Ritz, Kraalj, &lMr, 2012). Des collaborations
avec les écoles pourraient étre poursuivies dassme

* Multiplier les contextes dans lesquelles les alitm@mrichis en MO sont visibles pour
les enfants. Il s’agit de la notion de simple exjpms telle que développées par
Zajonc, & Robert (1968). Ces contextes d’exposifienvent étre multiples : dans les
écoles (cantines scolaires, vendeurs d’aliments cwi a la maison). La présentation
sous forme de godlters peut s’averer plus efficdeds ce cas, pour les enfants
malgaches. Toutefois, il faut faire attention depas entrainer la lassitude avec des
expositions trop répetées (Olsen, Ritz, Kraaij, &lMr, 2012).

» Créer plus d’'occasions de consommation de ces @ignpar exemple en utilisant les
moments de récréation le matin, correspondant aaments de faim entre deux repas
(Williams, Paul, Pizzo, & Riegel, 2008)

c) Augmentation de la disponibilité de MO au niveaules ménages

Il serait judicieux d’augmenter la disponibilité dette plante au niveau des ménages.
Des ONG présentes a Madagascar, telles que SurLifegrse sont impliquées dans la
promotion de la plantation de MO dans les champslitaux, notamment en milieu rural ou
la population est beaucoup plus pauvre. Leur lait é¢ rendre les feuilles de MO facilement
accessibles au méme titre que les autres léguniegeet les autres ressources alimentaires
destinées a I'auto-consommation. Cependant cesnacti'ont pas eu les résultats escomptés
et et n‘ont pas débouchées sur la plantation de Ni3.résultats fournissent une explication
possible de cet echec. La population rurale makgastirtout pauvre, a tendance a prioriser
plutét la plantation d’aliments qu’elle juge com#tant rassasiants.

Afin de pouvoir réussir toute action promouvant péantation de ressources
alimentaires a fort potentiel nutritionnel, tel deeMO, il peut étre, par exemple, proposé a
ces ONG d’inclure dans leur programme une actiocotiemercialisation des produits dérivés
des autres parties de la plante. Par exemple, dlansres pays, plusieurs acteurs se sont

lancés dans la fabrication des huiles de graindd@gTsaknis & Lalas, 2002). En effet, le
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fait d’'inclure un aspect commercial et une souregavenus potentiels est probablement plus

motivant pour une population pauvre.

d) Association des feuilles de MO a un aliment dealse habituel

Pour faciliter I'introduction des poudres de MO dde répertoire alimentaire des
Malgaches, elles doivent étre mélangées a des rabnfamiliers, peu chers, disponibles,
appréciés et rassasiants. Les aliments possédawtitares peuvent étre différents selon les
régions considérées. Par exemple, pour le cas sitAinina, les bananes plantains sont les
plus consommées apres le riz, d'apres les donesess des groupes focus et d’enquéte. Pour
Antananarivo, les racines de manioc respectentiEses. Les patates douces, le taro, le

mais... peuvent étre aussi utilisés selon le lieu.
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Cette thése a montré que la prévalence de la migiloith Madagascar peut diminuer
Si toutes les ressources alimentaires potentietiemetritives, telles que les feuilles de MO,
sont valorisées. Toutefois, pour que lintroductide tels aliments dans le repertoire
alimentaire de la population cible soit efficaceyx-ci doivent étre acceptés du point de vue
sensoriel. Des optimisations de formulations sdadessaires afin de pouvoir améliorer les
gualités organoleptiques des produits formulés. dmsnisations au niveau de la flaveur ou
de la texture peuvent étre opérées, en ajoutantypample d’autres ingrédients dans la
formulation. D’autres types de formulation destia@ecommerce local, telles que les produits
de biscuiterie ou de patisserie, comme dans legseds Dachana, Jyotsna Rajiv, Indrani, &
Prakash (2010) et de Owusu, Oduro, & Ellis (20%aiht aussi envisageables. Des proportions
en MO plus élevées peuvent encore étre testéesdadlytenir un produit s’approchant
davantage des apports nutritionnels recommandéegr& nos calculs, si on incorpore 5%
(m/m) de poudre de feuilles de MO dans un golte2Qfeg, cela participera environ a 13%,
23%, 15% et 6% des apports recommandés journaiefmotéines, calcium, magnésium et

fer, respectivement, chez un enfant de 4-5 ans.

Actuellement, plusieurs ONG oeuvrent dans la prasnodles feuilles de MO dans le
cadre de l'aide nutritionnelle. Comme exemple d’'QNG peut citer « Bel Avenir » (Toliara
et Fianarantsoa), Sun For Life (Antsiranana). Emés de perspectives, il est envisageable de
mettre en pratique les stratégies d’introductionMiD dans le repertoire alimentaire de la
population afin de valoriser toutes les ressouat#sentaires intéressantes du point de vue
nutritionnel et disponibles a Madagascar. La mé@matche est applicable dans d’autres

pays touchés par le probléme de la malnutrition.
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Annexe 1. Modéle de Pilgrim (1957)

ACCEPTANCE
Perception
Physiologie Sensation Attitudes
(internes) (externes)
Faim Environnement
Appétit Apprentissage
Aliment Organisme
(Stimulus) (Récepteur)
Permanent

Aliment

Annexe 2. Modéle de Randall et Sanjur (1981)

CONSOMMATION

!

PREFERENCE

Caractéristiques Caractéristiques Caractéristiques

de 'individu de I'aliment de I'environnement
*Age *Got *Saison

*Sexe *Apparence *Emploi

*Education *Texture *Mobilité

*Revenu *Prix *Degré d'urbanisation
*Connaissances en nutrition *Type d'aliment +*Taille de la famille
*Dons pour la cuisine / *Mode de préparation +Etape de la vie familiale
Créativité culinaire *Forme

sAttitudes vis-a-vis de |a santé *Assaisonnement

et du réle de I'alimentation *Association avec d'autres

dans la santé aliments




Annexe 3. Modéle de Khan (1981)

Facteurs personnels Facteurs socio-économiques Facteurs éducatifs
*Niveau des attentes *Revenu de la famille *Niveau d'instruction
*Priorité *Colits des aliments de l'individu
*Familiarité *Significations symboligues *Education nutritionnelle
*Influence des entourages +Statut social de la famille
*Personnalité individuel *Sécurité Y
*Appétit *Société
*Humeurs & émotions
-Significations liés aux aliments Facteurs culturels,
religieux et régionaux
I *Origines culturelles
Facteurs biologiques, *Religions
physiologiques *Croyances et traditions
et psychologiques PREFERENCE "Culture
“Age *Race
Sexe *Régions géographiques
*Changements physiologiques 1
*Influences psychologigues
. P Facteurs intrinséques
Aspects biologiques -Apparence
i *Odeur
Facteurs extrinséques *Température
*Environnement *Saveur
*Situation *Texture
*Publicité *Qualité
et marchandisage *Quantité
*Temps *Préparation
et variations saisonniéres *Méthodes et présentation
Annexe 4. Modéle de Land (1983)
Expédence
Aftributs Préférences Préférence Attente
sensoriels  sensorielles  sensorielle Disponibilite _ Niveau
Paramétres spédfigues spécifiques globale d'acceptation
de préparation r r l l l _
— = _““‘“‘*
l l l Odeur . L T L
Paramétres __, Got i i Intégration -
defabrication . a) IMENT — Toucher —» —» | —= ACTION
et de stokage . T T T Son B - -— centrale L
- —
et B
N /r':-’ B
Propriétés - L
physico- - - T T T
chimiques
Publicité
Prix

Circonstance, etc.



Annexe 5. Modeéle de Shepherd (1985)

ALIMENT PERSONME ECONOMIQUE
e SOCIAL

Frix, dispanibilité, ]

Praprigtés chimigques wnsariels
Contenu nutritionnel | Epect, arfme, texture, golt |

marque, culture,

Propriétés physiques [ Perception des attributs
envirannement social

Facteurs psychologiques
personnalits, expérience,
état dhumewr, croygnoes

Effets physiologiques ATTITUDES envers:
satféesd, folm, soff, appétit propriétés sensorielles,
santéinutrition, prixivaleur...

N .l

| o amentare |
*
[ CONSOMMATION ]

Annexe 6. Modéle de Gains (1994)
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Annexe 7. Résumé en anglais du poster A : “Bilingli@anels: a tool to evaluate the role of languagai
descriptive tasks”

Cross cultural studies relating sensory profilealdsthed in different countries suggest that
part of the observed cultural differences mightdoe to language. Indeed, participants in
cross cultural studies often have different foodeziences as well as different languages and
so the effects of language and cultures cannotabi#yeseparated. A way to separate these
effects is to work with bilingual assessors. Mada&ga is a good candidate to perform such a
study as two languages coexist in this country:agasy and French. Four flash profiles were
performed to evaluate six sampledvidringa oleiferaleaf powders: two in French and two in
Malagasy. The descriptors generated by the fouelpawere classified in six categories:
appearance, touch, odor, flavour, texture and saimedrequencies of terms of each category
were computed for each language condition. Chidsjtests failed to show any difference
between the French and Malagasy groups. In botjukeges the appearance and taste terms
were more frequent than the other terms, followgddor, touch, texture and sound terms.
However a qualitative analysis showed that theipeeess of the terms in a given category
depended upon the language. Malagasy terminology neaer than the French one for
several categories. Multiple factor analyses whentcarried out to evaluate whether these
gualitative differences in language led to différproduct maps. Higher between (0.85) than
within language RV coefficients (0.78) were obsdrvMer the taste / odor descriptors
categories. For the other descriptors no effetarmjuage was observed on the positioning of
the powders. This effect of language on the odstdtaategory can be put in perspective with
previous results showing a strong effect of cultomearoma descriptors (e.g. Tu el al., 2010)
and suggest that such an influence might be disntuage availability effects.



Annexe 8. Résumé en anglais du poster B : “Food de factors in developing countries: The case of
Madagascar”

Madagascar, a developing country, suffers from @sedspoverty. Although some natural
resources exist, malnutrition problems continuaffect a large proportion of the population
especially in rural areas. The main purpose of shely was to evaluate the effect of
geographical and economical environments on foooicehdeterminants in Madagascar.
Focus group discussions and questionnaire surveyre warried out to investigate the
representations of the concepts of eating and tiutriin four areas in Madagascar:
Antananarivo urban (AU) and rural (AR), in the genpart of Madagascar, and Antsiranana
urban (DU) and rural (DR), in the northern codst.all areas 72 parents of schooled children
participated in the focus groups and 1000 in thestjannaire surveys. Focus groups were
conducted using a semi structuriederview guide. Audio recordings of the groups ever
transcribedrerbatim. Majoithemes and subthemes were identified, and repegsantuotes
were selected. Questionnaires were analysed udingsgquare tests and correspondence
analysis to emphasize the similarities or diffeembetween areas. Price, diversity and health
were the most important factors in overall housesiofood choice. Parents in AU and AR
were more concerned by health, nutrients contentd @eanliness of foods, whereas
children’s liking was emphasized in DU, and in D&ents took more into account satiation,
availability and habit. Differences between runatlairban areas were visible in Antsiranana
but not in Antananarivo. These results underline tiecessity to take into account the
geographical and social environments into educatipnograms to valorise neglected high
nutritious foods available in Madagascar.



Annexe 9. Résumé en anglais du poster C : “ Paraddetween malnutrition and nutritional richness of
foods in Madagascar: the example dfloringa oleiferaleaves”

Madagascar has two faces: a developing country avhigh percentage of population under
poverty scale, and a country rich in natural resesir Only few studies examined this
paradox between malnutrition prevalence and foalawility. In other developing countries
Moringa oleifera(MO) was proposed as a potential solution fohitgh nutritional value. In
Madagascar this plant grows in the wild.

The present research investigated why MO leavesatr@art of Malagasy diet and how it
could be introduce as daily food. A first study exad the actual nutritional composition of
Malagasy MO leaves, and a second one the perceiwedional value of these leaves by
Malagasy people.

Results showed that the dried leaves are very aitltrude protein, essential fatty acids,
calcium, magnesium and iron. In contrast, the comgion of MO leaves is scarce and their
nutritional properties not known by the populatiddifferences were observed between
population from Antsiranana (north) and Antanamar(ecenter). If, in Antananarivo, only
30% of the respondents consume these leaves, $Begiated them to a healthy food. But in
the Antsiranana, where this plant is more availadnbel 100% of the respondents have
consumed it at least once, no spontaneous associgitih nutrition was observed. Moreover,
the representation the respondents had of thegedetkiffered in rural and urban Antsiranana
areas. In rural areas knowledge about the sensopepies of MO leaves and their cooking
specificities were observed, whereas in urban dvadeaves were not distinguished from
other Malagasy leaves. This research showed th#ddsy people are not well informed
about foods which are good nutritionally and eaaigilable. The next step will be to find a
way to introduce foods containing MO leaves in Malsy food repertory and to convey a
clear message on the nutritional properties ofelegves.

VI



Annexe 10. Résumé en anglais du poster D : “Sensaagceptability of cassava snacks nutritionally
enriched onMoringa oleiferaleaf powder among children from low income houseHlds in Madagascar”

Ninety two percent of Malagasy population liveshwiess than two dollars per day. This
situation contributes to undernourishment, paréidyl among children from low-income
households: 48% of children under the age of fimeehstunting problem. Yet, Madagascar
possesses natural food resources with high nutatigalue, like leaves d¥loringa oleifera
(M.o.), rich on protein and different oligoelements. 3&enatural food resources should be
valorised by incorporating them into children diet,order to help improving the balance of
the diet and thus fight against malnutrition. Imststudy, M.o. leaf powder was added to
cassava roots, which are consumed as a “secudty ,fduring lean period, when the harvests
are exhausted and the price of food products isete@he obtained product was a snack
targeted to schooled children. The objective waddtrmine if children would accept this
new product. Four formulations were made: cassdonea cassava with 0.6% dfl.o.,
cassava with 0.6% dfl.0. and 10% of sugar, and cassava with 1.2%/ad. and 10% of
sugar. Two hundreds and twenty four schooled atiidbalanced over four locations (urban
and rural areas of two regions: Antananarivo, wié&i is not known by the population, and
Antsiranana, whereM.o. is known and consumed by the population), measuhsd
acceptability of the snacks. The measure was madssing facial 7-points scale (1: disliked
extremely, 4: nor disliked nor liked, 7: liked extnely). Results showed that the level of
acceptability oiM.o. by the children depended on region: cassava esttiblgM.o. was better
accepted in both Antsiranana rural and urban (danep score = 4.24-6.64), than in
Antananarivo, where it was slightly disliked (aczemre score = 3.5 and 3.77 respectively in
urban and rural area) when no sugar was added. ikgathvat the snacks enriched tho.
were accepted and liked by the children, and th&g increased the protein and oligoelements
intake, this study can help to formulate produadtk Wwigher concentration dfl.o.,in order to
improve the nutritional status of Malagasy childfiezm low-income households.

VII



Annexe 11. Questions posées lors des discussionscaes groupes focus

Concept de la “Nutrition”et du godt
v" Sije vous dis « nutrition » qu’est-ce qui vignbistanément dans votre esprit?
v/ Etsije vous dit “got"?
Criteres de choix et habitude alimentaire
v Sivous penser a votre alimentation, qu’est-ceegtiie plus important pour vous, le cété parce que
votre corps en a besoin ou le c6té parce que esten golt? donnez des exemples.
v' Qu’est-ce qui est le plus important pour votrea@it? donnez des exemples.
v" Quel genre d’aliments avez-vous I'habitude de mehge
v" A quelle fréquence cet ou ces aliment(s) est/agsing(s) a la maison (dans la semaine ou dans un
mois)?
v' Quels critéres sont pris en compte par la persaguies’occupe de la préparation des aliments quand
elle choisit les aliments a cuisiner ? donnez desiples.
Préference alimentaire des enfants et aliments resonandés
v' Parmi les aliments montrés dans les photos, lesgait les aliments habituellement consommés par
vos enfants?
v' Pour quelles raisons vont-ils choisir tel ou telhaént ?
v' Parmi ces aliments dans les photos, y a-t-il d’alirts que vous trouvez que vos enfants devraient

privilégier alors que vous ne leur en donnez pas/eat ?

Manioc
Si le manioc est cité : Si le manioc n’est pas cité :
Voir si les caractéristiques v Est-ce que vos enfants
de manioc en rapport avec consomment du manioc?

la santé ont été abordées

— T

Si oui Si nor
v Que voulez-vous T~ A votre avis, est-ce que
dire par 1a? le manioc est bon

nutritionnellement?

/ \ Si nor
Si ou l

v'Quel genre de nutriment
mangué dans le manioc?

Concldfe que le manioc ne permet pas de remplinaéonction d’aliments correspondgnt aux besoins
nutritionnels du corps humain mais il doit étre smmmeé avec d’autres aliments, tels que les alinreaftes
en vitamins, en proteins...

v' A votre avis, quels genres d’aliments peuventr@g@ngés au manioc pour former un aliment complet
ou riche nutritionnellement?

VI



Manioc et Moringa ensemble

Si le Moringa est cité : Si le Moringa n’est pas cité, montrer la photo de
Moringa et parler de la richesse des feuilles

v' Pouvez-vous expliquer mieux pourquoi avez- en nutriments :

vous citer Moringa ?
v' Pour vous, est-ce que ¢a vous direz de

mélanger du manioc aux feuilles de
Moringa ?
v'Imaginez-vous dans une situation ol vous n'avezigagent et qu'’il n’y a rien d’autres a manger que
du manioc et du Moringa. Vous étes obligé de prépan aliment nutritif pour vos enfants a partir de
ces deux ingrédients. Comment allez-vous les eui8iftappelez-vous que cet aliment sera destiné a

votre enfant).
v' Selon la recette que vous avez pu créer, est-eltétpadaptée en tant que repas principal ou ert tan

que godter ?



Annexe 12. Questionnaire lors des enquétes

Codes enquéteurs : Date de l'enquéte : N®questionnaire : Lieu :

I. Connaissance des parents de la « nutrition » et du « goQt »

Q1 : Pour vous, quels sont parmi ces adjectifs les 3 qui permetfent de définir le mot « nutrition » ?

0 Cher Mutritif

L Propre 1 Bien cuit

7 Equilibré 1 Délicieux
Rassasiant Autre :

Q2: Citez 3 aliments avec une bonne valeur nutritionnelle :

Q3: D'aprés vous, quand vous faites les courses, quels sont les 3 critéres les plus importants ?
o Diversité - Budget Disponibilité Ce que les enfants aiment
1 Ce qu'on a I'habitude d'acheter 11 Santé

Q4 : Quand vous faites & manger aux enfants, quels sontf les 3 critéres les plus importants ?
) Propreté [ Richesse en vitamines et calcium | Rassasiement
7 Diversité 11 Ce gue les enfants aiment 1 Apport d'energie

Q5: D'aprés vous, est-ce que ces aliments peuvent remplacer le riz en général?

Prix Disponibilité aleur Golt Hata
nutritionnelle
Mais ] oui non =]
Fruit & pain 0 oui nan
Manioc [ Ui non
Banane plantain [ oui non
Patate douce Coui L non
Taro Loui L non
Pate Coui 0 non

QE: Quelles sonf, selon vous, les 3 caractéristiques

du manioc ? Méme question :
Apportant d'énergies et de Pas bon goit
vitamines Pas cher
Rassasiant 0 Plat occasionnel
Maux d'estomac O Pas facile a trouver
Saignement des dents | Dépannant
Décalcifiant ] Consomme du sucre
Diversifie le repas

Q7: Plantez-vous du manioc ? 1 oui L1 non
Sioui, le mangez-vous? [ oui non
Q8: Avez-vous déja: [ entendu parlerde i wvudu 1 mangé du Moringa?
O l'avez-vous vu, si vous l'avez déja vu 7 1 bord des routes 1 volre cour | au marcheé
Quelle ville? 0 Tamatave Antananarivo - Diggo Suarez autre:

Si vous l'avez dans votre cours, 0 vous ['avez planté vous-méme [ ou il a déja poussé tout seul?
Q8: Avez-vous déja fabrique de la poudre de Moringa 7 0 oui T non
Q10: Avez-vous deéja mangé la poudre de Moringa? oul Tnen

Si oui, parmi ces ingrédients, quels sont les ingrédients que vous mélangez & la poudre de Moringa ?
o Riz 1 Viande — Brede 1 Poisson © Manioc

Q11 Quelles sont, selon vous, les caractéristiques des feuilles de Moringa?

J'en ai besoin pour ma santé Coui  [1non
Elles guérissent [ oui  [C1non
Elles protégent des maladies [l oui  CInon
Elles apportent de nutriments Coui  [Inon
Elles ont une odeur forte Coui  [Inon
Elles ne doivent pas étre cuites longtemps

Elles ne sont pas différentes des autres brédes




Codes enguéteurs : Date de l'enguéte : N*guestionnaire : Lieu :
Il. Pratigue alimentaire des enfants :
Q12: Faites vous les plats de fagon spéciale pour vos enfants 7 01 oui 0 non

Q13: Quels sont les 3 aliments préférés de vos enfants
- oui £ non
[ oui [ non
L oui L non
Q14: Est-ce ces aliments ont une bonne valeur nutritionnelle 7

II.1. Structure des repas

Petit-déjeuner
Q15 Quels aliments sont consommés au petit déjeuner ?
Jamais Rarement Souvent Tous les
(=2fimais) (=2fimais) jours

riz O O [ 8]
bréde ] o [& &)
viande O O & ]
poisson O u| O ]
beignet (] u] [u O
lait =] O D [u]
thé O O D [u]
café (] O D O
pain (m} O O O
Tuberculesiracines O O O O
autre ; [m] O O ]

Déjeuner

Q16: Contexte de la prise : © Alamaison alacantine [ autre:

Q17: Quels aliments sont consommeés au déjeuner 7

Jamais Rarement Souvent Tous les
(=2fimois) {=2fimois) jours
riz O u] O [w]
bréde m} O O O
viande [m] ] O [m]
poisson O O O O
beignet =] =] o =]
pain m} O O [}
Tubercules/racines ] u] O O
autre : O O O O
Golter :
Q18: Fréquence de prise de golter .
Matin Aprés-midi
Jamais Rarement | Souvent | Tous les Jamais Rareme | Souvent | Tous les
(<2fimois) | (>2fimois) jours nt (=2ffmois) jours
[ Mioninke)
O a a a 0 m] O O
Q19: D'ou provient le godier :
Matin Apres-midi
Parent De la cantine Enfant achéte Parent De la cantine Enfant achéte

Q20: Quels aliments sont consommeés en goliter?

Jamais Rarement Souvent Tous les jours
(=2fimais) {=2flmais)




Codes enquéteurs : Date de I'enquéte : MN"guestionnaire : Lieu :

mais o [} i [m}
taro o [m] 0 [}
beignet 0 O O =]

& ramanonaka =,

« mofogasy » o O mi O
pain O m] m| m]
biscuit = =] = =]
Patate douce [ O [ O
manioc o [ i [}
autre : o [m} i [m}

Diner :
Q21 : Quels aliments sont consommes au diner 7
Jamais Rarement Souvent Tous les jours
{=2f'mois) (=2fimois)
iz [m] D (m] a
bréde O D O a
viande [N o 0 ]
poisson m O m| O
Tubercules/racines = = =] 0
autre : m| D O O
11.2. Manioc
Q22 : Est-ce que vos enfants aiment le manioc? Ooui Cnon

Q23: Fréguence de consommation? = Jamais © Rarement 0 Souvent 1 Tous les jours

Q24: A quel moment dans la journée vos enfants consomment-ils le manioc le plus fréquemment?
O Golter le matin 0 Godter dans |'aprés-midi 0 Petit déjeuner 0 Repas du midi 0 Diner

Q25: Parmi ces ingrédients, lesquels ajoutez-vous au manioc ?

Jamais Rarement Souvent Tous les jours
(=2fimais) {=2fimois)
cocn =] = = =
sucre 0 0 0 =]
sel =] [ O [
huile 0 0 O =]
cacahuette 0 0 0 =]
bréde o O 0 O
autre: o O 0 O
II.3. feuilles de Moringa
Q26: Est-ce que vos enfants aiment les feuilles de Moringa? 1 oui [ non

Q27: Fréguence de consommation? [ Jamais (1 Rarement 0 Souvent (1 Tous les jours

Q28: A quel moment de la journée vos enfants consomment-ils les feuilles de Moringa le plus fréquemment?
L1 Godter le matin 1 Godter dans I'apres-midi 1 Petit déjeuner 1 Repas du midi 1 Diner

Q29: Parmi ces ingrédients, lesquels ajoutez-vous aux feuilles de Moringa?

Jamais Rarement Souvent Tous les jours
(=2fimois) (>2fimais)
coco D O O O
sucre O O O ]
sel O u| O |
huile D | ] O
cacahuette D | m] O
bréde D 0 =] 0
aufre: O O m] O
Q30 : Vos enfants acceptent-ils facilement les nouveaux aliments ? -1 oui - non

Xl




Codes enquéteurs : Date de I'enquéte : N®guestionnaire : Lieu :

Q31 : A votre avis pour faire apprendre & un enfant un aliment nouveau ?
1 Faire godter plusieurs fois cet aliment
Apprendre a I'école les bienfaits apportés par 'aliment nouveau
1 Ajouter d'achard/rougaille a coté de I'aliment
- Donner les aliments a la cantine

ll. Informations socio-démographiques:
Q32 : Sexe: 1 homme © femme

Q33 Quartier de résidence ;

Q34 Depuis combien d'années vous habitez 15 7 Vatre conjoint

Q35: Ou habitiez-vous avant ? Votre conjoint

Q36: Combien d'enfants sont en classe primaire sous la charge des parents 7
Q37 Votre niveau de scolarisation: 0 niveau primaire © niveau BEPC niveau BAC université
Q38: Nombre d'enfant dans le foyer 7
Q39 Vont-ils a l'école : O publique o prive ?
Q40: Quelles sont les activités du foyer ?
0 Agriculture [ Elevage 1 Péche =1 Ouvrier 0 Employe de maison 0 Commerce de rue
0 Indépendant 0 Salarié 0 Cadre ¢ Activité saisonnier O Autre L......oooviiiinin
Q41:Votre dge : Lmoinsde 25ans 1 25-40ans 41 -55ans 156 ans et plus
Q42: Revenue mensuelle du foyer:

o Moins de Ar 50000 | Ar 50000 — 100000 ©Ar 100000 — 200000
1 Ar 200000 - 300000 O Ar 300 000 — Ar 500 000 O Plus de 500000

Xl




Annexe 13. Questionnaire lors du test hédonique

Lieu: . oo Animateur

1/Test d’acceptabilité

Ech 1

Moins aimé

(Boire de 1'eau entre 2 échantillons)
Ech 2

Moins aimé

O OJ L O )

{Boire de 1’eau entre 2 échantillons)

Ech 3

e 6 6 o

O OJ ) O )

(Boire de 1"eau entre 2 échantillons)

Ech 4

Moins aimé

o O o O 0O

2/ Informations socio-démographiques : entourer la réponse

Age: <7 ans 7-8 ans 9-10 ans 11-12 ans
Sexe: gargon fille
Classe : | <CP2 CP2 [ICE CM1 CM2

D © O ¢

O O o O O

@ ©® O ¢

D © O ¢

N® quest: .......

Trés aimeé

© &

o O

Trés aimé

© ©

o O

_ Tresaime
O &
(] J

Trés aimé

© ©

o O

=12 ans

[l Autre

3/ Test du choix : Ecrire le code de ’échantillon choisi ¢

XV



Annexe 14. Composition en macronutriments et en amines de feuilles ddloringa oléiféraissues de différentes origines d'apres la littérare (MS : Matiére Séche)

Auteur(s) et année  Type de feuilles Origine  Humidité Protéines Lipides Glucides Cendres Vitamine A Vitamine
analysées des (%) totales totaux totaux (% brutes ou C (mg/
Feuilles (% de (% de de MS) minéraux 100g de
MS) MS) (% de MS)
MS)
(Broin 2006) Feuilles fraichesynthése de 29 +/- 6 8+2,5 387 11+2.2 15620+ 6475 U 773+ 91
plusieurs (dont
origines fibre: 10+
3)

(Makkar and Becker Feuilles fraiches Nicaragua 26,4 8,87
1997)
(Makkar and Becker Feuilles seches Nicaragua 25,1
1996)
(Sanchez 2006) Feuilles fraichdsicaragua 83,6 17,8 10,76
(Sanchez-Machado, Feuilles séchéesMexique 22,42 4,96 27,05 14,6
Nufez-Gastélum et al.a I'étuve
2010)
(Mohammed, Feuilles fraiches Mexique 75 22,73
Sarmiento-Franco et
al. 2012)
(Zayed 2012) Feuilles fraicheg&gypte entre

ou séches 20et4l
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(parametres:

engrais bio)
(Ndong, Wade et al. Feuilles fraichesSénégale 73,57 4,95 28,60 2,42
2007) Poudres de 4,53 7,85 35,33 11,39
feuilles
(Richter 2003) Feuilles fraichedliger 93,8 25 10,6 8,4
(Sena, VanderJagt et Feuilles séchéesNiger
al. 1998) au soleil 22,9
(Amaglo, Bennett et alFeuilles Ghana 28,1et 5,04et
2010) 29,4 7,21
(Moyo, Masika et al. Poudres de South
2011) feuilles Africa 9,53 30,29 6,5 7,64
(Shih, Chang etal.  Feuilles (d'hiver Taiwan 25,29 et 5,75et
2011) et d'été) 24,42 5,37 8,53 et 11
(Kidmose, Yang et al. Feuilles fraiches Taiwan B-caroténe: 6630
2006) ng/100g
(Ruby, Nathan et al. Poudres de Inde 14,04 3 12,07
2000) feuilles
contaminées par
Cynopterus
sphinx
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Annexe 15. Composition en minéraux (en mg/g par rggort a la matiére seche) des feuilles ddoringa oleiferaissues de différentes origines d'aprées la litterate

(Broin 2006) (Zayed (Ndong, Wade et al. (Anjorin, Becker & Makkar [non publié] (Moyo, (Shih,
2012) 2007) Ikokoh et al. Masika et al. Chang et (Barminas
2010) 2011) al. 2011) 1998)
Nigeria Nicaragua India Niger Afrique du
Origine Egypte Sénégal Sud Taiwan Nigéria
Feuilles Feuilles
Type de fraiches Feuilles Poudre de (2 régions Poudre de  (d'hiver et Feuilles
feuilles ou séches fraiche feuilles  différentes) feuilles d'été) séchées
Ca 870 et
1924+ 288 423,19 1526,74 346,3 et 382,7 1750 2640 1390 3650 1862 2040,6
Mg 422+ 52 3.112 97, 27 428,812,5 et 80,56 11 11 11 500 450,6
Fe 28+ 6 0,8 21,72 18,86 4,1 et 7,88 58,2 17,5 34,7 28,7
P 267+ 49 ~25 1160 1360 1220 300 896,7
1384+ 420 <12 254,44 888,5 1910 2170 1840 1500
Na 70,87 77,17 1160 2730 2610 164
Cu 1+0,2 0,003 4,4et4,3 1,12 0,71 1,06 0,81 1,3
Mn 8,4+24 <0,09 4,71 5,18 11,39 8,68 7,7
Zn 2,5+ 0,6 <0.078 1,13 2,13 1,35 1,37 2,42 3,1 25,5
S 630
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Annexe 16. Composition en acides aminés (en mg/grpapport a la matiére séche) dans les feuilles de

Moringa oleiferad'apres la litterature

(Makkar (Sanchez- (Moyo, (Freiberg (Richter (Sena,
and Becker Machado, Masikaet er1998) 2003) VanderJagt
1996) Nufez- al. 2011) et al. 1998)
Gastélum et
al. 2010)
Origine Nicaragua Mexique  Afrique diNiger Niger Niger
Sud
Leucine 21,84 17,5+0,2 19,6%0,1 15,5 nd 20,5
Thréonine 11,7 7,9+0,4 13,57+1,24 7,09 8 10
Lysine 14,06 15,3+0,6  16,37+0,06 9,17 11 13
Tryptophane 5,27 nd 4,86+0,01 7,53 7 6,1
Phenylalanine 15,51 8,9+0,3 16,4+0,06 10,5 19 13,9
Tyrosine 9,71 4,8+0,9 26,51+0,15 8,33 nd 9,9
Valine 14,26 11,3¥1,1  14,13+0,21 10,8 11 14,8
Methionine 4,97 1,4+0,3 2,97+0,06 2,34 6 3,3
Cystéine 3,39 nd 0,140 3,87 nd 3,3
Isoleucine 11,3 8,9+0,7 11,77+0,06 7,82 9 11,9
Histidine 7,5 7+0,4 7,16%0,06 3,78 6 51
Acide aspartique 22,16 15,8+1,5 14,3+0,45 12,8 nd 052
Acide glutamique 25,65 17,1£1,4 25,31£0,62 20,9 nd 8,42
Serine 10,34 9,4+0,5 10,87+0,35 7,19 nd 9,7
Glycine 13,73 10,3+0,7  15,33%0,6 8,38 nd 10,8
Alanine 18,37 12,5+0,6 30,33+0,06 11 nd 14,1
Proline 13,63 12,4+0,9 12,03+0,6 10,2 nd 14,3
Arginine 15,64 12,2+0,8 17,8+0,1 14,5 12 18,9

(nd : non determing)
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Annexe 17. Composition en acides gras (en % par raprt aux acides gras totaux) dans les feuilles de

Moringa oleiferad’apres la littérature

(Sanchez-Machado, (Moyo, Masika et al.
Nufiez-Gastélum et 2011)

(Amaglo,
Bennett et al.

(Sena,
VanderJagt et

al. 2010) 2010) al. 1998)
C8:0 0.05+0.01 nd nd nd
C10:0 nd 0,07+0,064 nd nd
C12:0 0.12+0.02 0,58+0,402 nd 0,38
C14:0 0.96+0.18 3,66+1,63 0,14 1,69
C14:1n-5 0.53+0.11 nd nd 0,00
C16:0 23.28+1.38 11,79+0625 25,3 25,00
C16:1n-7 0.43+0.07 nd
C16:1n-9 nd 0,17+0,056 055 254
C17:0 nd 3,19+0,155 0,25 0,00
C18:0 4.08+0.15 2,13+0,406 3,02 2,42
C18:1n-7 1.15+0.16 0,36+0,038
C18:1n-9 5.12+0.18 3,962 051 215
C18:2n-6 6.11+0.83 7,44+0,014 11,4 8,47
C18:3n-3 56.87+1.57 44,57+2,803
C18:3n-6 nd 0,20+0,013 208 2636
C20:0 0.72+0.08 1,610,105 1,38 0,51
C20:1 nd nd 0,28 nd
C20:4n-6 0.21+0.02 nd nd nd
C21.0 nd 14,41+0,194 nd nd
C22:0 0.70+0.06 1,24+0,383 0,03 nd
C23:0 nd 0,66+0,025 nd nd
C24:0 nd 2,910 0,03 nd
AGS 29.89+1.40 43,310,815 30,1 nd
AGMI 7.23+0.27 4,48+1,984 7,64 nd
AGPI 63.19+1.77 52,21+2,792 50,8 nd

(nd : non déterming)
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Madagascar is severely affected by the problem of children malnutrition. The present study aimed at ex-
ploring school children Malagasy parents’ food practices and beliefs structures about the nutritional value
of foods, to better understand the causes of this malnutrition. A combination of Focus Groups (72 par-
ticipants), and guestionnaires (1000 interviewees) was used to evaluate the food beliefs and the nutri-
tional habits of low income parents of school age children in urban and rural areas of Antananarivo and
Antsiranana. The respondents’ beliefs were shown to focus not only on the nutrient and energetic com-

g;idmbgf;fs position of food, but also to involve mare general relations between food and health and particularly the
Malnutrition sanitary properties of food, Compared with such sanitary properties, nutrient content was not consid-
Focus Group ered to be the priority in food choice and food preparation. The food category considered to be the most
Survey nutritive was cereals, ahead of protein foods, or vegetables and fruit. Nutritional beliefs were not the same
Developing country in the Antananarivo and Antsiranana areas, nor between urban and rural areas of Antsiranana, Different
Madagascar ocio-economic contexts, food availability and information may explain these differences, This study could
guide actors involved in nutrition promotion to adapt to specific areas their nutrition programmes in

the fight against malnutrition,
€ 2014 Elsevier Ltd. All rights reserved.
Introduction indices are commonly used to define children malnuirition: low

Madagascar is a country of contradiction: on one hand, a de-
veloping country with a high percentage of its population under the
poverty line, and on the other, 2 country rich in natural resources.
Twao thirds of the population live in rural areas, where the main ac-
tivity is agriculture (Dostie, Hagghlade, & Randriamamonjy, 2002},
Like most developing countries, the island is severely affected by
the problem of malnutrition, especially in rural areas {Devine,
Connors, Sobal, & Bisogni, 2003; Smith, Ruel, & Ndiaye, 2005, WFP
& UNICEF, 2011). The term malnutrition is used to refer to subop-
timal nutritional health. This problem of malnutrition particularly
affects children, with 45-50% of under-fives suffering from stunted
growth (Fotso, 2006, WFP & UNICEF, 2011). Two anthropometric

i Acknowledgements: The authors warmly thank Louviseree Razanamparany, who
iniciated this research programme, for her contribution o this study. The auchors
wiould also like to thank Mary Bouley for English proofreading and the supervisors
of EPP Ambarebe, Labigorne and Ambatolampy Tsimahafotsy for collaborating in the
recruitment of parents, the students who carried out the interviews and all the col-
borators whe offered advice and aid.

* Corresponding author,

Email address: Vonimihaingo Ramarosondu-bourgogne fi: rvonimihalngod@
vahoofr (V. Ramaresen Rakotosamimanana),

hrepe/ 'dx. deoiorg/ 10,1016/ Lapper.2014.05032
0195-6663 /% 2014 Elsevier Lod. All rights reserved.

height for age (stunting) and low weight for height (wasting)}. In
2008-20089, Madagascar had the sixth highest incidence of stunted
growth in the world, according to UNICEF. Stunting is more prev-
alent in rural areas [prevalence of 48.7%) than in urban areas (WFP
& UNICEF, 2011),

Fifty-three per cent of households in rural Madagascar have an
insufficient consumption of nutritious foods to maintain an active
and healthy life [WFP & UNICEF, 2011}, The Malagasy diet is based
mainly on rice, with an average consumption of 6.2 times a week,
vegetables (4.4 times) and tubers {3.9 times), principally cassava.
Proteins from vegetable and animal sources are rarely consumed
(once and 2.3 times per week respectively) (WFP & UNICEF, 2011).
Thus, the proportion of carbohydrates in the dietary energy supply
is between 77% and 79%, which is high compared with recom-
mended dietary allowance. Protein consumption is low: about 45 g
per person per day, while theoretical needs are 56 g per person per
day, and fat consumption extremely low: about 20 g per person per
day (theoretical needs: 77 g per day} (FAO, 2005b). This chronic
under-nutridon is worsened by seasonal poverty {the period between
the two rice harvests}, during which the caloric intake of poor rural
households decreases by 12% (Dostie et al.,, 2002),

Food insecurity can result from insufficient food availability, dis-
tribution problems, the low purchasing power in poor households
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or inappropriate food consumption in families {FAO, 2005b). The
Malagasy government has launched differentnutritonal policies and
programmes to reduce malnutrition problems, but most funds have
been attributed to a limited number of communities and policies
have remained short term {MAEP, 2012},

Healthy and nutritive foods such as fruit, legumes or leaf veg-
etables are plentiful in Madagascar, It is not yet understood why
these resources are not mainstays of the Malagasy food repertory,
as they are available and relatively cheap. According to Rozin ( 1996),
although nature provides a very large variety of products poten-
dally rich in nuirients, only a small subset of these products is con-
sidered as food within any given culture. As summarized in
Shepherd's food choice model {Shepherd & Raats, 1996), food choice
is determined by three classes of factors: foods, individuals and ex-
ternal environment. The first class involves the sensory attributes
and anticipated conseguences of a food, for example whether it
might be poisonous or, on the contrary, healthy. The second class
of factors includes psychological factors such as mood or neopho-
bia as well as physiological factors such as sensitivity to tastants.
The third class of factors involves the economic and social envi-
ronment and includes costs, availability of food products as well as
social pressure. These three classes of factors interact with one
another and are likely to be mediated by the beliefs and attitudes
held by the individuals, Beliefs are the simplest form of mental rep-
resentation (or mental construct) and are defined as a psycholog-
ical state in which an individual holds a conjecture or premise to
be true. They are thought to play a causal role in the production of
behaviour, For example, beliefs about the nutritional benefits or harm
in eating a food may be more important than the actual nutri-
tional quality and health consequences in determining an indivi-
dual's choice. When considering children, factors related to parents
are also involved. As gatelkeepers, parents influence children's food
choices by setting rules, providing information, and modelling
behaviours. In return, food preference communicated by children
affects parents' food choices (Holsten, Deatrick, Kumanyika,
Pinto-Martin, & Compher, 2012}, While these factors have been
widely studied in the context of industrialized countries, there have
been very few studies aimed at understanding food choice in de-
veloping countries, especially in Madagascar.

The aim of the present study is to explore the school children
Malagasy parents' food practices and beliefs structures abourt the
nutritional value of foods, to better understand the causes of the
children malnutrition. Our first hypothesis was that in Madagas-
car, children under-nutrition may be linked not only to general food
availability but also to food practices yielded by parent's beliefs
towards food nutritional values, Given the importance of environ-
ment reported in the literature, our second hypothesis was that
parents' food pracrices and beliefs structures depend on geograph-
ical and social context.

To test these hypotheses we used a combination of Focus Groups
and guestionnaires, Focus Groups are typically used to elicit infor-
mation and insights from small groups of participants represent-
ing the population under investigation { Dammann & Smith, 2010;
Neumark-Sztainer, Story, Perry, & Casey, 1999). The guestionnaire
survey, although furnishing less information than the Focus Groups,
is helpful in improving the generzalization of results. The Focus Groups
and guestionnaires were conducted with parents of school age chil-
dren in urban and rural areas of Antananarivo (AU and AR, respec-
dvely) and Antsiranana, also known as Diégo-Suarez (DU and DR,
respectively ). Antananarivo, the capital of Madagascar, is located in
the central part of Madagascar, and is characterized by a hetero-
geneous population. Antsiranana, the seventh most populated urban
area, is located on the northern coast of the island, The choice of
these two locations was based on their differences in climate, rain
failure and natural resources, resulting in different food availabil-
ity. Economic status and ethnicity of the population also vary (MAEF,

20033, 2003b), as well as the food intake typology of the popula-
tion in the two provinces (Madagascar ISFP, 2008). Fifty per cent
of under-five children are affected by chronic malnutrition at An-
tananarivo, compared with 37% at Diego (MAEP, 2012}, Important
differences exist also between rural and urban population in these
two provinces (MAER 20033, 2003b).

Materials and methods
Farticipants

Facus Group

Seventy-two parents (six to eight participants per group ) of chil-
dren enrolled in public primary school were recruited in three
neighbourhoods (Ambatobe representing AU, Ambatolampy
Tsimahafosy representing AR and Labigorne representing DU) to
participate in the discussions, The number of participants totalled
22 in AU {23 women and one man), 26 in AR (24 women and two
men} and 24 in DU (23 women and one man).

The recruitment was carried out through the headmasters or
teachers of the public primary schools to reach low income parents.
Parents who had agreed to discuss the subject of “children’s eating
habits" took a screening interview, This selection step helped the
investigators to balance chattier and less chatty participants in
forming the discussion groups, The age range of the participants was
between 19 and 62 years old, While the participant selection
methods used here cannot be considered likely to yield represen-
tative data for the population as a whole, housewives, who are those
most likely to be preparing food, comprise the largest proportion
of the Focus Groups. Some participants occasionally worked on farms
or as domestic help and a few were employed in unskilled jobs (e.g.
manual worker in textile fields, selling vegetables), Only a few of
them had been educated beyond primary school.

Questionnaire

The guestionnaire was administered to 1000 parents {797 women
and 206 men) of school age children from different social classes
using a face-to-face interview-assisted technigue in four different
areas: 300 participants were interviewed in AU, 300 in AR, 200 in
DU and 200 in DR. The difference between the Antananarivo and
Antsiranana sites in the number of interviewees was related to dif-
ferences in the total number of inhabitants in these two areas. The
interviewees' characteristics are shown in Table 1.

To ensure even representation of each area, the questionnaire
was administered in 24 neighbourhoods in AU, 18 in AR, 11 in DU
and five in DR, Interviewees resided in the neighbourhood of the
interviewing location. AR sites were located about 20 km from down-
town Antananarivo, and DR sites were located about 20-50 km from
downtown Antsiranana.

Procedure

Focus Group

Nine Focus Groups, three in each location, were held between
March and July 2011 in a Focus Groups room for AU, and in class-
moms for AR and DU, Each group discussion lasted from 75 to
90 minutes. The discussions were conducted by a moderator in par-
ticipants’ native language {the official Malagasy language for AU and
AR and the north dialect for DU), The Focus Group procedure (plan-
ning, questioning and moderating) followed recommendations
(Mprgan, 1998).

Ar the beginning of the Focus Group discussion, participants were
encouraged to participate actively in the discussion and w share their
experience. It was explained to the participants that the discus-
sion concerned their own ideas and that there was neither right nor
wrong answers, The moderator informed participants that the con-
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Table 1
Respondent characteristics in four areas,

Areas

Age
18-25years old 16 29 37 12
2B-40vears old 221 232 120 135
41-55yearsold BO 36 38 39
»56 years old 27 3 7 14
Sex
Men a5 B85 10 33
Women 205 235 150 167
Education level
Primary 86 135 21 48
Secondary 107 106 103 115
High schocl 24 44 54 36
Universicy 23 13 22 1
Mumber of children in household
1 34 48 37 14
2-3 1896 166 115 54
4-5 61 g | 37 71
E-8 9 15 8 15
Ee] 0 o 3 4
Number of children in primary school
1 132 155 133 75
2-3 155 140 &0 117
4-5 11 5 4 8
>B 2 o 3 o
Kind of school frequented by children
Public 78 133 55 128
Private 222 167 145 72
Remunerative activities
Agriculrere 46 108 10 163
Farming 34 B3 8 123
Fishing 1 8 1 o
Manual worker 9 45 14 5
Domestic work 17 14 34 a9
“Road" salesman 157 146 64 47
Inde pendent 104 92 43 30
Salaried 155 79 o0 45
Executive 10 7 4 4
Hired man 9 55 2 10
Menthly househeld inceme
<Ar 50,000 {<USD 22.04) 10 0 48 37
Ar 50 000-100000 (USD 22.04-44.05) 53 113 50 51
Ar 100,000-200,000 (USD 44.05-8817) 91 o4 47 56
Ar200,000-300,000 (USD B8.17-132.26) 85 28 18 41
Ar 300,000-500,000 {USD 132.26-22043} 48 20 24 14
=Ar 500,000 (=USD 220.43) 13 14 13 1

Concept of “nutrition™ by parerts
@f: From your mind which of them is the 3 words you use to describe

“mutritian "?

Expensive Sartating Tasty
Clean Nurittons ilier:
Bualonced Well couked

Q2: Cite 3 foods vou think having high mutritional vaiue

Muost important criteria considered by parents fn food choice

(B From your mind, when you do yvour food shopping, which of these are the 3
mast important eriteria?

Diversity Avaflahility Hahits to by

Budger Childven liking Health

Q4 From your mind, when you prepare meal for children, which of these are the
3 maost important eriteria?

Cleanlinesy Diversity

Fitamins and Calciim Children fiking

tronght

Satiety Fnergizing

Children food preferénce

Q35 Cite 3 most liked foods by your children:

1)
f2)
(E7]

* (AU, Antananarive Urban; AR, Antananarivo Rural; DU, Antsiranana Urban; DR,
Antsiranana Rural),

versation would be audio recorded but that the tapes would be used
only in the framework of academic research and that participants
would remain anonymous. Participants then briefly introduced them-
selves to break the ice.

To access the parents' food practices we first asked them a ques-
tion on their habits (what are the foods that you frequently consume?)
Then, to access parents' food beliefs structures, we used an asso-
dation task in which participants were prompted with a stimulus
word {nutrition) and were asked to indicate all the words that came
to their minds {What comes to your mind wihen [ say nutrition?), The
free association task reflects the relative strength (measured by how
many participants produced a given word] of automatic associa-
tions between concepts. The comparison between the terms gen-
erated in the four groups of participants gives some insights into
the main beliefs associated with the nutritional value of food in the
different areas of Madagascar.

Then we focused on participants' food choice criteria to evalu-
ate the link between their implicit beliefs {association task) and the
criteria they explicitly declare using when buying their food and

Fig. 1. Questicnnaire,

their children's food (What are the most important criteria you use
to decide what to eat? For you and your children?).

Questionnaire

The Focus Groups allowed us to assess school children parents’
food practices and beliefs structures about the nutritional value of
foods. The beliefs structures and food practices that emerged from
this technique were then validated using a close-ended guestion-
naire with a larger population.

The guestionnaire was first elaborated in French as French was
the common language among the researchers involved in the study,
and then translated by the first author into the Malagasy lan-
guage, To ensure that the original meaning had been maintained,
the translation was verified by a bilingual person who was not in-
volved in the conception of the guestionnaire.

A pre-test was carried out with 40 interviewees. This first trial
led to a reduction in the number of questions and to changes in the
formulation of the questions. As a non-negligible proportion of the
interviewees had difficulty reading, the interviewers had to read
the guestions aloud to them, which caused some memory prob-
lems in terms of the ranking questions. To avoid such problems,
ranking questions were replaced by multiple choice guestions in
which interviewees had to select three items from among seven pos-
sibilities. The final version of the questionnaire consisted of three
parts and included 31 main guestions {29 close-ended, two open-
ended guestions) as well as 11 socio demographic questions. Only
the guestions related to food beliefs, food habits and socio demo-
graphic information are presented in this paper (Fig. 1).

Ten interviewers were recruited and trained to use identical
questioning technigues, Each interview lasted for about 15 minutes.
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Fig. 2. Frequency distribution of terms given by participants related to the word “Nutrition” in four areas ("p< 001 and **p < 0001}, (AU, Antananarive Urban; AR, An-
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Interviewees were encouraged to give responses related to their own
experiences and were told that there was neither right nor wrong
response.

All interviews were carried out in July 2011,

Data analysis

The audic-recorded discussions of all the Focus Groups were
fully transcribed on the days after discussion. The moderator and
the assistants independently analysed each transcription using the
notes taken by the assistants to supplement the tape recordings.
The results were then compared and adjusted after consensus had
been reached,

Survey data were first analysed by compiling the frequency count
for each guestion in each interviewing area (AU, AR, DU and DR}.
The effect of interviewing area was then tested using Pearson
and McNemar's {¥?) chi-square tests with an o risk set at 5%. A
Bonferroni's correction was applied to correct the alpha inflation
problem caused by multiple tests.

Finally, a Factorial Correspondence Analysis using SPAD version
5.5 (Coheris, France} was performed to visualize reladonships among
the guestions,

Results

Results from Focus Groups and guestionnaires are presented con-
joindy in order to avoid redundant information. Verbatim taken from
the Focus Groups are used to explain the guantitative data ob-
tained In the questionnaire. We start by presenting respondents’ food
practices and we follow with participants’' food beliefs and food
choice criteria,

Respondents' food practices

When asked to indicare the kind of food they ear, some Focus
Groups participants declared that they ate three times a day [break-
fast, lunch, dinner), They indicated that their diets were largely com-
posed of rice — “Especially rice, three times a day in our case” - eaten

with “laoka”, made up of vegetables or leafv-vegerables and possibly
meat or fish on the days when there was enough money”. The ques-
tionnaire confirmed that rice is consumed everyday by 99% of the
respondents, and even two or three times a day by some of them
(68% and 27% respectively). Salads of raw vegetables and fruits as
desserts were sometnmes added: "We make salod once a week; during
the week just rice and laoka”. Breakfast varied depending on the habits
of the households. For example, rice or other kinds of food were
cited: “In the moming we don't eat rice but just tea [infusion] and
bread",

Tubers like cassava roots in rural areas of Antananarivo, and
plantain banana in Antsiranana, were most often cited after rice:
“For us [from the north coast], food that can replace rice might be: plan-
tain banana with meat, with coconut. . . . Very tasty! [t can replace
rice”, This may be eaten instead of rice in a meal or as a snack
between main meals,

Low-income parents’ beliefs towards food nutritional value as a
function of geographical origin {centre vs north) and urbanization
{rural vs urban areas)

The words that were more frequently cited inthe association task
during the Focus Groups were “clean”, "balanced”, satiating”, “nu-
tritious”, “well cooked”, "tasty” and “expensive”. The frequency of
atation of these terms obtained via the guestionnaire is shown in
Fig. 2 as a function of the interviewing areas. A y? analysis re-
vealed an effect of interviewing area with the main difference ap-
pearing between DR and the three other areas, In DR, the sevenitems
were almost equalily cited with a proportion of citation of around
40%, except “Nutritious” which exceeded 50%. This finding should
be interpreted with caution, however, as it might reflect either
the fact that respondents in DR did not understand the guestion
and answered randomly, or that they found all the items equally
important.

In AU, AR and DU, the most frequently cired itemn was “Clean”
(more than 80%), before "MNutritious” [between 61% and 80%)
and “Balanced" (between 64% and 69%). A large number of partici-
pants related nutrition to hygienic concerns ("Cleanliness"). In
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Fig. 3. Foods considered by parents as nurritionally good.

AU and AR, Focus Groups participants' discussions revealed how
important cleanliness was in the handling, preparing and eating of
foods, “The most important aspect is dleanliness {. . .J. When meals are
served, the plates have been previously cleaned well, hands should be
washed. . . that's cleanliness. . . Even during consumption, cleanli-
ness is necessary”. In line with the importance of cleanliness “Well
oooked" was cited by between 31% and 44% of interviewees in the
three areas.

Qualitative aspects of foods (supply of important nutrients and
“balanced") were also imporzant, “Balanced" meals, which can be
understood as a diversity of foods, were related to variety in nu-
trients: "Changing menus corresponding to the six kinds of foods [car-
bohydrates, fats, proteins, water, vitamins and minerals", One way to
obrain a balanced intake was to make a different meal each day:
“For me, the thing to do: when | do [cook| this one today [ should not
repeat it the next day if | can afford it." But some participants un-
derstood “balanced" in a different way: for them it corresponded
o using the same ingredients in different recipes, "Diversity is like
that: with vegetables. . . | can buy for example vegetables every day,
but | modify my way of cooking them", "Satiating”, “Tasty" and “Ex-
pensive” were the items cited the least frequently: between 16%
and 24% in AU, between 11% and 16% in AR and between 2% and
9% in DU.

To further understand participants' food beliefs, we considered
the three food products cited as being the most nutritive together,
for each participant. Results indicate that a total of 86 food prod-
ucts were generated by participants in the questionnaire as being
nutritive, The items most frequently cited as being nutritive were
meat, fish and rice, The lists of foods produced by the parents were
grouped into 11 categories (Fig. 3). Leafy vegetables and veg-
etables were separated into two different categories because leafy
vegetables represent a specific category in the Malagasy food rep-
ertory. Among those categories, cerezals were more often cited as
nuiritionally good (16% of the interviewees). This category in-
cludes rice, pasta, and maize. Rice was the most frequently cited
food in this category. The second class included foods positioned
in the middle; beans, dairy products, vegetables, meat, seafood and
fruit,

The last class included categories which were spontaneously less
cited as having high nutritional value by parents; sweets, tubers,
leafy vegetables and eggs. Tubers, such as cassava roots, wWere con-
sidered as incomplete, judging from Focus Groups discussions: “/f
cassava is eaten alone, it is not a healthy food. . . only if you prepare
it by adding other ingredienis." This category of food was identified
by the respondents as lacking in certain nutrients. It may be sur-
prising to find that eggs and leafy vegetables were as negatively
judged as tubers and sweets. Indeed, eggs are the most complete

source of amino acids and leafy vegetables are a source of vita-
mins, minerals and fibres,

Figure 4 presents the two first components of the correspon-
dence analysis showing the categories of foods judged nutritive by
parents in the four areas. Factor 1, which represents 56% of the vari-
ance, opposes the Antananarivo areas {AR and AU) to the rural
Antsiranana area (DR}, Rural Antsiranana households cited protein
rich foods, and more particularly seafood, meat and eggs. Factor 2,
which represents 27% of the variance, opposes the urban Antsiranana
area (DU) to urban Antananarivo (AU}, DU households more often
dted vegetables as nutritionally sound foods, and less often beans,
than households from other areas. In AR and AU, parents more often
dted fruit, dairy products, tubers and staples as being nutrition-
ally sound.

As no individual food can be considered to be nutritionally
complete on its own, after having looked at individual foods, we
explored the associations of foods cited by the respondents to eval-
uate whether their beliefs structures take into account this neces-
sity of associating foods. To do that, cited food products were
mategorized into six groups, corresponding to the six classes of nu-
trients they contained {on the basis of the French food pyramid
(Absolonne, Sirjacobs, Guggenbiihl, & Colin, 1999}; (1) products
high in complex carbohydrates (cereals, legumes and tubers), {2}
products with a high protein content {meat, seafood and eggs),
(3) dairy products, {4) fruits/vegetables, (5} sweets, and (6] fats.
MNext, the number of groups corresponding to the three food prod-
ucts cited by each participant was determined {Table 2}, The con-
tingency table revealed a very significant link between areas and
number of food groups (p=0.0003). Respondents from rural areas,
especially from DR, more often cited three foods belonging to the
same group than interviewees from urban areas. Compared with
ofther areas, respondents from AU cited more frequently foods from
three groups.

Respondents’ food choice criteria

In general, the mother of the family or the maid takes care of
preparing food in Malagasy households, Shopping for food is a daily
activity, due to the lack of refrigeration. Figure 5 shows the per-
centages of global citation of food purchase criteria when shop-
ping and when preparing meals for children in the four areas.
Considering food purchase criteria when shopping, “Price” was fre-
quently cited (>80%), Monetary considerations were often men-
toned during the Focus Group discussions; for example: “[ look ar
everything and the lowest price is the one | buy". Most households
interviewed cannot afford to buy certain categories of food like meats,
except on the days when they receive their salary {once or twice a
month}: “When we find a bit of money we buy a bit of meat, after work
[temporary work]",

“Health" and “Diversity” were frequently cited {more than 60%).
Health may be interpreted either as related to a food's nutrient
tontent or to its sanitary properties, In the Focus Groups discus-
sions, health was related to food content, A mother said: “For me,
when | go shopping, | aim at making meals complete [nutritionally],
which means providing energy and force for children, to make them
healthy". Another mother said: "About vegetables, when we go to the
doctor — we go to the doctor frequently — he always says that we should
give children vegetables and fruits. If meals contain vegetables and fruits,
for meit'salright”, "Availability” (about 40%)}, “Children liking" {30%)
and “Habit of buying it" {about 15%) were the least frequently cited
items.

In terms of food purchase criteria when preparing meals for chil-
dren, “Cleanliness” was the most frequently cited item. Parents
interviewed in Focus Groups discussions related that foods sold in
small restaurants were not safe because they are very exposed to
microbiological contamination. Consequently, parents preferred
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Fig. 4. Facrorial analysis of categories of foods viewed as nutritious by parents in four areas (AU, Antananarive Urban; AR, Antananarivo Rural; DU, Antsiranana Urban: DR,

Antsiranana Rural},

preparing their meals themselves in order to control hygienic con-
ditions during cooking. After "Cleanliness"”, food content in terms
of vitamins and minerals (“Vitamins") and caloric content (“Ener-
gizing"} were also frequently cited {>B85%). “Satiety” and “Diversi-
ty" were cited by between 30% and 40% of parents, “Children liking"
was the criterion least cited by parents.

Chi square calculation with Bonferroni correction (corrected
o =0044) revealed highly significant differences among the four
areas concerning both food purchase criteria and food prepara-
tion. Figure 6 shows the first two components of the correspon-
dence analysis carried out on the food purchase and meal preparation
criteria by geographic area contingency table. The first dimension,
which represents about 61% of the variance, opposes the Antsiranana
areas to the Antananarivo areas, Participants from Antananarivo
(AU and AR) seemed to use similar criteria and emphasized health
concerns more (“Health", “Clean”, “Vitamin and mineral con-

Table 2
Number of food groups considered by the interviewees as good nutritionally
(expressad in percentages).

AU AR oo DR

Frequency of citation of foods belonging to 5 i 5 13°
only one group

Freguency of citation of foods belonging to twe 51¢ 565 B1* B2*
Sroups

Frequency of citation of foeds belonging to 44° 35% 347 25°
three groups

#= Chi-sguare resulis at a confidence level of 95%. Different lecters in a row in-
dicare that results are significantly different berwesn areas.

tents”, "Energizing”) and “Children liking" (when shopping) than
participants from the Antsiranana areas (DU and DR). The second
dimension, which represents about 36% of the variance, opposes
mosktly DU participants who seemed to favour “Children liking" and
“Diversity” (when preparing meals) to DR participants who seemed
to rely more on “Availability”, “Habit of Buying it" and the “Satiat-
ing" power of foods.

Discussion

Our first hypothesis was that in Madagascar, children under-
nutrition may be linked not only to general food availability but also
to food practices yielded by parents' beliefs, In agreement with this
hypothesis, our study highlighted the role of parents’ beliefs struc-
tures in children malnutrition, In all four areas, “cleanliness” was
one of the words most closely related to the prompt “nutrition” in
the association task and one of the most often cited criterion when
preparing meals. It has been pointed out that in Madagascar, food
contamination has serious health effects: the lack of hygiene, in-
adeqguate hand washing and ignorance of risk are at the origin of
microbiological toxicity in Madagascar {Sarter & Sarter, 2012), Re-
spondents were aware of the importance of this problem. This as-
sociation between cleanliness and nutrition probably comes from
the well-known synergy of malnutriion and infection as the leading
cause of morbidity and mortality in developing countries. Indeed,
malnutrition reduces resistance to infection and infection affects nu-
tritional status (FAQ, 1997} The importance of the belief that a nu-
mitive food is a food that does not make you sick was shown to lead
to food preparation habits detrimental to nutritional guality, such
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Fig. 5. Percentage of food purchase criteria considered by parents when shopping (2] and when preparing meals for children {b),

as overcooking foods. This was revealed in our study by the item
“well cooked", which was chosen by 30-45% of the respondents in
each area, It is well known that lengthy cooking decreases certain
vitamin contents in foods; this is the case with vitamins C, B,, B,,
Bs, Bs and Bp. So, whatever the initial nutritional value of the foods
eaten by the Malagasy population, the cooking process reduces
available nutrients and tends to worsen nutrient deficiencies in the
population,

The nutritional composition of foods seems to play the second
mole, after cleanliness, but before satiating potential, in Malagasy
food beliefs structures. The fact that respondents did not particu-
larly associate the satiating property of foods with the concept of
nutrition, suggests that they believe that they have enough food to
satisfy their hunger. Yet, Malagasy food supplies are considered to

be hardly enough to cover the energetic needs of the population
(FAQ, 2005a) and for this study, the respondents were chosen among
the poorest households in zones highly and moderately con-
cerned by malnutrition. One explanation is that while not meeting
energetic needs, Malagasy meals are nonetheless sufficiently sati-
ating, This assumption is plausible because of the very high pro-
portion of complex carbohydrates in Malagasy meals. Indeed, the
products consumed the most are cereals and tubers, which are at
once satiating and poor in energy and essential nutrients. In con-
trary, leafy vegetables, which are described in the literature as good
sources of protein as well as some vitamins and minerals {Uusiky,
Oelofse, Duodu, Bester, & Faber, 2010) and are not expensive and
largely available in Madagascar were believed by parents to have
a low nutritional value,

HabitBuy
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Fig. 6. Factorial analysis of food purchase in four areas when shopping (#) and when preparing meals (&) (AU, Antananarive Urban: AR, Antznanarivo Rural: DU, Antsiranana

Urban: DR, Antsiranana Rural},
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Our study also showed that school children Malagasy parents’
beliefs led to food practices that could be linked to children mal-
nutrition. Rice, which is central in Malagasy meals, was one of the
foods most spontanecusly cited by the respondents as being nu-
tritionally valuable. It has previously been observed among poor
households suffering from malnutrition that the diet consists pre-
dominantly of cereals, with very few “protective” foods like fruits,
pulses and milk (Gopalan, 2000). In Madagascar, rice provides 53%
of consumed energy and 50% of consumed proteins (FAO, 1993 ). The
highest percentage of food expenditure is spent onrice {32% in 2010),
followed by tubers (8%} {WFFP & UNICEF, 2011), But this imporiant
cereal consumption does not cover nutriional needs, especially those
of children. Indeed, among the major nutritional problems preva-
lent in rice-consuming countries, imbalanced dietary intake is the
most important one. The protein content of rice is the lowest among
the cereals, In combination with other factors, itleads to the prev-
alence of protein-energy malnutrition, iron deficiency, vitamin A de-
ficiency and iodine deficiency disorders. This analysis is inagreement
with the reports of NGOs which have observed that the highest oc-
currence of stunting is not among the very poor, as they eat the veg-
etables that they grow instead of selling them, and these are rich
in nutrients, “The worst cases are those who can afford white rice”
{IRIN, 2012).

However, beliefs towards food nutritional value are not the only
food determinant. Our results showed that food availability can mod-
ulate the impact of beliefs on food practices. As an example, while
most respondents believed that tubers are not good nutridonally,
tubers are still widely consumed, depending on location, Food avail-
ability can explain this phenomenon. Indeed, previous work re-
ported that tubers are consumed by poor households in the centre
of the country between two rice harvests, for example, when they
cannot afford to buy rice, {Dosde et al., 2002} During the lean season,
the simple substitution of rice by cassava cannot provide bal-
anced nutrients. Tubers and particularly cassava have extremely low
protein content {less than 1%) (FAO, 1997), Thus, cassava is espe-
cially unsuitable as the main source of energy for young children,
It also lacks lipids and certain vitamins and minerals, It seems thus
that parents’ food beliefs structures interacts with food availabili-
ty to give rise to food practices that may lead to children under-
nutrition. Changing these food practices, and thus decrease the rate
of children under-nutrition, would therefore require to act both at
the level of food availability and of parents' beliefs,

Our second hypothesis was that parents' food practices and beliefs
structures depend on geographical and social environment, n agree-
ment with this hypothesis we observed some differences between
the studied areas. The differences might be explained by food avail-
ability in the four areas. Antsiranana (north} and Antananarivo
{centre) climate and geographical situation are different, resulting
in different natural resources and food availability. Differences in
economic status between the four areas may also be responsible
for differences in access to food,

First, a difference between rural and urban areas of Antsiranana
was observed. Among the four studied areas, urban area of
Antsiranana is the wealthier, resulting in a higher availability of food
products of different groups. In DU, children's liking a food was taken
most often into account, as if people could afford to fulfil their chil-
dren's expectations because their access to healthy food was higher
than in the other three locations studied. On the contrary, the rural
area of Antsiranana is poor, but it is a farming region, where crops
are more available than animal products, As a result, DR respon-
dents particularly valued meat and seafood as nutritive foods, com-
pared with other areas. That is probably why they considered
nutridve food to be expensive, DR respondents emphasized avail-
ability as a criterion of food choice, showing the diversities of situ-
arions concerning access to food from different groups. As a result
of this limited access, satiating properties and diversity were more

a source of preoccupation in DR than in other locations. When de-
fining "nutrition”, respondents in DR did not give as much impor-
tance to cleanliness as other respondents, This relative lack of concern
for cleanliness could be due to the absence of household facilities
in this area (having neither electricity nor running water), as well
as a reduced education about sanitary properties of food. Thus, beliefs
towards nutritional value of food are clearly different in DR and DU.
Such differences between rural and urban areas were not ob-
served at Antananarivo, probably for two reasons. First, in Anta-
nanarivo, the rural areas chosen for the study were closer to the
urban areas {20 km) than in Antsiranana, where the nearest rural
commune was 40 km away from the city. Secondly, in the capital
(Antananarivo), rural migration is frequent, making the urban pop-
ulation quite similar to the rural one.

Differences were also observed berween Antananarivo and
Antsiranana. Despite the relative poverty of their region com-
pared with Antsiranana, parents from Antananarivo seemed to be
more sensitive to health concerns than parents from Antsiranana.
This is probably due to the fact that in the capitl there is more access
to media and residents have higher levels of education than in the
rest of the country, There are also more educational programmes
devoted to food and nutrition than in the provinces, and this situ-
arion could be responsible for the differences observed between the
centre and the northern areas in terms of beliefs towards food. In
agreement with this interpretation parents in Antananarivo cited
foods belonging to more classes than parents from Antsiranana, when
asked to cite “nutritive foods", suggesting they knew more about
nutrients contained in foods. As no individual food can be consid-
ered to be nutritionally complete, each answer highlights the nu-
trients that respondents consider to be important in a healthy diet,
Respondents who only cite items belonging to a single group either
do not know nutrients and cite current foods, or believe that par-
ticular nutrients are intrinsically good or bad, On the contrary, re-
spondents who cite items from three different categories might know
that particular nutrients are not intrinsically good or bad but that
the key issue is to balance their meals, Another result in favour of
the role of nutritional education in the capital is that parents from
Antanaraviro cited foods frequently mentioned in nutritional ed-
ucation programmes while in the north (DU and DR) parents who
have probably not received nutritional information cited foods which
were familiar and/or locally available (e.g. seafood, tubers}),

Conclusion

This study showed that current food practices in Madagascar are
underlined by an interaction between food availability and food
beliefs structures. Recommendations aiming at changing food prac-
tices to decrease children undernutriion must take into account
these two factors. Nutritional information focusing on the comple-
mentarity between foods should be associated with the promo-
tion of local production. These recommendations should be adapted
to the geographical areas as we showed rural vs urban, as well as
geographical, differences in both food availability and beliefs struc-
tures. Yet, this study focuses only on two areas of Madagascar and
thus need to be extended to other areas to provide a wider picture
of food practice and beliefs in Madagascar.
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