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Résumé

De nombreux problemes ont été identifiés lors des tentatives d’incorporation de
protéines végétales dans nos aliments. En particulier, les faux gofits, le gofit et la texture
ont été mis en évidence comme de véritables obstacles a I'acceptabilité des produits
végétaux par les consommateurs. Le consommateur lui-méme est aussi un déterminant
important en ce qui concerne le terme « acceptabilité ». Donc, dans le but de
développer un nouveau produit fermenté a base de protéines de pois deux volets ont
été étudié : le produit et le consommateur. Afin de comprendre la physico-chimie et
I'acceptabilité de produits fermentés a base de protéines de pois, plusieurs facteurs ont
été étudiés dans des étapes successives tels que la culture, les allégations positives sur
la santé et l'environnement, les cocktails de souches lactiques et les procédés de
préparation. Dés les premiers tests sensoriels, il était clair qu’il ne serait pas facile de
convaincre les consommateurs de consommer des produits fermentés a base de pois :
les consommateurs francais n’acceptent pas les produits méme a une faible
concentration de pois (10 %). Ni la familiarité pour un produit proche de nos produits
étudiés, ni 'encouragement des consommateurs a accepter ce type d’aliment en
passant des messages positifs sur les protéines végétales n’étaient assez efficaces. Ainsi,
une deuxiéme série d’études a été réalisée afin d’optimiser les propriétés rhéologiques
et organoleptiques de ces produits. La meilleure combinaison, 1- cocktail bactérien (8.
thermophilus + Lb. bulgaricus) 2- matiére premiére (globuline de pois isolée dans notre
laboratoire) 3- parametres de préparation (mélange des deux laits avant le traitement
thermique a 9o °C) a été sélectionnée afin d’optimiser les produits fermentés en ce qui
concerne l'acidité, la fermeté, les profils volatils et peptidiques. Enfin, du point de vue
sensoriel, une légere amélioration de I'acceptabilité a été remarquée. 20 % de protéines
de pois a donné un produit accepté par la plupart des consommateurs, et 40 % de
protéines de pois a été évaluée positivement par certains consommateurs et

négativement par d'autres.




Abstract

Many problems have been identified following the attempts to incorporate vegetal
proteins in our food. In particular, off-flavor, taste or texture have been highlighted as
real barriers to the acceptability of plant products by consumers. The consumer himself
is also an important determinant regarding the term "acceptability." So, in order to
develop a new fermented product based on pea, two issues were studied: the product
and the consumer. To understand the physico-chemical properties and the
acceptability of pea protein-based fermented products, several factors have been
investigated in successive stages such as culture, positive health and environmental
claims, lactic acid bacteria strains and preparation processes. From the first sensory
tests, it was clear that it will not be easy to convince consumers to buy the pea-based
fermented product: French consumers did not accept products even in a lower
concentration of pea (10%). Neither the familiarity to close products nor encouraging
consumers to accept this type of food by transmitting positive messages about vegetal
protein were efficient enough. Thus, a second series of studies was carried out in order
to optimize the rheologic and organoleptic properties of these products. Best
combination of 1- starter culture (S. thermophilus + Lb. bulgaricus) 2- raw material (pea
globulin isolated in our laboratory) 3- preparation parameters (mixing both milk before
heat treatment at 9o ° C) were selected to optimize the fermented products in terms of
volatile compounds and peptide profiles, acidity and firmness. Finally, from the sensory
point of view, a slight improvement in the acceptability was noticed. 20% of pea protein
gave a product accepted by most of the consumers, and 40% of pea protein was assessed

positively by some consumers and negatively by others.
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Introduction

Les habitudes de consommation de produits d’origine animale sont bien ancrées pour la
population européenne. L'Union européenne est le premier producteur de lait de vache, la
France en produisant annuellement environ 23 millions de tonnes. Sa grande consommation
provient essentiellement de ses qualités nutritionnelles et sa capacité a fournir des protéines
et des minéraux dont le calcium. Au cours des deux derniéres décennies, la consommation
de lait liquide a diminué d’environ 10 % alors que la consommation des produits fermentés
frais a augmenté de plus de 30 % et celle de fromages de 10 %, sur la planéte. En Europe, les
pays producteurs et consommateurs de fromages (France, Allemagne, Italie) se situent parmi
les plus gros consommateurs en équivalent lait. Cependant, des problémes d'intolérance au
lactose et d'allergies aux protéines de lait de vache ainsi que la prise de conscience d’une
raréfaction des ressources en protéines animales dans les décennies a venir pourraient
devenir des questions majeures. Dans une logique de moindre usage des ressources de
protéines animales, il serait intéressant d'allier les bénéfices des protéines laitieres a celles

des protéines végétales.

Les protéines végétales représentent environ 65 % des apports en protéines pour
I'alimentation humaine au niveau mondial. Parmi celles-ci, les plus employées comme
substitut des protéines laitiéres sont les protéines de soja. Elles associent des propriétés
technologiques fonctionnelles (fixation de I'eau, liaison, émulsion, texturation, etc.) et
nutritionnelles (allégement en matiéres grasses (et absence de cholestérol), teneur élevée
en protéines (40 %) et en lipides (20 %). Cependant, le soja pose le probléme de la présence
des phytoestrogénes dont les risques pour la santé sont toujours débattus. Il est donc
opportun de s'interroger sur la faisabilité de pouvoir trouver de nouvelles sources de

protéines végétales.

Dans une étude précédente, une série de yaourts mixtes pour lesquels le lait de vache a été
partiellement remplacé par du lait de soja a été fabriquée. Les tests consommateurs menés
en France et au Vietham ont montré que pour les deux pays, le yaourt fabriqué avec une
proportion de lait de soja inférieure a 50 % a recu une note moyenne supérieure a 5 sur une
échelle de 1 a 9 (Tu et al., 2012). Cette approche montre qu'il est possible de faire accepter

aux consommateurs des produits combinant protéines animales et végétales ; cependant,




Introduction | M. Yousseef

des efforts doivent étre poursuivis afin 1- d'atteindre un niveau d'appréciation équivalent a
celui des yaourts traditionnels et 2- d’éviter les inconvénients liés au soja concernant

principalement les phytoestrogénes.

Parmi les légumineuses a graines, le pois est une source de protéines qui est particulierement
étudiée depuis une vingtaine d’années (Owusu-Ansah & McCurdy, 1991). Cependant son
usage en alimentation humaine est encore limité, mise a part la consommation en graines
entieres. La mise sur le marché d’isolats de protéines de pois (globulines) par plusieurs
industriels a permis de dynamiser la R&D des IAA dans la substitution des protéines d’origine
animale, les changements de mode d’alimentation du consommateur étant favorables a la
mise au point de produit végétarien et flexitarien. Les protéines du pois s'averent donc une
alternative intéressante au soja mais force est de constater que les extraits de protéines de
pois présentent une qualité d’odeur et d’aréme qui est un frein a leur utilisation notamment

dans le secteur des produits laitiers.

L’objectif général de cette thése est d’améliorer les qualités organoleptiques de produits
type ‘yaourt’ fait a partir d’'un mix protéine animale/protéine végétale. Une approche
pluridisciplinaire combinant fermentation, analyse physico-chimique et compréhension des
consommateurs est utilisée. L’originalité de ce travail repose sur trois choix
méthodologiques. 1- notre produit de référence est un yaourt 100 % lait de vache sans
matiére grasse a 45 g/L de protéines. Tous les gels fermentés seront aussi a 45 g/L de
protéines. Nous avons donc opté pour une substitution des protéines de lait de vache par
des globulines de pois a des taux variables jusqu’a 100 % de globulines de pois, tous les autres
parameétres étant maintenus constants. 2- nous avons adopté une approche macroscopique
en travaillant avec des mélanges complexes de protéines et en suivant une démarche proche
de celle de lindustrie laitiere : caséines et protéines sériques et globulines de pois. En
conséquence, la compréhension des phénomeénes s’appuiera notamment sur les données de
la littérature récemment publiées concernant les agrégats mixtes entre protéines végétales
et protéines de lait de vache. 3- Dans I'approche sensorielle, la dimension “comportement

du consommateur” a été introduite en parallele de I'analyse sensorielle plus classique.
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Dans ce chapitre, les propriétés physico-chimiques des protéines utilisées dans la partie
expérimentale de la thése seront présentées dans une premiére partie. Dans une deuxieme
partie, les procédés de fermentation lactique seront présentés. Enfin dans la derniere partie,
des éléments sur le comportement des consommateurs appliqués aux produits nouveaux

seront abordés.

1.1 Les protéines dans les aliments
Le mot « protéine » est dérivé d'un mot grec signifiant « premier », en raison du role

fondamental des protéines dans le maintien de la vie (Morris, 1992). Les protéines jouent un
role fondamental dans le maintien de la vie, ou elles constituent des composants structuraux
et métaboliques majeurs. Pour I'homme, I'apport de protéines par I'alimentation est donc
indispensable. La qualité nutritionnelle des protéines alimentaires dépend de plusieurs
facteurs notamment de la composition en acides aminés, de la disponibilité en acides aminés
essentiels et de la digestibilité de ces protéines (Li-Chan, 2004). La composition en acides
aminés et la structure de la protéine conditionnent ses propriétés fonctionnelles et la

structure de I'aliment qui la contient.

L'Homme ne mange pas des protéines pures mais des aliments complets plus ou moins
élaborés. Deux sources de protéines sont disponibles pour I’étre humain, les végétaux et les
protéines extraites de ces derniers et les produits animaux et les protéines extraites de ceux-
ci.

1.1.1 Composition & structure des protéines

La majorité des protéines est constituée de 20 acides L-a-aminés. Chaque acide aminé
contient une amine primaire et un acide carboxylique ayant la formule générale : CaH(R)-
COOH, ne différant que par R. Chaque protéine se compose d’une chaine d’acides aminés
liés entre eux par des liaisons peptidiques (amide). Lorsqu’elle est synthétisée, une chaine
polypeptidique se replie, et adopte une forme tridimensionnelle spécifique qui est unique a
la protéine. Selon Walsh (2015) cette conformation est largement stabilisée par des
interactions multiples et de faibles énergies. D’autres types d’interactions sont également
rapportées dans la littérature. Ainsi, les protéines peuvent étre décrites jusqu’a quatre
niveaux hiérarchiques de structure (Fig. 1). La structure primaire correspond a la succession
linéaire des acides aminés (Fig. 1a), la structure secondaire représente la conformation locale

de la chaine principale d’une protéine (Fig. 1b). La structure tertiaire décrit I'agencement des
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structures secondaires dans I'espace (Fig. 1c). Enfin, I'association d’au moins deux chaines
polypeptidiques par des liaisons non covalentes produit la structure quaternaire des

protéines (Fig. 1d).

Structure primaire

Séquence d'acides aminés

\
Structure secondaire
Repliement local de
la chaine principale

Structure quaternaire

Association de plusieurs
chaines polypeptidiques

Figure 1. Niveaux de structure des protéines (dehttps://wikipedia.protein structure levels)

Cette structuration est commune aux protéines d’origine végétale et d’origine animale. Les
différences se trouvent au niveau de la qualité nutritionnelle et au niveau des propriétés
fonctionnelles. Cette derniere dimension n’est pas indispensable a la survie de ’lhomme mais

est essentielle pour la formulation des produits alimentaires méme peu transformés.

1.1.2 Protéines animales vs protéines végétales
La qualité nutritionnelle des protéines alimentaires est déterminée en grande partie par leur

composition en acides aminés essentiels et leur digestibilité. L’avantage des protéines
animales réside dans leur richesse en acides aminés essentiels, comme la lysine, la

méthionine et le tryptophane (Swanson, 1990). Parmi les protéines de référence, on peut
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citer les protéines de I'ceuf de poule ou les protéines sériques du lait de vache. Elles sont
considérées comme des protéines idéales sur le plan nutritionnel avec une haute digestibilité

proche de 100 % et une composition en acides aminés équilibrée.

Les protéines végétales ne présentent pas de risque sanitaire, sont accessibles en grande
guantité, renouvelables, et moins coliteuses que les protéines d’origine animale. Cependant
la majorité des protéines végétales peuvent présenter une teneur limitante en certains
acides aminés indispensables, la lysine pour les céréales, et les acides aminés soufrés pour
les légumineuses. De plus leur digestibilité est généralement moins bonne que celle des

protéines animales.

Parmi les protéines dites animales, nous nous focaliserons sur les protéines du lait de vache.
Les caséines représentent la protéine animale dominant dans le lait de vache et sont le
principal contributeur fonctionnel des ingrédients laitiers qui sont utilisés de facon
omniprésente dans l'industrie alimentaire. Les protéines sériques ont aussi d’excellentes

propriétés fonctionnelles (Cayot & Lorient, 1998).

Certaines protéines végétales ont aussi d’excellentes propriétés fonctionnelles (la solubilité,
la rétention de I'eau et des arémes, |'épaississement, I"émulsification, la gélification). Ces
derniéres ont fait 'objet de nombreuses études notamment comme alternative aux
protéines animales, surtout dans le domaine agro-alimentaire. Parmi les protéines de graines
de légumineuses, les protéines de soja ont été largement étudiées, ce qui a conduit a
I'expansion de leur utilisation dans I'alimentation humaine. La protéine de pois (Pisum
sativum L.) suscite beaucoup d'intérét comme alternative au soja en raison de sa faible
allergénicité, de sa haute valeur nutritionnelle, de sa disponibilité et de son faible colt
(Shevkani et al., 2015; Stone et al., 2015). Cependant, I'utilisation de la protéine de pois
comme ingrédient alimentaire est encore limitée du fait d’une qualité d’odeur et d’arome

dominée par des notes verte et haricot sec entre autres (Murat et al., 2013).

1.1.3 Protéines de lait de vache (caséines et protéines sériques) : structure et composition
en acides aminés
Le lait contient 32 a 35 g/L de protéines réparties entre 80 % de caséines et 20 % des

protéines du lactosérum (Alais & Linden, 1997). La fraction protéique majeure du lait est
constituée des caséines asl, as2, B et K et est organisée en superstructures sphériques et

volumineuses appelées micelles. Leur diametre moyen est d’environ 180 nm mais peut varier




Revue bibliographique | M. Yousseef

de 30a 600 nm (McMahon & Brown, 1984). La micelle de caséine contient 92 % de protéines
et une fraction minérale de 8 %. Les minéraux sont constitués de 90 % de phosphate de
calcium et de 10 % d’ions citrate et magnésium (Horne, 2009). Le pH isoélectrique de Ila

micelle de caséine est de 4,6 (Cayot & Lorient, 1998).

Les protéines du lactosérum se présentent sous forme globulaire et sont solubilisées dans la
phase aqueuse du lait. Elles présentent une importante sensibilité thermique. Les protéines
majeures du lactosérum tant d’un point de vue quantitatif que technologique sont : la B-

lactoglobuline (B-LG) et I'a-lactalbumine.

La B-LG est une protéine globulaire comprenant 162 acides aminés et dont la masse
moléculaire avoisine les 18 300 g/mol. En fonction du pH, de la température, de la
concentration ou encore de la force ionique du milieu, elle peut exister sous différents états
oligomériques allant du dimére au pH naturel du lait a I'octameére. Au voisinage de son point
isoélectrique estimé a pH 5,2, elle est trés peu soluble dans I'’eau (Pelegrine & Gasparetto,

2005).

L’a-lactalbumine est une petite protéine globulaire compacte de 123 acides aminés et d’'une
masse moléculaire de 14 200 g/mol. Cette métalloprotéine présente une structure stabilisée
par 4 ponts disulfures et un cation. Son pH isoélectrique est de 4,8 (Cayot & Lorient, 1998).
Le Tableau 1 présente la composition en acides aminés des protéines de lait (caséines et
protéines sériques). Ce tableau montre que I'ensemble des acides aminés essentiels sont
présents dans les protéines de lait et en quantité suffisante pour satisfaire les besoins

nutritionnels selon les recommandations de la FAO.

Tableau 1. Composition en acides aminés des protéines du lait (en % de total acide aminés)

(Pellegrino et al., 2013)

ACIDE AMINE CASEINES PROTEINES SERIQUES
ASPARTIC ACID/ASPARAGINE 7.1 10.5
THREONINE 4.9 7.0
SERINE 6.3 4.8
GLUTAMIC ACID/GLUTAMINE 22.4 17.6
PROLINE 11.3 5.9
GLYCINE 2.7 1.8
ALANINE 3.0 4.9
CYSTEINE 0.34 2.3
METHIONINE 2.8 1.7
VALINE 7.2 5.7




Revue bibliographique | M. Yousseef

ISOLEUCINE 6.1 6.4
LEUCINE 9.2 10.3
TYROSINE 6.3 2.9
PHENYLALANINE 5.0 3.1
TRYPTOPHAN 1.7 2.4
LYSINE 8.2 8.7
HISTIDINE 3.1 1.7
ARGININE 4.1 2.3

La micelle de caséine est un édifice instable en fonction des conditions du milieu. Quand il y
a acidification du milieu, la structure de la micelle est progressivement modifiée avec
I’'abaissement du pH. A partir de pH 5,2 les premiers signes de gélification apparaissent, a pH
5,0 il y a solubilisation totale du calcium et a pH 4,9 la gélification est totale. Le gel ne se
forme que si I'acidification est trés lente. Le réseau est constitué par des enchainements et
des agrégats de caséine et de protéines sériques. La synérése de ce gel est trés faible. Par
contre, si l'acidification est brutale, il y a agrégation forte (caillé non homogéne) et synérése

importante.

La caséine est aussi sensible a la protéolyse. En industrie laitiére, la base de fabrication de
caséine dite présure « rennet casein » est opérée par l'action de la chymosine qui hydrolyse
la k-caséine pour produire de la para-k-caséine et le glycomacropeptide. Suite a cette
hydrolyse, une réaction de coagulation qui dépend de la concentration en ions calcium et de
la température est engagée. La vitesse d'agrégation est maximale a 40°C. Enfin on constate

une séparation entre le caillé et du lactosérum.

Comme toutes les protéines, les caséines et protéines sériques subissent des modifications
en fonction de la température. Le fait le plus notable est la possibilité d’interactions entre les
deux catégories de protéines : caséines et protéines sériques. Ainsi, au cours d'un chauffage
a 90°C, la B-LG vient s'associer avec la kappa caséine des micelles soit par des ponts disulfure
si le pH est voisin de pH 6,8 soit par des interactions hydrophobes si le pH est inférieur a pH
6,5 (Cayot & Lorient, 1998). Ces interactions inter protéiques contribuent ainsi par la
densification du maillage protéique et occasionnent une amélioration de la viscosité et de la

fermeté des yaourts (Beal & Sodini, 2003).

1.1.4 Globulines de pois : structure et composition en acides aminés
Les graines de pois contiennent généralement 20-25 % de protéines sur une base de poids

sec. Ces protéines représentent le deuxiéme constituant principal de la graine de pois apres
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I’'amidon. L’amidon représente environ 50 % de la graine, les fibres 20 % et un taux
minoritaire de lipides 2,5 % (Tzitzikas et al., 2006).
Comme toutes les protéines végétales, les protéines de pois peuvent étre classées en
fonction de leur solubilité. Les albumines sont considérées comme solubles dans I'eau, les
globulines sont qualifiées solubles et extractibles en solution saline, les prolamines sont
protéines de pois.

solubles dans des solutions hydroalcooliques et les glutéines partiellement solubles dans les

solutions acides et alcalines (Osborne & Campbell, 1898). Fig. 2 présent I'ensemble des

Légumine (11S) \ Viciline (75)
(20%) \ (40%)
- : .
\ 2amd
¢ : Hexamére 360-400kDa \ trimére 160-200kDa
tat natif (6X60kDa) \ (3X50kDa)
- \‘ S
( J/Site de clivage \‘ J/ \LSite de clivage )
\
\
Monomére B -5S- _a | \ U T
\ Légumine (60kDa) b { Viciline (50kDa) y,
s 3 \
Sous-unités bbudsh Hsuand e ol b Bl e B Bt
L8 (20kDa) La (40kDa) 20 13 12416 3036 12-16 20 2530  kDa
- 7
Albumine (25) Conviciline (7S)
(20-30 %) (5 %)
| site de clivage |
v v
Etat natif e - Azote insoluble
PA1 (11 kDa) PA2 (52 kDa) (20%)
Monomere . _
~6 kDa

Trimeére 210kDa

(3x71 kDa)
~26 kDa

I

Conviciline ~71 kDa

de clivage (Chihi, 2016).

Figure 2. Composition et structure des principales fractions de protéines de pois, et
assemblage des sous-unités constitutives des globulines de pois 7S et 11S, et potentiels sites

Nous avons travaillé dans cette étude avec des extraits industriels de globulines. Les
globulines représentent 70 a 80 % de protéines de la graine (Utsumi, 1992; Utsumi et al.,
1997). Les globulines sont une classe de protéines composée de : viciline 7S et légumine 11S.
Les légumines 11S ont des structures quaternaires, hexameres avec des sous unités de masse

molaire = 40 000 Da et = 20 000 Da. Les vicilines 7S ont une structure trimérique avec une

masse molaire de 175,000-180,000 Da (Boye et al., 2010). Par rapport aux albumines, les

globulines de pois contiennent moins d’acides aminés essentiels tryptophane, lysine,
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thréonine, cystéine et méthionine mais sont riches en arginine, phénylalanine, leucine et
isoleucine (Swanson, 1990). Le Tableau 2 présente la composition moyenne en acides aminés
de pois. On remarque les protéines de pois sont déficitaires en acides aminés soufrés

(méthionine et cystéine) selon les recommandations de FAO.

Tableau 2. Composition en acides aminés des protéines de pois (Boye et al., 2010) et

globulines de pois (Jackson et al., 1969) (en % de total acide aminés)

ACIDE AMINE PROTEINE DE POIS GLOBULINE DE POIS

ASPARTIC ACID/ASPARAGINE 11.16 12.70

THREONINE 4.46 3.23

SERINE 5.71 5.90

GLUTAMIC ACID/GLUTAMINE 18.46 16.50
PROLINE 4.64 -

GLYCINE 4.82 6.20

ALANINE 4.83 5.78

METHIONINE/CYSTEINE 1.60 0.53

VALINE 5.11 4.77

ISOLEUCINE 3.89 4.06

LEUCINE 7.84 7.98

TYROSINE 3.34 2.56

PHENYLALANINE 5.17 4.22
TRYPTOPHAN 0.61 --

LYSINE 6.25 4.40

HISTIDINE 2.33 2.45

ARGININE 7.93 7.50

1.1.5 Caséine vs globuline de pois : propriétés fonctionnelles
Les propriétés fonctionnelles des protéines sont tres diverses et peuvent étre exploitées dans

la formulation des aliments. Elles sont principalement déterminées par la solubilité, la
rétention de I'eau, la rétention de I’huile, I'émulsification, le foisonnement, la gélification,
I'épaississement et la rétention de composés d’arébme. La composition en acides aminés, la
structure, la déformation et l'interaction entre les protéines et les autres composants
alimentaires, ainsi que la température et le pH peuvent affecter les propriétés fonctionnelles
(Boye et al., 2010). Nous allons passer en revue leurs principales fonctionnalités : la solubilité,
la capacité de rétention et la gélification.

1.1.5.1 Solubilité

La solubilité des protéines peut étre définie comme I'équilibre entre les interactions
protéine-protéine (hydrophobe) et protéine-solvant (hydrophile), exprimées en Protein-

Solvent €< Protéine-Protéine + Solvant-Solvant. D’autres définitions comprennent le rapport

10
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de la protéine présente dans la phase liquide aux protéines présentes dans le surnageant
aprés centrifugation (Lam et al., 2016). Le solvant utilisé dans la plupart des cas est
habituellement de I'’eau ou un tampon. En plus de facteurs intrinseques comme la nature et
la composition en acides aminés (résidus hydrophiles et hydrophobes), et leur distribution a
la surface de la protéine (Kimura et al., 2008), d’autres facteurs influencent la solubilité des
protéines dont le pH du solvant, la force ionique, la température et les composants des
solvants organiques (Lam et al., 2016) et la méthode d’extraction (Boye et al., 2010). La
protéine présente la plus faible solubilité a son pH isoélectrique puisqu’elle porte une charge

nette nulle (0), en minimisant les forces de répulsion électrostatiques.

Les caséines ont, en général, un point isoélectrique dans la région de pH 4,6. La modification
du pH du lait écrémé a partir de 6,7 (pH naturel) a 4,6 entraine I'agrégation des caséines a
une échelle macroscopique (O’Kennedy, 2011). Aussi, le point isoélectrique pour la protéine
sérique de lait est pl~4.5 a toutes les températures testées (de 40 jusqu’a 60° C) (Pelegrine

& Gasparetto, 2005).

Le point isoélectrique pour les protéines de légumineuses est généralement compris entre 4
et 6 (Boye et al.,, 2010). La fraction protéique qui précipite a pl~4,6 est constituée
principalement de globulines (Alamanou & Doxastakis, 1997), et la valeur de pH pour une
solubilité optimale de fractions globulaires de pois est égale a 7,2 (Chihi, 2016). Les
albumines ont un point isoélectrique plus élevée pl™~6,5.

1.1.5.2 Rétention de I'eau et des composés d’aréme
» Rétention de I'eau

La rétention est un terme opérationnel se référant a I'aptitude d’une protéine a maintenir
les ingrédients ensemble dans un état solide, semi-solide ou fluide, et dans certains cas, cela
implique la prévention ou le retard de la perte de composants volatils, par exemple de I'eau
ou des aromes (Kinsella & Melachouris, 1976). Cette propriété est importante dans la
formulation de nombreux aliments par rapport aux arébmes, aux lipides, a I'’eau et a d’autres
composants. Les valeurs de rétention (soit d’eau ou d’huile) par les isolats protéiques sont
influencées par la nature de la protéine et par les conditions de traitement utilisées pour

préparer l'isolat.
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La B-LG présente des degrés d'hydratation variables, selon la dénaturation, I'agrégation et
I'interaction avec d'autres protéines (Kinsella & Morr, 1984). Les micelles de caséine sont
capables de lier de grandes quantités d'eau (200-400 g/100 g) (Kneifel & Seiler, 1993).
Lorsque le lait a été chauffé trés rapidement a 120 °C en 1 minute, la quantité d'eau retenue
par les caséinates est 5 fois supérieure a la quantité retenue par les caséinates témoins non
chauffées (Kneifel & Seiler, 1993). De méme pour les farines de légumineuses, un traitement

thermique intense peut augmenter la capacité de rétention de I'eau (Obatolu et al., 2007).

» Rétention des composés d’aréme

Des interactions hydrophobes faibles réversibles et des liaisons covalentes irréversibles
peuvent étre formées entre des protéines et des composés d’ar6me (Suppavorasatit &

Cadwallader, 2012; Tromelin et al., 2006).

La B-LG de lait est capable de lier des composés d’aréme par des interactions hydrophobes.
Généralement, dans la méme classe chimique de composés aromatiques, la force de
I'interaction augmente avec la longueur de la chaine (O’neill & Kinsella, 1987; Sostmann &
Guichard, 1998). Plusieurs études ont montré que la B-LG généralement a une capacité de
liaison d'arébme (vanilline, benzaldéhyde, d-limonéne et 2-nonanone) plus forte que la
caséine (Hansen & Booker, 1996; Li et al., 2000; Zhu, 2003). Dans un systeme gélifié, des
mesures par SPME ont montré une rétention plus élevée des composés d’aréme dans le
yaourt avec des teneurs élevées en caséinates (Saint-Eve et al., 2006). Ces auteurs ont
suggéré que le réseau plus hétérogene de yaourts enrichis en caséinates ayant de gros pores
peut constituer une barriére plus efficace pour le transfert de composés d’arome que le

réseau homogéne de yaourts enrichis en protéines de lactosérum (B-LG).

Il existe peu de données sur les interactions protéines de pois et composés d’aréme dans la
littérature. Les quelques études réalisées ont mis en évidence la capacité des protéines de
pois a piéger des composés d’aréme. Par exemple, Wang & Arntfield (2015) ont montré que
la rétention d'ar6mes de fonction aldéhyde (hexanal, heptanal et octanal) est plus élevée
avec unisolat de protéine de pois, avec des augmentations entre 14 et 18 % apres traitement
thermique. Ces observations peuvent étre expliquées par la dénaturation thermique qui
favorise le déploiement de la protéine révélant ainsi des résidus hydrophobes capables de

lier des aromes (Kuhn et al., 2006).
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1.1.5.3 Gélification
La capacité a former des gels dans des conditions spécifiques est une fonctionnalité

importante dans de nombreux aliments. Les gels sont caractérisés par une viscosité, une
plasticité et une élasticité relativement élevées (Kinsella & Melachouris, 1976). La
gélification protéique peut étre induite par le pH, les sels, les solvants, les enzymes, le
traitement thermique et la pression ou le cisaillement (Corredig, 2005). La gélification est un
mécanisme en deux étapes impliquant un déploiement initial de la protéine ou une

dissociation de la protéine suivie par une agrégation pour former un réseau en gel.

Dans les systéemes que nous avons étudiés, la gélification a été induite par des modifications

du pH, avec des traitements thermiques associés.

La dénaturation thermique des protéines est initiée dés 65°C pour les protéines sériques du

lait et commence a 80°C (voire 85-90°C) pour les globulines de pois.

Les protéines de pois sont pour la plupart globulaires et tri, hexa, ... mériques, il y a donc une
phase de dissociation et/ ou de déplissement au cours du chauffage. La présence d’un
pourcentage élevé de résidus hydrophobes dans les protéines est généralement favorable a
I'obtention d’un coagulum (Schwenke, 2001). De plus les conditions de pH durant la phase

de dénaturation thermique impactent les propriétés des gels obtenus (Arntfield et al., 1989).

La dénaturation provoquée par la chaleur des protéines sériques est une étape critique dans
I'association des protéines sériques avec la caséine. La plupart des chercheurs ont étudié la
dénaturation provoquée par la chaleur des protéines sériques a des températures
supérieures a 60 °C; cependant, certaines réactions de dénaturation pourraient commencer
a des températures aussi basses que 40 °C (Parris & Baginski, 1991). Au-dessus de 70 °C, des
changements de conformation ont lieu dans les structures secondaires et tertiaires de B-LG,
y compris le déploiement et I'exposition de son groupe thiol libre sur le résidu Cys121.
L'agrégation de protéines procéde par des réactions d'échanges de groupements thiols et de
ponts disulfures et des interactions hydrophobes (Hoffmann & van Mil, 1997; Vasbinder &
de Kruif, 2003).

Pour I'interaction entre les globulines de pois et la B-LG, des agrégats mixtes sont formés en
faisant intervenir des échanges de liaisons disulfures et /ou des interactions non covalentes

(Chihi, 2016). A la concentration de 5 mM de NaCl, les liaisons disulfures issues de la B-LG
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contribuent surtout a la formation d’agrégats mixtes denses (majoritaires) et des agrégats
intermédiaires (minoritaires) avec un diameétre réduit par rapport a celui obtenu pour les
macro-agrégats de globuline (Chihi, 2016). Une acidification lente par la GDL (glucono-6-
lactone) conduit aussi a la formation d’agrégats par réarrangement des oligomeéres des
globulines et de la B-LG via des interactions hydrophobes et des échanges de liaisons

covalente (S-/SS) favorisé par la thermodénaturation (Chihi, 2016; Mession et al., 2015).

1.2 Lafermentation lactique
La fermentation est I'une des méthodes les plus anciennes de conservation et de préparation

des aliments. La fermentation apporte aux aliments une variété d’arémes, de go(ts, de

textures, des attributs sensoriels et des valeurs nutritionnelles et thérapeutiques.

Les bactéries lactiques (LABs) sont traditionnellement utilisées pour obtenir des aliments
fermentés a partir de matieres premiéres trés différentes comme le lait, les légumes, les
céréales et les produits a base de viande (Gorbach, 2002). Les LABs sont présentes dans une
variété d’aliments et participent au développement de la texture, du go(t, de la qualité et de
la salubrité de nombreux produits fermentés. Ces micro-organismes sont des bactéries
Gram-positives, catalase-négatives, ne sporulent pas, microaérophiles ou anaérobies
facultatifs. lls ont une caractéristique commune qui est la production d’acide lactique a partir
du lactose. L'acide généré par la fermentation du lactose donne non seulement un go(t acide
au produit, mais transforme également le lait liquide au départ ou le mélange laitier en un
caillé semi-solide. Dans la matrice de caséine solide, le lactosérum et les autres composants
solubles du lait et de la matiére grasse du lait sont piégés (Vedamuthu, 2006). Les fonctions
secondaires de la culture initiale dans les produits laitiers fermentés comprennent la
production d’arébmes, la production spéciale de texture et I’élaboration de métabolites
inhibiteurs divers qui ont des effets de conservation (Vedamuthu, 2006). LABs des genres
Lactobacillus, Lactococcus, Leuconostoc, Pediococcus et Weissella sont les bactéries les plus
importantes dans les fermentations alimentaires. Des auteurs ont criblé des LABs isolées de
différentes régions et de différentes plantes et algues au Japon pour leur capacité a
fermenter des laits de vache et des laits de soja ; Dix bactéries sur les 138 collectées ont
montré des tolérances aux milieux acides et une bonne aptitude de fermentation des laits de

vache et de soja. De plus, I'une d’entre elles, Lc. lactis Miura-SU2, a permis d’apporter un
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ardme agréable au lait de soja fermenté. Lb. plantarum Tennozu-SUI quant a elle, a permis
d’augmenter la capacité antioxydante des laits de soja. Les auteurs ont ainsi pu montrer que
certaines souches de LABs étaient capables a la fois d’augmenter la fermeté et d’améliorer
la texture du caillé et aussi de permettre d’obtenir des arbmes nouveaux et masquant le got

du végétal (Kuda et al., 2016).

1.2.1 VLeffet de la fermentation sur la texture des produits
L'effet de la fermentation est treés important sur la texture finale du produit. L'exploitation

commerciale des exopolysaccharides (EPS) a partir des LABs dans le domaine des produits
laitiers fermentés a traditionnellement été destinée a produire des caractéristiques
physiques uniques (Cerning, 1995), par exemple une viscosité et une rétention d'eau
améliorées; Il en résulte que le consommateur percoit un produit de meilleure qualité en
bouche, une texture plus agréable et une persistance plus longue en bouche (Duboc &
Mollet, 2001; de Valdez et al., 2003). De tels produits sont décrits comme ayant une viscosité
plus élevée et un degré de synérese inférieur (séparation du lactosérum) par rapport aux
produits obtenus avec des cultures non productrices d'EPS (Cerning, 1990; Duboc & Mollet,
2001; Ruas-Madiedo et al., 2002). En outre, la présence d’EPS dans les produits laitiers
fermentés conduit souvent a un caractére visqueux du produit (Cerning, 1990); c'est
pourquoi les cultures bactériennes produisant des EPS sont parfois appelées souches
«visqueuses». Cependant, de nombreuses études ont montré que la texture des laits
fermentés est loin d'étre proportionnelle a la teneur en EPS (Van Marle & Zoon, 1995). Faber
et al. (1998) ont constaté que deux laits écrémés cultivés avec une concentration d’EPS
similaire et une structure unitaire répétitive identique de I'EPS différaient en viscosité. La
microstructure du gel des produits laitiers fermentés contient des filaments formés par des
cultures produisant des EPS qui sont attachées aux cellules microbiennes et aux matrices de
protéines (Hassan et al., 2002; Tamime & Robinson, 1999). L'effet de la fermentation
lactique est bien connu sur les produits laitiers : laits fermentés, yaourts, fromages
(Dominguez-Soberanes et al., 2001; Oliveira et al., 2001; Sodini et al., 2004; Wick et al.,
2004) ainsi que sur les végétaux : choucroute, olives, carottes...et les laits végétaux : lait de
soja, tofu de soja, etc (Coda et al., 2012; Yang & Li, 2010). En revanche, les travaux
scientifiques ou les applications montrant I'intérét de substituer les protéines animales par

des protéines végétales sont tres peu nombreux voire inexistants. Des auteurs ont montrés
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gue des caillés coagulés provenant de lait de vache et contenant des protéines de soja sont
plus faibles en fermeté que ceux provenant du lait pur (Lee & Marshall, 1979; Rinaldoni et
al., 2014). Ahmed & Hassan (1995) ont étudié la faisabilité de |'utilisation des protéines
d'arachide ou de soja pour la substitution partielle de la caséine dans la fabrication de
succédanés de fromages. Les fromages sont devenus plus doux et moins caoutchouteux avec

I'ajout croissant de protéines végétales.

1.2.2 LUeffet de la fermentation sur la production de composés d’aréme
Les différences observées dans les composés d’aréme du yaourt par rapport a ceux du lait

sont produits par le métabolisme des bactéries lactiques. Ces composés aromatiques
générés résultent de transformations microbiennes, enzymatiques ou chimiques du lactose,
des lipides, de I'acide citrique et des protéines/acides aminés présents dans le lait (Boelrijk

et al., 2003; McGorrin, 2001).

Le Tableau 3 présente les composés volatils qui ont été identifiés dans un yaourt nature
(Cheng, 2010). Plus de 90 molécules volatiles différentes ont été identifiées notamment des
alcools, des aldéhydes, des cétones, des acides, des esters, des lactones, des composés
contenant du soufre, des pyrazines et des dérivés de furane (Ott et al., 1997). Un grand
nombre de composés organiques volatils trouvés dans le yaourt ne sont pas produits par les

bactéries starters mais proviennent du lait (Imhof et al., 1994; Tamime & Deeth, 1980).

Tableau 3. Liste des composés volatils identifiés dans le yogourt nature (Cheng, 2010)

Carbonyl compounds Alcohols Sulfur compounds Heterocyclic compounds
Acetaldehyde Methanol Dimethyl sulfide Furan

Acetone Ethanol Dimethyl disulfide Furfural

Propanal 1-Propanol Dimethyl trisulfide 2-Methylfuran
2-Propanone 2-Propanol S-methyl thioacetate 2-Pentylfuran

Butanal 1-Butanol Methional 2-Furanmethanol
2-Butanone 2-Butanol Tetramethyl thiourea Pyrazine

Diacetyl 2-Methyl-1-propanol Nitrogen compounds Methylpyrazine

Acetoin Cyclobutanol N,N-dimethylformamide Pyrrole

Pentanal 1-Pentanol Lactamide 1-Methylpyrrole
2-Methylbutanal 3-Pentanol N-ethyl-benzenamine 2-Methyl tetrahydrofuran-3-one

3-Methylbutanal
3-Methyl-2-butenal
2-Pentanone
3-Penten-2-one
2-Hydroxy-3-pentanone

2,3-Pentanedione

1-Penten-3-ol
3-Methyl-2-butenol
3-Methylbutanol
Pentan-2-one-4-ol
3-Methyl 3-cyclohexenol
2-Ethyl hexanol

Hydrocarbons
Heptane
Methylcyclohexane
Nonane

Undecane

Aromatic compounds

2-Methylthiophene
2-Methyltetrahydrothiophen-3-one
Benzothiazole

Methyl 2-piperidine

Furfuralcohol

1,2-Dihydro-2,2,4-Trimethylquinoline
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Hexanal
2-Hexanone
3-Hexanone
Heptanal
2-Heptanone
3-Heptanone
Octanal
3-Octanone
1-Octen-3-one
1-Nonen-3-one
Nonanal
(E)-2-Nonenal
2-Nonanone
Decanal
Undecanal
2-Undecanone
2-Dodecanone
2-Pentadecanone
y -Dodecalactone
6-Dodecalactone
Benzaldehyde
Phenylacetaldehyde

2-Buthyl octanol
Guaiacol

Acids

Acetic acid
Propionic acid
Butyric acid
2-Methylpropanoic acid
Pentanoic acid
Isovaleric acid
Hexanoic acid
Heptanoic acid
Octanoic acid
Nonanoic acid
Decanoic acid
Benzoic acid
Esters

Methyl formate
Methyl acetate
Ethyl acetate
Butyl acetate

Diehyl phthalate

Benzene

Toluene

Ethylbenzene
1,3-Dimethylbenzene
1,4-Dimethylbenzene
1,2-Dimethylbenzene
Ethenylbenzene
Propylbenzene
Trimethylbenzene
1-Methyl ethenylbenzene

1-Ethyl-4-methylbenzene

2,3-dihidro-1,3,3-trimethyl 1H-Indole
Terpene

L-limonene

Others—solvent contamination?
Acetonitrile

Dichlorometane

Trichloromethane

La composition du lait de vache en glucides comprend du lactose (4,8 % p/v), du citrate (0,18
% p/v) et des traces de glucose, de galactose, etc (Walstra & Jenness, 1984). Au cours de la
fabrication du lait fermenté et du fromage, LABs transforment le lactose (principalement L)
en acide lactique (Fig. 3). L'oxydation du lactate peut également se produire dans le fromage.
Au cours de ce processus, le lactate est converti en acétate et en CO,. L'acétate est présent
a des concentrations assez élevées dans le cheddar et est considéré comme contribuant au
go(t du fromage, bien que des concentrations élevées d'acétate provoquent des faux golts
(Aston & Dulley, 1982). Lc. Lactis biovar diacetylactis et Leuconostoc ssp sont capables de
métaboliser le citrate dans le fromage cheddar, avec une production de diacétyle et de CO;.
Le diacétyle et l'acétate produits a partir de citrate contribuent au golt des fromages
hollandais et du cheddar (Aston & Dulley, 1982). Plusieurs espéces de lactobacilles
mésophiles et également des leuconostoques métabolisent le citrate avec la production de
diacétyle et de formate (Fryer, 1970). Les composés d'ardme principaux de yaourt produits
a partir du métabolisme du citrate sont |'acétate, le diacétyle (2,3-butanedione), I'acétoine
(3-hydroxy-2-butanone) et le 2,3-butanediol (Cogan, 1995) (voir Fig. 3). Le diacétyle est

généralement produit en petites quantités, mais I'acétoine est généralement produite en
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guantité beaucoup plus élevée (10-50 fois plus élevée que le diacétyle). L'acétate est produit
a partir de citrate en concentrations équimolaires (Singh et al., 2007). Les voies générales de
dégradation du lactose et du citrate sont présentées dans les Fig. 3 et Fig. 4. Ces deux voies
sont représentatives du métabolisme des bactéries lactiques pendant la fermentation

lactique et sont impliquées dans la formation des composés d’aréme cités précédemment.
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Figure 3. Voie métabolique du lactose (Cheng, 2010)
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NADP" (oxidized form) and NADPH (reduced form): nicotinamide adenine dinucleotide phosphate

Figure 4. Voie métabolique du citrate (Cheng, 2010)

Les « Beany off-flavors » ont empéché les |égumineuses dont le pois d'étre exploités a leur
plein potentiel pour la consommation humaine (Pattee et al., 1983). De nombreuses études
ont tenté d'identifier et de réduire les substances volatiles les plus puissantes dans les
préparations de soja. L'une des principales molécules est le n-hexanal, une molécule d’aréme
dérivée de la dégradation de l'acide linoléique par la lipoxygénase. Pour résoudre le
probleme, la fermentation avec des souches Lactobacillus ou Streptococci a été proposée, ou
l'utilisation de souches dépourvue de lipoxygénases (Blagden & Gilliland, 2005; Boatright &
Lei, 1999; Kobayashi et al., 1995). Blagden & Gilliland (2005) ont testé 2 souches de
Lactobacillus acidophilus (L1 et C19), 2 de Lactobacillus casei (E5 et E10), 3 de Streptococcus
thermophilus (143, OSU-1, and OSU-2) et 1 de Lactobacillus delbrueckii ssp. Lactis pour

fermenter du lait de soja. Les 8 souches ont completement éliminé I'hexanal dans le lait de
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soja pendant la fermentation et ont entrainé une réduction significative des concentrations
de méthanol. Ainsi, la fermentation lactique a montré son potentiel pour améliorer I'ar6me
des protéines des isolats de pois en diminuant la teneur en n-hexanal et en réduisant ou en

masquant les faux goGts (Schindler et al., 2012).

1.3 Le consommateur

1.3.1 Les modeéles du choix des aliments
Le choix des aliments est un phénomeéne psychologique avec des manifestations physiques

et doit étre interprété a la lumiére d'une théorie du comportement humain telle que la
théorie de la construction personnelle (Gains et al., 1988; Thomson & McEwan, 1988). Selon
cette théorie “people act like scientists in the way they evaluate the world around them:
formulating, testing, verifying and updating hypotheses about the world and its relationship
to themselves » (Gains, 1994, p.52). La gamme de facteurs potentiellement impliqués dans
cette construction personnelle du choix des aliments est extrémement diversifiée et variée.
Ces facteurs peuvent étre divisés en ceux liés a I'aliment, a la personne qui choisit et au
contexte environnemental. Plusieurs auteurs ont essayé de déterminer les relations existant
entre les facteurs influengant le choix alimentaire et ont proposé divers modeles (Gains,
1994; Khan & Hackler, 1981; Land, 1983; Pilgrim, 1957; Randall & Sanjur, 1981; Shepherd,
1985). Un des derniers modeles a été proposé par Gains (1994). Selon cet auteur les facteurs
liés a I'aliment, au consommateur et au contexte peuvent étre divisé en sous facteurs (Fig.

5).

Par exemple, les aliments ont des caractéristiques sensorielles (dépendant du
consommateur aussi), des compositions nutritionnelles, des images, des emballages et des
colts, tandis que les consommateurs ont des personnalités, des humeurs, des états
physiologiques, des cultures, des habitudes et des souvenirs qui affectent tous leurs
réactions envers les différents aliments. Enfin, les aliments ne sont pas consommés dans un
vide, mais dans des contextes d'utilisation spécifiques qui affectent largement leurs
acceptabilités. Le contexte est le temps, le lieu, les circonstances, le mode de consommation
et avec qui et comment les aliments sont consommés. Ainsi, pour comprendre le choix

alimentaire, tous ces facteurs doivent étre pris en considération.
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Figure 5. Modele de Gains (1994)

1.3.2 Mécanismes d’acceptabilité (et de rejet) d’aliments
1.3.2.1 Néophobie
Fallon & Rozin (1983); Rozin & Fallon (1980) ont proposé que, chez I'homme, il existe trois

dimensions principales sous-jacentes au rejet d'un aliment : (I) I'aversion de ses
caractéristiques sensorielles ; () le danger, la peur des conséquences post ingestion ; et (lll)
le dégo(t lié a la nature ou a l'origine de I'aliment. Ces dimensions s’appliquent autant aux
aliments familiers qu’aux nouveaux aliments. Pliner et al. (1993) ont constaté que les
participants de leur étude s'attendaient a ce que les nouveaux aliments soient moins
agréables que ceux qui sont familiers, et que leurs croyances quant a la palatabilité de ces
nouveaux aliments prédisent leur volonté de les golter. Ces auteurs ont également constaté
qgue les participants ont évalué les nouveaux aliments qui leur étaient présentés au
laboratoire comme un peu plus dangereux que leurs équivalents familiers. Rozin et al (1993)
ont proposé que le dégolt servirait a contrebalancer I'attirance des individus pour les
nouveaux aliments et ainsi éviter les risques potentiels liés a ces nouveaux aliments. Ainsi, la
néophobie alimentaire (ou réticence a ingérer de nouveaux aliments), caractéristique des

animaux omnivores, y compris les humains, serait une force conservatrice et elle permettrait
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de maintenir le comportement alimentaire de l'organisme « sur une piste sGre » en
empéchant ses préférences gustatives de I'éloigner des aliments familiers connus pour étre
inoffensifs (Schulze & Watson, 1995). Selon Rozin (1973) l'introduction de nouveaux
aliments dans une culture pourrait donc étre facilitée en ajoutant un élément familier a ces
nouveaux aliments pour diminuer la néophobie qu’ils déclenchent habituellement. Un autre
moyen de réduire la néophobie est lié a ce que 'on dénomme I'effet simple exposition.
1.3.2.2 Effet simple exposition

L'essence de la simple exposition est que |'exposition répétée non renforcée a tout stimulus
entraine une augmentation de préférence pour ce stimulus. L'effet d’'une simple exposition
a été démontrée par Pliner (1982) sur des jus de fruits exotique. Plus précisément cet auteur
a montré un effet positif du nombre d'expositions sur le choix et I'acceptabilité de jus de
fruits non familiers. Ces résultats sont interprétés en termes de « sécurité acquise ». Avec
des expositions répétées, les individus apprennent que l'aliment est « sr » et que son
ingestion ne produit pas de conséquences gastro-intestinales négatives. Toutefois cette
interprétation de I'effet simple exposition en elle-méme ne donne aucune explication sur la
nature du changement sous-jacent. Il semblerait que ce changement puisse s’expliquer en
termes de familiarité.

1.3.2.3 Familiarité

La familiarité joue un role principal dans I'acceptabilité alimentaire. Un manque de familiarité
d’un aliment ou de son go(t peut affecter négativement I'acceptabilité de cet aliment. Par
exemple il a été montré que le soja est généralement rejeté aux Etats unis (Wansink & Chan,
2001) ou en France (Tu et al., 2010) car le go(t du soja n’est pas familier dans ces pays. De
nombreuses études inter culturelles ont révélé l'importance de la familiarité pour faconner
la préférence alimentaire. Par exemple, une étude menée en France et au Pakistan a montré
gue les consommateurs donnent des scores plus élevés a des biscuits provenant de leur pays
par rapport aux biscuits provenant de I'autre pays (Pages et al., 2007).

1.3.3 La consommation de protéine animale et végétale

Les cultures occidentales ont développé ce que Franklin (1999) décrit comme un «penchant
particulier pour la viande». Ce penchant ne s’appuie pas seulement sur le go(t mais aussi sur

d’autres facteurs qui ont fait de la viande une part importante des régimes occidentaux. Ces
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facteurs peuvent étre regroupés en trois catégories générales : culturelle, industrielle et

gouvernementale (Fitzgerald, 2015).

Au niveau culturel, la viande est importante pour deux raisons principales : elle a développé
ce que les anthropologues appellent une signification collective (communal significance)
représentant le pouvoir, en particulier le pouvoir masculin. Cette signification de la viande
peut étre retracée dans I'histoire a la pratique de la chasse pour la subsistance (Fitzgerald,

2015).

L'influence de l'industrie sur la consommation de la viande est également importante. Depuis
plusieurs décennies, les consortiums d’industrie de la viande commercialisent la viande
comme une partie essentielle de I'alimentation humaine et favorisent des niveaux de
consommation toujours plus élevés. En gardant les co(its de la viande relativement bas,

I'industrie est également en mesure d'influencer la consommation (Azzam, 1998).

L'industrie influence non seulement les consommateurs de maniére directe, mais elle le fait
également de maniere plus indirecte en faisant pression sur les gouvernements qui a leur

tour, influencent la consommation par des politiques spécifiques (Fitzgerald, 2015).

A travers les ages, l'alimentation humaine a connu des transitions nutritionnelles. Ces
transitions ne sont pas concomitantes a travers le monde et leur durée varie
considérablement. En Europe, alors que le changement de transition aprés la Seconde
Guerre mondiale présente une augmentation de la consommation de protéines animales
(Grigg, 1995), la cinquiéme transition nutritionnelle a montré un changement vers un régime
alimentaire plus sain, contenant plus d'aliments végétaux et moins d'aliments a base
d'animaux. Ce changement vers les protéines végétales est une réponse aux problémes liés
a une forte demande pour les protéines d'origine animale. A titre d’illustration, la Fig. 6
montre la projection linéaire des taux d'augmentation de la production de viande et de

produits laitiers pour les 40 prochaines années.
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Figure 6. Projection linéaire des taux d'augmentation de la production de viande et de

produits laitiers (d’aprés Boland et al., 2013)

Bien que 1) la conscience des consommateurs européens de I'impact environnemental de la
production de viande et 2) leur volonté de modifier leur comportement de consommation
de viande (réduction ou substitution) soit étonnamment faible (Hartmann & Siegrist, 2017)
un changement de comportement alimentaire dans les pays les plus riches est nécessaire
pour réduire considérablement les dommages environnementaux causés par les aliments
consommeés. Cela implique une réduction de la consommation de protéines animales, car
elles ont un impact environnemental beaucoup plus important que celui des protéines
végétales (Aiking, 2011; Leip et al., 2015). Selon Aiking (2014), une réduction de la
consommation de viande et de produits laitiers est donc cruciale pour une production
alimentaire plus durable. Des substituts de viande constitués entierement de composants
végétaux (par exemple, le tofu) sont disponibles sur le marché. La production de ces
substituts est efficace, mais leur godt, leur texture et leur odeur sont différentes de celles de
la viande. Par conséquent, la part de marché de ces substituts de viande est limitée aux
consommateurs qui sont préts a consommer des protéines a base de plantes qui sont tout a
fait différentes de la viande. Il y a peu d'effort politique pour réduire la consommation de
viande et de produits laitiers. |l a été suggéré que la conscience des consommateurs des co(ts

environnementaux des protéines animales devrait étre augmentée, car les consommateurs
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doivent modifier leur comportement nutritionnel (Aiking, 2014). Un changement dans le
comportement alimentaire des consommateurs ne sera pas facile, car il est lié aux
préférences gustatives, aux normes sociales et aux traditions culinaires (Sabaté & Soret,

2014).

1.4 Objectifs et démarche scientifique
L'amélioration des qualités organoleptiques des produits type ‘yaourt’ peut étre envisagée

par une meilleure maftrise de la préparation des laits végétaux et de la fermentation lactique
(Schindler et al., 2012). Une compréhension plus fine du rejet ou de I'adhésion vis-a-vis de
produits substitués avec des protéines végétales est aussi nécessaire afin d’identifier des

leviers pour une plus large introduction de ce type de produit dans notre alimentation.
L’objectif de ce travail est donc

1- de comprendre |'effet de la fermentation des mix de protéines laitiéres et végétales
sur la physico-chimie des produits obtenus : structure, texture, flaveurs.

2- d’analyser le poids respectif des propriétés sensorielles : texture, go(t, arome et des
images véhiculées par le produit fini : santé, éco-conception, ... sur son acceptation

par les consommateurs.
La partie expérimentale de cette thése se compose de 4 chapitres :
Chapitre 2 : Réactions des consommateurs face au « yaourt » au pois

L’objectif spécifique de ce chapitre est de répondre a la question suivante : est-ce que les

gens sont préts a consommer ce type de produit ?

Le travail a consisté tout d’abord en un test consommateur permettant d’étudier comment
le mixte lait vache/pois (0 a 40 % de pois) fermenté pouvait étre percu en France (Europe de
I’Ouest) et en Bulgarie (Europe du Sud-Est). Ces deux pays ont la méme tradition de
consommation de yaourt a base de lait de vache mais different dans la consommation de
produit fermenté végétaux, la consommation de boisson fermentée a base de plantes étant
populaire en Bulgarie, mais pas en France. Puis, un test consommateur a été fait avec et sans
allégations santé et environnementales afin de savoir si ces allégations permettent

d’améliorer 'acceptabilité de ce type de produit.
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Chapitre 3 : Effet du cocktail bactérien sur les propriétés physico-chimiques et sensorielles

L’objectif spécifique de ce chapitre est de répondre a la question suivante : est-ce que le

cocktail bactérien peut jouer un réle sur I'acceptabilité des produits ?

Cette partie de I'étude a permis de comprendre I'influence du cocktail des LABs sur les
propriétés physico-chimiques et sensorielles des produits. Différents cocktails de souches
bactériennes ont été testés vis-a-vis de la cinétique d’acidification. La texture des produits
finis et au cours du stockage a également été mesurée. Un profil sensoriel des produits

fermentés a été établi pour évaluer les différences percues entre les souches.
Chapitre 4 : Optimisation et sélection des conditions optimales

L’objectif de ce chapitre est de répondre a la question suivante : est-il possible d’améliorer
les qualités organoleptiques de notre produit fermenté concernant la préparation des laits
végétaux, les procédures de thermisation et le choix du meilleur cocktail de bactéries

lactiques ?

Dans ce chapitre, 'accent a été porté sur les parameétres impactant la qualité physico-
chimique des produits fermentés. Différentes modalités ont été testées afin de déterminer
les meilleures conditions permettant d’obtenir un produit fermenté partiellement substitué
avec des protéines de pois le plus proche en termes d’acidité (pH et degré Dornic), de
rhéologie (fermeté, collant), d’arémes et d’amertume d’un yaourt nature témoin (100 % lait

de vache).
Chapitre 5 : Validation sensorielle

L’objectif de ce chapitre est de répondre a la question suivante : est-ce que la matiére
premiére, le cocktail bactérien et les conditions de préparation sélectionnées conduisent a

un produit avec une bonne qualité physico-chimique et accepté par les consommateurs ?

Dans cette partie, les caractéristiques physico-chimiques et sensorielles de produits
fermentés réalisés a partir des parameétres optimisés dans le chapitre précédent ont été
évalués. Un test d’appréciation a été également réalisé pour valider I'acceptation du produit

optimisé.
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I Chapitre 2 : Réactions des consommateurs face au «yaourt» au pois I
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2.1 Introduction
Comme l'acceptabilité des consommateurs est le facteur le plus important pour

commercialiser de nouveaux aliments, la premiere étape dans le développement de
nouveaux aliments doit étre I'étude de I'acceptabilité pour comprendre le besoin
d’amélioration. Différents tests consommateurs sont décrits dans ce chapitre. Ces tests
visent a évaluer I'effet de différents facteurs incluant I'influence de la culture, de la quantité
de sucre et des allégations santé et environnementale sur I'attirance des consommateurs

pour consommer des produits fermentés a base de pois (proceeding 1 et publication 1).

2.2 Proceeding 1: Developing sustainable food: The role of consumer liking in
optimization of pea yogurt

Abstract:

In the development of new food consumers’ acceptability is a critical factor. This study aimed
at evaluating the possibility to introduce pea proteins as new fermented food. For this
purpose, mixtures of cow and pea milks with different ratios of pea (0, 10, 20, 30, 40 and
100%) were fermented with French commercial yogurt-ferment. Consumer acceptability in
two European countries: France (Western Europe) and Bulgaria (Southeastern Europe) was
investigated. 60 Bulgarian and 70 French panelists were asked to rate: overall acceptability,
appearance, odor, taste and texture on a hedonic scale going from 1 (I do not like at all) to 7
(I like very much). The analysis of variance (ANOVA) showed a highly significant effect of
products and countries for all acceptability scores. Globally, the Bulgarian consumers gave
higher average scores than the French consumers. The mean comparison test showed that
the presence of pea protein even in the lowest concentration (10 %) reduced the overall
acceptability of yogurts in both countries. These results suggest that replacing animal by

vegetal protein will not directly lead to an acceptable product.

Keywords: consumer test, cross-cultural study, vegetal protein, mixed-protein yogurt

2.2.1 Introduction

As a response to the increasing demand for animal protein and the consequences of this
issue, it might be interesting to increase the consumption of plant proteins in European diet.
To start changing consumer behaviors, the strategy of introducing plant protein as a part of
traditional foodstuffs seems promising (Boland et al., 2013). Despite the negative

organoleptic properties inherent to plant ingredients, it was shown that consumers can
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accept dairy-plant products (cow milk and soybean proteins) with a ratio of soybean protein
to 50% (Tu et al., 2012). However, soybean might not be the most suitable plant protein
source because of its associated allergy and phytoestrogens issues (Cederroth et al., 2010;
Eastham, 1989). Pea (Pisum sativum) may be a better substituent because of its high-quality
amino acid profile (Schneider & Lacampagne, 2000), its good functional properties (Bora et
al., 1994), its lower allergic effect (Jaffuel et al., 2001), and its lower phytoestrogen content
(Mazur, 1998). Pea protein, like other plant proteins, has some off-flavors (Murat et al.,
2012), but sensory characteristics are not the only factor that affects food choice and
preference. Non-sensory factors including food familiarity, health claims, price and mood
have an influence on food choice (Prescott et al., 2002). James (2004) showed that

consumers’ cultural background could affect these sensory and non-sensory factors.

In last years, many cross-cultural consumer studies have compared variations between
cultures in food preference. These studies were usually carried out to assess how product
familiarity influence consumers’ perception, by comparing the liking of food known and
accepted in one culture with another culture which is not familiarized to this food (Kim et
al., 2013; Pageés et al., 2007). Because they are omnivore, humans naturally tend to be
interested in new food but they are cautious about trying it because of a phenomenon called
food neophobia (Pliner & Hobden, 1992). Repeated and wide exposure to new food could
reduce this phenomenon by increasing consumers’ familiarity. One possible way to introduce
pea protein to consumers could be dairy products such as yogurt. Yogurt, one of the most
popular food for a long time all around the world, is made of cow milk fermented by two

specific lactic acid bacteria (Lactobacillus bulgaricus and Streptococcus thermophilus).

The goal of this study is to know whether it would be possible to introduce pea proteins as
fermented new food to European consumers. We investigated how cow-pea fermented milk
could be perceived in France (Western Europe) and Bulgaria (Southeastern Europe). While
these two countries have a strong tradition of consuming yogurts and have soy yogurt in
their markets, the studied product “itself” is not familiar to the French and Bulgarian
consumers, however « boza » a cereal-based fermented beverage is popular in Bulgaria. No

such plant-based products exist in the French food tradition.
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2.2.2 Materials and methods

2.2.2.1 Preparation of samples
Using skim milk powder purchased from Régilait (Saint-Martin-Belle-Roche, France) and pea

protein isolate Nutralys® S85F supplied by Roquette (Lestrem, France), cow and pea milks
were prepared at the same protein concentration (4.5 g/L). Lactose, calcium and citrate
levels were also balanced in the two milks. Before the incubation with starter culture for
homemade yogurt production (Streptococcus thermophilus and Lactobacillus bulgaricus)
obtained from Alsa (Rueil-Malmaison, France), the cow milk was heated in a water bath at
90 °C for 10 minutes, and the pea milk was autoclaved at 110 °C for 10 minutes. When the
milks temperature returned to about 42 °C, the two milks were mixed according to the
needed concentrations, inoculated and then incubated at 42 °C for 4-6 hours. Six fermented
products with different concentrations of pea protein (0, 10, 20, 30, 40 and 100%) were
prepared, stored for 24 hours at 4 °C (Table 1).

Table 1. Gel samples used in the sensory test.

Gel sample | Milk protein concentration Pea protein concentration
(Name) (g/100 g protein total) (g/100 g protein total)
0% 100 0
10% 90 10
20% 80 20
30% 70 30
40% 60 40
100% 0 100

2.2.2.2 Sensory test
» Consumers:

A Bulgarian and a French panel of consumers have evaluated the six fermented products.
The Bulgarian panel consisted of 60 students and staff members from the University of Food
Technology Plovdiv (73.33% female — 33.33% <30 years and 66.67% >30 years). The French
panel consisted of 70 participants recruited during a public scientific event (“Nuit des
chercheurs”) in the University of Burgundy (64.52% female — 55.88% <30 years and 44.12%

>30 years).

» Evaluation procedure:
In both countries, the panel tested the samples in a classroom with enough separation
between the tables to avoid any communication between the participants during the test. In

France, the test was carried out under red light. For both panels, about 10 g of each sample
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were served in a white plastic cup that was coded with a random three-digit number. The six
samples were presented at the same time. Bottled water was provided to cleanse the palate.
Panelists had to rate overall, appearance, odor, taste and texture acceptability on hedonic
scales going from 1 (I do not like at all) to 7 (I like very much), with 4 being anchored as
neither like or dislike. The questionnaires were written in the native language of each

country.

» Statistical analysis:

Three-way ANOVAs were carried out (Dell Statistica version 12) for each acceptability rating
with consumer as a random factor, country a fixed between-subject factor and product a
fixed within-subject factor. When a significant product effect was observed a student
Newman-keuls pairwise comparison test was carried out. For all panelists, a principal
component analysis (PCA) on the overall acceptability scores followed by a hierarchical
ascending classification (HAC) was performed (SPAD version 8) to identify classes of
consumers who were homogeneous in their preference for yogurts. Finally, a multiple factor
analysis (MFA) was performed on all the assessed attributes in order to compare the French

and Bulgarian panels.

2.2.3 Results

2.2.3.1 Overall acceptability
The ANOVA on the overall acceptability scores from both panels showed a highly significant

country effect (p < 0.0001) indicating that the two consumer groups evaluated the products
differently. On the average, the Bulgarian consumers gave higher scores than the French
group as shown Figure 1. This result should, however, be interpreted with caution as it can
be due either to a higher preference or to a difference in using the scale as was previously
shown in cross-cultural studies (Prescott et al., 2002). No significant product x country
interaction effect was observed indicating that the two panels scored the fermented
products in the same manner. A highly significant effect of product (p < 0.0001) was also
observed. The mean comparison test (Table 2) showed that the presence of pea protein
even in the lowest concentration (10%) reduced the overall acceptability of yogurts. The
overall liking decreases with the increase of pea concentration with a first plateau for 20 and

30% pea protein products and a second one for 40 and 100% pea protein products. We can
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also note that the average liking score moves from the neutral zone for the 0 and 10%

concentration to the negative one for the 20% and above concentration.

0%

Bulgaria

1 2 3 4 5 6 7
France
Figure 1. Comparison of means overall acceptability score for all tested products.

Table 2. Mean scores of overall acceptability on a 7-point scale (1: | do not like at all - 7: I like
very much) as a function of pea concentration. Means with different superscript letters are

significantly different (Newman-Keuls test, p < 0.05)

0% 10% 20% 30% 40% 100%

Overall acceptability 476 4.05° 3.28° 294 2579 2.36¢

Figure 2 represents the PCA performed on individual overall acceptability scores of all the
panelists (French and Bulgarian). The first two PCA dimensions explain 60.52% of the total
variance. The first PCA dimension explains 43.96% and is correlated to all products
substituted with pea protein (from 10% to 100%) while the second dimension (16.56% of
variance) is correlated with the yogurt without pea protein. Most consumers accepted the
fermented cow milk but not the yogurt containing pea protein. The third and fourth
dimensions (23% of the total variance) explained the difference among the samples

depending on pea protein substitution level (data not shown).

The HCA performed on the first four PCA dimensions showed three classes of consumers.

Figure 3a shows the distribution of French and Bulgarian consumers in each class and Figure
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3b the average liking scores of each class. The first class represents 29.23% of the total

number of consumers, 60.53% of consumers in this class are from the Bulgarian panel. The

consumers in this class appreciated all the products including the product with 100% pea

protein. The second class represents 43.85% of consumers. The proportion of French and

Bulgarian panelists in this class are almost equal. The products up to 10% pea protein are in

the positive zone and the others in the negative zone. Furthermore, the largest discrepancy

between 100% milk yogurt and 100% pea protein occurs in this class. The third class

represents 26.92% of all panelists, about 75% of this class are French participants. The

consumers in this class scored all the products in the negative zone even the yogurt without

pea protein.

Axe2-16.56 %

Axe1-43.96%

Axe2-16,56 %

b

o Bulgarian consumer

¢ French consumer

Axe 1-43,96%

-0,8

-0.4 0 0,4 0,8

-15 0 15 3 45

Figure 2. First two dimensions of the principal component analysis (PCA) performed on the

overall acceptability. a) correlation circle, b) projections of the panelists. The Bulgarian

consumers are represented in red and the French ones in blue.
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Figure 3. Classes of consumers yielded by the hierarchical cluster analysis performed on the
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first fourth dimension of the liking score PCA: a) Distribution of French and Bulgarian
consumers in terms of Class b) the three classes of consumers in terms of liking score.
2.2.3.2 Visual appearance, taste, odor and texture

The ANOVA showed the same patterns as for the overall acceptability (Figure 4). Globally,
the products with higher pea protein concentration were less appreciated for all the
characteristics. Again, for all the attributes, the Bulgarian consumers gave higher scores than
the French consumers. Moreover, they generally scored the attributes in the neutral zone
for the products that contain till 20% pea protein, unlike French consumers who assessed all

the products containing pea protein (even with just 10% pea) in the negative zone.

00% E10% ®m20% E30% H40% E100%

Bulgaria France

Appearance

d Texture
I:I I O or I:ITaste Appearance |:| Odor Taste Texture
m— =

ul m@il uwgl ) EI I | '@gl

v

N

w

Figure 4. Means of liking scores for visual appearance, taste, odor and texture assessed on
hedonic scales ranging from 1 (I do not like at all) to 7 (I like very much), 4 (neither like nor

dislike).

The MFA performed on the overall acceptability, appearance, odor, taste and texture scores
for the French and Bulgarian panelists is presented Figure 5. The first dimension (89% of
variance), is correlated with all scales. As expected, the factors that affected the overall
acceptability of products in ascending order are: the taste, the odor, the texture and finally
the appearance (Figure 5a). In other words, for both panels, the taste was the most
correlated attribute with the overall acceptability and the appearance was the least. The two
panels gave the lowest scores to the product with 100% pea protein, possibly because the
participants were expecting the fermented milk product to taste like a conventional yogurt

(Tu et al., 2010). Although the mean overall acceptability for all the products is highly
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correlated for the two panels (RV coefficient = 0.98), Figure 5b shows the presence of some
differences among the two panels in the assessment of the products from 0% to 40% pea
protein. This is due mainly to differences in the assessment of appearance and odor among

the French and Bulgarian panels.
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Figure 5. First two dimensions of the multiple factor analysis (MFA) performed on all the
assessed attributes: a) correlation circle (the name of the variables is followed by F for the
French panel and by B for the Bulgarian panel and b) coordinates of all the products. Lines
are drawn between the Bulgarian panel (B) and the French (F) for the corresponding
projected products.

2.2.4 Conclusion

As consumers’ acceptability is the factor the most important in order to commercialize new
food. The first step in developing new food must be the investigation of the acceptability to
understand the need of improvements. In this work, the consumers showed clearly that the
insertion of plant protein in the European diet need more efforts as the presence of small
quantity of pea protein in fermented milk has reduced the acceptability. With just 10% of
pea protein, all French consumers and 20% of Bulgarian consumers scored the product in the
negative zone. Globally, Bulgarian and French consumers scored the fermented products
similarly even though the liking mean scores were higher for Bulgarian. Significant
differences between French and Bulgarian were observed for the appearance and odor
assessment with French consumers criticizing considerably the appearance and the odor of
these products. In the light of these results, more attention must be given not only to the

taste but also to the odor and the appearance of these fermented products.
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2.3 Publication 1: Effect of health and environmental information on the

appreciation of fermented pea-cow milk products
Abstract:

The use of plant protein in food products is limited owing to its green/beany off-flavors. The
aim of this work was to evaluate whether health and environmental claims improved the
appreciation of a fermented pea - cow milk product, formulated with different proportions
of pea protein. A pre-test was carried out to assess the impact of health and environmental
claims on consumers’ willingness to buy yogurts. Health claims - and especially nutritional
and cardiovascular risk associated messages - were more persuasive than environmental
claims. Two health and two environmental messages were selected from the pre-test to be
used in the main study. Four products were prepared by mixing cow and pea milk in two
ratios (80:20 and 60:40) and adding sucrose in two proportions (6 and 9.5 g/100 mL). A total
of 58 consumers received the four samples, presented with and without the selected
messages, and were asked to assess their liking on a 9-point hedonic scale. The results
revealed that only samples containing 20% pea milk and 9.5 g/100 mL sucrose were assessed
favorably. A significant effect of information was observed only in the health claim condition
for the sweetest sample with 20% pea protein. This effect, however, was in the opposite
direction than that expected: the health message decreased the liking score, due perhaps to

the inconsistency between the message and the high perceived sweetness level.

Keywords: Plant protein. Pea. Fermentation. Health information. Environmental

information. Sensory evaluation

2.3.1 Introduction
It is currently acknowledged that a global change towards a diet consisting mainly of plant

products would have positive impacts both on the environment and public health (Esnouf et
al., 2013). Plant proteins represent approximately 65% of the protein intake for human
consumption worldwide (Young & Pellett, 1994). In France, this figure is only about 30%
(Halkjeer et al., 2009), even though nutritionists recommend a contribution of 50% to
maintain a balanced diet (PNNS). In January 2017, the French Agency for Food,
Environmental and Occupational Health & Safety (ANSES) updated its food consumption
guidelines for the French population, highlighting the need for a reinforced and regular

consumption of pulses and a reduction in animal products, particularly red meat (ANSES,
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2017). Indeed, plant protein intake has been shown to be a marker of a healthy diet in the
French population (Camilleri et al., 2013) and seems to play a role in the prevention of
obesity and the reduction in mortality (Lin et al., 2015; Song et al., 2016). Rebalancing diets
involves partial substitution of animal protein by plant proteins. This entails not only a
reduction in the consumption of meat, but also in the consumption of dairy protein, currently
about 23% of the total protein intake in France (Rousset et al., 2003). Animal protein contains
all the essential amino acids needed by humans, while plant proteins are generally deficient
in one or more essential amino acids. Moreover, animal products are an exclusive source of
specific essential micronutrients, such as calcium and heme iron. For these reasons,
maintaining a balanced diet while substituting all animal products by plant products implies
a true nutritional challenge (Garnett, 2013) and is not recommended for the entire
population. In order to help people to decrease their consumption of animal protein without
completely changing their food practices, it would be advantageous to propose products that
combine the benefits of dairy proteins with those of vegetable proteins. Indeed, the main
limiting factor in achieving a balance between animal protein and plant protein seems to be

the difficulty of changing dietary habits (Rozin, 1996).

Eating behavior is influenced by many factors, not only by physiological and nutritional
needs. As summarized in Shepherd’s food choice model (Shepherd & Raats, 1996), food
choice is determined by three classes of factors: foods, individuals and external environment.
Various models have tried to integrate these factors. Most of these models are based on
socio-psychological research and focus on the relationship between individuals’ beliefs and
attitudes and their behavior (Sobal et al., 2006). Beliefs about nutritional benefits or harm in
eating specific foods, beliefs about functional and price factors of the food as well as
perceived social pressure to eat the food may be more important in determining an
individual’s choice than the actual nutritional quality and health consequences. Moreover,
beliefs about the food might also modify the perception of the sensory properties of the
food. To illustrate this point, Wansink (2000) showed that the same nutritional bar was
perceived differently according to whether it was labeled with the information “contains 10g
of soy protein” or “contains 10g of protein”. Although it did not contain any soy, the bar with
a soy labeling was perceived as having a worse taste and texture and a stronger after taste

but a higher nutritional value than the bar without soy labeling. Labels can also have a
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positive value. Descriptive labels such as “tender grilled chicken” compared to “grilled
chicken” enhance the perceived quality of the food (Wansink et al., 2005). Prestigious labels
can make an ordinary wine (Brochet & Morrot, 1999) or champagne (Lange et al., 2002)
taste better. Thus, to promote dietary changes it isimportant not only to focus on the sensory
properties of the product itself but also to consider individual consumers and their beliefs

and attitudes.

The objective of this work was to evaluate the effect of health and environmental
information on the appreciation of new plant-milk fermented products. Torres-Penaranda
et al. (1998) showed that products derived from plant raw materials are rich in off-flavors
(e.g., vegetable taste, chalky) and are characterized by high astringency and bitterness. These
off-flavors generally result in a refusal on the part of consumers, even if they are familiar with
the class of products or with the ingredients (Tu et al., 2010, 2012). One way to reduce these
off-flavors is to use fermentation. A previous study has shown that fermentation
considerably improves the aroma profile, resulting in a reduction in or a masking of pea off-
flavors (Schindler et al., 2012). The question that remains is would fermentation be enough
for the consumer to accept the substitution of milk protein by plant protein in a dairy
product? Or would positive information on the benefits of the substitution be necessary for
the acceptability? To address these issues, pea protein was selected as a partial substitute
for milk protein. Pea (Pisum sativum) may be a better substitute than soy, because its high-
quality amino acid profile and high biological value (similar to those of soy) (Schneider &
Lacampagne, 2000) are combined with good functional properties (Bora et al., 1994), lower

allergic effect (Jaffuel et al., 2001), and lower phytoestrogen content (Mazur, 1998).

Our main hypothesis was that providing positive messages would increase the pea/milk ratio
accepted by consumers in yogurts. We were also interested in comparing the persuasive
power of health and environmental messages. To test these hypotheses, our approach was
threefold: i) we formulated a set of yogurts containing pea milk and performed a sensory test
to select four yogurts from this set; ii) we identified health and environmental claims
positively perceived by consumers; iii) finally, we tested whether these claims improved the

acceptability of yogurts.
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2.3.2 Preliminary study 1: Selection of fermented pea-milk samples

2.3.2.1 Objective
The objective was to select four samples that varied in pea protein concentration, texture

and sweetness, all of average quality, to be used in the main study.

2.3.2.2 Materials and Methods
% Panel:

Eight panelists (five females and three males, aged from 25 to 50 years old), staff from the
AgroSup Institute in Dijon, used to evaluating plant-based fermented products, participated
in all sessions.
% Samples:

Cow milk (from skim milk powder purchased from Régilait (Saint-Martin-Belle-Roche, France)
and pea milk (from pea protein isolate Nutralys® S85F provided by Roquette (Lestrem,
France)) were prepared and fermented with a commercial yogurt starter culture Alsa®
(containing lyophilized Streptococcus thermophilus and Lactobacillus bulgaricus) according
to Yousseef et al. (2016). The inoculated mixtures were sampled in 1 L glass jars and
incubated at 37 °C for 24 hours. The sweetness and texture of the products were modified
by adding sucrose (Carrefour, France), Fructooligosaccharide (FOS) Orafti® L85 (Beneo,
Germany) and full cream 30% fat (Carrefour, France) after fermentation. The products were
stored at 4 °C for one day before the sensory sessions. A set of 25 pea-milk fermented
products was obtained using a four-factor (pea, sucrose, FOS and cream) central composite

design (Table 1).

Table 1. List of the 25 pea-milk fermented products obtained from a four-factor central

composite experimental design

Pea milk Sucrose FOS Cream
Sample
mL/100 mL g/ 100 mL g/ 100 mL g/ 100 mL
S.01 0 6 0 0
S.02 0 13 0 0
S.03 40 6 0 0
S.04 40 13 0 0
S.05 0 6 3 0
S.06 0 13 3 0
S.07 40 6 3 0
S.08 40 13 3 0
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S.09 0 6 0 2
S.10 0 13 0 2
S.11 40 6 0 2
S.12 40 13 0 2
S.13 0 6 3 2
S.14 0 13 3 2
S.15 40 6 3 2
S.16 40 13 3 2
S.17 20 9,5 1,5 1
S.18 20 6 1,5 1
S.19 20 13 1,5 1
S.20 0 9,5 1,5 1
S.21 40 9,5 1,5 1
S.22 20 9,5 0 1
S.23 20 9,5 3 1
S.24 20 9,5 1,5 0
S.25 20 9,5 1,5 2

X/

** Procedure:
The panelists participated in six sensory sessions: one familiarization session and five testing

sessions.

- Familiarization session. Panelists were asked to taste five yogurts and to write down the
negative attributes they found in them. The negative attributes were merged with a set of
descriptors obtained from previous studies on the same type of yogurts and the list was
reduced to avoid redundancies. The final list included six terms (acidity, sweetness, vegetal
taste, astringency, bitterness, presence of particles). Panelists were then familiarized with a
four-point quality scale (acceptable, limit acceptable, limit not acceptable and not
acceptable). The scale was based on the general quality categories proposed by King et al.

(2002).

- Evaluation sessions. During the evaluation sessions, panelists were asked to taste from five
to seven yogurts and to rate them on the four-point quality scale. Following King et al. (2002)
procedure If a panelist rated a sample “limit not acceptable” or “not acceptable”, the panelist

was then asked to rate the intensity of the descriptors that led to this quality score. In each

41



Réactions des consommateurs face au « yaourt » au pois | M. Yousseef

session, yogurts were coded with 3-digit codes and presented in a Williams Latin square

arrangement.

\/

+* Data analysis:

Individual quality scores were coded from 1 (acceptable) to 4 (not acceptable) before being
compiled in a products x panelists matrix and submitted to a normalized principal component
analysis (PCA). The average intensity of the descriptors previously listed and the
experimental factors were added as supplementary variables in the PCA. The coordinates of
the products on the first three dimensions (87% of variance) were submitted to a hierarchical
cluster analysis (HCA).

2.3.2.3 Results

Figure 1 shows the first two dimensions of the PCA carried out on the individual quality scores
for the 25 tested samples. All panelists’ quality scores project on the positive side of the first
dimension (45% of variance). This dimension can be interpreted as a quality dimension, with
products projecting on the positive side being lowest quality and products projecting on the
negative side being highest quality. This dimension was positively correlated with the
concentration of pea protein. Overall, yogurts with the highest pea concentration were
evaluated as having the lowest quality. The second dimension (17% of variance) is correlated
with the sucrose concentration and opposed panelists who associated quality with high
sucrose concentration to those who associated high quality with low sugar concentration.
The HCA yielded five groups of products. Group 1 contains all the samples with the highest
concentration of pea protein and no cream, characterized as astringent and considered as
being low quality by most panelists. At the opposite end of dimension 1, group 4 contains
most of the products without pea and with low or intermediate sucrose concentration. They
were considered as higher quality by all panelists. Opposed to these two groups on the
second dimension, Group 5 only includes products containing the highest sugar
concentration. Two of these products also contain the highest concentration of FOS, which
may reinforce their sweet taste. These products were perceived as sweet and with low
vegetable flavor by all panelists. A few panelists considered these products as low quality.
Group 2 and 3 were located in the center. These products are considered medium quality

(neither very high nor very low) and are either products without pea, with high sucrose
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concentration and no FOS, or products with pea and intermediate sucrose concentration

(mostly 9.5%).
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Figure 1. First two dimensions of the principal component analysis performed on the
Individual quality scores (1: high quality and 4: low quality). A) Loading plot. Descriptors (in
blue), experimental factors (in green) are projected as supplementary variables on the PCA
performed on the individual panelists’ quality scores (in red)). B) Product map. Colors of the
ellipses represent the product groups yielded by the hierarchical cluster analysis

2.3.2.4 Discussion

The pea milk and sucrose content of the yogurts mainly drove our panelists’ judgment of
quality, and thus related to vegetable flavor. The products considered lowest quality were
those containing the highest pea milk proportion, and either the lowest or the highest
sucrose quantity. The perceived low quality of high pea-milk products can be understood in
the light of previous studies that pointed out the low sensory acceptance of legume based
milk alternatives (Makinen et al., 2016; Sethi et al., 2016). Sucrose content seems to have
modulated the quality judgment of high pea milk products differently according to the
individual. For some panelists, high pea concentration products with low sucrose quantity
were evaluated as low quality. For others, high pea milk products containing a high quantity
of sucrose were considered as low quality. FOS and cream were not in themselves a driver of
quality, except for FOS when associated with the higher amount of sucrose. In this case, it
tended to decrease the perceived quality, probably by increasing the sweetness of the
product, its sweetening power being about 30-50% of that of sucrose (Protonotariou et al.,

2013).
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These results indicate that the highest concentration of sucrose used in this study was
associated with low quality. But when added in intermediate quantity to yogurts containing
a high proportion of pea milk, sucrose increased the perceived quality of these products. This
observation suggests the occurrence of sensory interactions or masking effects between
sweet taste and pea milk flavor. The reasons evoked by panelists to explain their quality
judgment of yogurts containing 40% of pea milk tend to confirm this hypothesis. The faults
usually attributed to plant milks in the literature, i.e., vegetable flavor, presence of particles,
astringency and acidity, are correlated to both the concentration of sucrose and the
proportion of pea milk in our study. Products described as having vegetable flavor were those
containing a high ratio of pea milk and low sucrose content. Products with particles or
described as bitter were not those containing the highest proportion of pea milk.

2.3.2.5 Conclusion

The objective of this preliminary study was to select four samples for the main study. To
avoid ceiling or floor effects, we selected these four samples among the products located in
the central part of the PCA 2D map, i.e., medium quality samples. Among the selected
samples, two consisted of 40% pea protein (S.15 and S.21), and two consisted of 20% pea
proteins (S.18 and S.23). In addition, two samples had 6g/100 mL of sucrose (S.15 and S.18),
and two had 9g/100 mL of sucrose (S.21 and S.23). Two contained 1.5% FOS (S18 and S21),

and two contained 3% FOS (S15 and S23). All contained either 1 or 2% cream.

2.3.3 Preliminary study 2: Determination of the most persuasive messages

2.3.3.1 Objective
The objective of this study was to evaluate the effect of health and environmental claims on

consumers’ willingness to buy products made with vegetable protein and to select four
claims (two health and two environmental claims) with contrasting potential impacts for the

main study.

2.3.3.2 Materials and methods
% Panel:

Sixty panelists (56.7% females and 43.3% males; 48.3% were under and 51.7% were over 30

years old) were recruited on the Dijon university campus.
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X/

% Material:
Thirty-five yogurt labels were designed for the experiment. The labels were identical except
for the claim (Figure 2). Among the 35 claims (Table 2), three were related to both health and
environment, 16 were related to health and 16 to environment. Health claims were chosen
on the basis of the ingredients and nutrients contained in the products, and particularly pea
milk. Since the objective was to select claims well accepted by consumers, we chose to test
a wide number of claims referring to pea protein properties.

Yaourt au

lait de
POIS

Yaourt au
lait de

Figure 2. Two examples of labels with 1) environmental claim 2) health claim

Table 2. Claims divided into health, environmental and general information

General claims

C1 | Take care of yourself and preserve the environment
C2 | Designed for your health and the environment
C3 | Respects your well-being and the environment

Health claims

€4 | Source of Calcium: essential for growth and maintenance of bones
C5 | Take your health to heart
C6 | Lysine-rich: impact on growth
C7 | Pea milk is non-allergenic
C8 | Antioxidant: helps to protect cells
€9 | Source of vitamins and minerals
€10 | Rich in fiber: facilitates intestinal transit
C11 | Source of Vitamin B9: Supports the normal functioning of the immune system and reduces tiredness
C12 | Antioxidant + Anti-inflammatory + Antibacterial
C13 | Decreases risk of cardiovascular disease
C14 | Richin fiber: fiber consumption helps decrease the risk of colorectal cancer
C15 | Better control of diabetes
C16 | Richin fibers
C17 | Low in sugar, low in calories

C18 | Low in cholesterol

C19 | Low in saturated fatty acids: a diet high in saturated fat favors weight gain and increases risk of cardiovascular disease
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Environmental claims

€20 | This yogurt requires less water for its production

C21 | The pea is a natural fertilizer: peas capture the nitrogen from the air and so help to enrich the soil

€22 | Peas grown using sustainable agriculture practices: 100% French origin

€23 | GMO free

C24 | To preserve the planet, let’s change our eating habits: eat less animal protein

C25 | The pea crop requires little nitrogen fertilizer: reduces the risk of water and air pollution

€26 | 50% of water pollution is due to intensive farming of animals

€27 | More environmentally friendly: reduces CO2 emissions

€28 | Contains less animal protein than other yogurts: the production of animal protein is harmful to the environment
€29 | Peas grown using sustainable agriculture practices

€30 | Environmentally friendly

€31 | Pea milk limits the exhaustion of natural resources and the amount of waste

€32 | Formulated without animal protein: cattle breeding is responsible for 65% of deforestation

€33 | Formulated without animal protein: livestock is responsible for 18% of total greenhouse gas emissions
€34 | More respectful of the environment: reduces pollution

€35 | Environmentally friendly yogurt: locally produced

7

+* Procedures:

The panelists took part in the experiment individually. They received the 35 labels in a
random order and had to sort them into four groups according to their willingness to buy a
new fermented plant-dairy product: “vraiment tres envie” (strong desire to buy), “plutot
envie” (rather want to buy), “plutdét pas envie” (rather not want to buy) and “pas du tout

envie” (no desire to buy).

++» Data analysis:

Data were analyzed first by counting the number of panelists who sorted each label into each
category. Next, an attraction index was calculated for each label by subtracting the number
of negative (rather not want to buy and no desire to buy) from the number of positive
assessments (strong desire to buy and rather want to buy).

2.3.3.3  Results

About 68% of the labels with a health claim were positively evaluated (strong desire to buy
or rather want to buy) versus 46% for the labels with an environmental claim. In agreement
with this observation, a Student t-test showed a significant difference (t=4.39, p < 0.0001)
between the mean attraction indexes obtained for labels with health claims (29.8+12.7) and

with environmental claims (7.8%+15.5).
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Figure 3 shows the average attraction index obtained for the 35 claims. Apart from C6:
“Lysine-rich: impact on growth” and C7: “Pea milk is non-allergenic” health claims were
positively evaluated. The most persuasive health claims were C9: “Source of vitamins and
minerals” and C13: “Decreases risk of cardiovascular disease.” Among the environmental
messages, the most persuasive for the panelists were C23: “GMO free” and C30:
“Environmentally friendly.” The least attractive environmental claims were C26: “50% of
water pollution is due to intensive farming of animals”, C32: “Formulated without animal
protein: cattle breeding is responsible for 65% of deforestation” and C33: “Formulated
without animal protein: livestock is responsible for 18% of total greenhouse gas emissions.”
Claims C21: “The pea is a natural fertilizer: peas capture the nitrogen from the air and so help
to enrich the soil” and C25: “The pea crop requires little nitrogen fertilizer: reduces the risk of

water and air pollution” were also negatively assessed.

50
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Figure 3. Attraction indexes of the labels: general (blue) health (red) environmental (green)

2.3.3.4 Discussion
Overall, health claims were more positively perceived than environment claims. This

tendency has been noted in previous studies. For example, the purchase of organic foods
was found to be more strongly related to the perceived benefit for human health than to
environmental preservation (Magnusson et al., 2003). These authors stated that egoistic
motives are better predictors of the purchase of organic foods than are altruistic motives.
The longer use of health claims, compared to environment claims, could also explain

consumers’ higher concern for such claims. The impact of food on health has long been
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recognized; this impact was highlighted as far back as Hippocrates (“Let food be medicine”).
Health claims have been used for decades, and the development of functional foods in the
1980’s increased their number. In comparison, awareness of a relationship between food
choice and environmental issues is a relatively recent phenomenon. The link emerged and
was studied after the climate change summit of Stockholm in1972 (Gussow & Clancy, 1986).
In fact, French consumers are not yet very familiar with environment claims as they are not

as common as health claims on food labels.

Familiarity may also explain why consumers want to consume products which make claims
C9 and C13 (“Source of vitamins and minerals” and “Decreases risk of cardiovascular
disease”), since these two claims are the most widespread in food products in France. Most
panelists commented on the fact that they did not understand the word “Lysine” which may
explain why the attraction index of this claim was the lowest among health claims. In
addition to the nature of the information carried by the claim, the architecture of the claim
seems to be of major importance in its appropriation by consumers. Indeed, a claim like C13
“Decreases risk of cardiovascular disease” was much more appealing to panelists than C19
“Low in saturated fatty acids: a diet high in saturated fat favors weight gain and increases
risk of cardiovascular disease”. The first one is termed a risk reduction claim, while the second
is termed a health claim, according to the definitions of Regulation (EC) No 1924/2006. Risk
reduction claims were shown to be much more appealing to consumers than health claims

(Dean et al., 2012).

Familiarity and level of understanding seem to have been determinant in the attraction
indexes of environmental claims as well. It has been previously shown that the quality
assessment of products labeled with sustainability claims vary according to the level of
consumers’ understanding of the claim (Samant & Seo, 2016). Thanks to an extremely vague
wording, C30 may have been highly accessible to all consumers, even those not well informed
about the impact of animal food production on the environment. The environmental claim
with the second-best attraction index was C23 (“GMO free”). GMOs have been marketed
since 1995 in France and their use has generated important controversy in Europe. As a
consequence, the “GMO free” claim has been used in France for several years (Saher et al.,
2006). French consumers are accustomed to reading this claim on the packaging of their

everyday products, contrary to other claims tested in this study. Besides not being familiar
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to consumers, low attraction index claims C26, C32 and C33 refer to livestock and its
undesirable effects on water, forests and air. The causal link between pea milk and the
preservation of natural resources, water pollution and deforestation may not have seemed
obvious for participants, since these arguments are quite new and are not yet used on labels
in France. When used, for instance in awareness campaigns about sustainable food choices,
these claims mainly refer to the reduction in meat consumption, and not to the reduction in
dairy product consumption. The limited appeal of claims related to natural resources and
pollution has previously been reported (Van Loo et al., 2014). Moreover, the wording of
claims C26, C32 and C33 was negative, highlighting the negative effects of livestock instead
of the positive effects of plant based products. This wording may explain the low evaluation
of these claims. Finally, in claims C21 “The pea is a natural fertilizer: peas capture the nitrogen
from the air and so help to enrich the soil” and C25 “The pea crop requires little nitrogen
fertilizer: reduces the risk of water and air pollution” the word “fertilizer” was ambivalent for
most of the panelists, which led to the negative assessment of these claims.

2.3.3.5 Conclusion

In light of the above results, four messages were selected for use in the main study: C9:
“Source of vitamins and minerals”, C18: “Low in cholesterol”, C30: “Environmentally friendly”,
and C35: “Environmentally friendly yogurt: locally produced”. These messages were selected
from the two types of claims (environmental and health) and as having different levels of

attraction index.

2.3.4 Main study: Effect of message on the acceptance of plant-based fermented products

2.3.4.1 Objective
The objective of this study was to evaluate whether providing positive messages to

consumers is a possible solution to improve the acceptability of plant-protein based

fermented products.

2.3.4.2 Materials and Methods
+* Panelists:

A total of 58 consumers (25.9% males and 74.1% females; from 18 to 72 years old)

participated in the test. All participants consumed yogurt at least once a week.
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X/

% Samples:

Four samples (S.15,S.18,S.21, and S.23) were selected after the first preliminary study (Table
3) as having an average quality level and variable amounts of pea protein and sucrose. For
clarification sake, they were renamed to reflect their content in pea protein and sucrose as

follows P40S6, P20S6, P40S9 and P20S9.

Table 3. List of the four products used in the main study

Sample | Code Pea milk mL/100 mL Sucrose g/ 100 mL FOS g/ 100 mL Cream g/ 100 mL
S.15 P40S6 40 6 3 2
S.18 P20S6 20 6 1,5 1
S.21 P40S9 40 9,5 1,5 1
S.23 P20S9 20 9,5 3 1

X/

** Procedure:

The consumer test was conducted over two sessions in individual sensory booths under
white light. In the first session, participants assessed their liking for the four products on a
hedonic scale ranging from 1 (I do not like the product at all) to 9 (I like the product very
much). The samples were served in white plastic cups, coded with random three-digit
numbers, without any labels or information. Next, participants completed a questionnaire
about their yogurt consumption and purchase habits. In the second session, participants
were divided into two groups of 29. Each group assessed two samples carrying
environmental messages and two samples carrying health messages, as described in Table 4.
The four samples were presented in labeled cups (Figure 4) in a sequential monadic order

according to a Williams Latin square design.

Table 4. Selected products with claims presented to each group of participants

1%t group of panelists 2" group of panelists
Sample Message Message
P40S6 - 40% pea - 6g/100 mL sucrose Environmentally friendly Low in cholesterol
P40S9 - 40% pea - 9g/100 mL sucrose Source of vitamins and minerals Environmentally friendly yogurt: locally produced
P20S6 - 20% pea - 6g/100 mL sucrose Environmentally friendly yogurt: locally produced Source of vitamins and minerals
P20S9 - 20% pea - 9g/100 mL sucrose Low in cholesterol Environmentally friendly
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Figure 4. Labeled samples
+»+ Data analysis:

A repeated measure three-way ANOVA was carried out (Dell Statistica version 12) on the
acceptability rating scores with panelists as a random factor, and claim (none vs. health vs.
environmental) and product as fixed within-subject factors.
2.3.4.3 Results
The ANOVA showed a significant main effect of product on liking score (F (3,171) = 33.16,
p<0.05). A Student Newman-Keuls test at the 5% significance level (Figure 5) showed that the
samples made with 20% pea were preferred to the samples made with 40% pea. More
interestingly, the level of sugar had a significant effect in the case of products made with 20%
pea protein (P20S9 and P20S6) but not in the case of products made with 40% pea protein.
No significant main effect of evaluation condition was found (F (2,114) = 1.09, p<0.3) but the
interaction between product and evaluation condition was significant (F (6,107) = 2.99,
p<0.011). Student Newman-Keuls tests (a=5%) showed that the presence of a health claim
decreased the liking score as compared to the blind condition for the sample with 9 g/mL
sucrose (P20S9) (Figure 6). Such a decrease was not observed for the sample with 6 g/mL
(P20S6), but in the case of this sample, a significant difference was observed between the
two claim conditions: liking is significantly higher with a health claim than with an

environmental claim.
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Figure 5. Overall mean liking scores for the four products. Means with different letters are
significantly different (Student Newman-Keuls test, p < 0.05). 9-point scale (1: | do not like

the product at all — 9: I like the product very much)
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Figure 6. Mean overall acceptability scores on a 7-point scale (1: | do not like the product at
all = 7: 1like the product very much) for the four tested products, without claims, with health
claims and with environmental claims — For each product, means with different superscript

letters are significantly different (Student Newman Keuls test, p<0. 05).
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2.3.4.4 Discussion
The goal of the present study was to evaluate consumer acceptability of fermented pea-cow

milk products made with different pea protein and sucrose concentrations and presented

with and without health or environment claims.

Overall, participants did not like products in which 40% cow milk protein was replaced by pea
proteins. Adding sugar did not significantly increase liking scores in these cases. A
substitution of 20% seemed more acceptable to consumers, especially when 9g of sucrose
was added. While the effect of sweetness on yogurt acceptance is well known (Harper et al.,
1991; Johansen et al., 2010), it is interesting to note that there are limits to the positive effect

of sugar on liking, as sugar had no effect in the cases of the 40% pea protein products.

A significant effect of claim appeared only in the case of 20% substitution. At the level of 40%
substitution, the sensory dimension became, in our test, more important than the claim
itself, a finding which is in line with the observation that taste has the strongest impact on
consumers’ food choice and that consumers rarely sacrifice taste for health (Verbeke, 2006).
Previous work has also reported that claim effects are product dependent. For example,
Kahkonen et al. (1996) and Kdhkoénen et al. (1997) found a positive effect of information in
the cases of low fat ice cream and spread, but not in the case of fat free yogurts. The authors
suggested that the absence of effect of a health claim in the case of yogurt was due to the

fact that yogurt is already considered as low fat and healthy.

The effect of information may depend on the product category but also on the type of
information. Health claims modified consumers’ preference but environmental claims did
not. Previous work reports that the perceived health benefits of soy foods significantly
increase the frequency of their consumption (Moon et al., 2005). The panelists in our study
did react to the health claim, but this was dependent on sucrose content. An effect was
observed only in the case of higher sugar concentration (9g) and this effect was in the
opposite direction than the expected effect: the presence of health claims decreased the
liking score of the products. This finding suggests that the expectation created by the claim
conflicted with the sensory perception. Two phenomena might be at play here. First,
previous studies have shown that positive health information about a product reduces
consumer expectations with regards to sensory quality (Tuorila et al., 1994). Raghunathan

et al. (2006) discuss the unhealthy — tasty intuition: unhealthy food is inherently tastier and
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inversely, healthy food must be less tasty. Second, sweet foods are not considered to be
healthy foods; they are instead consumed for short-term gratification (Wansink & Chandon,
2006). In light of these two phenomena, it seems that a conflict occurred, between the
expectations derived from the health claims and the actual taste of the sample with 9g of
sucrose. Because of this conflict, consumers might have experienced frustration and thus
evaluated the product less favorably.

This contrast effect did not occur in the case of environmental claims. Although there has not
been much research on the effect of environmental claims on food appreciation, we
expected consumers to express the opposite intuition from the one they expressed for
healthy foods: good for the planet — good taste, based on the beliefs people have concerning
the naturalness of food products. A positive attitude towards naturalness of yogurts was
reported by Hemmerling et al. (2016) but they found no direct link between this attitude and
sensory preferences.

One of the key characteristics of successful claims is perceived immediate personal benefit.
Previous work showed for example that environmental awareness encourages consumers to
decrease their energy consumption (Kasulis et al.,, 1981) as consumers perceive an
immediate benefit in lowering their consumption. In our study, the link between the taste of
pea protein and the benefit for the planet is not directly perceived by the consumers, a fact
which may explain the absence of effect of the environment claims. Such claims might have
a stronger effect on environmentally aware consumers; the number of participants in our
study, however, was not large enough to validate this interpretation.

2.3.4.5 Conclusion

These findings have significant implications for developers of plant protein based products.
Products with 20% pea concentration were accepted by our panelists. Is 20% enough?
Probably not, but this could be a first step in a progressive replacement in the context of an
education program to help consumers become familiarized with the taste of plant protein.
In any case, this would require the optimization of certain organoleptic properties. Likewise,
the effect of the claim will not be efficient unless: 1) there is improvement in the taste of pea
by working at once on the extraction process of plant protein in order to remove off-flavors
and on new varieties of peas; 2) there is a match between the taste and the claim; 3) sugar

is replaced by green label sweeteners. Indeed, adding sugar is not the proper solution in the
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current context of the PNNS (Programme National Nutrition Santé) where it is recommended
to reduce our salt and sugar consumption. Moreover, consumers are not very sensitive to
environmental issues when buying food products and for that reason give little added value
to environmental claims. But environmental claims are not all perceived in the same way:
some are more accepted than others. The present need is to develop communication

strategies to enhance consumers’ perception of benefit.
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2.4 Conclusion du chapitre 2
Les résultats de ce chapitre ont confirmé que la substitution des protéines animales avec les

protéines végétales ne conduira pas directement a un produit accepté. Méme avec 10 % de
pois, les consommateurs frangais n’acceptent pas ces produits. De plus, contrairement a
I’hypothése de Rozin (1996), la familiarité avec un produit de la méme gamme (produit
fermenté a base végétale), dans une deuxiéme culture européenne, la Bulgarie, n’a pas
permis d’augmenter I'acceptation d’un produit a base de pois, fermenté avec les ferments
classiques du yaourt. L'utilisation d’allégations santé et environnementales n’ont pas

davantage permis d’augmenter I'acceptation du produit.

En revanche, la présence de sucre a amélioré |'acceptabilité des produits avec 20 % de
protéines de pois, mais cette amélioration reste limitée puisque qu’elle ne s’étend pas aux
produits avec 40 % de pois. De plus I'ajout de sucre n’est pas une solution optimale dans une
époque ou I'on recherche plutét a diminuer la consommation de cet ingrédient comme en

témoigne le slogan « manger mois gras, moins sucré, moins salé ».

Les études consommateurs ayant montré un rejet de la part des consommateurs il est
nécessaire d’améliorer la qualité organoleptique de ces produits. Deux tentatives seront
faites en vue 1- de diminuer les faux goQts provenant de protéine végétale et 2- d’améliorer
la texture. La premiére consiste a cribler des LABs conférant des caractéristiques spécifiques

(texture, ardmes) et la seconde a optimiser la fabrication du yaourt a base de pois.
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Chapitre 3 : Effet du cocktail bactérien sur les propriétés
physico-chimiques et sensorielles
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3.1 Introduction
Un bon profil sensoriel est nécessaire pour permettre |'acceptabilité d’un nouvel aliment.

Comme mentionné ci-dessus, les souches peuvent affecter les attributs sensoriels du produit
fermenté. Certaines souches peuvent acidifier le produit plus ou moins que d’autres. Elles
peuvent, donc, produire des produits avec des caractéristiques rhéologiques tres différentes.
De plus, puisque les souches peuvent agir différemment avec les nutriments disponibles dans
le milieu de fermentation (les protéines, les sucres et les faux goQts), les produits fermentés
résultants peuvent étre plus ou moins proche d’un yaourt traditionnel selon leur capacité de
produire les ardbmes de yaourt et diminuer les faux golts d’origine végétale. Une étude sur

I'effet de dix cocktails bactériens est détaillée dans la publication 2.

3.2 Publication 2: Fermentation of cow milk and/or pea milk mixtures by different
starter cultures: physico-chemical and sensorial properties
Abstract:

Five mixtures of milk and pea protein (0 to 40 g pea protein/100 g total protein) were
fermented by ten starter cultures of lactic acid bacteria (LAB)* to select the cocktails that can
lead to products similar to a conventional yoghurt. Generally speaking, an increase in pea
concentration leads to products with higher acidity, higher syneresis and lower firmness.
From the sensory perspective, up to 30 g pea protein/100 g total protein, starter cultures
show either positive or negative effects. A principal component analysis (PCA)? and a
hierarchical cluster analysis (HCA)® carried out on all variables revealed five groups of
products. Two groups of products of 0 g or 10 g pea protein/100 g total protein seemed to
be the most similar to conventional dairy products. The third group included products
fermented with two starters with negative characteristics such as astringency and bitterness.
The last two groups included members made of 10 g, 20 g, 30 g and 40 g pea protein/100 g
total protein, among them one group showing a positive sensory profile. From this group,

four starter cultures seem promising for the fermentation of milk and pea protein mixtures.

Keywords: Pea protein. Cow milk protein. Lactic acid bacteria. Rheology. Sensory properties

! Lactic Acid Bacteria
2 Principal Component Analysis
3 Hierarchical Cluster Analysis
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3.2.1 Introduction
The use of plant proteins, especially pulse proteins, to extend or substitute for animal-

derived products is one way to guarantee food security, sustainable production in
environmental safety and health benefits (Boland et al., 2013). Successful uses of plant
proteins as food ingredients depend on their functional characteristics and their sensory
impacts in the final products. The positive functional properties (gelation, emulsification,
foaming ...) of this protein source make it a promising food ingredient (Boye et al., 2010; Ma
et al., 2011; Swanson, 1990). One of the major pulses is pea (Pisum sativum L.). Peas are
usually consumed as seed, flour, protein isolate (Aiking et al., 2006). Pea protein is easily
digestible and has a high-quality amino acid profile as well as high lysine and arginine content
(Schneider & Lacampagne, 2000), but their use is limited by undesirable sensory
characteristics. The main perceived compounds in pea odor profile are described as ‘green’,
‘grassy’, ‘hay-like’, ‘pea pod’ and are generated by degradation of fatty acids during
extraction processes or by microbial activity on seed during storage (Hansen et al., 2000;
Murat et al., 2013). Lactic acid fermentation with selected starter cultures could improve the
organoleptic characteristics of foodstuff containing pea proteins. The LAB species like
Streptococcus thermophilus, Lactobacillus delbrueckii subsp. bulgaricus, Lactobacillus
acidophilus, Lactobacillus helveticus... have shown positive effects on the organoleptic
properties of fermented products in terms of flavor and texture (Marilley et al., 2004;
Moslehishad et al., 2013; El Soda et al., 1986). Furthermore, exopolysaccharide production
has been reported in most of these LAB species, which increase the viscosity and firmness,
and improve the texture of yoghurts (Leroy & De Vuyst, 2004; Ruas-Madiedo et al., 2002).
Mixed cultures have been shown to reduce more lactose in fermented soymilks than a single
strain, although sometimes single cultures reduce pH more than mixed cultures (Wang et al.,
2002). Acidification by Streptococcus thermophilus of soy beverage was faster than that of
milk, but the combination of Streptococcus thermophilus and different LAB strains did not
lead to faster acidification in soy beverage, contrary to what was observed in milk, where
symbiosis seems to occur (Champagne et al., 2009). Studies performed on fermented milk
supplemented with a small quantity of plant protein (up to 5%) showed positive effects on
textural and rheological properties of gels, both with soy protein (Drake et al., 2000) and
lentil flour (Zare et al., 2011). On the other hand, negative sensory effects have been noted

in products supplemented with plant proteins. The substitution of 50% or more cow milk by

59



Effet du cocktail bactérien sur les propriétés physico-chimiques et sensorielles | M. Yousseef

soya milk in fermented milk products led to a decrease in liking that might be due, in part, to
the fact that consumers were expecting the fermented milk product to taste like a regular
yoghurt (Tu et al., 2010). This last observation reveals the difficulty of assessing a new
product (mixed soy and milk) when it is similar to a well-identified reference, in this case,
conventional cow's milk yoghurt.

The aim of this study is to screen 10 starter cultures of seven LAB species for the fermentation
of five ratios of cow protein/pea protein from 0 to 40 g pea protein/ 100 g total protein, in
order to determine the combination of starter culture and pea concentration which gives the
end product the closest to a traditional yoghurt in terms of physico-chemical and sensory
attributes. The pH reduction during fermentation, titratable acidity, syneresis and texture
properties of the final product after one, seven and 14 days of storage at 4 °C were measured.
Finally, a standard descriptive analysis approach was used to compare the sensory profiles
of these products with that of a cow’s milk yoghurt fermented with commercial milk

ferments.

3.2.2 Materials and methods

3.2.2.1 Ingredients and Cultures
The pea protein isolate Nutralys® S85F was supplied by Roquette (Lestrem, France) and skim

milk powder was purchased from Régilait (Saint-Martin-Belle-Roche, France). Lactose
monohydrate, sodium citrate and calcium phosphate monobasic were purchased from Sigma
(St. Louis, USA). A homemade yoghurt set containing lyophilized Streptococcus thermophilus
and Lactobacillus bulgaricus) were used as a reference (Alsa, Rueil-Malmaison, France).
Streptococcus thermophilus 102303T, Lactobacillus delbrueckii subsp. bulgaricus 104365,
Lactobacillus acidophilus 76.13, Lactobacillus helveticus CNRZ 303 and Lactobacillus casei
subsp. casei ATC 334 were obtained from our laboratory collection. Lactobacillus rhamnosus
CRBIP 24.130 and Lactobacillus fermentum CRBIP 24.11 were obtained from the Pasteur
Institute laboratories (Paris, France). Each activated culture was inoculated into MRS (Biokar
Diagnostics, Beauvais, France), except for Streptococcus thermophilus inoculated in M17 and
incubated at 37 °C for 12 hours. These cultures were then diluted to 107 CFU/mL with 9 g/L
sterilized NaCl solution and used as the inoculum of each LAB.

3.2.2.2 Preparation of milks and fermented products

The total amount of proteins was fixed at 4.5 g/100 g of fermented product. Therefore, the

concentration in pea proteins were 0, 0.45, 0.9, 1.35 and 1.8 g/100 g of fermented product.
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The mixtures of cow and pea milk, prepared as illustrated in Figure 1, were inoculated with

different starter cultures (Table 1), sampled in plastic flasks (40 mL in 45 mL flasks) and

incubated at 37 °C for 24 hours and stored at 4 °C.

Pea Milk

45 g protein/L*

1 Hydrating 126.5 g of pea protein Isolate with tap water gs 1 liter

E —_———————— _St;'ni&_fm_ﬂ_ho;rs_ ————————— | skim milk powdel" with tap |
T T T-TT water gs 1 liter |
|~ Centrifuging at 12000g for SQminutes st 10°C _ __ |y _ | [
—r———————— T ————————— s

5 . .
I Adding 66.5 g lactose . .| Adding 1.75 g sodium g’ Q
| 1.6 g calcium phosphate monobasic and 1.75 g sodium citrate for | citrate Iz =
I 1 litre of the supernatant | [ g
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2
| Stirring for 5-10 minutes | Stirring for 5-10 minutes JI % =
e ————————————— -

______ Autoclaving at 121 °C for ISminutes |} 90°C for 10 minutes _|

| Reconstituting 128.6 g of |

! Adjustment the pH at 6.5
: with HC1 and NaOH |

rHeali.ng in a water bath at 1|

V (Pea milk):V (Cow milk)

mL

mL

—_———— - - -

+ Measured by Dumas method

= Lactic Acid Bacteria

Figure 1. Preparation of pea milk, cow milk and fermented products

Table 1. List of products: Capital letters label the bacteria cocktail used; numbers indicate

pea protein concentration (g /100 g total protein)

Products Starter Culture

A|AO0O A10 A20 A30 A40 Alsa (Streptococcus thermophilus + Lactobacillus delbrueckii subsp. bulgaricus)
B |BOO B10 B20 B30 B40 Streptococcus thermophilus + Lactobacillus delbrueckii subsp. bulgaricus
C|CO0 C10 C20 <C30 C40 Streptococcus thermophilus + Lactobacillus helveticus

D|DO0 D10 D20 D30 D40 Streptococcus thermophilus + Lactobacillus rhamnosus

E |EOO E10 E20 E30 E40 |Lactobacillus delbrueckii subsp. Bulgaricus + Lactobacillus helveticus

F |[FOO F10 F20 F30 F40 Streptococcus thermophilus + Lactobacillus acidophilus

G|GO0O G10 G20 G30 G40 |Lactobacillus delbrueckii subsp. Bulgaricus + Lactobacillus fermentum
H|HOO H10 H20 H30 H40 Streptococcus thermophilus + Lactobacillus casei subsp. casei

I [I00 110 120 130 140 Lactobacillus delbrueckii subsp. Bulgaricus + Lactobacillus rhamnosus

J ]Jo0 J10 J20 J30 J40  Lactobacillus rhamnosus
3.2.2.3  Product Characterization

DS

*

pH and titratable acidity measurements

Changes in pH values during fermentation were determined every two hours at room

temperature using a calibrated pH electrode and a pH-meter (Vision 6071, JENCO Electronics

LTD, Shanghai, China). Three kinetic parameters were calculated from the curve pH=f(time),

using equation 1:
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V.max = (de/dt) Equation 1

where V.max* is the maximum acidification rate (mUnit pH/min). T.end> was the time
necessary to reach pH 4.7 (hours); the value pH 4.7 was chosen because it is the pH at which
gels begin to form. The value pH.12h® was the pH obtained after 12 hours of fermentation
(Unit pH); 12 hours was selected because there were significant differences in pH values
among the different mixtures (cow milk and pea milk) in most of the studied cultures.
Titratable acidity was determined according to the Dornic degree (D°) method (Robinson &

Wilbey, 1998). Three replicate experiments were carried out for each measurement.

+* Syneresis measurement
The degree of whey separation was determined according to a siphon method (Amatayakul
et al., 2006). Syneresis after one, seven and 14 days of storage at 4 °C was measured in

triplicate and expressed as a percentage of total weight of the product.

+* Rheological analysis
Rheological characteristics were evaluated by Texture Analyzer TA.HD plus (Stable Micro
Systems, Godalming, England) with Exponent software version 6. A single penetration test
was performed using a cylindrical probe of 10 mm diameter, a 5Kg-load cell with a return
distance of 85 mm, a test speed of 1.00 mm/sec and 9 mm as the distance of penetration.
From the curve, four values were collected representing “Firmness”: maximum force value,
“Consistency”: positive area under the curve, “Index of Viscosity/Consistency”: minimum
force value and “Cohesiveness”: negative area under the curve. This test was performed in

triplicate after one, seven and 14 days of storage at 4 °C.

¢ Sensory evaluation
Ten training sessions were conducted with 12 panelists selected for their ability to detect
tastes and odors in pea "yogurt" as well as their verbal fluency. Two sessions were carried
out to generate a preliminary list of attributes based on five samples selected from our
products. This list was then reduced to obtain a final list based on the ISO 11035:1994 norm

(1ISO, 1994). The next four sessions were dedicated to training. Panelists agreed upon

4 Maximum acidification rate
5 The time necessary to reach pH 4.7
6 The pH after 12 hours of fermentation

e
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definitions, references and procedures for each attribute and were trained to rank different
water and yoghurt solutions containing substances that conferred the required attributes. In
the last three sessions, ten new products were presented in duplicate to determine whether
the panel was homogeneous, discriminating and repeatable. Panelists had to rate the
intensity of all attributes for each product on a structured interval scale ranging from 1 (low)
to 10 (high). After training, 10 trained panelists (two participants abandoned the panel due

to availability issues) evaluated the 50 products in duplicate.

¢+ Statistical Analysis
In order to estimate the significance of differences between means, factorial ANOVAs’ were
conducted, followed by a LSD? test at the 5% level with Statistica version 10 (StatSoft, Tulsa,
USA). Additionally, a PCA and a HCA were conducted with SPAD version 8.0 (Coheris,

Suresnes, France).

3.2.3 Results and discussion

3.2.3.1 Fermentative behavior
Determining the acidifying capacity of starter culture is the classical way to estimate its

activity. In this study, three kinetic parameters were considered: V.max, T.end and pH.12h.
The results concerning the effects of pea concentration and starter culture on the kinetic

parameters and Dornic degree are summarized in Table 2.

The maximum acidification rate ranged from 1.58 to 15.33 mUnit pH/min depending on pea
ratio and bacteria cocktail. A minimum of 6.55 hours was needed to obtain pH 4.7, and this
was not obtained in six samples, even after 24 hours of fermentation. In this case, when
fermentation is slow or the time to reach the desired pH is over 24 hours, it could be
considered problematic for industrial applications as contamination may occur. According to
Beal et al. (1989), a medium rate of acidification is preferable because it results in non-
excessive acid production, a more homogeneous structure of the coagulum and a greater

viscosity of the final product.

7 Analysis Of Variance
8 Least Significant Difference
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Table 2. Effect of different starter cultures and pea concentrations on the kinetic parameters of acidification (V.max, T.end, pH.12h) and Dornic

degree of final products. V.max was the maximum acidification rate (mUnit pH/min), T.end was the time required to reach pH=4.7 (hours) and

pH.12h was the pH obtained after 12 hours of fermentation.

The V.max T.end pH.12h Dornic The V.max T.end pH.12h Dornic The V.max T.end pH.12h Dornic The V.max T.end pH.12h Dornic The V.max T.end pH.12h  Dornic

sample munit hour degree  sample munit hour degree  sample munit hour degree  sample munit hour degree  sample muUnit hour degree
pH/min pH/min pH/min pH/min pH/min

AOO 7,5+0,487,1+0,06 4,4+0,02 93,4+2,52 CO00O 3,1#+0,39 * 5,7+0,03 140,8+3,47 EOO 3,7+0,08 15,2+0,03 4,8+0,03 107,5¢4,20 GOO 6,3+0,10 8,7+0,06 3,9+0,03 89,3+3,96 100 1,6+0,06 * 5,8+0,03 100,1+4,94
A10 7,6+0,407,0£0,06 4,3+0,0193,8+3,27 C10 2,3+0,15 20,4+0,04 5,6+0,01 141,1+4,08 E10 4,0+0,17 12,3+0,09 4,7+0,03 133,4+2,76 G10 5,8+0,14 8,8+0,10 4,1#0,02 106,2+2,01 110 2,3+0,08 * 5,5+0,04 118,1+6,91
A20 7,8+0,616,6+0,04 4,1+0,01 102,1+4,01 C20 7,6+0,43 10,8+0,06 4,1+0,01 147,6+2,23 E20 6,9+0,18 6,6+0,06 4,2+0,03 171,4+3,09 G20 6,4+0,04 8,6+0,07 3,9+0,01 113,8+3,47 120 3,2+0,13 * 5,2+0,04 124,6%4,48
A30 7,1+0,34 8,0+0,07 4,4+0,02 95,2+1,80 C30 6,7+0,19 11,4+0,04 4,4+0,02 156,8+4,19 E30 4,9:0,15 12,5+0,06 4,7+0,01 162,2+3,46 G30 6,2+0,12 8,5¢+0,04 3,8+0,02 114,1+4,30 130 3,0+0,11 22,6+0,08 5,2+0,06 127,6+4,48
A40 7,5t0,319,0+0,09 4,4+0,01 101,7+3,48 C40 8,9+0,27 11,30,04 4,3+0,01 146,5¢3,76 E40 5,8+0,21 8,24+0,04 4,3+0,02 159,5¢5,53 G40 6,0£0,16 8,7+0,05 3,9+0,03 110,7+4,39 140 3,9+0,10 22,7+0,09 5,0+0,04 128,9+6,17
BOO 4,7+0,43 16,5+0,05 5,0£+0,01 90,7+1,88 DOO 15,3+0,25 11,2+0,03 3,9+0,02 81,5+1,82 FOO 2,7+0,11 * 5,6+0,01 68,6+2,19 HOO 2,8+0,12 17,7+0,06 5,1+0,04 91,3+2,88 JOO 3,8+0,05 22,7+0,09 5,6+0,01 91,4+3,81
B10 5,6+0,3211,1+0,07 4,4+0,02 97,2+3,20 D10 15,0+0,24 11,0+0,07 3,8+0,01 94,3+2,76 F10 2,7+0,16 * 5,4+0,02 62,5+3,51 H10 3,3:0,13 14,5+0,06 4,910,03 92,3t+3,47 J10 4,7:0,05 21,3+0,04 5,4+0,03 98,3+4,78
B20 8,5+0,23 10,4+0,06 3,9+0,01 105,3+3,16 D20 10,7+0,21 10,5+0,05 3,7+0,02 96,5+3,63 F20 4,0£0,15 21,2+0,07 5,2+0,03 69,3+2,62 H20 2,8+0,05 16,5+0,05 5,0+0,05 95,6+2,87 J20 4,30,08 18,10,12 5,4+0,02 107,8+4,41
B30 7,3+0,34 10,7+0,07 4,1+0,01 100,6+4,55 D30 10,2+0,21 10,4+0,07 3,7+0,02 98,3+2,46 F30 5,2+0,11 19,7+0,07 5,1+0,01 74,9+5,73 H30 3,3+0,11 12,7+0,05 4,8+0,03 101,2+2,88 J30 4,8+0,05 17,4+0,05 5,1+0,05 113,04,41
B40 6,4+0,29 10,2+0,04 4,0+0,02 106,0+1,17 D40 8,7+0,23 10,2+0,08 3,7+0,02 94,9+4,98 F40 6,2+0,14 19,7+0,09 4,9+0,02 69,8+2,65 H40 4,0+0,10 12,4+0,06 4,7+0,03 101,7+3,35 J40 4,6+0,07 15,3+0,09 5,0+0,03 106,7+3,42

* Indicates samples in which pH 4.7 was not achieved even after 24 hours

- Means followed by the confidence intervals a=0.05
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ANOVAs showed that pea concentration, starter culture and the interaction between the two
factors have significant effects on the three parameters of kinetics and the Dornic degree (P<
0.05). Globally, an increase in pea milk ratio caused a decrease in the time required to obtain
a gel and an increase in the products’ acidity. However, the effect of pea ratio was not linear
for all bacteria cocktails. The LSD test showed that the most acidifying group includes two
starter cultures. Starter cultures C and E exhibit the highest Dornic degrees: these are the
two starters containing “Lactobacillus helveticus” that is known to have the most efficient
proteolytic system among the LAB species (Griffiths & Tellez, 2013). It is also one of the most
used LAB species for lactic acid production because it is acidotolerant with optimum survival
pH 5.5, and is relatively insensitive to product inhibition by lactic acid (Roy et al., 1987). On
the other extreme, starter culture F (Streptococcus thermophilus + Lactobacillus acidophilus)
produced the lowest acidity.

3.2.3.2 Syneresis

Syneresis is considered as a defect that may be reduced by increasing the level of milk solids,
especially protein (Tamime & Deeth, 1980) or by using starter cultures producing
exopolysaccharides that help decrease the level of liquid separation (Hassan et al., 1996).
The amounts of liquid separation resulting from the different mixtures and starter cultures
after one, seven and 14 days of storage at 4 °C are presented in Figure 2. Syneresis values
ranged from 0.22 to 4.65% after 1-day storage, from 0.32 to 7.82% after 7-day storage and
from 0.83 to 8.5% after 14-day storage. Factorial ANOVA showed that pea concentration,
starter culture and the interaction between the two factors had significant effects on
syneresis (P< 0.05). Additionally, the increase in pea protein seemed to favor syneresis in
most samples. For the highest pea milk ratio, only two starters (A and E) gave gels with
syneresis levels of less than 5% after 14-day storage. No correlation was found between the
parameters of acidification and syneresis. Thus, fast acidification did not produce a gel

characterized by more syneresis.
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Figure 2. Syneresis of 50 samples stored at 4 °C for 1, 7 or 14 days. Capital letters refer to the

starter culture and numbers to the pea protein concentration (g/100 g total protein)

Although the phenomena occurring during syneresis are not fully understood, it is agreed
that increased syneresis with storage time is usually associated with major casein network
rearrangements (Van Vliet et al., 1997), that promote whey expulsion. In our study, the same
phenomena may be at work with the possible protein network composed of pea and cow
milk proteins.

3.2.3.3 Rheological properties

The products were submitted to a penetration test after three different storage times at 4
°C. As expected, firmness was correlated with consistency (R? = 0.935) and anti-correlated
with the viscosity/consistency index (R? = 0.794). Factorial ANOVA showed that the firmness
of products after 14 days of storage was significantly higher than that after one and seven
days of storage (P< 0.05). Additionally, ANOVA showed that starter cultures, pea
concentration and the interaction between them had significant effects on rheological

parameters (P< 0.05). For purposes of clarity, only results concerning firmness after 14 days
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of storage at 4 °C are presented in Figure 3. For all starter cultures, the presence of pea milk
induced a decrease in firmness. The highest decrease in firmness was observed with the H
starter culture in yogurts without pea milk and in those with 40 g pea protein/100 g total

protein at 14 days of storage.
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Figure 3. The firmness of products after 14 days of storage at 4 °C, according to the starter

culture and the pea protein concentration (g/ 100 g total protein)

Figure 4 shows the values of product firmness in the two extreme conditions: 0 and 40 g pea
protein/100 g total protein, 1 and 14 days of storage according to starter culture. In cow milk,
product firmness increased with storage time. The gain in firmness during storage from 1 to
14 days was important in starter cultures H, I, J, A and B. In the presence of 40 g pea
protein/100 g total protein, product firmness was dramatically reduced. However, the gain

in firmness during storage still occurred.
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Figure 4. Values for the firmness of products made with 0 and 40 g pea protein/100 g total

protein at 1 and 14 days of storage at 4 °C

This increase in firmness can be explained by the post acidification residual activity of lactic
bacteria in the products. The lactic acid production and the ability of strains to produce
exopolysaccharides leads to the stabilization of casein micelles and a reinforcement of the
strength of the protein network (Guzel-Seydim et al., 2005; Saint-Eve et al., 2008). The
presence of pea protein did not favor the firmness of the products. Pea proteins seemed to
hinder the implementation of the casein network, given the assumption that the milk protein
network (casein and whey) may be formed first. Thus, the coagulum of pea protein may settle
into the free spaces in the casein network and weaken it. Indeed, the possible molecular
interactions between pea globulins and casein are not clearly established in the literature.
Especially in dairy products, the structure of the gel composed of plant proteins, casein and
whey protein is not fully understood. Certain authors have reported that the firmness or
hardness of different fermented products increased with weak supplements of plant
ingredients: up to 3% lentil flour in yoghurt (Zare et al., 2011), up to 8% sesame protein
isolate in soft cheese (Lu et al., 2010), up to 3% soy protein in rennet curd formation

“Mozzarella” (Hsieh et al., 1993). On the contrary, greater pulse supplementation leads to a
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more fragile coagulum and so to a lesser degree of firmness or “hardness”: 20% soy protein
in rennet curd formation (Lee & Marshall, 1979), 12% sesame protein isolate in soft cheese
(Lu et al., 2010). The last authors reported that sesame proteins in low concentration
aggregated as clusters of small poly-particles covering the surface of cheese fractures, but
when sesame concentration increased, the sesame protein aggregated as a different protein
phase in the casein gel matrix.

3.2.3.4 Sensory profile

The sensory profiles of the 49 formulated products were compared with the profile of cow
milk fermented with a commercial lactic bacteria starter (Alsa). The lexicon included three
odor (vinegar, earth, vegetal), three aroma (smoked, dairy, pea), three taste (in mouth:
bitter, acid, and sweet), and two mouthfeel (creamy, astringency) attributes. Vinegar, earth,
vegetal, astringency, bitter, acid, smoked and pea were regarded as negative descriptors for
the overall smell and taste in yoghurt, whereas creamy, sweet and dairy were regarded as
positive descriptors. A three-way repeated ANOVA measurement with panelists as a random
factor and pea concentrations and starters as fixed factors showed a significant effect of
bacteria starters for all descriptors except smoked (Table 3). Globally, bacteria starters A, G,
D and J tended to have higher intensities for positive descriptors such as creamy, dairy and
sweet, and lower intensities for negative descriptors such as vegetal, earth and vinegar. On
the other hand, bacteria starters E, | and C were associated with higher intensities for
negative descriptors such as acid and astringent but rather low intensities for the negative
descriptors pea and earth. Bacteria starters such as A, D and J, which are associated with the
highest intensities in negative descriptors such as pea or vegetal, also have high positive
effects, leading to descriptors such as creamy. A significant effect of pea concentration was
also found for seven descriptors (vinegar, earth, creamy, acid, smoked, dairy and pea).
Among these descriptors, as expected, the intensity of the negative descriptors pea, earth,
vinegar, and smoked increased with pea concentration, whereas the intensity of the positive
descriptors creamy and dairy decreased with pea concentration. In addition to these main
effects, significant interactions between starter culture and pea concentration were found
for all descriptors except dairy and vegetal. An effect of pea concentration was observed for
five negative descriptors (earth, smoked, pea, acid and fluid) as well as for one positive

descriptor (creamy) for most starter cultures. As for the other descriptors (vinegar, bitter,
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sweet and astringent), we observed a pea concentration effect in only a small number of

starter cultures.

Table 3. The effect of starter culture, pea concentration and the interaction between

starter culture and pea concentration on sensory profile by using three-way ANOVA

Starter culture Pea concentration Starter & pea interaction

FValue Pr>F FValue Pr>F F Value Pr>F
Odor vinegar 5.54 <.0001 2.92 0.0343 1.73 0.0076
Odor earth 2.57 0.0121 8.66 <.0001 1.73 0.0074
Odor vegetable 5.32 <.0001 2.41 0.0675 1.42 0.0615
texture creamy 7.96 <.0001 10.12 <.0001 5.49 <.0001
sensation astringent 4.73 <.0001 1.05 0.3950 1.50 0.0387
Taste sweet 7.48 <.0001 1.16 0.3443 2.77 <.0001
Taste bitter 3.21 0.0023 2.66 0.0485 1.50 0.0386
Taste acid 29.14 <.0001 4.42 0.0052 4.39 <.0001
Aroma smoked 1.20 0.3041 2431 <.0001 1.56 0.0249
Aroma dairy 2.88 0.0055 17.28 <.0001 1.17 0.2377
Aroma pea 6.03 <.0001 36.17 <.0001 1.68 0.0113

3.2.3.5 PCA and HCA for all measurements
Figure 5 a, b, c and d represent the first three PCA dimensions (70.27 % of total variance).

The first dimension (37.48 % of variance) opposes the negative aroma attributes pea, earth
and smoked as well as the negative texture attributes fluid, viscosity and cohesiveness to the
positive aroma attribute dairy and positive texture properties firmness and consistency. It
represents a gradient in pea concentration ranging from 0 g to 40 g pea protein/100 g total
protein. Negative attributes are mostly associated with the highest pea concentration
products and positive attributes to the products without pea protein. The second dimension
(18.99 % of variance) opposes the sweetness attribute to the negative attributes astringent,
acid and bitter. It opposes starter cultures A and D yielding positive attributes to starter
cultures E vyielding negative attributes, independently of pea concentration. The third
dimension (13.80 % of variance) opposes the kinetic parameters of acidification: V.max,
T.end and pH.12. It opposes starter cultures A and D yielding good acidification profiles to

starter cultures F and G yielding negative profiles, independently on pea concentration.
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Figure 5. First three dimensions of the principal component analysis performed on the
attributes by product matrix a) correlation circle for axes 1 and 2, b) projections of the
products, c) correlation circle for axes1l and 3, d) projections of the products. The two
variables are pea concentration (A) and starter culture (o), where the members of the first
group are represented by (x), the second by (-), the third by (E), the fourth by (¢) and the
fifth by (+)

The HCA performed on the first three PCA dimensions showed that the 50 products (49 +
control) could be divided into five classes (Table 4 & Figure 5). The first class includes five
products, four of them without pea protein. These products are characterized by good
texture and were described with positive attributes similar to the attributes of traditional
yoghurts usually consumed by the panel (Tu et al., 2010). Moreover, the fifth product in this

group, fermented by traditional bacteria starter A, has the same texture as traditional

71



Effet du cocktail bactérien sur les propriétés physico-chimiques et sensorielles | M. Yousseef

yoghurt and is neither bitter nor astringent although it is composed of 10 g pea protein/100
g total protein. The second class includes 11 products, six of them without pea protein and
five with only 10 g pea protein/100 g total protein. This group was described as having dairy
and creamy characteristics as well as good firmness. Also, the negative properties of this
group, such as long fermentation time and bitter taste, could be related to starter culture.
The third group is composed of five products associated with the negative characteristics
vinegar, astringent, acid and bitter and with the absence of dairy taste. This third group
includes products fermented with just two starter cultures, E (Lactobacillus delbrueckii subsp.
Bulgaricus + Lactobacillus helveticus) and | (Lactobacillus delbrueckii subsp. Bulgaricus +
Lactobacillus rhamnosus) with the only Bacillus without Coccus. The fourth class includes 18
products with 10, 20, 30 or 40 g pea protein/100 g total protein, with only negative sensory
characteristics such as pea, earthy and smoked taste and negative rheological characteristics
such as low values of firmness and consistency. The promising fifth class includes products
without negative sensory characteristics. Although this class contains 8 from 11 products
with 30% or 40% pea and without products 0% pea protein, the average notes (10-point scale
from low to high) of acid, astringent and bitter attributes in this class were 2.8, 3.3 and 2.4

instead of 4, 4 and 3 in overall average.

Table 4. The characteristics of the five classes of hierarchical cluster analysis performed on

the first three dimensions of the principal component analysis

Class 1 Class 2 Class 3 Class 4 Class 5
A20- A30- A40- B20- B30-
B10- CO0- C10- EQO- FOO- F10- C20- C30- C40- D10- D20- B40- F20- F30 —F40- H20-
A00- A10- BOO- DOO- GO0 HOO- H10- 100- 110- JOO £10- £20- £30-120-130 D30- D40- E40- G10- G20-  H30- H40- 140- J10- J30- J40
G30- G40- J20
Over- Under- Over- Under- Over- Under- Over- Under- Over- Under-
represented represented represented represented represented represented represented represented represented represented
variable variable variable variable variable variable variable variable Variable variable
Dairy Earthy pH.12h Vegetable Acid Creamy Pea Consistency Syneresis Consistency
Firmness V.max V.max Viscosity In. Astringent Dairy Smoked Firmness T.end Acid
Consistency Vinegar Consistency Cohesiveness Dornic Sweet Earthy T.end Sweet Astringent
Creamy Pea Firmness Syneresis Bitter Vegetable V.max Viscosity In. Bitter
Smoked Bitter Earthy Vinegar Viscosity In. pH.12h Cohesiveness
Cohesiveness dairy Smoked Cohesiveness
Viscosity In. T.end Pea Vinegar

3.2.4 Conclusion
The partial substitution of milk protein with pea protein did not enhance the physico-

chemical characteristics of the dairy gels studied. In order to improve the firmness of these
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fermented products, a study on the procedure of preparation that may favor the interactions
between pea and milk proteins must be performed. Moreover, future investigations are
needed to understand the architecture of the pea/milk protein network. From the sensory
point of view, the substitution of animal protein with pea protein dramatically reduced the
quality of products regarding their texture and flavor profiles. Whatever the strain, the
intensity of five negative descriptors increased with the pea protein ratio. In these conditions,
the products composed of more than 20 g pea protein/100 g total protein were far removed
from the sensory profile of conventional yoghurts. Considering both the sensory
characteristics and fermentation parameters, four starter cultures (A, B, F and H) seem
promising for the production of yoghurts with pea proteins. It should be noted that these

four starters all contain Streptococcus thermophilus.
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3.3 Conclusion du chapitre 3
Quel que soit le cocktail bactérien, I'intensité des attributs sensoriels négatifs augmente et

la fermeté des produits diminue avec I'augmentation de la concentration en protéine de pois.
Dans ces conditions de préparation, les produits contenant plus de 20 % de pois, ont un profil

sensoriel éloigné de celui du yaourt classique.

Afin d’améliorer la texture de ces produits fermentés, une étude sur les procédés de
préparation pouvant favoriser les interactions entre les protéines de lait et les globulines de
pois est nécessaire. La matiere premiere utilisée comme source de ces globulines doit

également étre prise en considération.
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I Chapitre 4 : Optimisation et sélection des conditions optimales I
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4.1 Introduction
Une stratégie de plan d’expérience a été mise en place afin de sélectionner les conditions de

mise en ceuvre les plus favorables ; les mesures effectuées dans cette partie sont des
mesures physico-chimiques (pH, Dornic et texture). Lors de notre travail, il a été constaté
gue la thermisation conjointe des deux laits (vache et pois) a un impact sur la texture du
produit fermenté. La possibilité d’interactions entre protéines de lait et globulines de pois
est donc envisagée a ce stade. De méme, les températures de fermentations induisent la
production de composés d’aréme et de petits peptides. Nous avons fait I’'hypothése qu’elles
pourraient contribuer soit positivement soit négativement a la qualité organoleptique des
produits finaux. Ce travail a mis en évidence I'importance de la qualité de la protéine végétale
pour la rhéologie des gels. Or nous avons travaillé jusqu’a cette étape avec unisolat industriel
de globulines qui sont partiellement dénaturées par le processus d’extraction. De plus, nous
savons que les interactions protéines-protéines sont dépendantes d’une dénaturation
préalable de ces dernieres. Afin de maitriser cette étape premiére de dénaturation (lors de
la thermisation des laits), nous avons décidé pour la suite de notre travail d’utiliser un isolat
de globulines obtenu au laboratoire dans des conditions non dénaturantes. Dans cette
publication 3, nous avons étudié I'effet de quatre parameétres de préparation sur les produits

a base de pois fermentés avec les ferments classiques du yaourt.

4.2 Publication 3: Influence of preparation procedures on the quality of yogurt-like
products from cow milk and pea proteins
Abstract

To increase the consumption of plant proteins in Europe, the strategy of supplementing or
substituting traditional foodstuff with plant protein seems promising. However, the
manufacturing processes must be adapted to guarantee a quality level close to that of
traditional products. On the basis of a dairy gel with 45 g/L protein amount, four factors were
studied using two levels experimental design. Dairy-plant gels were made by changing two
different levels of pea protein substitution ratio in cow milk (20% and 40%), milk heat
treatment (90 °C and 110 °C), blend of pea proteins in milk (before or after heat treatment)
and incubation temperature (37 °C or 42 °C). The values of pH, titratable acidity and gel
firmness were used as responses to a complete three replicates experimental design. The
heat treatment at 90 °C significantly favored the firmness of yogurt whatever the pea protein

substitution. Also, the simultaneous heat treatment of pea proteins with milk proteins had a
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positive impact on the firmness of gels, which suggested possible interactions between
caseins and pea proteins (globulins). Under the optimal conditions to assure maximum gel
firmness, and an acceptable acidity, i.e. mixing cow and pea milks before the heating at 90
°C, the tyrosine index and some volatile molecules were measured as indicators for
bitterness, lactic fermentation and pea aroma. Finally, the sample exhibiting properties the
closest to those of cow milk yogurt was obtained with a substitution of 20% of pea protein
in cow milk, simultaneous heat treatment at 90°C and 42 °C fermentation temperature.

Keywords: yogurt quality; pea protein; fermentation; rheology; heat treatment; aroma

4.2.1 Introduction
Taking into consideration the increase in demand for animal protein and its consequences

regarding food security, environment and economy, there is a demand for an increased in
plant proteins consumption. One promising strategy to run down animal products towards
more sustainable foods is the supplementation or substitution protein in traditional
foodstuff with plant protein. Furthermore, using plant protein, especially pulse protein, has
also some health benefits (Bazzano, 2008; McCrory et al., 2010; Rizkalla et al., 2002). Pea
(Pisum sativum), one of the most important pulses, has a high-quality amino acid profile with
a high content of lysine and arginine (Schneider & Lacampagne, 2000), and some
appreciated functional properties such as texture, viscosity, gelation, emulsification, water
and oil absorption capacities and foaming (Bora et al., 1994; Dagorni-Scaviner et al., 1987).
To obtain acceptable food products, these positive nutritional and functional properties must
overcome pea protein limiting characteristics such as the “green, beany” related with some
off-flavor/ volatile molecules (Klein & Raidl, 1986; Murat et al., 2012), “bitter” from some
peptides (Lemieux & Simard, 1992), and fragile coagulum caused by the interaction between
plant protein and casein (Lee & Marshall, 1979). Therefore, the successful use of plant
protein as food ingredients depends on the sensory and rheological characteristics of the
final product that could be affected by the manufacturing processes. Thus, the factory
processes must be adapted to guarantee a quality level close to that of traditional products.
Several authors have tested different parameters in yogurt manufacturing processes such as
milk base, inoculation conditions, heat treatment and storage time, and their effects on the
rheological and sensory properties of fermented cow milk (Sodini et al., 2004). Moreover,
studies were performed on fermented milk supplemented with a plant protein either with

soy protein (Drake et al., 2000) or lentil flour (Zare et al., 2011). Although many studies have

77



Optimisation et sélection des conditions optimales | M. Yousseef

focused on the effects of different processing parameters on the quality of fermented milk,
no study focused on the quality of products in the cases of substituted milk fermentation,
despite there is a need for improvements in this type of products. The objective of this
research was to determine the parameters that will give a dairy product close to a traditional
yogurt. So, an investigation was undertaken to compare and understand the effects of heat
treatment (90 °Cand 110 °C), mixing of cow milk and pea milk before or after heat treatment,
and incubating the starters at two different temperatures (37 °C and 42 °C) for two
concentrations of pea protein (20% and 40%). Then, the products under the most favorable
conditions for firmness and Dornic degree were studied to estimate the bitterness and green
taste by determination the tyrosine index and the quantification of some important

molecules either in plant ingredient or in dairy products.
4.2.2 Materials and methods

4.2.2.1 Ingredients and starters
Skim milk powder was purchased from Regilait (Saint-Martin-Belle-Roche, France) and pea

protein isolate Nutralys® S85F was supplied by Roquette (Lestrem, France). Lactose
monohydrate, sodium citrate and calcium phosphate monobasic purchased from Sigma (St.
Louis, USA) for preparing milks. Lactic acid bacteria for homemade yogurt production
(containing lyophilized Streptococcus thermophilus and Lactobacillus bulgaricus) were
obtained from Alsa (Rueil-Malmaison, France).

4.2.2.2 Preparation of cow milk and pea milk
From skim milk powder and pea protein isolate, two different milks were prepared (cow milk

and pea milk) with the same concentrations of protein, lactose, calcium and citrate. 128.6 g
of skim milk powder was reconstituted with tap water to obtain one liter of cow milk (45 g/L
protein concentration). Finally, 1.75 g of sodium citrate was added. Pea milk was obtained
by reconstituting 126.5 g of pea isolate with tap water to obtain one liter. The suspension
was gently stirred for 3 hours to obtain complete rehydration of the powder. The pea milk
was then centrifuged at 12000g for 50 min at 10 °C to release the insoluble particles. The
protein concentration of the supernatant was 45 g/L (as measured by Dumas method).
Finally, 1.6 g of calcium phosphate monobasic, 1.75 g sodium citrate and 66.5 g of lactose
were added to one liter of supernatant. The cow milk and pea milk were stirred for 10

minutes, and the pH of each preparation was adjusted at 6.5 using HCl or NaOH.
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4.2.2.3 Design of experiments (DOE) approach and prepared samples
A 4 factors X 2 DOE including : “pea amount” percentage of substitution with pea protein in

cow milk (20%, 40%), “heat temp” heat treatment temperature of milks (90 °C, 110 °C for 10
min), “mix” blend of pea proteins in cow milk before or after heat treatment and “incubation
temp” lactic acid fermentation temperature (37 °C, 42 °C) was used.

Sixteen samples (1-16) were generated once within the DOE (Table 1). In addition, the central
point condition was prepared (30% pea protein, heat treatment 100 °C, half quantity mixed
before heating and the rest after heating, incubation at 39.5 °C). For further comparisons,
four other samples were prepared: 100% cow milk heated at 90°C, incubated at 37 °C or 42
°C and 100% pea milk heated at 90 °C, incubated at 37 °C or 42 °C.

Table 1. The sixteen tested samples and the control sample with the different parameters of

preparation.

Pea amount Heat temp Incubation
Sample name Mix
(%) (°) temp (°)

0 (center point) 30 100 % before + % after 39.5

1 20 90 After 37

2 40 90 After 37

3 20 110 After 37

4 40 110 After 37

5 20 90 Before 37

6 40 90 Before 37

7 20 110 Before 37

8 40 110 Before 37

9 20 90 After 42
10 40 90 After 42
11 20 110 After 42
12 40 110 After 42
13 20 90 Before 42
14 40 90 Before 42
15 20 110 Before 42
16 40 110 Before 42
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4.2.2.4 Fermentation of two milk mixtures
Two grams of lyophilized powder of Streptococcus thermophilus and Lactobacillus bulgaricus

were added directly to one liter of milk (two milk mixture in our case) according to product
instructions. Different inoculated mixtures were sampled in plastic flasks (40 mL in 45 mL
flasks) and incubated for 24 h, either at 37 °C or 42 °C. The samples were stored for 24 h
before analysis.

4.2.2.5 Characterization of DOE samples

** pH and titratable acidity measurements
pH of gel samples was determined in triplicate using a calibrated pH electrode and a pH-
vision 6071 microcomputer (JENCO Electronics LTD, Shanghai, China). Lactic acid quantity or
titratable acidity was determined according to the Dornic degree (D°) method (Robinson &
Wilbey, 1998).

+* Rheological analysis
Firmness and consistency were evaluated by Texture Analyzer TA.XT2/ (Stable Micro Systems,
Godalming, Surrey, England). These rheological measurements were performed using a
single compression test, using a 5Kg-load cell with a cylindrical probe of 10 mm diameter.
The test speed was 1.00 mm/sec, the trigger force was 0.010 N, the return distance was 85
mm, and the distance of penetration was 9 mm. The analyzer was linked to a computer that
recorded the data via the Exponent software version 6,1,7,0. From recorded curves, two
values were collected representing “Firmness”: maximum force value, “Consistency”:
positive area under the curve. This test was performed in triplicate after one-day storage at
4°C.
4.2.2.6 Characterization of samples with the most favorable conditions

+ Tyrosine index
The Tyrosine index has been used for bitterness evaluation as described by (Singh &
Ranganathan, 1978).

+* Volatile compounds
Solid phase microextraction (SPME) was carried out according to (Murat et al., 2012) with
some modifications. Five grams of fermented product placed in a vial with a total volume of
20 ml. The vial was placed in an oven at 60 °C for 5 min. An SPME fiber divinylbenzene (DVB),
carboxen (CAR), polymethylsiloxane (PDMS) (2 cm-50/30 um, Supelco, USA) was exposed to

the headspace, for 60 min under the same conditions. Preliminary experiments were done
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to optimize time and temperature parameter. The SPME extracts were injected into a
splitless injector and analyzed using a gas chromatography (GC) model 7890A (Hewlett—
Packard, Palo Alto, CA, USA) equipped with a DB-WAX column (30 m, 320 pum, 0.5 um, JW
Scientific Agilent). The fiber was injected at 250 °C in the splitless mode. Helium was used as
the carrier gas in the constant flow mode with a linear velocity of 42 cm.sl. The
chromatograph temperature was programmed from 38 °C, with an isotherm of 1 min, to 240
°C at a rate of 4 °C min! with a final isotherm of 10 min. Mass spectrometry was performed
on a mass selective detector model 5975C (Agilent Technologies, Palo Alto, CA) operated in
the electron impact mode at 70 eV. The mass spectrometer scanned masses from m/z 29 to
350. The ionization source was set at 230 °C and the transfer line at 240 °C. The data are
presented as a mass spectrum. Volatiles were identified by comparison of the mass spectra
with the spectra database (NIST databases). Butane-2,3-dione (diacetyl), 3-hydroxybutan-2-
one (acetoin) and benzaldehyde were followed as indicators for yogurt aroma and lactic
fermentation (Imhof et al., 1995; Widyastuti & Febrisiantosa, 2014). Furthermore, hexanal
and hexan-1-ol (1-Hexanol) were considered as markers of pea aroma resulting from lipid
oxidation (Schindler et al., 2012). Although acetaldehyde is an essential marker of aromatic
quality of yogurt, this compound has been difficult to quantify by SPME. Indeed, the
chromatogram was always very 'noisy' in the identification zone. The data could not be used.

4.2.2.7 Data analysis
Experimental design analyzed by DOE++ version 10.0.4 (ReliaSoft, USA). The same software

was used to do a simple optimization to determine the most favorable conditions for
firmness and Dornic degree of the gels. Finally, to estimate the significance of differences
between means, factorial ANOVAs were conducted, followed by a Newman-Keuls test at the

0.05% level with Statistica version 12 (StatSoft, Tulsa, USA).

4.2.3 Results and discussion

4.2.3.1 pH and Dornic degree
As expected, the Dornic degree and the pH of fermented gels were correlated (R>=0.82): the

higher the pH, the higher Dornic degrees. The four studied factors have a significant effect
on pH and titratable acidity (P<0.05). Regarding Dornic degree (Fig. 1), the greatest changes
were observed when the fermentation temperature changed from 37 °C to 42 °C. The
fermentation at 42 °C has significantly increased the amount of the produced lactic acid,

possibly due to growth, survival and activity optimal for the used starter culture at 42 °C. The
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remaining factors affected the values of Dornic degree according to their importance as
follows: the pea concentration in milk, the heat treatment conditions and finally the moment
of mixing the two milks (Figure 1). As the lactic acid bacteria require nitrogen source for their
growth (Zourari et al., 1992), the changes in amino acid levels may explain the effect of the
factors “pea amount” and “heat temp” on the Dornic degree. An optimal growth of LAB
depends on sufficient levels of free amino acids and oligopeptides. Thus, to reach an optimal
concentration, proteolysis is needed to release additional amino acids and small peptides
from proteins. This phenomenon is well known in cow milk (Neviani et al., 1995). However,
the globular structure of pea proteins and their amino acid content are quite different in
comparison with caseins or whey proteins which are usually used in yogurt. Thus, some of
the amino acids, primarily required by Streptococcus thermophilus as methionine, cysteine
and tryptophan (Zourari et al., 1992), exist in low levels in pea protein. Furthermore, the
increase in heat treatment temperature from 90 °C to 110 °C produced a lightweight
brownish color caused by Maillard reaction. More Maillard reaction occurred leading to more
amino acids participation in this process (Shimamura & Ukeda, 2012), so leaving less amino
acids available for lactic acid fermentation and thus less lactic acid formation. All that may

explain why the higher the pea protein concentration was, the lower the Dornic degree.
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Figure 1. The main effect for Dornic degree obtained from the experimental design.

4.2.3.2 Rheological measurements
Four values were extracted from the compression curve. The measures of firmness and

consistency were highly correlated (R?=0.99), thus only firmness measures were discussed
here. The four technological factors: pea amount, heat temp, mixing, incubation temp,

induced a significant effect on the firmness of the gels (P<0.05). Mixing the two milks before
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heat treatment increased the firmness of gels to the highest level. This is possibly due to the
formation of a primary interaction between the vegetable and animal proteins before the
fermentation process took place. The next three factors affecting the firmness in order of
importance were: the pea amount, the heating temperature and the incubation temperature
(Figure 2). For the pea amount, substituting 40% of milk protein with pea protein generated
a significant decrease in the firmness of gels in comparison to gels with 20% of pea protein.
This is in accordance with our previous results indicating that the firmness of gels decreases
with the increase of milk protein substituted by pea protein, even with different starters
(Yousseef et al., 2016).

For the two milks heated at 90°C and fermented at 42°C (the most favourable conditions),
average firmness decreased from 100% cow's milk: 0.345 +/- 0.017 N to (i) 20 % pea milk:
0.264 +/- 0.013 N, (ii) 40% pea milk: 0.178 +/- 0.008 N, and (iii) 100% pea milk: 0.116 +/- 0.008
N. No statistical difference was observed in gel firmness between the cow milk sample and
the 20% pea milk sample. The gelation of conventional yoghurt results from interactions
between milk proteins: caseins and whey proteins (B-lactoglobulin, a-lactalbumin). It is well
known that high heat treatment of milk, which causes significant denaturation of whey
proteins, significantly increased the firmness and viscosity of resulting gel compared with gel
made from unheated milk (Donato et al., 2007; Lucey & Singh, 1997). Pea proteins, at a low
level, in cow milk seemed to favor, or not disturb, the formation of this three-dimensional
network. The formation of disulfide bonds and noncovalent interactions between B-
lactoglobulin and pea globulin subunits after a thermal treatment was described by Chihi et
al. (2016). The heat-treated initial mixtures of the two proteins provide more elastic acid gels
with a more regular and less porous fibrillary structure. (Lu et al., 2010) also showed that
sesame proteins increased the hardness in soft cheese but when sesame concentration
increased, the sesame protein aggregated as a different protein phase in the casein gel matrix
leading to a more fragile coagulum. Heating at the highest temperature (110 °C) seems to
denature caseins and whey proteins completely without helping to make stronger bonds
between milk proteins and pea proteins for the structure of gels. The incubation at 42 °C
instead of 37 °C allowed the formation of firmer gels. A temperature of 42 °C was favorable
to a rapid acidification of medium by lactic acid production, which contributes to a higher

gelation of cow milk and pea proteins and an enhanced firmness. The enhanced rheological
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properties of yogurt formed at high temperature (40-45°C) are attributed to a progressive
increase in the extent and strength of hydrophobic association between proteins (Haque et

al., 2001; Lee & Lucey, 2004).
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Figure 2. The main effect on firmness obtained from the experimental design.

4.2.3.3 Tyrosine index
Under the most favorable conditions for firmness and Dornic degree of the gels (mixing cow

and pea milks before the heating at 90 °C), the tyrosine index was studied to understand the
effect of pea amount and incubation temperature on the changes in proteolysis intensity.
Indeed, an excessive proteolysis in dairy gels results in more bitter taste (Chandan, 2015).
The results were compared with values obtained from 100% cow milk. ANOVAs showed that
the pea amount, the incubation temperature and the interaction between these two factors
have a significant effect on the tyrosine index value (P<0.05). Whatever the type of “milk”:
100% cow milk, 20% pea milk and 40% pea milk, the tyrosine index was significantly lower
with incubation at 42 °C than at 37 °C (Figure 3). On the other hand, a 40:60 pea and cow
milk ratio gave the highest index of tyrosine, regardless of the incubation temperature. Also,
pea globulin appeared to be more easily degraded by proteolysis than casein and whey
proteins. However, more investigations are needed to verify this hypothesis. Thus, gels rich
in pea protein would be perceived as bitterer than those from cow milk. And so, according
to this index, the gel with 20% pea protein fermented at 42 °C was the closest product to the

traditional yogurt.

84



Optimisation et sélection des conditions optimales | M. Yousseef

450
400 37°C
350
300 a
250
200
150
100
50

42 °C e

R

ETEEmmTTe

Tyrosine Index pg/mL

e T R
o

i
2
i
e
2
i
e
2
i
e
2
i
e
2
i
e
2
i
e
2
i
e
2
i
e
2
i
e
2
i
e
2
i
e
2
i
e
2
i
e
2
i
e
2
i
e
2
]
B
2
]
B
2
]
B
254
4]

o
i
T

£

Cow milk  Pea:Cow milk Pea:Cow milk Cow milk  Pea:Cow milk Pea:Cow milk
20:80 40:60 20:80 40:60

Figure 3. Tyrosine index in gels as function of pea protein amount and lactic fermentation
temperature - Two products with different letters are significantly different.

4.2.3.4 Volatile compounds
Fifty-two molecules were detected in the fermented products. The molecules detected using

SPME-GC-MS are listed Table 2. Although acetaldehyde was detected, the results cannot be
exploited due to the poor quality of the baseline in the detection zone of this compound.
The amounts of five key aroma compounds, markers of lactic fermentation and pea flavor
were followed. The results were compared with values obtained from 100% cow milk.
Table 2 List of the volatile compounds identified in the fermented products by GC-MS from
SPME extracts (using data in NIST WebBook).

Acids Carbonyl compounds
Acetic acid Acetaldehyde

Butanoic acid Acetone

Isovaleric acid 2,3-Butanedione (diacetyl)
Butanoic acid, 3-methyl- 2,3-Pentanedione

Hexanoic acid 3-Hexanone

Heptanoic acid hexanal

Octanoic Acid Dodecane

Nonanoic acid 2-Heptanone

n-Decanoic acid 2-Butenal, 3-methyl-
Benzoic acid 2-Heptanone, 4-methyl-
Alcohols 2-Heptanone, 4,6-dimethyl-
3-Methylbut-2-en-1-ol 2-Octanone

1-Pentanol Octanal

2-Butanol 2-Butanone, 3-hydroxy- (acetoin)
2,5-Hexanediol, 2,5-dimethyl- 2-Buten-1-ol, 2-methyl-
1-Hexanol 2-Nonanone
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1-Heptanol Nonanal
2-Ethylhexanol 3-Octen-2-one
1-Octanol 1-Hexanol, 2-ethyl-
1-Nonanol Decanal
4-Methylbenzyl alcohol Benzaldehyde
Aromatic compounds 3,5-Octadien-2-one

Benzene, 1,3-bis(1,1-dimethylethyl)- 2-Undecanone

Toluene Benzaldehyde, 4-methyl-
Heterocyclic compounds Benzaldehyde, 2-methyl-
2-Pentylfuran Oxime-, methoxy-phenyl-_
Furfural 2-Tridecanone

Sulfur compounds
Dimethyl trisulfide

ANOVAs showed that the factors pea amount, incubation temperature and the interaction
between these two factors had significant effects on the “quantity” (express in total ion
current, arbitrary unit) of the five keys molecules (P<0.05). An increase in pea milk ratio
caused a decrease in the amount of diacetyl and acetoin and an increase in the quantity of

benzaldehyde, hexanal and 1-hexanol (Figure 4).
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Figure 4. The amount of five aroma compounds (TIC, arbitrary unit) at one day of storage
(4°C) in term of pea protein concentration and incubation temperature. For each molecule,

two products with different letters are significantly different.
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The contents of lactic fermentation flavor compounds (diacetyl and acetoin) in gels with 20%
peas were quite similar to those measured in the cow milk gels (Fig. 3). In contrast, a content
of 40% pea in milk gave gels with lower levels of diacetyl and acetoin than those obtained in
cow milk; these aroma compounds are favorable for the aromatic note "dairy". For
benzaldehyde, the amount was higher in gels with pea proteins in comparison with 100%
cow milk. This compound has an olfactory note "bitter almond" (Burdock, 2009), and its
presence is not conducive to "dairy" notes even though it was detected as one of yogurt
aroma (Cheng, 2010; Routray & Mishra, 2011). Finally, the incubation temperature slightly
affected the amount of flavoring compounds bound to the metabolism of the fermentation.
At 42 ° C, the production of diacetyl, acetoin and benzaldehyde was the highest higher.

In contrast, the amount of aromatic compounds (hexanal, 1-hexanol) derived from the pea
material was not affected. It should be noted that hexanol and 1-hexanal are also produced
by LAB during fermentation. Neither the doubling of the pea protein amount nor the
incubation temperature affects the amounts of these two compounds.

Diacetyl combined with acetoin imparts a mild, pleasant, buttery taste, and they are critical
to the rich perception of yogurt. Diacetyl gives the buttery flavor and it may improve yogurt
flavor quality. Diacetyl is a diketone, derived by the fermentation of citrate present in milk
and dairy mixes (Cheng, 2010). Acetoin has a mild creamy, butter-like flavor that is similar to
that of diacetyl. Acetoin is readily converted from diacetyl by the enzyme diacetyl reductase
(Cheng, 2010). The production of these two aromatic compounds depends on the
metabolism of citrate and therefore on the LAB fermentative behavior in cow milk or in mix
of cow and pea milks. The incubation temperature affects the intensity of fermentation
activity (more or less important production of lactic acid) which necessarily impacts the
production of secondary metabolites such as aroma compounds. The availability of nitrogen
precursors as a function of the nature of proteins (pea or cow) is also to be taken into
account. A more detailed study of the relationship between protein type (pea or cow) and

aroma compound production during lactic fermentation should be carried out.

4.2.4 Conclusion
Insertion of plant protein in European food diet, via traditional foodstuff as yogurt, may need

some modifications in the manufacturing processes to guarantee a quality level close to that
of traditional products. This study showed that the partial substitution of proteins in milk by

pea globulins led to major changes in the physico-chemical characteristics of obtained gels.
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Moreover, the behavior of lactic acid bacteria was affected by the presence of pea proteins
during the fermentation process. From a technological point of view, a heat treatment of
milks at 90°C significantly favored the firmness of yogurt whatever the pea protein
substitution. Likewise, the combined heat treatment of pea proteins with cow milk had a
positive impact on the firmness of gels, which suggested possible interactions between
caseins, whey proteins and pea protein (globulins). As expected, an increase in fermentation
temperature from 37 °C to 42 °C resulted in an increase of the final Dornic degree, and a
decrease in the tyrosine index. Finally, the sample exhibiting properties the closest to those
of cow milk yogurt was obtained with a substitution of 20% of pea protein in milk, a heat
treatment at 90 °C and an incubation temperature at 42 °C. These results suggest a promising
use of pea proteins as a protein substitute in dairy gel process with the need for more work

on used raw materials and the effect of storage on these products.
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4.3 Conclusion du chapitre 4
Les paramétres testés dans cette étape dite d’optimisation, nous permettent de conclure

gue 1-Mélanger les deux types de lait (pois et vache), avant traitement thermique (90°C),
permet d’obtenir des gels significativement plus fermes qu’avec un traitement thermique
des deux laits séparés. Nous supposons d’apreés la littérature que des interactions entre les

protéines de lait de vache te les globulines de pois sont a I'origine de ce réseau plus dense.

2-De méme une fermentation plus rapide a 42°C est plus favorable a la qualité du produit
avec une production plus importante d’ardomes type yaourt et une réduction des faux go(ts

de pois.

Ce travail a mis en évidence lI'importance de la qualité de la protéine végétale pour la
rhéologie des gels. Or nous avons travaillé jusqu’a cette étape avec un isolat industriel de
globulines qui sont partiellement dénaturées par le processus d’extraction. Or nous savons
gue les interactions protéines-protéines sont dépendantes d’une dénaturation préalable de

ces dernieres.

Afin de maitriser cette étape premiere de dénaturation (lors de la thermisation des laits),
nous avons décidé pour la suite de notre travail d’utiliser un isolat de globulines obtenu au
laboratoire dans des conditions non dénaturantes. De méme nous avons montré que les
profils d’ardmes, des peptides et de I'Indice de Tyrosine, pour le cocktail F « Streptococcus
thermophilus + Lactobacillus acidophilus » donne le meilleur produit. Nous I'avons donc

retenu pour la suite de notre étude (Annexe 1).

89



Validation sensorielle | M. Yousseef

I Chapitre 5 : Validation sensorielle I
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5.1 Introduction
Apres avoir testé différentes solutions (de I’étude de 10 cocktails bactériens a I'optimisation

de la matiere premiére et jusqu’aux procédures de fermentation) afin de résoudre les
problemes de texture et de faux goQts liées a la substitution des protéines de lait par les
globulines de pois, ce dernier chapitre s’est intéressé a valider sensoriellement grace a un
test consommateur et un test CATA une gamme de produits obtenus avec le cocktail F
sélectionné précédemment. Six produits avec différentes concentrations de pois ont été
étudiés dans la publication 4. Nous avons évalué en parallele les propriétés physico-
chimiques et sensorielles de ces produits optimisés pour définir la concentration la plus

élevée de protéine de pois pouvant étre acceptée.

5.2 Publication 4: Plant based yogurts: Physico-chemical, sensory and hedonic
characteristics

Abstract

Off-flavors are commonly described in plant-based yogurts. The reduction of these defects
depends on finding the most appropriate lactic acid bacteria strain. A starter composed
Streptococcus thermophilus and Lactobacillus acidophilus have shown their capacity to
reduce the bitterness and the off-flavors of fermented pea proteins. To confirm the quality
of this strain with a broad range of concentrations of plant proteins, six different ratios of
pea protein in cow milk (20 to 100%) were fermented and characterized from a physical point
of view. A consumer test (check-all-that-apply test) was then used to evaluate the
acceptability and sensory profile of the samples. From a physical point of view, all samples
showed characteristics close to those of a conventional yogurt (pH, Dornic degree, syneresis,
firmness). From a sensory point of view, a ratio of 20% of pea protein in cow milk gave a
product accepted by most of consumers. The 40% ratio discriminates between two consumer
groups, with half of the participants accepting the sample and the other half rejecting it. For

higher pea protein ratios (80-100%), products were negatively assessed by most participants.

Keywords: Pea protein, Cow milk protein, Lactic acid bacteria, Physical properties, Sensorial
properties

5.2.1 Introduction

One of the main problems that hinder the incorporation of vegetal proteins in processed

food is that vegetal raw materials provide off-flavors (e.g., vegetal taste, chalky) and are
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characterized by a high astringency and bitterness (Murat et al., 2013; Schindler et al., 2012;
Torres-Penaranda et al., 1998). Fermentation might be seen as a way to reduce this problem.
Lactic fermentation, for example, plays a major role in the texture and the organoleptic
characteristics of fermented products. As a consequence researchers focus their efforts to
find potential starter cultures to improve the texture and flavor quality of fermented product
(Widyastuti & Febrisiantosa, 2014). Some authors tried to introduce little quantities of plant
ingredients in traditional fermented foods: soy protein (Drake et al., 2000), lentil flour (Zare
etal., 2011), sesame protein (Lu et al., 2010). In these studies, the usual starter cultures were
used while other authors seek to improve the quality of fermented products by using
different starter cultures (Yousseef et al., 2016; Zare et al., 2013). Yousseef et al. (2016)
tested ten lactic acid cultures to ferment different mixtures of cow and pea milk. This
screening test showed the effect of starter cultures on the organoleptic quality of fermented
products: Some starters yielded products with more positive properties than the other ones.
Another preliminary study conducted in our laboratory showed that a LAB cocktail (called
“F”) including Streptococcus thermophilus & Lactobacillus acidophilus reduced the bitterness

and the off-flavors in the fermented products.

The present study was a follow up of this previous work our objective was to validate the
ability of LAB cocktail "F" to mask the bitterness and off flavor brought by pea proteins. Six
yogurts with different ratios of pea protein in cow milk (0%, 20%, 40%, 60%, 80% and 100%)
were made with the selected starter culture and characterized using both a physico-chemical

and a sensory approach.

Conventionally in sensory evaluation, Quantitative Descriptive Analysis (QDA) is used to
obtain product sensory profiles. However, although this method is very efficient it has the
drawbacks of not reflecting consumers’ perception and of being time and money consuming.
Recently new methods that take into account consumers, are more rapid and less expensive
has been developed to obtain product description (Ares & Varela, 2014; Valentin et al.,
2012). Among these methods, check-all-that-apply (CATA) has become very popular as it is
well suited to work with consumers (Ares, Barreiro, et al., 2010; Dooley et al., 2010; Jaeger
et al., 2013; Lado et al., 2010). We combined this approach with a consumer test to evaluate
the efficiency of the LAB cocktail "F", and to determine the optimum ratio of cow and pea

milk that could be used to develop plant based yogurts.
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5.2.2 Materials and methods

5.2.2.1 Production of fermented products
Cow milk from skim milk powder Régilait® and pea milk from laboratory pea globulin isolate

were prepared at 45 g/L of protein amount (Yousseef et al., 2016). The pea globulin isolate
preparation was adapted from (Chihi et al., 2016); the defatted step was only done with
ethanol. Six samples of fermented cow and/or pea milk were prepared. Cow milk and pea
milk were mixed to obtain six concentrations (v:v) of pea milk in cow milk (0%, 20%, 40%,
60%, 80% and 100%). These mixtures were heated at 90 °C for 10 mins, then inoculated with
the selected starter F (S. thermophilus + Lb. acidophilus) and incubated at 37 °C for 10 h to
obtain products with pH= 4.6+0.1. The products were stored at 4 °C for one day before

performing the CATA and liking tests.

5.2.2.2 Instrumental characterization

Changes in pH values during fermentation were determined in triplicate with an automated
lactic starter monitoring and characterization with the CINAC-System (Ysebaert, Frepillon,
France). pH electrodes were calibrated with two standard buffers at pH 7 and pH 4 before
each experiment. From the pH curve over time (pH = f (time)), two kinetic parameters were
determined: Vmax (the maximum acidification rate (x93 Unit pH/min)), and Tmax was the
time (hours) where the acidification achieve its maximum rate. The titratable acidity was
determined according to the Dornic degree (D°) method which quantifies the lactic acid
present in dairy products (Robinson & Wilbey, 1998). Ten mL of the product with two drops
of phenolphthalein solution (2% in ethanol 96%) was titrated with standardized NaOH (0.111
mol/L) until the pink color change lasted 30 seconds. This measurement was conducted on
all the samples after 1, 14 and 28 day of storage at 4°C. Three replicate experiments were
carried out for each measurement. The measurement of the degree of whey separation as
well as syneresis and firmness of the fermented product were determined after 1, 14 and 28
days of storage at 4°C in cold chamber was measured. All analyses were carried out in

triplicate (Yousseef et al., 2016).

5.2.2.3 Sensory characterization: CATA and liking test

+* Panelists
Sixty consumers (32 men and 28 women) aged from 18 to 59 years participated in the sensory
test. They were recruited from the student and the staff of the University of Burgundy, Dijon,

France.
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X/

% Procedure

Ten grams of each sample were served to the panelists in closed plastic cups labeled with
three-digit random numbers. Samples were presented monadically following a Williams Latin
square. Mineral water was used for rinsing between samples. Participants were asked to test
each sample and to score their overall liking using a 9-point scale going from (1) “dislike very
much” to (9) “like very much.” After rating their overall liking, participants completed a CATA
guestion with 21 terms related to sensory characteristics of yogurts and vegetal protein
(Table 1). The attributes were selected based on previous studies (Ares and Jaeger, 2014;
Yousseef et al., 2016). After completing the CATA question, consumers were asked to check
all the terms they considered appropriate to describe their ideal vegetal yogurt. The order of

terms was randomized between participants but the same order was kept for each panelist.

Table 1. List of attributes used in CATA

Astringent Chalk Aftertaste Thick

Vinegar Bitter Liquid Heterogeneous
Sour Sweet Smooth Homogeneous
Earth Creamy Viscous

Vegetal Taste of cream Firm

Smoked Taste of yogurt Consistency

5.2.2.4 Data analysis
+* Physico-chemical properties

All results were analyzed using one-way ANOVA with pea protein ratio as a fixed factor. A
Student Newman-Keuls (SNK) test (o = 0.05) was used to compare the samples when there

was a significant effect of pea protein ratio.

¢ Sensory properties
Liking scores were analyzed using two-way repeated measures analysis of variance (ANOVA)
with consumer as random and sample as fixed factors. A Student Newman-Keuls test (a =
0.05) was used to compare the samples. CATA data were analyzed by counting the number
of consumers that used each word to describe each fermented product. A correspondence
analysis (CA) was performed on the frequency counts. Consumer overall liking scores and

ideal product evaluation were projected as supplementary data (Ares, Deliza, et al., 2010).
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5.2.3 Results and discussions

5.2.3.1 Acidification trend during the fermentation and pH evolution during storage
The effects of milk protein substitution with pea protein on acidifying kinetics are

summarized in Table 2. The ANOVA showed a main effect of pea protein ratio on these two
values (Vmax & Tmax) (P<0.05). The Vmax varied from 7.1x103 pH unit.min for 100% pea
milk to 11.6x103 pH unit.min! for cow milk. Tmax ranged from 2.1 h for cow milk to 3.4 h
for pea milk.

Table 2. Effects of cow milk substitution on acidification characteristics of cow milk
substituted with 0%, 20%, 40%, 60%, 80% and 100% pea protein. Means in the same column

with different letters are significantly different (SNK test, P<0.05)

Pea protein ratio Vmax (x1073 pH unit min) Tmax (h)
0% 9,98¢ 2,098
20% 9,97¢ 2,63¢
40% 11,37¢ 2,48¢
60% 11,58¢ 2,24
80% 9,56° 3,36f
100% 7,072 2,42¢

Several authors studied the effect of different factors on acidification kinetics, such as
incubation temperature, heat treatment, milk source, milk supplementation and culture
composition (Beal et al., 1999; Bezerra et al., 2012; Medeiros et al., 2015; Oliveira et al.,
2001). All these factors have generally an effect on acidification kinetics. For example,
Oliveira et al. (2001) showed that culture composition has an effect on Vmax, and the value
of Vmax is higher with mixed cultures than with pure ones. Values of Vmax and Tmax in our
study (11.9 x10°3 pH unit min%, 2.8 h) are close to those reported for cow milk supplemented
with milk protein and fermented by S. thermophilus + Lb. acidophilus (Oliveira et al., 2001).
Contrary to what we expected the SNK test did not show a linear relationship between the
pea protein ratio and the acidification kinetics neither for Vmax nor for Tmax. Vmax
increased from 20% to 60% and then decreased. Tmax increased from 0% to 20% then
decreased up to 60% and increased again from 60 to 80% and then decreased. This pattern
of results could be explained by the differences in the availability of some constituents

(especially organic acids, salts and proteins), mainly after heat treatment of the two-milk
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mixtures. This variation in components leads to difference in buffering capacity which is

essential for acidification and its kinetics (Bezerra et al., 2012).

Most authors stop the fermentation when pH=4.5 or 4.6 (Bezerra et al., 2012; BozZanic et al.,
2011; Chumchuere & Robinson, 1999; Sodini et al., 2005; Zare et al., 2013). Previous study
in our laboratory showed that the gelation of pea and cow milk mixtures occurred when
pH=4.7 (Yousseef et al., 2016), which is proximate to the isoelectric point of pea globulins
(Mession et al., 2012). So, as the pH of all samples was in the 4.5 to 4.7 pH range after 10
hours this time was selected as the optimum time of incubation. The pH varied weakly in a
small range of 0.2 pH unit from samples made with 0% to samples made with 100% pea
protein. The fermentative behavior has been followed by the measurement of lactic acid
production. Titratable acidity for all the samples, after one and 28 days of storage at 4°C, are
illustrated in Figure 1. The ANOVA showed also that pea protein concentration has a
significant effect on the Dornic degree of products (F (5,12) = 1426.3, p<0.05). The Dornic
degree decreases from samples made with 0% (cow milk) to samples made with 100% pea
protein. In this study, increasing pea protein ratio up to 100% has a weak effect on pH but
induce a decrease from 100° (cow milk) to 55° (pea milk) on Dornic degree. It seems that the
presence of high concentration of pea protein hinder the formation of lactic acid leading to
low values of Dornic degree. As expected, after 28 days of storage the samples tended to be
more acid than after 1 day of storage (Figure 1). The differences between pH and Dornic

variations could be explained by a high buffer capacity of pea proteins.

B Dornic degree 1day  ® Dornic degree 28 days

20% 40% 60% 80% 100%

120

100
8
4
2
0%

Dornic degree
[e))]
o o o

o

o

96



Validation sensorielle | M. Yousseef

Figure 1. Effects of cow milk substitution and storage for 28 days on titratable acidity of cow
milk substituted with 0%, 20%, 40%, 60%, 80% and 100% pea protein and fermented with S.
thermophilus and Lb. acidophilus. Means for same storage time with different letters are

significantly different (SNK, P<0.05)

5.2.3.2  Syneresis during storage
Syneresis is the spontaneous liquid separation on the surface of fermented milk. It is

regarded as a defect. After one day of storage, the highest syneresis was observed for the
samples made with 100% cow milk, followed by the sample substituted with the lowest
qguantity of pea protein (20%) (Figure 2). Thus, the ratio of substitution in samples
significantly affected the syneresis (F (5,12) = 2733.2, p<0.05). After 28 days of storage, the
samples made with 100% pea protein were subject to the greater change in syneresis and
become the product with the highest syneresis value (Figure 2). Water retention capacity of
protein gel is dependent on the nature and stability of protein-protein and protein-water
interactions (Campbell et al., 2009). It has been shown that 100% globulin gels have a more
porous structure resulting in a lower water retention capacity (Chihi, 2016). In the case of
cow and pea protein mixtures, the presence of disulfide bonds (Chihi et al., 2016) between
B-lactoglobulin and pea globulin subunits could explain a lower syneresis by a greater water
retention capacity. Indeed, the establishment of covalent bonds in the stabilization of the
protein gel structure, which leads to a more rigid structure of the system, correlates with a

greater water retention capacity (Alting et al., 2000; Campbell et al., 2009).
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Figure 2. Effects of cow milk substitution and storage for 28 days at 4°C on syneresis of cow
milk substituted with 0%, 20%, 40%, 60%, 80% and 100% pea protein and fermented with S.
thermophilus and Lb. acidophilus. Means for same storage time with different letters are
significantly different (P<0.05)

5.2.3.3 Rheological properties during storage
After 1 and 28 days of storage at 4°C, the ratio of substitution has a significant effect on the

firmness of the samples (Figure 3). After one day of storage, firmness increased from 0.25 N
for 0% to 0.57 N for 80% of pea protein, and decreased to 0.53 N for 100%. The firmness of
yogurt is usually highly related to total solids and protein content, and to the type of protein
(Oliveira et al., 2001). As in this study, protein content and total solids are constant (protein
content =45 g/L and dry matter = 11.4% for all fermented samples) the quality of the texture
of the samples made with pea protein (from 20% to 100%) can be attributed to the effect of
starter culture on the protein mixtures. The molecular interactions between casein and pea
globulin are not well known, especially in dairy products. Recently, the formation of disulfide
bonds and noncovalent interactions between B-lactoglobulin and pea globulin subunits after
a thermal treatment was described by Chihi et al. (2016). So pea protein, at a specific level,
in cow milk seemed to favor the formation of this three-dimensional network. Others studies
showed that the firmness or hardness of the fermented samples increased with supplements
of plant ingredients up to 3% lentil flour in yogurt (Hsieh et al., 1993; Zare et al., 2011), while
other supplementations yielded a fragile coagulum (Lee & Marshall, 1979; Lu et al., 2010).
After 28 days of storage, the firmness significantly increased for all samples (Fig.3). This gain
in firmness, although low, occurred in a similar ratio for all samples (R>=098). This behavior

is explained by a phenomenon of the gel structure reinforcement (Oliveira et al., 2001).
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Figure 3. Effects of cow milk substitution and storage for 28 days at 4°C on firmness of cow
milk substituted with 0%, 20%, 40%, 60%, 80% and 100% pea protein and fermented with S.
thermophilus and Lb. acidophilus. Means with different letters are significantly different

(P<0.05)

5.2.3.4 Sensory properties (CATA and liking scores)

/

% Liking scores

The ANOVA showed that as expected pea concentration has a significant effect on the
acceptability of the products (P< 0.05). Figure 4 shows the average liking scores as a function
of pea protein concentration. The newman-Keuls test indicates that the sample without pea
is significantly preferred. The liking score of the remaining samples decreases as the amount

of pea increases, but in all cases, correspond to a negative evaluation (liking score < 5).

Liking score
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Figure 4. Mean scores of liking as a function of pea concentration. Two products with
different letters are significantly different (Student Newman-Keuls test a=0.05).

To analyze consumer individual differences, we plotted the liking score frequency histogram

for each sample (Figure 5). Most consumers scored the samples made with 0 and 20 % pea
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protein in the positive zone of the scale, and the samples made with 60% to 100% pea protein
in the negative one. In contrast, a disagreement is observed for the samples made with 40%
pea protein. Some consumers assessed it positively, and others assessed it negatively. Based
on this result, we divided the panelists into two groups: G+ with consumers who positively
assessed the samples made with 40% pea protein (liking score above or equal to 5), and G-
with consumers who gave a liking score below 5. We analyzed the CATA results separately

for the two groups.
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Figure 5. Frequency of consumers liking scores (from (1) “dislike very much” to (9) “like very

much”) for each product
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< CATA

(Figure 6A) shows the CA first two dimensions (85.7% of variance) for the group G+. The first
dimension is correlated with liking. It opposed the terms: smoked, astringency, aftertaste,
thick, viscous, vegetal and chalk, to the terms: smooth, creamy and taste of yogurt. The
samples are well spread out along the first dimension with the sample made with 0% pea
being acid and yogurt taste, the samples made of 20 and 40% creamy taste, homogeneous,
sweet and more liquid that the samples made with 0% pea and the other samples made with
pea protein. The samples made with more than 40% pea protein are associated with negative
descriptors. The ideal product project in between the samples made with 0%, 20 and 40%
pea protein. The second dimension is negatively correlated to firm and positively to liquid.
Liking scores are positively correlated to the term taste of yogurt and delicious, and

negatively correlated to the terms: smoked, earth, vinegar.

For the group G- (Figure 6B), the first two dimensions of the CA represent 86.8% of the
variance of the experimental data. The distribution of descriptors for this group is similar to
that of the CA carried out for G+. However, the distribution of samples is different among
the two groups. The sample made without pea protein (0%), describe as yogurt taste, creamy
and acid, is the closest to the ideal product for the consumers in this group. This product is
very different from all other products which are associated with negative terms. As for G+
the 20% pea product is described as more liquid, cream taste and somewhat sweet. However,

it is quite far from the ideal product.
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Figure 6. First two dimensions of the Correspondence Analysis carried out on the CATA
frequency Table analysis for. (A) group G+ and (B) group G-. Liking and ideal product were
projected as supplementary data. The size of the dots representing the six fermented

products is proportional to their average liking scores.

5.2.4 Conclusion
Some changes in people eating habits are required to face the increasing animal protein

consumption and to avoid the associated environmental problems. Fermentation could be a
possible solution to facilitate the introduction of vegetal protein in food as starter cultures
might have a beneficial effect on the physical, textural and sensory properties of fermented
products. In this study, based on some preliminary results, a combination of S. thermophilus
& Lb. acidophilus was used to ferment six mixtures of cow milk and pea milk (from 0% to
100% pea milk, with variation level 20%). Sensory and physical properties were investigated
along with consumers’ acceptability. From a physical point of view, all the products showed
characteristics close to conventional yogurt. From sensorial point of view, 20% of pea protein
gave a product accepted by most of consumers. On the other hand, for 40% there was a
bimodal distribution of responses as this product assessed positively by some participants
and negatively by others. Furthermore, products with 60%, 80% and 100% negatively
assessed by most of participants. On the basis of our work, we could consider the production
of yogurt with a reduced animal protein content of 20%, which could help to rebalance the

ratio animal/ plant in our protein consumption.
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5.3 Conclusion du chapitre 5
Malgré toutes les étapes d’optimisation présentées dans les chapitres précédents, I’analyse

sensorielle n’a montré qu’une faible augmentation de I'acceptation de notre produit par les
consommateurs. La plupart des consommateurs ont accepté le produit obtenu avec 20 % de
protéines de pois, et certains participants ont accepté celui contenant 40 % de protéines de
pois. Ces résultats ont donc permis de montrer qu’un yaourt mixte contenant jusqu’a 40 %
de protéines de pois pouvait étre apprécié par une partie des consommateurs mais la

majorité des consommateurs n’est pas préte a consommer ce type de produit.
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Discussion générale

L’idée de faire un yaourt de lait de soja a initialement été congue en 1910. Beaucoup d’études
et d’efforts ont été faits pour développer ce type de produit. Le premier yaourt au soja a été

vendu en 1977 sous différentes flaveurs : nature, framboise, fraise et péche.

Lors des dernieres années, I'idée de supplémenter des yaourts a base de protéines animales
par des protéines végétales a émergé. Certains auteurs ont testé des supplémentations ou
des substitutions de protéine animale avec des protéines de légumineuses dans les produits
fermentés (Drake et al., 2000; Zare et al., 2012, 2013). La plupart de ces études ont montré
les effets négatifs de 'utilisation de protéines végétales méme avec une supplémentation de

1a5 %. Beaucoup d’efforts sont donc encore nécessaires pour améliorer ce type de produits.

Lors de ce travail, une série d’études a été effectuée afin d’optimiser un nouveau produit
fermenté a base de pois et pour comprendre les facteurs qui influencent I'acceptabilité de
ce produit par les consommateurs. Nous nous sommes intéressé a la fois a des facteurs liés

aux produits et des facteurs liés aux consommateurs.

Dans une premiére étude (Proceeding 1) nous avons cherché a évaluer I'impact des
habitudes de consommation de produits fermentés a base de protéines végétales sur
I’acceptation de notre produit. Conformément aux études précédentes, des consommateurs
francais, n’ayant pas I’habitude de consommer ce type de produits n’ont pas accepté les
produits avec le plus faible taux de substitution testé (10 %). De facon plus surprenante, des
consommateurs bulgares davantage familiers avec des produits fermentés a base végétale,

n’ont pas davantage accepté les produits méme avec le plus faible taux de substitution testé.

De nombreuses études ont montré que les allégations santé peuvent augmenter l'intention
d’achat des consommateurs sur des produits a base de soja (Moon et al., 2011). Dans une
seconde étude (Publication 1), nous avons montré que si des allégations positives sur la santé
attirent davantage les consommateurs que des allégations positives environnementales, les
deux types d’informations n’ont pas permis d’améliorer |'acceptabilité des produits
fermentés a base de pois. Cette absence d’effet des allégations est causée principalement
par la présence de défauts liés a la protéine végétale utilisée, sa qualité et son interaction
avec les protéines de lait. Dans cette publication, nous avons vu que |'utilisation de sucre a

augmenté partiellement I'acceptabilité des produits fermentés a base de pois, mais cela ne
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peut pas étre considéré comme une solution viable pour améliorer la qualité organoleptique
a une époque ou l'on cherche a diminuer les quantités de sucre ingérée par les

consommateurs.

Ensuite, puisqu’il est connu que différentes souches lactiques peuvent conférer des
caractéristiques spécifiques aux produits fermentés nous avons cherché a optimiser la
qualité de notre produit en sélectionnant de nouvelles souches. Schindler et al. (2012) ont
montré que différentes souches peuvent réduire la quantité d’hexanal et d’hexanol de la
protéine de pois. Dans une troisieme étude (Publication 2), dix cocktails des LABs ont été
testés pour comparer les profils sensoriels et les propriétés physico-chimiques des produits
fermentés afin de sélectionner les cocktails qui pourraient donner des produits acceptés.
Bien que les cocktails (Streptococcus thermophilus + Lactobacillus bulgaricus) (Streptococcus
thermophilus + Lactobacillus acidophilus) et (Streptococcus thermophilus + Lactobacillus
casei) aient conduit a des produits fermentés « avec 30 et 40 % de pois » sans les attributs
négatifs : 'amertume et I'astringence, cette publication a révélé la nécessité d’améliorer la
texture de ces produits fermentés. En effet, la présence de protéines de pois a réduit de
facon importante la fermeté des produits fermentés. Cette diminution de fermeté a soulevé
la question de la qualité des globulines de pois utilisé dans cette étude et des paramétres de

préparation des produits fermentés.

En ce qui concerne la qualité des globulines de pois, une comparaison entre le produit a base
d’isolat industriel de pois (Nutralys) et celui a base de globulines de pois isolé au laboratoire
a montré que ce dernier possede une structure plus ferme et plus stable (cohésion
importante). Cela est probablement d{ a la préservation de la fonctionnalité des protéines
pendant I'extraction. Le produit fermenté a base d’isolat commercial est également apparu
comme étant plus riche en molécules volatiles, avec une quantité plus élevée d’hexanal, que
celui a base de globulines de pois isolé au laboratoire. Cette différence est peut-étre due au

procédé d’extraction protéique utilisé ainsi qu’aux conditions de stockage.

Pour tester cette hypothese dans une quatrieme étude (Publication 3) une série
d’optimisation de production de produits fermentés ont été faites pour sélectionner les
meilleures conditions. Mélanger les deux laits (pois et vache), avant le traitement thermique,

semble permettre d’obtenir un réseau de gel plus ferme qu’un traitement séparé des deux
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laits. Si I'on chauffe les deux laits a température plus élevée, les protéines subissent une
dénaturation plus importante et les agrégats deviennent plus fragiles. D’autres facteurs
pourraient également affecter les produits fermentés comme la température d’incubation

I’effet de ces facteurs dépendrait de plus du cocktail bactérien utilisé lors de la fermentation.

Du point de vue physico-chimique, le cocktail Streptococcus thermophilus + Lactobacillus
acidophilus a réussi a donner un produit fermenté a base de pois proche du yaourt
traditionnel avec une bonne fermeté, des niveaux faibles d’hexanal et d’hexanol, et une
teneur élevée en composants typiques de I'arobme de yaourt. Une cinquiéme étude a été
mise en place (Publication 4) pour obtenir une validation sensorielle des résultats
précédents. Les résultats de cette étude ont montré que le cocktail Streptococcus
thermophilus + Lactobacillus acidophilus avec 20 % de protéines de pois a donné lieu a un
produit accepté par la plupart des consommateurs. Le produit avec 40 % de protéines de pois

a été évalué positivement par certains panélistes et négativement par d’autres.
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Conclusion et Perspectives

Ces travaux de recherche ont donné quelques résultats importants, et ont aussi permis

d’identifier certaines pistes qui pourraient étre intéressantes pour le développement de

futurs produits :

R/
L X4

*

K/

Dans cette étude, une comparaison entre un isolat industriel de globuline de pois et
des globulines extraite d’une farine de pois a été effectuée. La claire différence
observée entre ces deux sources de globulines de pois souligne I'importance de la
source des protéines végétales et suggérent quelques pistes de réflexion pour la suite
de ces travaux. Avant de lancer de nouveaux travaux il serait important entre autres
de:

1. Faire le choix entre différentes variétés de pois. Quelques variétés peuvent
révéler des profils d’arémes plus intéressants que d’autres, avec moins de faux
go(its d’origine végétale.

2. Optimiser une méthode d’extraction afin d’obtenir les globulines les plus
fonctionnelles, et les moins riches en faux godts.

3. Réduire au maximum l'effet négatif du stockage en appliquant des conditions

permettant de minimaliser I'oxydation qui conduit a la production de faux goQts.

Dans cette étude, I'effet de la culture et de la familiarité d’une boisson proche de ce
produit fermenté n’ont pas été mis en évidence. Cela peut étre di au fait que les
produits végétaux fermentés en Bulgarie sont des céréales pas du pois et que ces
deux types de produits végétaux n’ont pas les mémes caractéristiques
organoleptiques. Une étude avec une autre légumineuse comme le pois chiche, trés
consommé dans les pays du Moyen-Orient, pourrait davantage mettre en évidence
I’effet positif de la familiarité sur I'acceptabilité et ainsi conduire a la proposition d’un

nouveau produit végétal fermenté plus facilement acceptable.

Une derniere piste de réflexion pourrait concerner I'ajout d’arémes naturels pour
rendre le produit plus palatable tout en préservant la dimension développement

durable.
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INTRODUCTION

L'utilisation de protéines de légumineuses dans la formulation d’aliments est limitée en raison de certains problémes liés 3 I'odeur (notes verte, terreuse...) et au golt

{astringence, amertume). La fermentation lactique pourrait aider a résoudre ces problémes (1), mais pour cela il est nécessaire de sélectionner les ferments lactiques
les mieux adaptés a ces nouvelles protéines. Au cours de la production du coagulum par les bactéries lactiques, des composés d'aréme ainsi que des peptides sont

formés résultant de hydrolyse de protéines de légumineuses.

OBIJECTIF

L'objectif de cette étude est de comparer la capacité de 4 cocktails de bactéries lactiques a réduire les faux-golts et les peptides amers et 3 augmenter les arémes
« type yaourt » et la fermeté du gel formé.

,
MATERIELS ET METHODES
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4 cocktails bactériens : A(S. thermophilus + Lb. bulgaricus) - E{Lb. bulgaricus + Lb. helveticus) - F(S. th philus + Lb. acidophilus) - H(S. th philus + Lb. cosei)
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RESULTATS
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2108407 e 7 H * Les cocktails « E » et « H » ont donné les produits avec les valeurs les plus élevées de l'indice de tyrosine et
_-_"'5 s 5l =l 'S'i de |a quantité des peptides, ce qui suggere des produits potentiellement les plus amers.
[} +
85,
3 0,0E400 | ‘ [ | * Le cocktzil « A » a donné le produit le plus ferme, mais sa capacité a réduire la quantité d’hexanal (off-
T DOR flaveur) est la plus faible entre les quatre cocktails étudiés.
= Penon PA g of PH eur) est la plus faible entre les quatre cocktails étudiés
fermenté * Le cocktail « F » a donné le produit le plus proche du yaourt traditionnel « lait de vache fermenté »,

avec la plus forte teneur en 3-hydroxy-2-butanone (ardéme yaourt).

CONCLUSION ET PERSPECTIVE

Pour minimiser la quantité de faux-goQts et des petits peptides amers et maximiser les arémes « type yaourt » et la fermeté du gel formé, le
cocktail bactérien F (S. thermophilus + Lb. acidophilus) a donné les meilleurs résultats. Le gel de lait de pois fermenté formé avec ce cocktail se
rapproche le plus des caractéristiques du yaourt traditionnel au lait de vache. Pour valider ces résultats, un test sensoriel devra étre effectué.
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