Le profil aromatique des produits de mangue de I’étude

Cette 1°° partie est dédiée a la caractérisation du profil aromatique des produits de

mangue frais et séchés de I’étude.

Dans un 1* temps, une technique d’extraction des composés d’ardme de mangue a été
mise en place pour étudier au mieux le potentiel aromatique des produits d’étude. Pour cela,
la technique SAFE a été choisie et 2 protocoles ont été testés parmi ceux présentés dans la
littérature. Seul le protocole le plus satisfaisant a été appliqué pour caractériser 1’ensemble

des produits de mangue utilisés pour la suite des travaux de these.

Dans un 2™ temps, 1’étude des profils aromatiques des produits de mangue frais (purée,
cubes) et séchés (poudre, cubes) par SAFE/GC-MS sur variété de mangue Kent a été réalisée.
Les résultats obtenus ont été valorisés sous la forme d’un article accepté dans une revue a

facteur d’impact.

4.1. Choix d’une technique d’extraction des composés d’aréome de mangue

4.1.1. Choix de la technique SAFE

L’extraction des COVs des produits de mangue par la technique SAFE a été choisie au
détriment des autres méthodes d’extraction couramment menées sur ce fruit (SE, SDE,
SPME, P&T, etc.). En effet, cette technique permet d’obtenir des extraits aromatiques
représentatifs de 1’ardme originel des matrices d’étude, sans génération d’artéfacts, a
I’inverse des méthodes d’extraction classiques. La technique SAFE a notamment déja été
utilisée sur mangue par Munafo et al. (Munafo, Didzbalis, et al., 2014; Munafo, Didzbalis, et

al., 2016) pour décrire le potentiel aromatique de plusieurs cultivars.

4.1.2. Choix et mise en place d’un protocole SAFE

Les travaux précédemment menés en SAFE mentionnent cependant deux techniques
existantes : le SAFE en mode direct et le SAFE en mode indirect. Le SAFE direct consiste a

réaliser I’extraction SAFE des COVs directement sur la matrice d’étude, tandis que, le SAFE
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indirect demande dans un 1¥ temps d’extraire les COVs a 1’aide d’un solvant organique, puis
I’extrait aromatique organique obtenu est traité en SAFE. Aucuns travaux ne reportent la
méthode SAFE la plus adaptée a une application sur fruits, ['une et 1’autre étant tout autant

utilisées.

Deux protocoles SAFE direct et indirect, inspirés de la littérature, ont ainsi été testés sur
de la purée de mangue fraiche élaborée a ’'UMR Qualisud. Les composés d’ardme extraits
ont ensuite ét¢ analysés en GC-MS. Les résultats SAFE/GC-MS obtenus en mode direct et

indirect sont reportés dans le tableau ci-contre (Tableau 1).

D’un point de vue praticité du protocole, le SAFE en mode direct est plus simple a
réaliser. Cette méthode demande moins de matériel (verrerie, appareils) et évite les étapes
d’extraction liquide-solide au solvant en amont du SAFE souvent longues et fastidieuses a
réaliser. Cependant, d’un point de vue temps d’extraction des composés d’aréme, le SAFE en
mode direct est plus long a réaliser. En effet, ’extraction sous vide avec un solvant organique
est plus rapide (1h15 a 1h30 pour le protocole SAFE indirect mis en place) qu’avec un
solvant aqueux (2h a 2h30 pour le protocole SAFE direct mis en place) du fait que le point

d’ébullition du solvant est plus faible que celui de 1’eau.

D’un point du vue résultats GC-MS, les chromatogrammes obtenus par SAFE direct sont
plus lisibles et facilement exploitables. En effet, des composés polluants peuvent étre extraits
en SAFE indirect, en plus des COVs, du fait des nombreuses étapes expérimentales

intermédiaires du protocole.

En ce qui concerne la composition des extraits aromatiques obtenus, le SAFE direct et
indirect permettent d’obtenir des résultats qualitatifs similaires. Des différences quantitatives

significatives (ANOVA) sont cependant observées pour la moiti¢ des composés extraits.
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Tableau 10. Comparaison des techniques SAFE/GC-MS en mode direct et indirect sur purée de
mangue fraiche.

] Quantité relative (ug/kg MF)®

Composés a SAFE direct SAFE indirect ANOVA®
DBWAX Moy Cv Moy Cv
Monoterpénes
B-pinéne 1088 93 8.1 27.1 37.1 n.s.
8-3-caréne 1133 7183.1 6.6 7665.0 6.7 n.s.
a-phellandréne 1146 74.2 20.1 91.6 1.5 n.s.
B-myrcéne 1151 251.6 8.6 278.6 3.0 n.s.
a-terpinéne 1160 45.2 17.3 72.7 10.1 ok
Limonéne 1181 215.2 6.8 1024.0 6.3 ok
B-phellandréne 1189 83.2 10.2 93.0 8.1 n.s.
y-terpinéne 1228 8.6 12.0 11.7 5.0 n.s.
B-ocimene 1239 15.0 16.9 20.2 6.8 n.s.
p-cymene 1251 353 23.1 543 13.4 ok
Monoterpéne inconnu 1259 38.7 11.9 47.7 7.1 *
a-terpinoléne 1264 386.0 12.9 438.3 4.0 n.s.
Total 83454 7.3 9824.2 6.5 *
Sesquiterpénes
o-copaene 1467 4.9 5.1 9.0 18.1 n.s.
a-gurjunene 1502 12.5 16.5 15.3 15.8 n.s.
-caryophylléne 1563 205.4 11.9 153.6 18.5 n.s.
a-caryophylléne 1633 114.9 10.7 66.9 18.9 *
Germacrene D 1669 8.2 5.5 9.2 8.5 n.s.
Total 345.9 114 254.0 18.0 n.s.
Alcools
Pentan-3-ol 1102 8.6 16.1 18.0 7.7 o
Pentan-2-ol 1114 32.5 7.7 88.0 10.5 *x
(E)-hex-1-¢ne-3-ol 1361 8.9 10.7 12.0 34.7 n.s.
(Z2)-hex-1-éne-3-ol 1373 3.7 21.3 4.3 38.3 n.s.
Total 53.7 10.5 122.4 13.5 ok
Aldéhydes
Hexanal 1075 54 5.5 31.2 15.0 ok
Heptanal 1176 t t 18.6 30.4 *
Nonanal
& hexénol (isomére) 1381 17.9 5.9 76.3 12.4 *
(E)-non-2-¢énal 1514 7.8 3.4 t t ok
Total 31.1 5.2 126.1 15.7 o
Furanes
2,5-diméthyl-4-méthoxy-
3(2H)-furanone 1572 8.3 13.9 6.8 18.6 n.s.
(Mésifurane, MDMF)
Lactones
y-butyrolactone 1586 21.8 10.0 34.0 2.9 ok
y-hexalactone 1657 8.2 10.9 8.7 9.8 n.s.
d-hexalactone 1747 24.1 31.5 12.7 20.2 n.s.
d-octalactone 1932 40.9 5.6 15.9 26.3 ok
Total 95.0 13.7 71.3 12.0 *
Total des composés extraits 8879.5 7.6 10404.7 7.0 *
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Légende :
IR, Indices de rétention expérimentaux des composés obtenus sur colonne DB-WAX.

*Quantité relative des composés d’ardme en pg équivalent de nonan-4-ol par kg de matiére fraiche de
purée fraiche de mangue (semi-quantification, ug/kg MF) : (Moy) quantité relative moyenne sur les 3
répétitions (en pg/kg MF); (CV) coefficient de variation (en %).

*ANOVA, analyse de la variance avec Test de Tukey (HSD, honestly significant difference) avec un
risque a de 5% : (n.s.) différence non significative ; (*) différence significative avec a < 5% ; (**)
différence significative avec a < 1% ; (***) différence significative avec a < 0.1%.

Symboles : ($) composés coélués sur colonne DBWAX, (n.f.) composés non détecté en GC-MS ; (t)
composés a 1’état de trace (3<ug/kg MF)

Ainsi, des différences quantitatives significatives ont été observées en faveur du SAFE
indirect pour des terpeénes (o-terpineéne, limoneéne, p-cymeéne et un monoterpene inconnu) ;
des alcools (pentan-3-ol et pentan-2-ol); des aldéhydes (hexanal, heptanal, nonanal) et la
y-butyrolactone. L’utilisation d’un solvant organique peut permettre d’isoler plus de
composés en amont de I’extraction SAFE. A I’inverse, 1’a-caryophylléne, le (E)-non-2-&nal

et la d-octalactone sont plus extraits avec le SAFE direct.

Sur les totaux par classes chimiques, les monoterpénes, les alcools et les aldéhydes sont
davantage représentés en SAFE indirect, a I’inverse, les lactones sont davantage présentes en
SAFE direct. Sur le total des composés extraits, le SAFE indirect permettrait d’extraire plus

de composés (10.4 mg/kg MF) que le SAFE direct (8.9 mg/kg MF).

Enfin, les 2 protocoles ont une répétabilité similaire d’apres les coefficients de variation.
La difficulté de concentrer les extraits a volumes identiques et le souci de détection des
composés en GC-MS peut expliquer les coefficients de variation un peu élevés pour

certains COVs.

Les deux techniques SAFE permettent d’obtenir des extraits aromatiques satisfaisants
(nature et quantité des COVs extraits) et avec une bonne répétabilité. Cependant, le SAFE
direct présente des avantages pratiques d’un point de vue protocole (simple, rapide) et
exploitation des résultats (chromatogramme propre, pic facilement intégrable). Ainsi, bien
que le SAFE indirect puisse permette d’extraire plus de COVs en quantité, c’est la technique

du SAFE direct qui a été choisie et préférée pour le reste de I’étude.
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4.2. Le profil aromatique des produits de mangue frais et séchés de I’étude

4.2.1. Application du protocole SAFE direct aux produits d’étude

Le protocole SAFE direct validé précédemment a été appliqué sur les différents produits
de mangue. Pour caractériser le profil aromatique des produits de mangue frais (purée, cubes)
et séché (poudre, cubes), les extractions SAFE direct ont été réalisées respectivement sur la

purée de mangue fraiche et sur la poudre de mangue séchée.

4.2.2. Impact du séchage sur le profil aromatique de la mangue fraiche

Les composés d’arome de mangue séchée et I’impact du séchage sur le profil aromatique
de la mangue fraiche n’ayant jamais été rapporté dans la littérature, les résultats obtenus ont

été valorisés sous la forme d’un article.

a)  Contexte de I’étude

Pour étudier I’impact du séchage sur les composés d’ardme de mangue fraiche, de la
purée fraiche de mangue et de la poudre séchée de mangue ont été confectionnées a partir
d’un lot de mangues homogeéne de variété Kent (32 mangues, en provenance du Pérou,
importation par bateau). La sélection des fruits s’est faite suivant 1’aspect général des fruits et
suivant leur indice de fermeté (Indice Durofel). Les propriétés physicochimique des produits
ont été relevées (°Bx, pH, AT, aw, MS). La technique du SAFE direct a été appliquée et les
composés d’ardme ont été analysés en GC-MS. Les compos€s ont été quantifiés grace a
I’utilisation d’un étalon interne, le nonan-4-ol. Des tests statistiques (ANOVA avec test de
Tukey et un risque o de 5 %) ont été opérés pour pouvoir comparer les profils aromatiques de
la mangue fraiche et séchée pour chaque composé d’ardme, les différences significatives
montrant I’impact du séchage. L’OAV des composés a été calculée en considérant la quantité
des composés d’ardme et les seuils de détections odorants de ces composés dans 1’eau
mentionnés dans la littérature. A noter que les composés dont ’OAV est supérieure a 1

peuvent étre considérés comme impactant pour I’arome du produit.
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b)  Résultats obtenus sur I'impact du séchage sur ’ardme de mangue

fraiche

Les résultats SAFE/GC-MS obtenus sur I’impact du séchage sur le profil aromatique de
la mangue fraiche sont présentés dans 1’article ci-contre “Aroma compounds in fresh and
dried mango fruit (Manguifera indica L. cv. Kent).: impact of drying on volatile composition™.
Cet article a ét¢ soumis et accepté dans I’International Journal of Food Science and

Technology (2016).
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Summary  Volatile compounds from fresh und dried mango were extractsd by the solvent-msisted flavour evapora-
tion (SAFE) techmique and analysed by GC-M3. Forty-one and fifty five volatile compounds were identi-
fied in fresh and dried mango, respectively. Monolerpenes, followed by sesquiterpenes, lactones and
alcchols were the mujor compounds, Drying induced substantial losses of several compounds. The total
amount of volatiles decreased by about 59%. These losses could be mainly attributed to the evaporation
of the wolatiles during drying, the extent of which seemed to increase with the hydrophobicity and
Henry's law constant of the compounds. However, new compounds appeared and enrichment of some
compounds was observed afler drying. Limonene, f-myroene, §3<carene, f-carvophyliene, y-butyrolac-
tome and 3-methylbulyl butanoate were found to be flavour contributors in both products on the basis of
the edour activity values (OAVs) Mesifuran displaved high OAV only in [resh fuit while hexanal and

heptanal only in dried mango.

Introduction

Mango (Mangffera indica L.) is a climacteric dmpe
fruit with a fleshy and juicy mesocarp representing the
edible part. Its annual production reaches 30 MT,
being the most tropical fruit produced after banana
Its distinct and attractive flavour is highly appreciated
by consumers. This fruit has ouiritional benefits due
to its high fibre, vitamin C and Pcarotens content
({Tharanathan er af, 2006; Hassan e af., 2013).
Mangoes are mainly consumed fresh. The fresh froit
has a short shelf-life, being quickly perishable, thus
caunsing texture, flavour and taste deterioration. To
extend the storage life and mest consumer demand,
mangoes-are processed into juice, puree, jam and dried
fruit. Consumers™ food preferences are closely linked
with the sensorial characteristics of the products. Fla-
vour is considered to be a key feature affecting con-
sumers’ preference. The volatile composition of fresh
mango fruit from numerons cultivars has been widely
investipnted. Severnl hundred volatile compounds
occurring in free form (Pino ¢ al, 2005 Pandit ef al.,
20092 Munafo er al, 2014) and more than sixty com-
pounds as glycosidically bound conjugates have been
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detected {Lalel o1 af., 2003c). Monotetpenas, sesquiter-
penes, akdehydes, esters, ketones, lactones, alcohols,
fatty acids, aliphatic hydrocarbons and shikimate
derivatives were identified (Pino e af., 2005 Pandit
ef al, 2009 Munafo efal, 2014). Mono- and
sesquiterpenes were found to constitute 70-90% of all
volatile compounds (Pino er af, 2005; Pandit ef al.,
200%a). Odowr-active compounds in fresh fruits from
several mango celtivars have been identified by caloulat-
ing the lavour dilution factor (FD) of the volatile com-
pounds through gas chromatography-olfactometry
(GC-0) anmalysis (Pino, 2012, Munafo ef al, 2014)
Monoterpenes like limonene, 8-3-carene, P-myrcens,
(Z) and (E)-f-ocimene; sesquiterpenes like f-caryophyl-
lene; esters like ethyl butanotae, ethyl-2-methylbutano-
ate and ethyl-3-methylbutanotae; aliphatic aldehydes
like { E.Z)-2 6-nonadienal, ( F}-2-nonanal and ( E)-3-hex-
enal; furane and faranone derivatives like 2,5-dimethyl-
4-methoxy-3(2H)-furanone (mesifuran) and 4-hydroxy-
2. 5-dimethyl-3(2H)}-foranone (HDMF); lactones like y-
octalactong; and porisoprencidic ketones like f4onone
and f-damascenone were detected with the highest FD
factors. They were therefore considered as being
amongst the most odour-active compounds. Volatile
compounds exhibiting high FD factors from mango
fruit were penerally found to have high odour activity
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values (DAVs) (Pino, 2012). OAY is the ratio of the
volatile concentration in the matrix to its odour thresh-
old determined in the matrix or in a mediom close to
the matrix. Hence, it gives some clues on the possible
impact odorants in the matrix. Interestingly, volatile
componnds with high OAVs were often found to be
important in the Bavour of the product (Grosch, 2001).

In this stdy, the effect of dryving on the volatile
composition of mango fruit (cv. Kent) was studied
The effect of mango drying on fruit physicochemical
characteristics and texture has been studied (Caparino
er af | 2012). However, no reports were found to be
available on changes regarding the volatile composi-
tion. Drving of nectarines (Sunthonvit ef af., 2007},
luto fruit (Forero e al, 2015) and plums (Sabarez
ef al ., 2000) caused significant changes in the volatile
composition compared to the fregh froit. The Kent
cultivar was chosen for this study as it is one of the
main coltvars cropped worldwide. The fruit was dried
in & pilot weit in conditions similar to those imple-
menied in the industry. The solvent assisted fiavour
evaporation (SAFE) technique was chosen to extract
volatile compounds from fresh and dried fruits. So far,
only one published stody has wsed this echnigue to
characterise aroma-active compounds from several
mango cultivars (Munafo e af, 2014). Other extrac-
tion techniques, such a3 lguid-liguid extraction
{LLE), sokd-lignid extraction (SLE) (Pandit ef af,
2009, simultaneous distillation-—-extraction (SDE)
(Pino e of., 2005) and solid-phase miceo-extraction
(SPME) (Lalel & af, 20030 b), have been vsed for the
recovery of volatile compounds from mangoes. The
SAFE techniguee is opemated under high vacuum at a
low extraction temperature, leading to the preparation
of wroma extracts that represent the favowr of the
original product (Munafo of of, 2014). In the curent
study, wvolatile compounds isolated by SAFE from
fresh and dried mango were analysed by GC-MS.
Observed changes in volatile composition as well as
the contrbution of volatile compounds to the flavour
of both products through their OAVs are discessed.

Materials and methods

Chemical reagents

Chemical solvents. pentane, dichloromethane and
methanol were from Sigma-Aldrich (St Louis, MO,
USA). 4-nonanol (internal standard) was from Alfa
Aesar (Karlsruhe, Gemmany). 2-methyl-1-propancl,
I-butanol, f-pinene, a-phellandrene, beptanal, f-phel-
Iandrens, y-lerpinens, a-terpinolens, s-carvophvllens,
A-hvdroxy-2-butanone,  4-hyvdroxy-4-methyl-2-penta-
none, nonanal, berealdebyde and PEA were from
Sigma-Aldrich (Steinheim, Germanyl hexanal, limo-
nene, 2-methyl-1-butanol, S-methylfurforal, 1-octanol,

Entermational Fowrmal of Food Soenceand Techodogy X006

Résultats et Discussion

B-caryophyllens and Porone from Fluka Analytical
(Steinheim, Germany); 2-pentanol, 3-methyl-1-butanal,
butyl buetyrate, isoamyl butyrate, (Z)-3-hexer-1-ol, fur-
Fural, y-butyrolactone and y-hexalactone from Inter-
chim (Montlugon, France), -3-carene, f-myrcene and
d-octalactone from Fabster (Angerville, France}
o-xvlene from Alfa Assar, (E)-3-hexen-l-ol from
Sarsynthex (Merignac, France); and I-hexanol from
SBI Sanofi (Grasse, France). Senes of p-alkanes, Cy to
C o, were from Sigma-Aldrich (St. Louis, MO, USA ).

Fresh and dried mango samples

Twenty-two mango froits (cv. Kent, Peravian origin)
were purchased at a local mwrket in Montpellier,
France. Fruits were selected at mature and ripe stapge
on the hasis of their similar aspects, that is size, shape,
weight, skin (no dehvdration, no damage or fungal
infections), texture or firmmess (determined by touch
by an experenced CIRAD researcher). Fruits were
placed in a climatic chamber {(KBF 7200 E2.1; Binder
GmbH, Tuttlingen, Germany) at 25 *C and 90% rela-
tive humidity for 2 days to obtain fully ripe freis. The
degree of mango npening was estimated on the basis
of the firmness msing a durometer (Durofel, Setop Gir-
aud Technologie, Cavaillon, France) equipped with a
0.0 e probe. Two measurements were performmed
on each mango cheek.

Ripened fruits were manwally washed with chlorine
solution (NaClO, 100 ppm) at ambient temperamire
for 10 min and then rnsed abundantly with water.
Materals (peeler, knife, mandolin, bowls, cutter table,
jars) were washed with chlorne solution (NaClO,
100 ppm) followed by rinsing with water. Fruits were
peeled, and cheeks were obtained by slicing the fruit
lengthwise with a mandolin. Rectangular froit shces
from emch mango were obtained (around
0.8 width = 0.8 height x 8 length in cm), gathered
and divided into two equal batches. One batch was
used to amalyse the volatile profile of fresh mango
fruit, while the other batch was subjected to a drying
process prior to volatile analysis. Fresh fruit was pro-
eessed into puree in a laboratory blender. The result-
ing puree was rapidly divided in fractions of arcund
B0 g, immediately Frozen under biguid nitrogen and
kept at —80 °C until analysis. The other sliced mango
batch was processed at the CIRAD experimental it
in Maontpellier to obtain deied mango. Dryving was
performed with a pilot unit (UTA dryer, Villeneuve-
sur-Lot, France) at 60 *C, 40% relative humidity and
constant air flow. Dryving was stopped after 7 h when
the fresh fruit had lost around B0% of its initial
weight, corresponding to less than (L6 water activity
(g, that is the indestry standard safety value for
dried freit storape. Dried rectangular manpo slices
were cut into small sections (around 0.8 width = 0.8
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height = 1 length in cm) and pround to a powder
under liquid nitrogen with a ball crusher (Dangoumill
300; Prolabo, Fontenay-sous-Bois, France). The pow-
der was rapidly separated in fractions of around 80 g
and stored at —80 °C ontil analysis.

Physico-chemical characterisation of mango samples

Fresh and dried mangos were chamcterised for their
total soluble solids, pH. titratable acidity. water activ-
ity and dry mustter.

Total soluble solids were determined with a hand-
held refractometer (ATAGO® PAL-3: Atago Instru-
ments, Tokyo, Japan). pH was measured with pH
titrator (Titroline 96; Schott-Gerite GmbH, Maine,
Germany). Titmtable acidity (TA} was evaluated using
& pH titrator (Titroling 96, Schott-Gerate GmbH) and
0.1 M NaOH solution (Sigma-Aldrich, St Louis, MO,
USA). TA was expressed in % mEq citric acid, which
is the major organic acid in mango Fuit {Tharanathen
el al-, 2006). Water activity (a,) was measured with an
ay-meter (Aqualab 4TE; Decagon Devices, Pullman,
WA, USA) at 25 *C. Dry matter (DM) was deter-
mined by the AOAC procedure (method 934.06/
371100 (AQAC, 2000) with a vacuum Oven operated
at 70 °C for 48 h (Heraeus RYVT 360; Hersens GmbH,
Hanow, Germany). DM wis expressed in %,

All messurements with pures and powdered dried
mango were performed in three replicates. Prior to
“Bx, pH and TA analysis, distilled water was added to
the dried mango powder.

Extraction of aroma compounds

Volatile compounds were extracted using the solvent-
assisted Havour evaporation (SAFE) technigue
(Munafo ¢f @, 2014). Sixty grams of mange produet
(fresh pures or deied mango powder) were placed in a
500 mL flask contaiming 100 ml of ultrapure water
and 1 mL of internal standard solution (4-nonanol at
300 pg mL " in watermethanol 99:1, wiv). A miag-
netic stir bar und PTFE boiling stones were placed in
the flask to repulate the apitation and distiflation. The
water bath temperature was held at 45 °C. The vola-
tile fraction was isolated by high vacuum (10~ mbar)
and collected in o fiask cooled with liguid nitrogen.
Distillation lasted for 90 min, when high vacoum had
been reached. The distillate was recoversd, thawed at
room temperatore and extracted three times with a
pentane-dichloromethane mixmre (2:1, v/v) at ambient
temperature. The solvent volume was 100 mL for the
first extraction and then 50 mL. Orpanic extracts wers
combined and dried over anhydrous sodium sulphate.
They were first concentrated to approximately 400 pl
at 45 °C using a Kudernn Danish colomn, followed
by concentration to around 200 pl under a gemtle
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nitrogen stream. Each munpo prodoct was extracted
in teiplicate.

Analysis of aroma compounds

An Agilent 6890 series GC (Agilent Technologies, Palo
Alto, CA, USA) equipped with a DB-WAX polar col-
wmna (30 m x 0.25 mm, (.25 pm phase filn thickness,
Agilent JAW GC column) coupled to an Agilent 3973
mass spectrometer detector (Agilent Technologies) was
wsed.  Hydrogen was uwsed as  carrier  gas ot
1.5 mL min ' at constant flow. One microlitre of
aroma extract was injected (on-column injection at
45 °(). Five minutes after injection, the oven tempera-
ture increased by 2 °C min’ ! o 115°C and then
10°°C min ' to 250 "C. The oven was held at the final
tenperature for 10 min. The mass spectrometer was
operated i electron impact (E1) tomsation mode at
70 eV and at a scan range of 35 to 350 mje

Volatile compounds were identified through their
mass spectra (NIST vesion 2.0; National Institute of
Standards and Technology, Gaithersburg, MD, USA),
their retention indices (R1s) and the injection of stan-
dards, when available. The RI of the compounds was
determined by linear interpolation following the injec-
tion of n-alkanes (CygChq). Volatike compounds were
semi-quantified as equivalent to 4-nomanol (intemal
standard ).

Statistical analvais

anova was performed with an honestly significant dif-
ference (HSD) in a Tukey test at a 95% significance
level wsing XLSTAT software (version 2014.1.01;
Addinsoft, Paris, France).

Results and discussion

Preparation and charscterisation of fresh and dried
mangn samples
The flavour composition of climacterc froits like
mango is greatly influenced by the degree of ripeness
(Pandit er al,, 2009b). Moreover, it is very uspal to
find mangoes of different degrees of ripeness in the
same batch. To obtain homogenous batches of man-
goes in terms of rpeness, mango froit samples were
matured in a climatic chamber at 25 *C and 90% rela-
tive humidity for 2 days. The degree of mango rpen-
ing was estimated by a nondestructive method wsing a
Durofel penetrometer. The latter has already been
used on several fruits, inchuding mangos, to assess the
degree of openess (Valente er af., 2013).

Two cheeks from each mango were sehjected to
Durofel analysis. More than 90% of the fruits pre-
sented Durofel indices (DI) between 60 and 80 befors
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Fgure 1 [Xstibution of maneo frsis according to the Do fal
imtice before and after matering in 2 chmactic clamber.

maturing (Fig. 1} Note that DI is an arbitrary valoe
ranging from 0 to 100, Maturing conditions were sue-
cessful For decreasing the firmness as DI was between
50 and 60 for 80% of the fruits. Consequently, matu-
ration in climatic chamber enabled vs to obiain a quite
homogenous fruit batch regarding ripeness. Fruits
were divided into two batches, one for the fresh fruit
samples and the other for dried frait preparation.

The data on total soluble solids ("Bx), pH, titratable
acidity (TA), water activity (a,) and dry matter (DM)
of fresh and dried manpo frait were in agreement with
those reported in sarlier studies (Pott of af., 2003 Tha-
ranathan ef of , 2006) (Table 1). Dried mango fruit
presented a water activity (0.3132) in agreement with
the values (=0.6) for microbiologeal safety of deied
fruits (Pott ef al., 2005).

Changes in volatile constituents from fresh to dried
mAngo

Fresh fruits were processed into puree to obtain
homogenous samples prior to the recovery of volatile
compounds by the SAFE technique. To better extract
volatile compounds from dried mango, the samples
were powdered prior to SAFE. Volatile levels were

Table 1 Main amalysis of fresh and drsd manpoes

Mang o products B pH" TA® [ D"
Frash fruit 2 19 a7 9784 182
Dried Truit 23 48 i1 o513 5

"Totl solub s solids (“Bx} + 0.9 B

BpH = 0.1

“Titratnble acidity (TA) was sxpressed in% mEg citric acid.
SWainr BCTivily gl was mpressed wnitless 00001 a1 26 °C.
“Dry mutier (DM) was expressed in %
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expressed in dey matter (DM) to highlight changes fol-
lowing fruit drving.

Fresh fruit volatile composition of cv. Kent man-
goes was dominated by monoterpens hydrocarbons
(90.2%), and sesquiterpens hydrocarbons accountad
only for aboat 3.0% (Fig. 2). This is in agreement
with a previous study where ov. Kent was classified
amongst monoterpens-dominant culliver groups, in
contrast 1o sesquiterpene-dominant proups (Pandit
et af, 2008a). A total of thirty nine volatile com-
pounds were identified, including 27 that were posi-
tively identified (Table 2). These included eleven
monoterpene hydrocarbons, four sesquiterpene hydro-
carbons, nine slcobols, three ketones, two esters, one
aldelvde. one furan, five lactones and thres nonter-
pene hvdrocarbons (Flavornet, 2004: Pino ef af, 2005
Pine & Mesa, 2006; Pandit ef o, 200%; NIST, 2011
Pherobase, 2014; The LRI and Odour Database).

The total amount of volatiles was 274 mg kg™
DM. &-3-carene was the most abundant monoterpens
(79.8%). This compound was also reported lo be the
major aroma compound in cv. Kent (Pino & Mesa
2006), and in other cultivars like Haden, Tommy
Atkins and Keitt (Andrade e af.. 2000; Pino & Mesa,
2006). Pearvophyliens was predominunt sesquiterpens
compound. Lactones, mainly y-butyrolactone (2.6%),
and alcokols, mainly I-butanol {0.6%), were amongst
other gquantitatively important constituents. Muost of
the compounds detected have already been reported in
fresh ov. Kent mangoes. Thirteen compounds were not
previowsly detected in cv. Kent, but they have been
found in other mango cultivars. They included f-phel-
londrens, m- and  o-xvlene, 2-methyl-l-propanol,
J-pentanol, l-pentanol, (E}-3-hexen-l1-o0l, Fhyvdroxy-2-
butanone, mesifuran, S-methylforforal, s-methyl-y-
butyrolactone,  y-hexalactone, S-haxalactone  and
froctalactone.

Three compounds, that is 2-pentanol, 2-decanol and
4-hwdroxy-4-methyl-2-peatanone, were observed for
the first time in the volatile composiion of mango.
These compounds have already been detected in other
fruits. 2-pentanot and 2-decanol were found in Brazil-
s plom (De Sowsa Galvio ef al. 2011), amd

i B Monoderpens by drocarhana
B Sesquitapene hydrocartom
B MNumi=topene hydmocarhamns
1 Adoohals
B Ketones

Fresh mango fruit

il Egers

B Furms

£ Laciones

Fgure 2 [ristnbution | %) of chemcal class of volatile compowisds
in fresh mango.
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Table 2 Aroma compowends in fresh and dried mango Tt

PI® PRolative quantities
DEWAX Ing kg~ DAA*
Compound CAS no. LogP* Hic® L Exp 0*  Fresh fruit  Dried frult  Significance”
Monoterpans hydrocarbons
Fpinane” 17913 4350 BITEA g 105 (&) 03 5] ne
&3-carana® 13466-78-2 4810 BMEER 1143 1143 (&) kai:-TE 110 -
- lan direnas 95-832 4820 1XEM 1188 1155 [A) 233 438 -
oy ronme’ 123-35-3 4880 E2E@ 1150 1158 (&) 205 2342 -
a-mrpinens® 33585 AT50  5.00E-0 78 1188 (@) 1138 78 -
Limonans® 138-86-3 4830 547EQ 113 1183 (A) 580.2 1748 -
Pl tan drone ® 566-10-2 4700 1.EE-D 1208 187 (A 294 614 -
ytarpinane® 33754 4750  5.0E-02 123 1235 (A) 233 8 -
| EHf-ocimans® 1775611 4800 2.WEM 124 1246  (B) 293 8 ns
U kvt Mmoot rpaned 1265 i) 20 198 -
a-nrpinolens®* 586629 4830 2 ASTEM 1275 1m0 Al 1067.0 2014 -
Total 248889 23068
Szt pans hydrocatons
Toopmnn® S-S5 5380  &.06E2 148 1268 B] 35.1 153 *
a-gujunans” 483407 6180 H8IEM 1529 1504 (8] 628 537 -
Frcaryophylene® 7-845 6300 1ETEQ 1570 18685 (&) G251 218 -
w-caryoplryliane * 6753-98-4 6950 296EM 15:40 16834  (A) 1992 f: ] -
Tetal B0 1m8
e imosperemetid
[rinnons® 14801-07-8 4820  40GE-04 i3] 1908 (&) nud. 1 ns
Monfsrpana hydrocar bons
Tolusne® 108-85-3 1540 SOE-03 1042 1w (Al 55 718 -
ey e 108-38-3 1090 488D [ E:] 131 | 482 a1 -
oxylona® *-475 1m0 3WEM na 1174 (Al 19.8 M6 ns
Total 23 1035
Aloohols
Zomwthvyd-1- propanal 78-83-1 o770 1BEDS w7 1082 A nd, 1125 -
Fopontanc” 584.02-1 1260  2BAE-06 i 1z @ 115 a0 -
2-pantans] 6032-297 1280 - 2.15E46 17 1124 (A) 430 0E -
1-butano!® 71-383 0840  9.99E-06 s 1148 (A) 756 ®na -
F-mathyl-1-butanci = 123513 L2680 1OTEAS 1208 1213 (A) 182 THE -
B 2muthil- 1 butanol ™ 197-224 1280 1B4E06 1208 1213 (&)
1-putanat® T1-414 130 1TEDE 1244 153 @) . .1 b
2-diacanol 1:20-065 A0 IMEN  nl 1285 0l 483 1 -
| E-2-paitan-1-ol 1576-98-1 1120  BSIE-06 1318 i3 @\ nd. 58 -
121-2-pantan-1-ol * 1576-950 1120 BS2E06 1128 1221 18| nd, 58 -
1-hasanc!® 111-274 LA 1T2EAG 1354 13656 1Al 1507 HE -
{E-3-hemcimn- 10 1% 928972 1LEI0 772608 1358 1385 (A 1 130 -
123 hamcmn- 101" 928961 LEI0  T.2E-06 173 176 (Al 1 72 -
1-octanal ® 111-875 IEI0  20RE6 1557 1580 (A} nd 64 e
Tedal 3095 1047 0
Aromatic akcohol
2-phanyleth anol * 60-12-8 LE0  1.TEE-DT 1593 1EE (A nd. 63 -
Al gl e
Haanal* 66-25-1 1LEG0  ASAE-O4 1075 1078 (A) 1 A -
Haptanal® 1117 1290  45IE-04 1 1180 &) . 5.7 *
Nonanal*® 124-19-6 170 SREM 1392 1382 (A nd® %565 -
B humcanal ¥ [isomar) 1382 Kl
|E2)-2 4-hapdienal 4313024 1880  2.MEG 155 1448 {8 nd, 128 -
|E.El-2 & haptadional 4313035 1.880  2.MEDE 1483 173 @ ud, T ) -
Total 1 1363
Arcmatic Aldshyde
Bonealdehyda® 100-53-7 L0 2HEE 1434 185 (Al nd B8 -
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Table 2 |Contimoed)

Résultats et Discussion

RF Raolative guantities
DEWAX mg kg~ DD

C oo umed CAS no. LogP* HLC® Lit Exp ¥  Fresh fruit  Drisd fruit  Significance’

Kolones
2-haptancns” 110-434 1730 TA4E-04 116800 118 (8] 304 1 ol
3-hydroocy - 2-butnonn 513-86-0 0380 279E-07 271 1T Al 1115 2043 .
A-hrydinoocy-4-methyl -2- pantanons 173-423 03D TASEW #1347 (A 105 182 -
Total 1543 M5

Estars
Butyl butancete® 108-217 2830 1EE-® 2E 14 (A 0.2 1.8 -
3-mathyl buty] butan oata® 108-27-4 130 17AEE 1267 181 (A 131 03 »
Total 433 413

Furans
Masiuran (MDMF® 077-48 Q820 1.68E-08 158 1577 3] 169 1 al
2-pantyfuran® FT7-68-3 IE0  522E-M ir 1 R ¥ 1] nd 532 bl
2-furfural® 88-01-1 0830  5.48E-08 1456 1447 (A nd (3] al
Germerthiyd har fieral® 620-02-0 1330 341608 15680 1861 (A nd, 49 .
Total 169 20

Lactoasas
armethyl=-butyrolactone” 1679-4746 o1 TEW 156 1567 B 15.4 nd. aal
wbutyrolactne® 96-43-0 030 T.4TE-08 19 183 (A 7124 9714 .
hexlactons” 695-06-7 0600 7.T0E-W 1634 1664 (A 1408 98
Sehnlactone® 823223 0600  S83E-07 7 1747 (B 1559 B4 -
Socialacione® Gai- 780 1530 1.49E-06 14 1827 (A 873 32 al
Total 11129 s E

Total volatiles {pg kg~ DM TIWAS 112740

"Lnﬂlqh’l octansd weater parifion coeffcient (at 25 °C) |EF SUTTE softewane wersion 4 110
EHLE Henry's law constant fatmom? mel " o1 25 °C1 {EP] SUITE software varsion 4.1 11 HLC is the product of the coafficient activity of the targeted

compound in watsr and its safursted vapour pressune.

“Ri retentien index of aroma compounds from datnbases |Aavomst Phorobase; The LRl and Odour Database].
0 identificafion [A) mass spactra ditabacs from NIST (MIET, 2011, Rl and injaction of standard |positive identification|, [B) mase spactrum, RT [en-

tative identificationl. (C) only mass specirum

*Sami-quantification of arema compounds ve an intemnal standard (4 nonanol] and swpressad in ng per g of dry matter (ng g"DHI'mfrun‘lzbd

drind Trit

'Signifiance, analysis of varianos [awoea) with the honectly significant differsnos (HED] in 4 Tukey test at differt gignificance lovels (XLSTAT sof-
st ) Do ) meo sigeni ficaimt difference betwesn dried and fresh frait {o > 5% *) significant diference with = < 86, (**] significant i feresce with

a = 1%; ***| significant differance with 2 < 0.1%.

Symbols: & covhrtion of aroma compownd: (nd) zroma compound was: nol detecmd; (1) aroma compotend was. fownd in trace guantity
=30 pg w" DM} |-) dota are missing: in.l) dato are nod found inthe lferature; volatile compounds provicusly found in |terature in mango e,
Kent (%] or in mango culfivars others than ow. Kent 107 (Pino &t 2l 2006; Fino & Mosa, 2008: Pandit st o, 200890}

4-hydroxy4-methyl-2pentanone in Malaysian soursop
{Cheong ¢t al, 211).

In contrast to previous findings regarding volatile
compourds from cv. Kenl, some potent odorants were
not detected, such as Pionone, Pdamusscencne amd
(E.Z)-26-nomadienal. Various factors can impact the
aromatic profile of mango froits, that is environmental
conditions (Kulkarni e af, 2012), fruit ripening condi-
tions (Lalel ¢f af.. 2003a; Pandit ¢ af., A09h), storape
conditions (Beanleu & Lea, 2003) or inteafruit aroma
heterogeneity (Lalel er al, 2003b). Besides, extraction
techniquees to isolate volatile compounds can, through
chemical and enzymatic reactions, lead to the penera-
tion of volatile compounds that were nol present in

Entermational Towmal of Food Science and Technod ogy 246

the initinl prodoct. fHonome, & potent favour com-
pound, was detected in fresh mango fruiis from several
cultivars, including cv. Kent (Pino & Mesa, 2006
Pino, 2012), whereas it was absent in the extracts
assessed in the present study. In the aforementioned
stidies, this compound could hkave been generated at
the elevated temperatore msed o extract volatiles by
the SDE technique through oxidative cleavage of B-
carotene (Kamasowod & Croweet, 1990). Fruits from
some manpo cultivars were reported to  contain
p-ionone on the basis of the analysis of aroma extracts
obtained by the SAFE technigque (Mumafo ef of,
2014). As this technique involves guite gentle extrac-
tion conditions, f-ionone may not be considered as a
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compound generated during extraction process. The
ocourrence of carotene oxygemise, leading to fonone
via the cleavage of f-carotene, was reported in several
fruits, such as quince, nectarine and star fruit (Balder-
mann ef al,, 2005). To our best knowledpe, no data
have been reported vet regarding the presence of caro-
tene oxygenise in mango cultivars. Some aldehydes,
such as heptanal, nonanal and heptadienal Somers,
were not detected in fresh froit in the present study.
They could also be penerated through chemical and
enzymatic reactions during flavour extract preparation
from fatty acids under oxyveen and heat (Beliw e al.,
2004 h).

Noteworthy changes occurred in the volatile profile
of mango fruit following drving (Table 2). A total of
fifty four volatile compounds were identified, including
36 that were positively identified. These included ele-
ven monoterpens hydrocarbons, four sesquiterpens
hvdrocarbons. one norisoprenoid, fifteen alcohols. one
aromatic alcohol, thres ketones, two esters, five alde-
hydes, one aromatic aldehyde, fowr furans, four las-
tones and three nonterpens hydrocarbons. The levels
of fifty compounds were sipnificantly different
(P = 0.05) between fresh and dred mango. New com-
pounds were penerated and substantial losses occurred,

The total amount of volatiles decreased by about
58.8%. It was 274 mg kg ' DM in fresh fruit com-
pared to 11.3 mg kg " DM in dried fruit. Monoter-
pen: hydrocarbons (73.7%) were again the major
volatile compounds (Fig 3), with 5-3-carene belng the
most abundant (66.6%). Alcobols (93%), mainly 3-
methyl-1-butanol and 2-methyl-1-butanol (6.3%:), and
lactones (8.8%) were amongst the predominant com-
powmds.

Umnder drying. considerable losses occcurred with
regard to almost all terpenoids, except for [-pinens
and (E}-P-ocimens. The total monoterpene concentra-
tion was 248 mg kg™' in fresh manpo but
B.3mg ke indred mango and that of sesquiterpenes
was 0.8 mg kg ' in fresh mango and 0.3 mp ke | in
dried manpo. The losses could be expliined by the
physico-chemical properties of terpenoids detected in

Dried mango fruit =] Mmu_br[mﬂ ydmeabans
T 8 Sesquiterpens hydrocarhons
n E‘H’- |. Nion-tzmpens bydrocarhans
o 9.3% Ak
.\‘/’_ e B Ammaic Aloahal
! 1 512 A kb
k : — 0 01% 0 Ammatic Aldshyde
S = W 20% ¥ Eames
S e S [ -
- \ ﬁgﬁ & Famns

Fligure 3 DNstrbution (%) of chemical class of aroma compounds
it dried manpan,
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mango. They are all hydrocarbons and readily prone
to losses by evaporation because of their high Log P
values amd high Henry's law constant (Table 2). Clear
declines in terpenoids were also observed during dried
nectarine preputation in deving conditions similar to
those uwsed in the present work (Sunthonvit er af,
2007). Note that the aforementioned paper reported
only the total terpenoid amount without consideration
of the behaviour of individual compounds.

Regarding aliphatic alcohols, the 3-pentanol, 2-pen-
tanol, 1-butanol and 2-decanol concentration signifi-
cantly decreased while that of 3-methyl-1-butanol, 2-
methyl-1-butanol, 1-hexanol and (Z)3-hexen-1-ol
increased  following  drying  Some  compounds
appeared, that is 2-methyl-1-propancl, 1-pentanol, (E)
and (Z)-2-pentene-1-ol and 1-octanol. In dried grapes,
an increase in alcohols such as 2-methyl-l-propanol
has also been observed (Franco ef al, 2004). Alcohol
losses may be explained by their evaporation during
drying. The increase or generation of alcohals could
be due to acidic hydrolysis of the corresponding glyeo-
sides favoured by the temperature applied during dey-
ing (60 °C). Importantly, aliphatic aleohols such as 1-
hexanol and (Z)}3-hexen-1-0l have been identified in
the  glycosidic fraction of mango fruits (Lalel ef al..
20M3c). Acceleration of acido-catalysed hydrolysis of
elycosides under elevated temperatures is well docu-
mented in the literature (Winterhalter & Skowroumou-
nis, 1997). The Henry's law constant was quite similar
for the different aliphatic alcohols detected in the cue-
rent study. Consequently, it can be assumed that the
extent of their losses by evapormtion during dryving was
similar. Losses of these compounds during drying may
have been largely counterbalanced through the release
of alcohols from glycosides as their total amount was
1.6 mg kg~ ! in dried fruits but 0.3 mg kg™ in fresh
fruits.

2-phenylethanol was not detected in fresh frut but
appearad following drving. Hydrolysis of relevant gly-
cosidic conjugates may explain the formation of this
compound. This alcchol has been detected in the gly-
cosidically bound fraction of mango froits [Adedsji
ef al, 1992 Lalel ef af, 2003c). Similarly in  dried
grapes,  geneeation of 2-phenylethanol was  alzo
observed under dryving (Franco er af., 2004}

In contrast to fresh fruit, benzaldehyde was found
in dried mango. It may be formed by benzyl alcohol
oxidation. This alcohol was not detected in fresh fruit
However, it could be penerated by hwdrolytic release
of its plycoconjugate during drying. Glycosidically
bound benzyl aloohol was already reported in mango
fruits (Adedeji ef af., 1992 Lalel ef al, 2003c). Ben-
zaldehyde was also observed in dried nectarines (Sun-
thonvit ef al., 2007) and plums (Sabarez er al., 2004).
Its Formation in dried nectarines was explained by the
hydrolysis of amygdaling its  plecosidic precursor,

Intarmational Joumal of Food Scena and Techndozy X6

137



Impact of drying on volatile composition A. Bonreau 81 al

during dryving (Sabarez e af., 2000). No data were
available regamding the occurrence of amygdalin in
mango. This ghecoside is often reported in stone fruits
{(Aubert & Milhet, 2007). Hence, its occurrence in
mango may not be axcluded.

Amongst noasoprenoid compounds, frionone was
omnly observed in dried mango, but ot trace levels (less
than 3 pe kg ') The detection of B-ionene in dried
mango may be linked to the oxidative cleavage of
f-carotene accelerated by the temperature applied due-
ing deving. In model studies, it was demonstrated that
fcarotene degradation under heat treatment generates
B-ionone (Kanasawad & Crouzet, 1990). Heating ol
mango pulp also generated this compound (Sakho
et al_, 1985). Drying of nectarines alo led o its for-
mation (Senthonvit e al., 2007).

Several aliphatic aldehvdes, such as heptanal, nona-
nal and 2 4-heptadienal 1somers, appeared under dry-
ing. Drying induced an increase in the hexanal level.
Drving nectarines and peppers has also led to the for-
mation of aliphatic aldehvdes (Sabarez er al, 2000;
Sunthonvit ef af, 2007). Aldehyde penemtion was
probably due to the degradation of unsaturated fatty
acids during deying Tt is well documented that oleic
acid degradation leads to the formmtion of nonanal,
that of linolenic acid to hexanal and heptanal, and
that of linolenic acid to 2 4-heptadienal isomers (Belitz
e al, 2009h). S-hexalsctone, y-hexalactone, S-octalae-
tone and  a-methyly-butyrolactone  levels dropped
dramatically following drying, while that of y-butvro-
lactone increased. The latter was the major lactone in
fresh and dried mango. Similarly, in nectarines (Sun-
thonvit ef al., 2007} and pgrapes (Franco e al., 2004)
some lactones were reported to decrease while others
increased following drying. Lactone losses may be due
to thermal degradation rather than their evaporation.
Indesd, Henry's law constant values of lactones were
amonpst the lowest of wll volatile compounds from
mango. The increase in the y-butyrolactone level could
be initiated by the hydrolyiic release of &-hwdroxybuta-
noic acid from relevant glveoconjugated precursor dur-
ing drying. Further interesterification of this hydroxy
fatty acid vields y-butyrolactone. Two lactones were
detected in the glyvcosidically bound fraction of fresh
mango from ev. Kensingtone Pride (Lalel eraf,
2003¢). Glycoconjugated hwlroxy Fatty acid precursors
of lactomes have alo been reported in quince fruit
(Lutz & Winterhalter, 1992).

Heat treamment markers, that is S-methylfurfural,
furforal and 2-pentylfuran, were found in dried
mango. Geperation of S-methylfurfural and forfural in
dried prapes (Framco ef al, 2004), that of forfural in
dried plums (Sabarez ef al., 2000) and that of 2-pentyl-
furan in drned nectarines (Sunthonvit e al, 2007) has
also heen observed. These compounds are well-known
products of Maillard or caramelisation reactions. Their
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formation in the present study moay have iavolved
Maillard reactions rather than caramelisation reactions
as the remperntire applied was at a moderate level
Furthermore, 2-pentylfuran could have been penerated
from linoleic acid under drying (Mandin et af, 1999).
Mesifuran was the only furan observed in fresh mango
but was significantly degraded during drving

Amonpst the two esters detected, the 3-methylburyl
butancate level increased from fresh froit to dried
fruit, while the level of butyl butanoate decreased.
MNonterpene hydrocarbon levels dropped following dry-
ing, probably due to their evaporation. Indesd, they
had a quite high Henry's law constant. On the other
hard, 3-hydroay-2-betanone and 4-hvdroxy-4-methyl-
I-pentanone levels incrensed following drving. Hydrol
ysis of their possible glyosidic precursors may explain
this enrichment.

Potential flavour contributors in fresh and dried mango

Sipnificant changes in the composition of volatiles
from fresh to dried mango could induce differences in
flavour perception. (AVs were deemmined to gain
insight into the contribution of the volatile compounds
to the flavour of fresh and dried mango (Table 3). The
amount of volatiles in fresh and dred mango, mea-
sured as fresh weight equivalents, was considered. The
odour threshold of the compounds in water was
derived from the literature. Eight compounds were
found to be potential contributors in both products, as
their DAY were over 1. Amongst them, five and four
terpenoids are observed in fresh and dried mango,
respectively. Four of them were common in both prod-
ucts. s-phellandrens presented an OAV of slightly
higher than 1 only in fresh manpgo. Limonene, which
develops citrus, green and ethereal notes, had the high-
est DAV amongst terpenoids, that s 10,6 and 162 in
fresh and dried mango, respectively. It was followed in
decreasing order of OAVs by Pmyreens, &3-carene,
fi-carvophyllene and z-pheflandrene in both products.
These compounds confer citrus, green, lerpenic, ethe-
real, woody and resinous notes to mango. The data
presenied here were in agreement with previous stud-
ies. 8-3-carene, a-phellandrene, f-myrosne, limonene
and B-carvophylene were reported with OAY = 1 in
fresh fruit from cv. Kent (Pino & Mesa, 2006). In
other mango cultivars, they were suggested o be fla-
vour contributors, thanks to their high flavour dilution
(FI) factor or to the high OAYs of aroma extracts
issped from SAFE (Munafo er af, 2014) or SDE tech-
niques (Pino, 2012) B-pinene, a-lerpinene, f-phellin-
drene, y-ieminene, (E)Mf-odmene and s-terpinolens
did not seem to contribute to the flavour of ov. Kent
as their OAVs were less than 1. By contrast, in some
other mango cultivars, (E}f-ocimene and -t pino-
lene were considered to be potent odorants, with citros

& B8 inmiuie of Enod Scienoe snd Tachnology

138



Résultats et Discussion

Impact of dnfding on volatile composition A. Bonnemi ot al. 9

Tahle 3 Aroma compounds in fredh and drisd Tt and their odowr potential

OAV Exp”
O diouwr Driad
Compounds threshold'  Odour description’ Fresh fruft  frudt DAV L™ FD Lir®
Modsotany one hiydrocarbons
P-pinune VAQhE Wondy, pine, nesin, turpsntine. grean =i 0.1
£-3-corane T Citres Fruit, citries psal, lemon, sranga [ %] 85 501 80= o
- poha] I e resn ar Citriss, horbaceows, juniper, turpaiing, spiot 1.0 10 3gEm
[y roana | Ll Woody, resinous, missty, balsamic, athenesl 62 By 25148 64°: 4-128°
-t i e 85" Lemosn, etharsal, chamical 2 02
Limonana 1= Citrzs, lomon, orange, greon, atheroal 10.8 153 e g ri:
f-iphoal lnn direna 500% Herbaceou s, Tunpanting, terpenic, minty =01 a1
e rpinane 280° Citrizs, herbaceows, turpenting, tarpanic =01 0.
|Elfi-ocimana s Citrus, harbacaows, swoet (5] 035 4128%
e e b 200%08 Woody, anicic, sweat Lo (18] 1% 230° [
Ensquiterpana hydrocarbons
A-OOpIENS ni. Woody, sarthy, spicy
- UL T i Wieody, sarthy, balcamic
F-caryophyliane gas Wilopdy, grean, spicy. tarpanic . 28 = [
a-cary ophy llone 160" Woody, oify 2 05
Norisopranoids
[e-iomons o007 Wiclet, raspbermy. Boral, seaweed, ofificial nd 1 251189% 4500 S0 32612
Mo terrpann hydiocar bons
Tolusena s Chamical. syn thatic, solvant
m=sylnne 5 Plastic. graen, pangant
o-xylane nf. Fatty, geraniom
Alcohols
2-methyl-1-propamal 40 000" Wine, ficorice, alcohoelic, chamical o =D
3ot 18 Fruit, groan
2-pertanal nf. Groen, Truity, chamical, swoni
T-ortnc] 500" Fruiy, Thoral, medicinal, seveet =01 =01
-marthyd-1-butans® 300°F Balsamic, whisky, malt ¥ ¥
pungont, onicn, cheese
B 2-murihod - F-butanol® 3o Faty, wine, malty, onion
1-pentanci 4000° Bolsamic, grison, sweet, pungant d =01
2-dincono| . Anvissed, oo m 1
|E}-2-patmn- ol f. Mhas hiroom d
138-2-panmn: 1-ol T2 Graan, plastic, nbiber ind. 0.1
1-haxanc! 500" Fatty, graen, gross, resin, fower, swast =01 0.1
1 E-3 haxaric Y -0l 1h s Graan, moss, fush t 0.1
| 23 hemmt =T -] T Grosan, gross, Truity t =01
1-octanal 1e0 Fafty, grasn, jcasted, bumt, chemical 0 B =03
Arpmatic Aloohol
2-phanylath ancl 100" Floral {nose, llac), honay, spicy, swest 1 =07 2128
Aldohydies
Haxanal 455 Fatty, grass, greon, tallowy 1 52 15.86% 2% f -
Huptanal 3" Fatty, rancid, citnes, green, dry fish, heovy . 8.2 £.31"
Nonan aff : Ruxd Fatty, wax, gitrus, grean, floral, sweat, soapy nd. ¥ 19.9% 107 -
|EZ}2 & baptadianal nl Faty, frind, tallowy nd
|EER2 &haptadianal 18 Faty, nisty, hay nd
Aroimatic Aldehyds
Bunealkiahyds asg™ Bitter almond, burnt segar nd 01
Kntones
2-hapdandns 140%= Fatty. toasied. nully, gravy. blee cheasa =1
I-tnyadinoocy -2- butanons ao0a" Fany, butisr, craam, rancid =01 0.1
A-hiyrdroocy-4- nf. nf.
imafiyl-2-pantonone
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Table 3 {Coniimned)
OAV Egp®
Odour Driod
Compounds d"  Ddour ption® Frosh fruit  frudt DAV L™ FD Lit"
Extars
Bty butanome 12 Fruity, swodt, fresh <L 0.1
T-rwihyibuny butanosts  0.11% Fruity, banana, apricot, sweet 184 2040
Furans
Masiluran (MDMF) 0.m* Caramal, sweit w028 t E 2% am*
2-pantyfuran gL Fafty. butir, warm, seaal nd 0.8
2-Rurhural 3000 Almond, caramal, honey, roasted, fatty il 0.1
Germerthyd fur hural 110 Almaond, caramal, coffes, roasied, warm ol 0.1
Laciohas
a-methylbutymolactone.  nf. Woody nd.
y-butyroloctomne ag Caramal, swoat a7 243
whaxalactons 2607 Coiemarin, swam ot 0.1
&hexalacione il tif
Seaactalnc fony 2007 St L1 .1 nE5F

'OT odour thresh old in water (ppb] Townd in e flersue with feforences: (a) (Fino & Mesa, 2008/, (bl [Pino, 20121, lo} {Boonbumneng ef of, 2001),
lel [Farraira e ai, 2000, |0 |Balitz ot o, 20032, {g) dnabases {Lefngwall B Acsocines, 2008 The LRI and Odour Dmtabazal fh) {Duoet o, 20901, )

{Castro-Vasguad of o, 2008, {]) Tamuwia ef o, 2001).

* Dubiuar dascription found in the literatumn with dotobeges [Ravomst; Phorobase: The LRI and Odour Dutab asa).

*OAV exporimental odour activity valee obirined by dividing the concentration of each aroma compownd by its OT in waler.

MOAV odour activity valus |unithess] in e Heratemn with references: (ol Pinoe & Mesa, 2008, (b) (Pino, 20121

D Rvour dilufion factor hanitless | in the Teratum with refo renoes: ) Ao, 20%21, (d) (Munolo of af, 20148).

Symbaols: B coslistion of aroma compound, {nf) dats not found in the Rersture, (nd | aroma compound was not detecied in mango product §
ahorma compoind wis Tound in tiace guantity {0AY could not be estimated], (-] cdour threshold ot fownd inthe Titeratun (DAY could not be esii-

matadl. |-3] coshufion of arsma compound (DA could not be estimatd].

and geeen notes due to the high FD factors in aroma
extracts determined by SAFE (Munafo ¢ al, 2014) or
SDE techniques (Pino, 2017 (Taklz 3). Odour thresh-
ohs of a-copaene and a-gurjunene had not been previ-
ously reported, which hindersd determination of their
OAVs

Mesifuran developing a caramel and sweet odour
gave the highest OAY (102.8) in fresh mango. It has
been reported amongst flavour contributors in fresh
mango when considering the FD factor or OAV (Pino,
2012; Munafo ¢ al., 2004). Iis participation in the fla-
vour of dried mango can be excluded becanse of its
drastic loss during drving. 4-Hydroxy-2,3-dimethyl-3
{2H}uranone (HDMF), which was reported to be
amongst most potent odorants in some mango culti-
vars thanks to the high FD factor, was not detected in
the current study. Faran compounds, S-methylfurfural,
furfural and 2-pentylfuran penerated in dried mango
were not detected at levels exceeding their odour
threshold. However, their poential participation in the
roasted and caramel odour of this product should not
be overlooked as the synergetic effect of odorant at
subthreshold concentrations in a mixture has been
reported (Laska & Hudson, 1991). y-butyrolactone
and 3-methylbutyl butanoate presenting high OAVs

Iisterrsa thomal Jowmal of Food Scenee and Technolooy X 16

and developing caramel, sweet and [ruity notes may
intervene in the fBavour of fresh and dried mango.
J-methylbutyl butancate displaying froity and sweet
attributes was the volatile compound with the highest
OAV (204.0) in dried manpo.

Amonpst aldehyvdes, that is heptanal and hexanal,
which appeared following drying and presenting fatry,
grass and green notes, are possible odour-active com-
pounds in dried mango as they vielded high OAVs.

DAV of some compoumds like f-ionone, 2-decanol
and 2-heptanone could not be determined as they were
detected at trace levels. Amongst them, f-ionone is
probably the best candidate for influencing the flavour
of dried mango due to its wry low odour threshobd
(02 pg ke 'Y (Pinp, 2012). Furthermore, some
compounds, such as 3-methyl-1-butanol with 2-methvl-
I-butanol, were coeloted, thus hindering the
determination of their concentrafion.

2-Phenylethanol and G-octalactons reported  as
active-aroma compounds in some mango cultivars
(Munafo e of., 2014) and vielded low OAVs in cv
Kentin the current study (Table 3}

Despite losses of volatile compounds during drving,
OAVs of several compounds were found to be higher
in dried mango than in fresh mango. This nay be

= 2008 inmmue of Food Scanoe snd Tachinalogy
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attributable to the increased dry matier following the
dryving process.

Conclusion

Significant losses of wolatile constituents of fresh
mango occurred following the drving process in the
conditions similar to those used in the industry. Dry-
ing reduced the amount of many of volatile com-
pounds, imluding monolerpenss,  Sesquiterpenes,
aliphatic alcohols and lactones, which are considered
28 impact odorants. Their decline may be explained by
their evaporation and degeadation during the drying
process. Meamwhile, some aliphatic alcobols and an
aromatic alcohol, that is Z-phenylethanol, appeared
and the concentration of some other aliphatic alcohols
also increased. The hydrolysis of relevant glyeosides
under high temperature during drying was supgested
to induce such flavour compound enrichment. A fol-
low-up of plwosidically bound volatles in mango
under drying conditions could provide evidence in sup-
port of this assumption. As expected, dried mangoes
contained thermally penerated compounds, that is 2-
furfural, S-methyifurfural and 2-pentylfuran. When
OAVs of the volatile compounds were examined, eight
compounds could be considered as potent odorants in
each mango product. Limonene, f-myreens, 8-3-car-
ene, pcarvophyliens, y-butyrolictone and 3methyibo-
tyl butanoate were common potent odorants in fresh
and dred fruit. In contrast to fresh mango, aliphatic
aldehydes, hexanal and heptanal gave high OAVs in
dried mango. Onr the other hand, amongst furan
derivatives, only mesifurn exhibited a high OAV and
only in fresh mango.

Sensory studies based on aroma reconstitution amd
omission tests using volatile compounds with an OAV
of over 1 but also incheding some others presenting
OAVs of less than 1 would belp gain further insight
into the favour contributors. Indeed, an additive effect
has been found for mixteres containing volatile com-
pounds at concentrations below their odour threshold
(Escudero e of, 2004).
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Résultats et Discussion

c)  Résumé et résultats principaux obtenus

La sélection des mangues, pour confectionner les produits d’étude, s’est opérée suivant
I’aspect (calibre, remplissage du fruit, etc.) et ’indice de fermeté (indice durofel) des fruits.
Ces précautions ont permis de constituer un lot de mangues homogene en termes de maturité

et de maturation.

L’étude des COVs de la mangue fraiche (purée) et séchée (poudre) en SAFE/GC-MS a
permis de mettre en évidence I’'impact du séchage sur le profil aromatique du fruit frais.
Les résultats obtenus démontrent que le séchage induit une perte importante des COVs

originels du fruit frais, et parallelement génére de nouveaux COVs.

Les profils aromatiques des produits de mangue frais et séchés, confectionnés a partir du
cultivar Kent, comptent majoritairement des composés terpéniques. Le 6-3-caréne est, de
loin, le composé et le monoterpene le plus abondant des produits de mangue suivi de
I’a-terpinoléne, du limonéne, du B-myrcéne, de 1’a-phellandréne et du B-phellandrene.
Le B-caryophylléne et 1’a-caryophylléne sont, quant a eux, les sesquiterpenes les plus
abondants. La classe chimique des terpénes est significativement impactée par le séchage

avec une perte importante de ces COVs.

Les lactones et les alcools sont les classes chimiques les plus présentes aprés les
composés terpéniques. La y-butyrolactone est la lactone la plus abondante dans la mangue
Kent fraiche et séchée. Le butan-1-ol est davantage marqué dans la mangue fraiche tandis que
le 2-méthylpropan-1-ol, le 3-méthyl et 2-méthylbutan-1-ol, et le (z)-pent-2-én-1-ol sont
davantage présents dans la mangue séchée. D’autres classes chimiques communes aux
2 produits comme les hydrocarbures non-terpéniques, les cétones et les esters définissent
¢galement le profil aromatique des produits de mangue. Tout comme les terpénes, une perte
significative de lactones et d’alcools spécifiques ainsi que d’hydrocarbures non-terpéniques
est observée. A I’'inverse, le séchage génere I’apparition de nouveaux composés tels que les

aldéhydes, les furanes, les alcools et aldéhydes aromatiques.

Les pertes en composés au cours du séchage sont avant tout expliquées par le potentiel
volatil et hydrophobe des molécules (Log P, HLC). La génération de nouveaux composés est
due a des réactions de dégradation de précurseurs d’arome. Ainsi, la dégradation d’acides
gras insaturés peut générer des aldéhydes ; I’hydrolyse acide de glycoconjugués peut donner
des alcools, des acides et des acides-alcools précurseurs des lactones, les réactions de

Maillard ou de caramélisation donnent des furanes.
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Résultats et Discussion

Les résultats SAFE/GC-MS obtenus sur purée de mangue fraiche Kent sont globalement
similaires aux données de la littérature pour ce cultivar (Pino & Mesa, 2006; Pino, Mesa, et
al., 2005). Les différences qualitatives et quantitatives observées entre les données
expérimentales SAFE/GC-MS et les précédents travaux de la littérature sur Kent, peuvent
venir soit de la méthode d’extraction utilisée (SE, SDE, SPME, P&T, etc.) ou bien de la

maticre premicre utilisée (origine géographique, degré de maturité/maturation, etc.)

Les composés aromatiques clés de la mangue sont décrits dans de nombreux travaux
menés en GC-O (FC, FD/AEDA, notes olfactives, etc.) et mentionnés dans la littérature
(Munafo, Didzbalis, et al., 2014; Munafo, Didzbalis, et al., 2016; Pino, 2012; Pino & Mesa,
2006). Ainsi, les OAVs des composés extraits ont été calculées et comparées aux données
GC-O de la littérature sur mangue afin de mettre en évidence les composés aromatiques qui
pourraient étre clés dans I’ardme des produits de mangue frais et séchés. Ainsi, d’apres le
calcul des OAVs, le B-myrcene, le 6-3-careéne, le B-caryophylleéne, la y-butyrolactone, et le
3-méthylbutyle butanoate peuvent contribuer a I’ardbme de la mangue fraiche et séchée.
Le mésifurane participerait, quant a lui, spécifiquement a I’ardbme de la mangue fraiche,
tandis que, 1’hexanal et I’heptanal seraient spécifique a 1’arome de la mangue séchée.
Au regard des données de la littérature (Munafo, Didzbalis, et al., 2014; Munafo, Didzbalis,
et al., 2016; Pino, 2012; Pino & Mesa, 2006), I’a-phellandréne, le B-ocimene, I’a-terpinoléne,
la B-ionone, le 2-phenyléthanol, le nonanal et la 6-octalactone peuvent aussi étre des
contributeurs de I’arome de mangue en raison de leur valeurs OAV et FD importantes citées
dans ces travaux. Les composés terpéniques (B-myrceéne, 5-3-caréne, f-caryophylléne, a-
phellandréne, B-ocimene, a-terpinoléne) peuvent contribuer a apporter des notes aromatiques
citrus, vertes, terpéniques, boisées et résineuses au profil aromatique des produits de mangue.
Le mesifurane, la y-butyrolactone, d-octalactone développent des notes sucrées et de caramel.
Le 3-méthylbutyle butanoate contribue a la présence de notes fruitées; les aldéhydes
(hexanal et heptanal nonanal) a des notes grasses, vertes, et rances; la B-ionone et le

2-phenyléthanol a des notes florales.

Ainsi, en affectant la quantité et la nature des COVs présents dans le profil aromatique
des produits de mangue, le séchage tend aussi a impacter grandement la perception

aromatique des produits.
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Résultats et Discussion

4.3. Conclusion

La méthode de sélection des mangues mise en place pour obtenir des lots de fruits
homogene a été appliquée a ’ensemble des lots de fruits de I’étude. Ces précautions sont
notamment importantes pour obtenir d’une part, des produits frais de mangue (purée/cubes),
et d’autre part, des produits séchés de mangue (poudre/cubes) qui puissent étre comparables
d’un point de vue aromatique mais différents d’un point de vue matriciel pour la suite des

travaux a mener en in vivo sur la libération et sur la perception des COVs.

De méme, la méthode SAFE/GC-MS mise en place a permis d’obtenir des résultats
satisfaisants quant a la description du potentiel aromatique des produits de mangue.
Cette méthode a été appliquée aux autres produits de mangue de 1’étude confectionnés pour

les travaux in vivo et in vitro a mener.
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