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Preface

The Weurman Flavour Research Symposium has been a unique platform and prob
ably the most representative conference for flavour scientists to present and discuss recent
trends and developments in the field of flavour research. The cooéereamed after
the flavour pioneer Cornelius Weurmatook place in 1975 for its first time and was
then held every three years in different European countries. In 2017, it took its turn to
Graz, Austria. It was a great honour for us to be the organgfethe XV Weurman
Flavour Research Symposium and to welcome 230 flavour scientists from 30 countries at
the Old Campus of our university.

The symposium covered six major areas of flavour science: (i) Flavour Generation
and Flavour Release, (ii) FlavoBerception and Psychophysics, (iii) Impact of Flavour
Compounds on Humans, (iv) Flavour and -Bfévour of NorFood Products, (v) I
dustryRelated Flavour Issues and (vi) Recent Developments in Analytical Techniques.
During the conference, we had the ot&o follow the presentation of 38 lectures, 14
flash presentations and to discuss an impressive amount of topics and results in front of
130 posters. In the rump to the event, 65 attendees took the opportunity to attend one of
the two satellite sympasiand to deepen their knowledge in fidale flavour release
analysis or regarding flavour analysis by advanced chromatographic methods. The
participation of attendees from industry and academia with different flavour perspectives
launched lively discussits in the inspiring atmosphere of our university. We hope that
the young coll eagues could feel the OWeur
continue their work in flavour science.

The present edition of the lmofkhegylil av ou!l
posium. We are very pleased that many colleagues followed our invitation to publish their
results as full contribution in this book. With 108 interesting contributions, we hope that
this book will be useful for many flavour scientists, wiegtlr not they aénded the
symposium. The opportunity to publish the contributions as open access papers will
hopefully make flavour science accessible to a large audience.

The organisation of this symposium and the editing of the proceedings could only
be achieved with the support and the help of a lot of people. We would like to
acknowledge the members of our Scientific Committee for assessing abstracts, selecting
contributions and helping us to set up the scientific programme, chairing sessions and
reviewing full contributions to be published in this book. We would like to thank the
members of the Local Organising Committee for organising this wonderful event at the
campus of our university. Thanks to many masterd PhD students who assisted us
duringthe symposium! We are grateful for the generous support by our sponsors. Thanks
to their donations we were able to offer reduced student fees to 35 PhD students and, thus,
to enable their participation. Finally, we would like to thank Larissa Kolb whdeudor
hard on correcting and formatting of the manuscripts and Gabriele Gross from the Verlag
der TU Graz for her general assistance with the book.

The XVI Weurman Flavour Research Symposium will be organised by Elisabeth
Guichard and Jeahuc Le Quéré andvill take place in Dijon, France in 2020. We wish
Elisabeth and Jednuc all success for the organisation and we are looking forward to
attending the next Weurman Flavour Research Symposium!

Barbara Siegmund and Erich Leitner

B. Siegmund & E. Leitner (Eds): Flavour $&018 Verlag der Technischen Urrsitat Graz
DOI: 10.3217/978-851255935-0, CC BY-NC-ND 4.0 m
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Terpenoid biosynthesis inplants

Arman Beyraghdar Kashkooli?, Alexander van der Krol* and HARRO J.
BOUWMEESTER?2

1 wageningen University and Researchboratory of Plant Physiolog.0. Box 658, 6700 ARVageningen
The Netherlands

2 University of Amsterdam, Swammerdam Institute for Life Sciences, Plant Hormone BiglogyScience
Park 904 1098 XH Amsterdam, The Netherlands

Introduction

Plants prduce a wide range of structurally diverse natural products. These natural
products play key roles in the interaction of plants with organisms in their environment.
They, for example, act as defence compounds against herbivores and pathogens, or as
attractats of insects for pollination. They also provide a natural resource for humans and
are used as medicine (e.g. ar t-eanoteseiamdi n  an
lycopene), fragrance (e.g. limonene and linalool) and flavours (e.g. vanillin aritot)e
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Figure 1: Schematic representation of plastidial and cytosolic terpenoids. Examples of different plant derived
terpenoids and plant organs (seed, fruit, leaf or root) containing these terpenoids are shown.

Plant natural products can be dividetb several classes such as nitregentaining
(e.g. alkaloids, glucosinolates and cyanogenic glucosides) and nifiregemetabolites
such as terpenoids, phenolics and flavongids Among these, the terpenoids are the

B. Siegmund & E. Leitner (Eds): Flavour $&018 Verlag der Technischen Universitat Graz
DOI: 10.3217/978-851255935-1, CC BY-NC-ND 4.0 3



4 Arman Beyraghdar Kashkodt al.

most diverse class, constituting almost 12% of all known plant metabf#itesnd
possessing many different functions in plants. Low molecular weight volatile terpenoids
are involved in plant protectiomechanisms during biotic and abiotic stre4Se4$] and

when emitted from flowers can act as pollinator attracsiggals[5]. Terpenoids can be
antifeedant compounds that protect the plant against insects, such as for example,
geranyllnalool in Nicotiana obtusifolig/6] and can be an activator signal for systemic
acquired resistancg/]. Several terpenoids, sucts gibberellins, abscisic acid and
strigolactones are plant hormones and act as signalling molecules in physiological
processes. Strigolactones, for example, are a regulator of plant axillary bud outgrowth
and thus branching]. In addition to their role as plant hormone, strigolactones are also
secreted into the soil s ur r ou nhd Bymigiotict h e
arbuscular mycorrhizal fungi.

Biosynthesis of Terpenoids
Biosynthesi®f the basic building blocks of terpenoids

Terpenoids ar@roducedfrom the universabuilding blocks isopeneryl diphos
phate (IPP) andimethylallyl diphosphate (DMAPPR)PP and DMAPRaresynthesized
throughtwo different biosynthetic pathways. Onef theseoccursin the plastidsand
suppliesmostly the substratfor the production ofmonoterpenoidsoften present in
essential of), diterpenoids and tetraterpenoids r@enoids) (Figure 2). The other
pathway, known athe mevalonate (MVA)pathwaytakesplace in the cytosolThe IPP
and DMAPPderived fromthis pathwayare mostly used as substraté the production
of sesquiterpenoids and triterpenoids.

The condensatioof the IPP and DMAPP building blocks produced by the MEP and
MVA pathways provides the prenyl diphosphate substratesh asC10 @eranyl
diphosphate GPP, formed by condensation of IPP and DMARRough enzymatic
activity of geranyl diphosphate syntha&ePS) or C15 farnesyl diphosphate FPB),
formed from condensation of GPP and IBY farnesyl diphosphate synthaseP&)
(Figure2). GPP and FPP are the universal precursors of monterpenoids (C10) and ses
quiterpenoids (C15), respectivelGeranygeranyl diphosphate synthase (B&S) ca
talysesthe condensatiorof FPPwith IPP, which results in theformation ofthe C20
precursor othe diterpenes, geranylgerangiphosphate (GGPPyyhile dimerization of
two FPP moleculesand removal of thediphosphate groupthroughthe activity of
squalenesynthasgSQS)results in biosynthesis of squalene (CE]) Squalene mono
oxygenase or epoxade adds an oxygen group to the squalene, resultprgduction of
2,3-oxidosqualengthe precursor of triterpenoid€30) as well assterols andteroids in
plants. Dimerization oftwo GGPPmoleculesand elimination of the two diphosphate
groupsby phybene synthase (P8sults in thdormation ofa C40 compoundhytoene
the precursor afhetetraterpenidsor carotenoidgFigure?2).

Biosyrthesis of monoterpenoids (C10)

Monoterpenoids are C10 compounds derived from GPP. Monoterpenoids are well
knownfor their biological activity, but also for their strong odour and aromatic properties
[10]. These compounds are used for various applications such as fragrances, drinks, food
additives, perfumes and cosmefit3]. Geraniol (isolated from rose flowers) and linalool
(from coriander; Figure 1) are two of most important monoterpenoids used in the flavour
industry which is reaching to annual consumption of 5000 tons/hjéal.
Monoterpenoids in plants are often induced upon biotic and/or abiotic stress conditions
and theyare supposed to possess properties to enable plants to deal with these stresses
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[13]. 1,8Cineole, for example, is toxic to certain insects and is producedtbyisia
annuaupon infestation by the root feeding insd@iyraphis noxia[14]. GPP synthase
(GPS), the enzyme responsible for synthesis of the monoterpenoid precursor GPP, was
first characterised from the essential oil glands of EHgje Formation of monoterpenoids

takes place through the activity of enzymes called monoterpene synfhasegimes

also called monoterpene cyclase if catalysing the formation of a cyclic monoterpene).

Plastidial
K_» a-pinene
OPP WOPP —  Monoterpenoids (C10) (l-!h!;ljena

DMAPP p-ocimene

sclareol

)\/\/k/\ cembrene A
X N"op X N\~"}opp—> Diterpenoids (C20) { casbene
GPP

GGPP

Phytoene

penoids(C40)
(Carotenoids)

l { 9-cis-phytofluene

p-carotene

)\/\OPP Cytosolic

J\/\ ¥> )\/\/k/\ Ny a-zingiberene
—» Sesquiterpenoids (C15) p-caryophyllene

a-copaene
DMAPP

squalene

squalene epoxidase

-amyrine
—> Triterpenoids (C30) {betulin
S S { cucurbitacin C

2,3-oxidosqualene

Figure 2: Terpenoid biosynthesis pathways. Biosynthesis of monoterpenoids (C10), diterpenoids (C20) and
teteraterpenoids (C40) takes place in the plastidgréen) while the biosynthesis of sesquiterpenoids (C15)
and triterpenoids (C30) is localized in the cytosol (in white).

TheDDxxD motif for Mg?* cation binding is conserved amoaltiterpene synthase
which allows their identification[16]. A single monterpenesynthase oftercatalyss
formation of several materpenoids from GPPFor example a promiscuous
monderpene synthase enzyn@sTPS2FN, isolated fronCannabis sativaencodes the
formation of (+}U-pinene, (+b-pinene, myrcene;)-limoneneandb-phellandrengl17].
As detailed above, it is generally assumed thatpthstidsare the major organell@r
production of monoterpenoidsdtheir sibstrate GPP.Intriguingly, howeverexchange
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of mitochondrial produced GDP to the plastids for production of monoterpehasis
been demonstratgd8].

Biosynthesis ofesquiterpenoid§C15)

Sesquiterpenoids arproducedfrom FPR again through the catalytic activity of
terpene synthaseis, this casealled sesquiterpene synthasgesquiterpenoidare often
aromati¢ and constitients of plant essatial oils. The ®squiterpend-caryophyllene
(Figure 1)has beemeportedto be presernin many plant specie is the major essential
oil component ofbasil Ocimum spp), oregano Qriganum vulgarel.) and rosemary
(Rosmarinus officinalis[19] (Figure 1) and, together with humuleneis the main
sesquiterpene obtained from cannabis plamtd responsible for itsodour [20]. b-
caryophyllene is widely used in frozen dairy, chewing gums and égegP1]. Zingi-
berene, a sesquiterpene present in gingielg{ber officinalg is a spider mite repellent
(Figure 1)[22]. In chamomile Matricaria chamomild it was showrthat sesquiterpene
biosynthesis starts ithe plastids with GPRhat isexported tathe cytosolwherelPP is
added[23]. Interestingly results from transient expressiofa sesquiterpene synthase
from feverfew Tancetum partheniupshow thataddition ofmitochondrial targetingp a
sesquiterpem synthasewill result in highersesquiterpene biosynthesigresumably
because mitochondrial FPP is accesgzt]. Indeed,localization ofone of the Ara
bidopsisFPP synthasdn the mitoclondria has been demonstraf2f]. Protein localiza
tion studiesusingGFP fusios of cis-FPS,andsantalene and bergamotene synthase (SBS)
suggest that biosynthesis of theseisuakesquiterpenoids take placdheplastids using
IPP and DMAPP from the MEP pathwi6].

Sesquiterpene lactonase a suktlass ofthe sesquiterpenoidwith over4000 dif
ferent known structuresSesquiterpene lactones are mainly colourleiser, compounds
found mainly inplant speciesin the Asteraced27]. Their biological properties such as
antibacterial (e.g. vernolidg8]) , a n t i -hydroxg4aepisofcBudarpolid§29]),
anticancel(e.g. parthenolidg30]) make them of interest for medical us8esquiterpene
lactones are classified irsix bicyclic or tricyclic classes named guianolides,
pseudoguaianolides, xanthanolides, eremophilanolides, eudesmanolides and ger
macranolides[31]. Costunolidemay then serve as the precursor of the other ger
macranolide (e.g parthenolidend/or guaianolidege.g. the main constituents of bitter
compounds in chicory and endivdjurther modification of sesquiterpene lactomnes
carried outby double bond reducsas and glycosyl transferas¢32,33]

Biosynthesis ofiterpenoid(C20)

With more than 10,000 different natural plant derived structuhediterpenoids
are one of the most diverskasses oplantsecondarynetaboliteg§34]. They are alspart
of plant primary metabolism as plant growth regulateush as theagibberellinsare
diterpeneg35]. Many diterpenoidfravemedicinal propertiessuch agaxol (Figure 1)
which is isolated from the Pacific yewWwgxus brevifolia [36], and isusedfor thetreat
ment of ovarian and breast can¢er]. Cafestol(Figure 1)andthe structurally related
kahweol are two diterpenes fro@offea arabicathat induce apoptosis in malignant
pleural mesothelioma (MPM) cancer cdB8]. A valuablecompoundfor the fragrance
industry iscis-abienolwhich is an aromatic diterpene isadtfrom fir trees Abies bal
samea. Cis-abienol is an important oxygen containing diterpenoid serving as the pre
cursor of Ambrox® in perfume formulatiofi39] and themajor labdane type diteenoid
responsible for the fragrance of tobacco leatssynthesis otis-abienolproceeds in
two sequential steps. First a diterpene synthase converts GGRRytwo&y-copalyl
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diphosphatend thera kaurene synthase like enzymonvertshe latter iho cis-abienol
by removing the diphosphate groj4®].

Biosynthesis ofit erpenoidqC30)

This class of specialized metabolites constitutes more than 2igl@dified plant
compounds so fgA1]. Triterpenoids Bow a lot of diversity in plant families. Saponins,
glycosylatedtriterpenoids, arefor example,found in Quillaja saponaria(a native
Chilean tree) andCamellia oleifera Saponinsare used indetergents, shampoos and
emulsifiers due to their foaming prepies[42,43]. Many plants produce saponin type
triterpenoids during nornmharowth (e.g. apple fruit peel, producing ursolic ag]),
however their saponin levels strongly depends on plant species, organs and-develop
mental stagg45]. Butelin, isolded fromthe bark ofButela spp is another natural
triterpenoid whichis usedin cosmetic productsuch ashair conditionerd46]. Many
triterpenoids are used to cure major diseases such as cancer and HIV. Celastrol, a
triterpenoids isolated froriripterygium wilbrdii exhibits Tat inhibitory action [47].
dratdis avirus encoded protein which is required for HIV gendana@scription.Triter-
pene synthases convert g8idosqualene through ChairBoatChair (CBC)or the
Chair-ChairChair (CCC) conformatiorninto the differenttriterpeneskeletons. An ex
ample of a triterpene synthasebismyrin synthas@8] responsible, for example, for
amyrin biosynthesis itomato(Figure 1) P450sand glycosyl transferasgday an im
portant role in furthedecoratiorof triterpenoids for example, for the production of the
triterpene glycoside glycyrrhizin
Biosynthesis ofetraterpenoidgC40)

The tetraterpenoids contain @Xlifferent reported structurg¢49]. The @arotenoids
[50](tetraterpenoids) are the most common natural pignattslsqossess arakidant
propertiesCarotenoids are industrially used as dsed colorantsin the food industry
( e . -garoterfe) as nutraceuticals and the pharmaeutical industry,as well as in
cosmeticg51] (Figure 1) They are mostly present in photosynthetic organigf@kand
often are responsible for red, orange and yellow colfi#ts Carotenoidsare essential
and playa vitalrole in photosynthesi€arotenoid biosynthesis starts witte activity of
phytoene synthasenaking prephytoene diphosphatgs3]. Phytoene synthase then
converts pregphytoenediphosphate to 6is-phytoene. Several other enzynmesmelya
desaturase anchasomeraseareinvolvedto producetranslycopene.Cyclisdion is the
next step; -axdli os e y-canoel biosyntesisvhilda -chclase
can converttrans| y ¢ o p e naaroteheoAnother class of naturallyoccurring
carotenoidderivedterpenoid typemolecules ardhe strigolactonesTheir biosyntheis
starts with -casotemedyD25B4. Thewn arcaroténoicdhcleavage (CCD7)
cleaves theesulting 9cis-b-carotene which theresults in production of-8is-b-apc10-

c ar ot e Acdne[SbnTdhenfanother carotenoid cleavage enzyme, CCD8, converts
9-cis-b-apo-10-carotenal intocarlactone[54]. This ubiquitous strigolamne precursor
will be oxidised bya cytochrome P450, the MAX1 homolggshich results in the
formation of carlactonoic acid @nt2-epi5-deoxystrigol[56,57].

Heterologous productionof terpenoidsin plants and micro-organisms

As explained above, therpenoids are very important compounds from medicinal,
nutraceutical andutritional point of view.However,commercialization of these com
poundsis often restrictedlue totheir low conentrations in the plant and théiigh
structural complexitywhich makeschemical synthesis approache® costly[58]. In
addition, some of thelant species that produce attractive molecaswy slowly, may
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have a lowyield, are threagned by extinction, oaresusceptike to environmental con
ditions. Several approachbavebeenfollowed in the last decades to overcome these
limitations. In an approach called rabblic engineeringscientists uselternativeor-
ganisms (expression pfarms)to optimize production of these metabolit@®rpenoid
production in microbial system$or examplejs an appealingapproach Rapid growth

and regeneration (e.g. 1 to 3 days Emscherichiacoli and Saccharomyceserevisiae
respectively) and wedstablished tools for transformation make them suitable mmman

for metabolic engineering purposes. However, ectopic expression of plant derived genes
(enzymes) in these microbial platforms comprise some limitations which needs to be
solved for a sucasful engineering strategy. For example, neikherolinor S. cergisiae
contain plastids. Hence in order to prevent possible-folding of theenzymesn these
platforms, removal cd possiblglastid targeting signal is suggesigé]. The subcellular
targeting strategy used by plants madgsressing cytochrome P45@snicro-organisms

even more challengingS. cerevisiaghoweveris a suitable expression platform for
cytochrome P450s as itaseukaryotic microorganism containing eptismic reticulum,

the maturation and activity site of cytochrome P450s. Anotheardadge of yeast is the
ability of in vivo recombination of DNA fragmentsuch thaseveral DNA fragmerst
(harbouring homologoutanking regions) can be recombined upon transformation into
yeast in a so called transformation associated recombination (TG®R)Almost all
required precursors fahe biosynthesis of thdifferent terpaoids are produced in yeast.
Carotnoid and diterpenoid production in yeast is achieved often by overexpression of a
GGPP synthase as yeast produces GGPP in smallittpganCarotenoiddiosynthetic
pathway genebave been successfully expressed in ygd3t Overexpression of genes
such as HMGR, the rate limiting enzyme in the MVA pathway, has been shown to
enhance the pool of precurdor the biosynthesis of, for example, sesquiterpenoids and
triterpenoids. Alternatively, down regulation of copeting pathways like sterol
biosynthesis through down regulation ®RG9(squalene synthas§2] are molecular
stratgyies which are implemented for successful Bagring programs. Successfut in
vivo production of artemisinic acid and costunolide in WAT11 yéasimal yeast strain

for expression of recombinant cytochrome P45@s)reported by introduction of
sesquitgpene synthases (amorphadiene synthase anthgezne A synthase) and P450s
(amorphadiene oxidase (for artemisininc acid)

Metabolic engineeringanalsobepursuedn theplantspecies that is already making
the attractive produdty overexpression of bsynthetic pathway genes or downregulation
of competing pathwaysHowever, this homologous engineeringoptimization and
boosting of metabolic pathwayn the original planspecies is somdimesdifficult and
time consuming. Hence, othér planta expression systems tia beenexplored for
heterologous expression of genes involvethabiosynthesis of secondary metabolites.
Here we discusa number of examples of such hosts that H@en used for metabolic
engineering and reconstruction ofggenoid losynthesis patliays Overexpression of
taxadiene synthase, which converts GGDP taatliene- a precursor of the antiancer
molecule taxo(Figure 1)- has been studied Nicotiana benthamianal axadiene was
produced taanastonishing yield of 27 pg/dry weight[63]. An example osuccessful
reconstruction of full biosyrthetic pathway is the bsynthesis of parthenolidia N.
benthamianaThetransientco-expression of germacrene A synthéG&g, germacrene
A oxidase(GAQO), costunolide synthag€09 and pathenolide synthas@PTS yielded
1.4 mg/g fresh weigharthenolidan theleaveq30]. Artemisinin was also successfully
synthesized ifN. benthamianaby transient expreson of five biosynthestic pathway
genes amorphadiene synthaseAdS, amorphadiene oxidaseADO), alcohol
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dehydrogenase 1A[DH1), artemisinic aldehyde doubl®ond reductaseDBR) and
aldehyde dehydrogenase ALDH1). Physcomytrella patens anothemplantexpression
platform which recently has raised a lot of interest for tnata engineering of valuable
terpenoids.Novel and relatively easy transformation tectogy [64] has made this
platform a suitable putative heterologous system for bulk productioterpenoids.
Successful artemisinin productian P. patenswas shown recently with a yield of
0.21mg/g dry weigh{65]. This yield was obtained upon-expression ofthe samdive
biosynthesis pathway genasentioned aboveADS ADO, ALDH1, DBR and ALDH1
Yield in these heterologous production platforms is still quite low. A better knowledge of
the natural site ofbiosynthesisand accumulation the chemical properties of the
terpenoids producedand the mechanisms involved in their transport (from the
biosynthesis site to the accumulation site) will provide novelisolsito be implemented
in metabolic engineeringrogramg66,67].
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Abstract

Major QTLs (quantitative trait loci) for the production of twharacter impact
compounds in appleMalus x domestiga namely 2methylbutyl acetate (MMBA, over
ripe, fruity, sweenotes) and estragole (anise, licorice notes), both tmaipe MAAAT1
(alcohol acyl transferase)locusin the apple genome. Biochemical analysis shows that
MdAAT1is required for the production of volatile acetate esters suchMiBA, hexyl
acetate and butyl acetate and for the productignlofdroxycinnamy acetates that are
substrates for the production of phenylpropenes such as eugenol, chavicol and estragole
in ripe apple fruit. The importance of thMdAAT1gene in ester and phenylpropene
production was validated ihr ansgeni ¢ O6Royalsti@apraadwedk no c k
significantly reduced -MBA and estragoldevels in ripe fruit. Manipulation of flux
through the phenylpropanoid pathway in apple usWwdgCHS (chalcone synthase)
knockout and MdMYB10 (transcription factor) oveexpression lines increased
phenylpropene production. Transient owxpression of alcohol acyl transferases
(AATSs) from ripestrawberry and tomato fruit showed these enzymes can also pmduce
hydroxycinnamyl acetates, indicating that ripenietated AATs are likely to link
volatile ester and phenylpropene production in many different fruit. These results
significantly increase our understanding of volatile synthesis in fruit and provide the basis
for breeding new apple varieties with improved flavour profiles by marker assisted
seletion.

Introduction

The characteristic taste and aroma of different fruit species and cultivars is derived
from nonvolatile components such as sugars (providing sweetness), acids (sourness,
tartness) and tannins (astringency, bitterness), as well aslevaathpounds such as
esters, phenylpropenes, alcohols, aldehydes, terpenes and fm@hsuch as apple,
banana, kiwifruit, melon and pear produce high levels of volatile esters which contribute
characteristic O0fruit vy odes, themapsodduaoctivetebtads ar o m
are hexyl acetate (fruity, green, apple notes), butyl acetate (ethereal, solvent, fruity) and
2-methylbutyl acetate (overripe, fruity, sweet) [{blatile esters are synthesised via fatty
acid degradation or from aminoidgrecursors with the final step being catalysed by
alcohol acyl transferases (AATSs). AATs catalyse the transfer of an acyl group from a CoA
donor to an alcohol acceptor.

Phenylpropenes are typically found at low levels in fruit, emplart flavour notes
associated witlaromaticspices [2]. In apple, estragole (anise, licorice notes) is the most
widely described odotactive phenylpropene; with eugenol (sweet, spicy, clove) and
chavicol (clove, spicy) also being reported [[2]tomato, eugenol and guaidamntent
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is correlated with a épharmaceutical é ar
content of eugenol, methyleugenol, and methylisoeugenol has been associated with a
cinnamon smell [4]. Phenylpropenes are produced as a side branch of the general
phenylpropanoid pathway and the initial biosynthetic steps are shared with the lignin
biosynthetic pathway up to the productionpe€oumaryl alcohol and coniferyl alcohol.

The first committed step in phenylpropene production involves the conversipn of
coumaryl and coniferyl alcohols top-coumaryl and coniferyl acetates -
hydroxycinnamyl acetates). The acetates are then reduced by NABfdhdent
phenylpropene reductases. Methoxylated phenylpropenes such as estragole and anethole
are formed byO-methylransferases (OMT) using-&lenosylmethionine (SAM) as the
methyl donor.

QTLs (quantitative trait loci) for volatile production have recently been described
for aldehydes, esters, alcohols and phenylpropenes in apales(x domestida Forty
six QTLs forester and alcohol production were reported in a cross between the highly
aromatic cultivar ORoyal Galadé (RG) and t
The major QTL for the production df-methylbutyl acetate (RBA) and 34 other
volatiles in thg population was located on linkage group 2 (LG2) ankbcated with the
Malus x domestica alcohol acyl transferas@VIdAAT]) gene. Two QTLs for production
of the phenylpropene estragole were also identified in the same segregating population.
The firstQTL was located on LG1 and was responsible for 9.2% of the variation. The
MdoOMT1(O-methyltransferase)lgene was shown to docate with the LG1 QTL and
biochemical and molecular analysis showed that this gene was required for estragole
production in rig RG fruit [6].

Results and discussion
QTL analysis

The major QTL for the production of estragole (accounting for 24% of the variance)
in the segregating RG x GS population is located on LG2. The nearest marker to the
maximum logarithm of the odds (LOD) ale for estragole production was identical to
that previously identified as esegregating with the production of volatile esters such as
2-MBA, butyl acetate and hexyl acetate in ripe apple fruit [7]. This result suggested that
MdAAT1 might be the enzymeesponsible for an acylation step in both the ester
biosynthetic and phenylpropene biosynthetic pathways.

Biochemical characterisation

The enzymatic activity of MAAAT1 has previously been reported with respect to a
wide range of alcohols and acyl CoAs invexd in volatile ester productidn ripe apple
fruit [8]. In Yauk et al., 20177], MAAAT1 was also shown to convert coniferyl apd
coumaryl alcohols top-hydroxycinnamyl acetates that serve as substrates for
phenylpropene production in apple. The reltactivity of recombinant MAAAT-RGa
from RG towards alcohols such as butanah&hylbutanol and hexanol used for volatile
ester production was high (6800%, Table 1. In contrast, relative activity towargs
coumaryl alcohol and coniferyl alcohol wasioh lower (< 2% Table ). Kinetic studies
indicated that the affinity of MAAAT-RGa toward®-coumaryl alcohol was comparable
to that reported for hexanol and butanol, however thewas much lowef7]. Compared
with MAAAT1-RGa,recombinanMdAAT1-GSa fom GSshowed weak activity (< 3%)
towards alcohols used for volatile ester biosynthesis and barely detectable activity
(0.11%) towardp-coumaryl alcoholTable ). This difference in kinetic properties likely
explains the QTL in the segregatiR@ x GSpopulation.
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Table L Activity of recombinant MdAAT1 enzymes from O6R
Activity assays contained MdAATRGa (0.5ug) or MAAAT1-GSa (31.24g), 10 mM alcohol, 1 mM CoA, in

50 mM BisTris propane pH 8.0. Activity was set 0% for acetylCoA and hexanol using MAAATRGa.

Data are presented as meaBE (n=3). Chavicol was synthesised by esterificatigraumaric acid followed

by DIBAL reduction to p-coumaryl alcohol. Radiolabelled acefybA was obtained from American
Radiolabeled Chemicals and all other chemicals from Sigfdeach. Data derived from Yauk et al., 2017 [7].

Esters

Substrate 1 Substrate 2 MdAAT1RGa MdAATLGsa
Hexanol acetytCoA 100+1.4 2.94+0.16
Butanol 63.8+3.0 1.03+0.06
2-methylbutanol 77.6+33 0.26+0.02
Phenylpropenes

Substrate 1 Substrate 2 MdAAT1RGa MdJAATEGSa
p-coumaryl alcohol acetylCoA 1.240.2 0.11+0.01
coniferyl alcohol 0.3+0.02 not detected

Analysis of MAAAT1 knockdown lines

To validate the importance MdAAT 1in phenypropene production, transgenic RG
lines containing an RNAI construct BfdAAT 1lwere examined. Our hypothesis was that
decreasingMdAATL1 expression (FigurelA) would reduce the production gf-
hydroxycinnamyl acetates and the subsequent accumulation wflpf@enes in ripe
fruit. The results from solvent extraction and -®S analysis on ripe fruit samples from
two transgenic lines and RG controls is presented in Figurd@otal ester production in
the MdAAT1lines was reduced by > 90%, confirming theuttsspreviously reported in
Souleyreet al, 2014 [5] Production of the phenylpropenes chavic&)-icochavicol,
eugenol and estragole were also reduced iMifhW&AT1knockdown lines.

Manipulation of flux in the phenylpropanoid pathway

Two additional set of transgenic apple plants were investigated to determine what
effect manipulating flux through the phenylpropanoid pathway would have on
phenylpropene accumulation. The first set of transgenic lines were-gmulated for
expression of the\ldCHS (chalmne synthase) gene, a key biosynthetic gene in the
phenylpropanoid pathwaydCHSknockout lines do not accumulate anthocyanins or
dihydrochalcones which are normally abundant in apple fruit [9]. Our hypothesis was that
redirection of flux in these plantwould lead to accumulation of higher levels of
phenylpropenefigure2A). The results from solvent extraction and-GIS analysis on
ripe fruit samples from three transgenic lines and RG controls is presented inZBgure
Production of the phenylpropenebkavicol and E)-isochavicol increased in all three
MdCHSlIlines compared to the control. Production of eugenol and estragole was elevated
in lines A2 and A7 respectively. As expected, total ester production iM&@HS
knockout lines was similar to the R@ntrol.

Analysis of the glycosides present in two of We@CHSknockout lines compared to
the RG control indicated that production of chavicol and eugenol glycosides was elevated
in the transgenic lines (Figud). Chavicol glycosides were found afi800 fold higher
levels in theldCHSIlines compared to controls, whilst eugenol glycosides were found at
61 12 fold higher levels. Much of the increased flux towards phenylpropene production in
the MdCHSknockout lines appeared to be directed towards glyecsduestration. The
total phenylpropene glycoside concentration inMtt€HSlines was 35,00340,000 ng/g
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(vs 700 ng/g in controls), whilst the tot
4,000 ng/g in thtddCHSIlines (vs 800 ng/g in controls).
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Figure 1. Analysis of MdAAAT1 knockdown lines &) In MdAAT1 knockdown lines the production @

coumaryl acetate and phenylpropene derivatives should be reditt84T1= Malus domesticalcohol acyl

transferase 1MdoPhR5= Malus domesticahenylpropeneeductase5, MdoOMT1= Malus domesticaD-
methyltransferase.iB) Vol at il e phenyl propene and ester produc
(grey bars) antdAAT1knockdown lines (AS70 and AS2002, white bars). Volatiles were obtained from ripe

fruit skin tissue extracted into diethyl eth&C-MS analysis of solvent extracts was performed on an Agilent

6890N GC coupled to a Waters GCT time of flighdss spectrometer [1@ata are presented as mean + SE

and are derived from Yauk et al., 2017 [7].

The second set of transgenic apple plants in which phenylpropene flux was
manipulated constitutively ovexpressed a copy of tivdMYB10gene, a transcription
factor that upregulates flux through the phenylpropanoid pathwilYB10 over
expression lines haved foliage and refleshed fruitand accumulate much higher levels
of anthocyanins, flavonols and total phenolics due to increased expression of several
phenylpropanoid biosynthetic genes [12ur hypothesis was that thdYB10 over
expression lines wodlalso accumulate higher levels of phenylpropenes either as a result
of higher flux through the phenylpropanoid pathway or thédMYB10 might
transcriptionally activate genes involved in phenylpropene biosynthesis. The results of
GC-MS analysis indicatedhit compared to controls, thdYB10 lines accumulated
higher levels of phenylpropenes at all four stages of fruit development tested, but
particularly at the two latter time poirf]. No evidence for transcriptional activation of
MdAAT1, MdoPhR5 (phenyhppene reductase5) or MdoOMT1 in MYB10 over
expression linesvas observed [7]. Together these results suggested that the increased
phenylpropene levels in tHdYB10fruit was due to some of the increased flux in the
phenylpropanoid pathway being diverietb the phenylpropene biosynthetic pathway.

Do AAT genes link ester and phenylpropene biosynthesis in other fruit?

Our results in apple clearly demonstrated the importanddd#fAT1to ester and
phenylpropene production in apple, but is this trueAf&T genes from other species that
accumulate both esters and phenylpropenes such as strawberry and tomato? To test this
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hypothesis, AATs from ripestrawberry $AAT and tomato $IAATD fruit were
transiently expressed Micotiana benthamianan coupled reactins withMdoPhR5

A)  Phenyipropanoid pathway
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Figure 2: Analysis ofMdCHSknockout linegA) In MdCHSknockout lines the phenylpropanoid pathway is

blocked leading to the accumulationps€oumarytCoA which is then metabolised yiacoumaraldehyde tp-

coumaryl alcoholp-Coumarylalcohol is the substrate fdddAAT1and the entry point for production of
phenylpropenesMd4CL = Malus domestic&-coumarate CoAigase MdCHS= Malus domestica&halcone
synthaseMdCCR= Malus domesticainnamoylCoA reductaseMdCAD= cinnamyl alcohobehydrogenase

MdAAT1= Malus domesticalcohol acyl transferase 1B) Volatile phenylpropene and ester production in
6Royal Gal a6 wildtype MdE@HAJknockounlinegs A, A6 afdgA7 whjte bara r s) and
Volatiles wereextractedrom ripefruit skin tissue into diethyl etheGC-MS analysis of solvent extracts was

performed on an Agilent 6890N GC coupled to a Waters GCT time of-fiigiss spectrometer [1@ata are

presented as mean * SE and are derived from Yauk et al., 201Z)[Phéylpropene glycoside production in

6Royal Gal ad WT c¢ tMdGHSkndcleout lingsr(vehige bérd2rand) A7)aGlydosides were

prepared using Amberlite XA columns as described in Yauk et al., 2014 [11] from ~ 3 g of ripe apple fruit
skintissie. Gl ycosides were digested with Rapidase AR200
diethyl ether/pentan&sC-MS analysis was performed as described in Nieuwenhuizen et al., 201B#t8].

are presented as mean + SE.

Coupled reactions werused as the phenylpropene products are stable and readily
detected by G@/S analysis [7]. The results presentedrigure 3show that chavicol
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was produced by bot8AATand SIAAT1when leaves were infiltrated witlrcoumaryl
alcohol. Eugenol was also mhaced by bothSAAT and SIAAT1when leaves were
infiltrated with coniferyl alcohol, but at much higher levels w#AATfrom strawberry.
These results suggest that ripenietated AATs may link volatile ester and
phenylpropene production in many differémiit and provide a rational basis for breeding
new varieties with improved flavour profiles by marker assisted selection or metabolic

engineering.
6000
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Figure 3: Functional characterisation of AATs from ripe strawberry and tomato fflie activities of
strawberry AAT SAAT and tomato AAT(SIAAT) were determined by transient expression analysis in
Nicotiana benthamiand_eaves were initially infiltrated witSAATor SIAAT1coupled withMdoPhR5(Malus
domesticgphenylpropeneeductase). GUS +MdoPhR5wvasused as the control. After seven days, leaves were
infiltrated with eithem-coumaryl or coniferyl alcoholGC-MS analysis of solvent extracts was performed on
an Agilent 6890N GC coupled to a Waters GCT time of fligiaiss spectrometer [1@Data are premnted as
mean + SE and are derived from Yauk et al., 2017 [7].
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Abstract
As Riesling @es, there exists a delicate balance between the loss of young fresh and
fruity characters, and the formation of &

trimethyt1,2d i hydr onapht hal ene (TDN). Early fornm
can lead taunbalanced wines that are not necessarily appreciated by consumers. The
vineyard drivers associated with earlier evolution of TDN have been examined in this
work, along with glycosylated precursors, to aid in better understanding of TDN
formation in graps and wine.

Two commercial vineyards with a difference in temperature of around 2 °C
underwent treatments to modulate light exposure to the grape bunches, yielding
significant difference in total TDN and providing information into the roles of light and
temperature in TDN formation. These treatments allowed foMSIMS studies into
glyosidic precursors and tentative identification of several compounds that are expected
to contribute to higher amounts of TDN.

Introduction

Characters of young Riesling winkike estery, citrus and floral result from
compounds such as monoterpenes grhénylethyl acetate. As Riesling ages these
diminish and the wine develops lime, caramel, and kerosene notes. One of the compounds
responsible for aged Riesling character,ariie 6 ker os e n e Gtringethyd-cr i pt c
1,2-dihydronaphthalene, or TDN]. With a sensory threshold of /L [2], TDN can
be polarising with sensory intensity not always relating to concentriglonwWhile
considered important to aged Riesling;ah result in an unbalanced wine especially if it
starts to emerge in younger wines and dominate delicate floral or fruity notes.

The evolution of TDN in wine is thought to occur via the breakdown of carotenoids
and through reaction and rearrangememasfsoprenoids, which are present in grapes as
glycosidically bound species. As such, TDN itself is not present in grapes but forms and
accumulates as wine ages. Considered a thermodynamjmoandTDN is very stable,
unlike the monoterpenes responsiioleyoung Riesling characters which degrade as wine
ages[4]. Due to lightinduced changes in carotenoid profiles during grape growing and
structural diversity of the carotenoid end group from which the-f@kBoprenoids are
formed, elucidation of the egh carotenoid(s) that give rise to TDN, and hence the
pathway to formation, has proved difficult so far.

It is well understood that the timing and intensity of light exposure of grapes
modulates the amount of TDN produced in Wig but recently it hasden proposed
that as growing seasons get warmer due to climate change, increasing temperatures result
in kerosene notes being more prevalent in younger Riesling \@heSurrently, there
exists evidence that winemaking practices can be useful in marthgiaghount of TDN
present in a wine, including yeast chdi¢g wine pH[8], and closure type (Figure [3].
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But the question remains to be answered: is limiting TDN evolution using winemaking
interventions is just a case of too little, too late?

TDN concentration by closure

Screw cap
r-squared = 0.686
p < 0.001

Concentration (ug/L)

Cork
+  r-squared = 0.250
p=0.148

5 10 15 20 25
Wine age (years)

Figure 1: The evolution of TDN in 116 commercial Riesling wines, separated into those with screw cap closures
(red circles) and cork closures (blue crosses).

The biggest questions that remain surround the key driving forces in the vineyard
that determine thepeed and extent of TDN production as the wine ages. Is the changing
climate a driving force that will result in Riesling obtaining aged characters earlier in
future, and do we continue to employ viticultural techniques to modify light exposure of
grapes a a means for achieving optimal maturity? This work is the first step in
determining practical solutions for managing TDN concentrations in wine, including a
better understanding of the pathway(s) by which TDN is formed, identifying markers in
grapes thaallow us to predict TDN formation in wine, and ascertaining the true vineyard
based driving forces of high TDN wines.

Experimental
Trial sites and grape sampling

During the 2014/15 growing season, trials were conducted in two commercial
vineyards in BarossValley (BV) and Eden Valley (EV) of South Australia, separated by
13.7 km, 180 m of altitude, and a mean January temperature differential of 1.94 °C.
Treatments were applied @ys past berry set (11 December for EV, 23 December for
BV), where onethird of the bunch zone leaves were removed {atked), compared
with a control, both replicated 6 times in an alternating manner within two adjacent rows.
Within these treatments, light exclusion boxes were applied to single bunches (plucked
boxed and combl boxed), and temperature was monitored in both canopy and boxes
(Tinytag Transit 2 temperature loggers). At commercial harvest (11 February for BV, 19
February for EV) grapes were hapitked. Grape berries were immediately plucked and
randomised. Grape(300 g) were homogenised (20 s, 8,000 rpm, Retsch Grindomix
GM200) and the homogenate stored-2@ °C until further use. When required, the
homogenate was thawed, centrifuged and the supernatant used for analyses.
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Analysis of total TDN in grape samples

The analysis of total TDN was based on the splidse extraction (SPE) protocol
described by Kwasniewski et ], using d-nathphalene (Sigrmaldrich) as the internal
standard. Quantification of TDN in the hydrolysed samples usingSGvas based on
the report of Daniel et gJ8], with minor modifications to the oven parameters.

Preparative HPLC of glycosidic material

Based on a reported analytiealale SPE isolatiof9], glycosidic material was
isolated from 50 mL of Eden Valley grape homogenateematant using 25 SPE
cartridges (2 mL per cartridge), to increase scale. The pooled material was concentrated
to approximately 2 mL and made up to 4 mL using rQllvater. An aliquot was diluted
1:10 and 500 pL injected on a Dionex UltiMate® 3000 Bingemipreparative HPLE
DAD system and separation achieved on a Synergi HR@a@olumn (80 A, 4 pm, 250
x 21.2 mm) with a C18 guard column (15 x 21.2 mm). A binary gradient with mobile
phases consisting of 0.1 % acetic acid in water (A) and 0.1 % acktimacetonitrile
(B) with a flow rate of 8 mL/min and elution profile starting at 5% B, increasing linearly
to 15% B over 10 mins, then increasing to 30% B over 40 mins, then to 90% B over one
minute and held for further 19 mins. The gradient was redte®&&6 B over 1 minute
and reequilibrated for 40 minutes. The column effluent passed through a diode array
detector (198100 nm) and then into a fraction collector. Fractions were collected every
30 seconds, with those representing one peak combinedgrasconsecutive fractions
representing no DAD peak. These were concentrated to dryness and reconstituted in 1
mL of water. Half of this (0.5 mL) was used for IMS/MS investigations and half (0.5
mL) analysed for total TDN (as above).

LC-MS/MS investigatio into glycosidic TDN precursors

Potential glycosidic precursors to TDN were investigated using a Liquid
Chromatography Quadrupole Tiroé-Flight-system (Agilent 1200 series EL€ystem).
Due to concentration factors 10 uL were injected for the exposed jainavgre injected
for the control samples, and separation was carried out on a Kinetex PFP column (100A,
2.7um, 150 x 2.1 mm) using the same mobile phases as above. A flow rate of 0.2 mL/min
was used and an elution profile starting at 5% B, increasingrlinéo 15% B over 7
mins, then increasing to 30% B over 13 mins, then to 90% B over 12 minutes and held
for further 5 mins. The gradient was dropped back to 5% B over 1 minute and then re
equilibrated for 19 minutes. A Bruker micrOTAF 1l mass spectromet equipped with
an orthogonal ESI source was used for high resolution mass spectrometric analysis. The
ionisation was in negative APCI mode with nitrogen curtain, nebulizer and collision gas.
The instrument conditions were: capillary voltage (3500 V), gate offset {500 V),
drying gas (4 L/min, 250 °C), nebulizer gas pressure (0.4 bar); mass scan range
(5011650) , and ramped <collision energy.
sodium formate solution (10 mM NaOH in isopropanol/0.2% formic aci)).1

Statistics and graphics

All graphing and statistical analyses were carried out with the open source statistical
programming language, Rsing custom scripts.

Results and discussion

The two sites represented a climatic shift of approximately 2 °@ (C%ased on
our temperature data), and provide a good model for the temperature increase predicted
under climate change scenar[@8]. The treatments represented extreme defoliation to
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increase light exposure and confirm the previous findings corrgleiiposure and TDN
production, plus boxed treatments to create a negative contrbghtscenario. The
changes in total TDN brought about by the light modulating treatments were marked
(Figure 2), although no significant inteite variation was obserge

Total TDN at harvest
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—— a a
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not boxed boxed

Figure 2: Total TDN in grape homogenates from each of the treatments and sites. Different letter denotes
significant difference between treatmerfes=(0.05).

This confirms the previous findings that light is important in modulating the amount
of potential TDN that can evolve as a wine affgls but also shows no obvious difference
between the two sites that differed by approximately 2 °C. This does not necessarily mean
that temperature has no effect, as differences between the vineyards (e.qgrellis
humidity) could be offsetting any temperature effect. Although, this result does imply that
increases in grape growing temperature does not necessarily have to result in an increase
in TDN productlon in wine.

Violaxanthin

ECamlenuid cleavage dioxygenase
1(CCD), 9,10 cleavage

Glycosyl 1
transferase

? Yeast-mediated Acid-catalysed ZXHZO
= reduction dEhydmlmn
OR +2H*
RO

Cyclisation

R = H or sugar maiety Aglycone accurate mass Aglycone accurate mass
226.1569 Da 208.1463 Da

Figure 3: Carotenoid cleavage awthe proposed pathway for production of TDN via glycosylated precursors,
showing accurate masses for protonated intermediates in this proposed gatt¥jay

The C13norisoprenoids that result from carotenoid cleavage are generally bound to
sugars in grapesHence, the legblucked treatments provided a means to better
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understand TDN production as serposed grapes are expected to contain an increased
amount of the glycosylated precursors within the TDN formation pathway. As such,
glycosidic fractions weresolated from the Eden Valley control and lgddicked grapes,

then fractionated using preparative HPLC. The fractions that were collected were then
divided, and one half used to determine the total TDN content, to ascertain the potential
of the compoundpresent in that fraction to give rise to TDN, and the other half kept for
future LGMS/MS investigation of fractions of interest.

Although several HPL&Geparated fractions gave rise to TDN under hydrolysis
conditions, some gave significantly higher prdjmors from leafplucked grapes than
from control grapes, and hence were targeted for understandingteguigtion of TDN
formation. Although pooling fractions and differences in dilution makes comparison
between fractions and with absolute total TDNueal obtained in whole grapes hard, the
relative amounts between lealiucked and control samples could be determined. Fraction
32 showed the highest concentration of total TDN, and a relative ratio of 3.1 between the
leaf-plucked and control samples. Fiaat30 gave a 1-%old increase in the legflucked
samples, and the pooled fractions®Y¥ a 2.6fold increase. These three fractions were
taken through to LS/MS analysis to better understand the compounds present that
were giving rise to increased TDhhen hydrolysed.

For LCGMS/MS investigation, the masses of hydroxylated compounds (possible
aglycones) that are present in the proposed TDN formation pathways (Figdre7B)
were combined with the known masses of the sugars that predominate in[§talikes
12] (as well as the potential acetate analogues) to produce a table of masses of interest. A
number of ions were identified that fit our requirements: they were present in both
treatments; more abundant in the {phfcked samples; and equivalentdomass of
interest (Table 1).

Table 1: lons observed in LAAS/MS experiments present in higher abundance irdescked samples and
relating to glycosidically bound masses of interest in the proposed TDN formation pathway.

Rdention time (min)

lon [M+CH300] Fraction Leat

Matching structure/mass of

Da interest
(Da) Control olucked
447.2230 32 12.0 11.8 m/z = 226.1569 + hexose
561.2547 37.50 145 14.6 m/z = 208.1463 + hexose +
pentose
593.2909 30 12.7 12.6 m/z = 226.1569 + rutinose

Figure 4 shows anxample fragmentation pattern from precursor ion 593.2809 Da
in the leafplucked sample. Here, the acetate adduct ion fragmetidD@a) to yield the
mass of the proposed rutinoside (~553.26 Da), composed of an aglycone mass that is
commonly observed in thproposed TDN formation pathways (226.1569 Da), and
rutinose. This fragments further via a neutral loss of the aglycone (226.1566 Da). These
fragments align with product ion spectra previously observed for guaiacol rutinoside in
grapeq11].
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Figure 4: Fragmentation pattern for the ion 593.2809 Da in thephatked sample.

In summary, these viticultural trials have confirmed the importance of light exposure
for increasing the total TDN content of grapes, and shown no significant difference in
grapes fromtwo vineyards with an approximate 2 °C growing season difference.
Preparative HPLC separation allowed for theMS/MS identification of numerous ions
that are more abundant in lgaficked samples, with tentative elucidation including
disaccharide boundorisoprenoids. These structures will provide a starting point for in
depth studies into the formation pathway of TDN in wine.
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Abstract

Changes of selected odorants were followed in entire cocealguoprocess.
Contribution of the intrinsic aroma content of fermented cocoa and the impact of
individual processing steps such as preheating, alkalization, roasting and pressing on the
odorant content was evaluated. The intrinsic aroma content of raw beems together
with preheating before breaking and winnowing appeared to be the most important
source of odorants in cocoa powder. Roasting and alkalization surprisingly showed low
impact onMaillard derived odorants probably due to the depletion ofymsors during
preliminary processing. It was observed that the distribution of odorants after cocoa
pressing is driven by the polarity of the odorant; polar odorants were predominantly
retained in cocoa powder while nonpolar odorants in cocoa butter.

Intr oduction

Cocoa powder is the product obtained by grinding the solids remaining after cocoa
butter have been pressed out of cocoa liquor. Cocoa powder has gained a significant
attention in industry, not only because of its volatile price, but also becdube o
increasing number of its applications including confectionary, biscuits, powdered
beverages, dairy, ice cream, cereals and bakery segrpptaximately half of cocoa
bean production is used for manufacturing cocoa powder and cocoa bultter.

Flavour taracter of cocoa powder originates from genotype and origin of cocoa
tree, posharvest treatments (fermentation and drying) and from the manufacturing
processes such as alkalization, roasting and pressing. Fieemtkey aroma active
compounds were idéfied in cocoa powder by a sensomics study comprising odorants
formed by biosynthesis, during the fermentation andaillard reaction upon heat
treatment [1]. Changes in key aroma compounds during the cocoa bean roasting [2] as
well as the impact of alitizationroasting interaction [3, 4] on the aroma content were
described. Yet, there is no comprehensive study clarifying the origin of key cocoa
odorants in whole cocoa powder process. Moreover, the majority of reported studies were
performed under labatory conditions that do not exactly match the conditions of the
industrial process.

The objective of the study was to evaluate the contribution of the intrinsic aroma
content of fermented cocoa and the impact of individual processing steps on the aroma
content in cocoa powder.

Experimental
Materials

Fermented and dried cocoa beans (lvory Coast origin) and corresponding cocoa nibs
(pieces of deshelled cocoa beans) were obtained from Nestlé La Penilla factory.

Potassium carbonate was purchased from UnBaadford, United Kingdom). Standards
of aroma compounds were purchased from Sigwesich (Buchs, Switzerland);

B. Siegmund & B.eitner (Eds): Flavour Sci2018 Verlag der Technischen Universitat Graz
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isotopically labelled standards were obtained either from Aroma Lab (Planegg, Germany)
or upon customized synthesis from AtlanChim Pharma ($#rttlain, France).

Alkalization and oasting

Alkalization and roasting of cocoa nibs (14 kg batch) were conducted in the pilot
plant at Blhler Barth (Germany). Alkalization was conducted with 3% potassium
carbonate in CN50 alkalizer under pressure obari5(128°C) for 30 min. The nibs were
then dried under vacuum for 10 min. The roasting was conducted in RSX Tornado
rotating drum roaster with convective heating under a drum pressufe5obar. The
temperature was first set to 90°C and held for 15anih then raised to 122°C and held
for 10 min. At temperature of 110°C, water was injected for the purpose of
debacterization. A small scale roasting was performed under ambient pressure with 1.4
kg nibs using a laboratory drum roaster (Probatino S) threratgd with the same roasting
profile as used during pilot plant trial.

Production of cocoa powder

Cocoa powder was produced using laboratory equipment. Cocoa nibs were ground
into cocoa liquor a using planetary ball mill (Retsch PM 400 CM) and thenepréss
1/400 GSR cocoa press. The kibble cake was broken using G10S GSR breaker and finally
pulverized into powder in ultraentrifugal mill ZM200 (Retsch).

Aroma analysis

The content of fifteen odorants was determined using Head Space Solid Phase Micro
Extraction in combination with Gas Chromatography and tandem Mass Spectrometry
(HS-SPMEGC/MS/MS). Quantification was accomplished by Stable Isotope Dilution
Assay (SIDA). HSSPME was conducted with 50 mg cocoa sample (original or grinded)
in 5 mL water and Q0 uL methanolsolution of internal standards using DMBAR-

PDMS fibre of 2cm (Supelco). GC separations were achieved on colurG2®BI 60
m x 0.25 mm i.d., and film thickness 1. 4c¢

Results and discussion

There are several processes for the prodoaifococoa powder varying mainly in
the stage where alkalizationl(s o k nown ais applied: Alkahzatiory can be
applied either before or after the roasting and can be performed with cocoa nibs, cocoa
liquor, cocoa cake or cocoa powder. The psscaddressed in this study (Figure 1) is the
most common one. It starts with cleaning and preheating of cocoa beans followed by
breaking and winnowing that result in cocoa nibs. Cocoa nibs are alkalized and then
roasted, debacterized and finally grountbinocoa liquor. The liquor is then pressed to
obtain cocoa butter and cocoa cake that is further broken and pulverized into cocoa
powder. Fifteen key aroma compounds were selected based on literature data [1] and their
content was measured in five diffatestages of the process as indicated by numbers in
Figure 1.

A relative contribution of intrinsic aroma of raw nibs and a contribution of two
processing steps, alkalization and roasting, to the aroma content of atkakzteld nibs
is depicted in Figur@. The contribution of the alkalization and the roasting was assessed
based on changes (increase or decrease) of odorant concentrations during these two
processes.

Surprisingly, carry over from raw cocoa nibs had the highest impact on the aroma of
alkalized-roasted nibs followed by alkalization and roasting. The impact of these two
processing steps was rather low.
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Figure 1: Cocoa powder process (numbers indicate sampling points)

Impact of alkalization on aroma content

Alkalization has traditionally sevar purposes: neutralize acidity, decrease
bitterness, reduce astringency, modify the colour and improve dispersability of cocoa
powder in beverages. Impact of alkalization on aroma compounds is not yet fully
understood.

Alkalization revealed a decreasetb& majority of the odorants, usually by 30% to
40% as compared to raw nibs. Amounts offaBanedione-62%) and dimethyltrisulfide
(-81%) were reduced more significantly. Surprisinglyhy#iroxy-2,5-dimethyt3(2H)-
furanone (HDMF) did not change aftdret alkalization. Only three odorants increased
after the alkalization; phenylacetaldehyde that doubled its amounts and guaiacol and
2,3-pentanedione that increased by a factor 6. Yet, the levels of the latter two odorants
were very low, thus this increasdess sensory relevant. The decrease of odorants during
the alkalization process can be explained either by degradation in basic pH or by stripping
of the odorants during vacuum drying applied at the end of alkalization (probably
facilitated by water ey@oration). It is possible that the generation of certain aroma
compounds takes place during alkalisation, however it is outbalanced by the degradation
or stripping.

Impact of roasting on aroma content

Roasting is considered as an important step for fladevuelopment during cocoa
processing. Several studies have shown significant increddailtdrd derived odorants
upon cocoa roasting {2].

In order to evaluate changes of odorants during roasting, aroma content of alkalized
nibs before and after theasting was compared. Surprisingly, roasting of alkalized cocoa
nibs had only limited and for majority of the odorants negative impact on the aroma
content (Figure 2). More significant changes were detected only fpetanedione that
decreased by 63% drior dimethyltrisulfide that increased by 77% after the roasting.
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Our results are in contradiction with literature data#][2The reason for this could
be that published data come exclusively from the trials conducted in a laboratory scale
(either with asmall coffee roaster or with an oven). In order to understand this
phenomenon, a small scale roasting employing only 1.4 kg of alkalized cocoa nibs and a
laboratory drum roaster operating with the same roasting profile as used during the pilot
plant roashg was conducted. The results were indeed surprising as after small scale
roasting a significant increase of many odorants was detected; esp&tiligrd
derived odorants such as Strecker aldehydes, HDMF, dimethyltrisulfide and pyrazines
increased by #o 10 folds.

m Raw nibs DAlkalization @Roasting
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Figure 2: Origin of odorants in alkalizetbasted cocoa nibs: relative contribution of intrinsic aroma content
of raw nibs and two processes alkalization and roasting

Small scale roasting also resulted in a substantial decrease of@btaised results
thus indicate that larger scale roasting influences the flavour development in a much lower
extent as compared to small scale roasting (agaleffect). This is likely linked to heat
transfer that depends on batch size and type of he@omgluctive heating in a small
roaster versus convective heating in a pilot plant roaster).

Intrinsic aroma content in raw nibs

Carry over from raw cocoa nibs had by far the highest impact on the aroma of
alkalizedroasted nibs (Figure 2). This finding sv&specially surprising favaillard
derived odorants whose formation typically requires higher temperatures. There are
theoretically four ways how these odorants can originate in raw cocoa nibs: (i)
biosynthesis in cocoa plant, (i) fermentation, (iiiyithg and (iv) preheating before
breaking and winnowing. Temperature during fermentation and drying is rather low
(between 25°C to 65°C), but both processes can last very long (up to eight days each),
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thus the formation of odorants Maillard reaction canot be excluded. In our study, the
focus was put on prkeating before breaking and winnowing as the most likely process
for generation ofMaillard odorants. During preheating cocoa beans are exposed to
temperatures between 90 to 100°C for 20 to 30 min.sd@hbermal conditions are
comparable to those applied by Frauendorfer & Schieberle [2] in their roasting study. The
authors reported that roasting of cocoa beans in a laboratory coffee roaster (95°C/14min)
triggers significant increase Maillard odorants The highest increase was reported for
phenylacetaldehyde (85 folds), HDMF (71 folds) anah&@hylbutanal (21 folds).

m Raw beans m Pre-heating
methional '
2,3-butanedione
2-phenylethanol
guaiacol
phenylacetaldehydg
2-methylbutanal
ethyl-(phenylacetate)
hexanal
3-methylbutanal
2-phenylethyl acetatg
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dimethyltrisulfide -

-40% -20% 0% 20% 40% 60% 80% 100%

Figure 3: Origin of odorants in cocoa nibs: relative contribution of intrinsic aroma content in raw cocoa beans
and preheating appkd during breaking and winnowing

Inspired by this finding the fermented and dried cocoa beans asldetled cocoa
nibs produced from the same batch were sampled and analysed. Aroma content in both
samples was compared in order to evaluate origin of otonathe nibs (Figure 3). The
sniffing of both samples already pointed out the huge difference in aroma quality (non
heated beans possessed beany and earthy notes, while the nibs had already a strong cocoa
aroma). The analytical results indeed confirnteat preheating applied during breaking
and winnowing leads to substantial increase of the odorants, yet intrinsic aroma of raw
cocoa still contributes significantly. The odorants in the nibs can be classified into those
predominantly carried over from ras@coa including 2 ®utanedione, phenylethanol,
but surprisingly also some Strecker aldehydes like phenylacetaldehyde and
2-methylbutanal and those that are predominantly generated during the preheating
including 3methylbutanal, henylethylacetate, BMF and dimethyltrisulfide.
Methional was the only odorant whose amount decreased during the preheating.

Distribution of odorants between cocoa powder and cocoa butter after pressing

The relative distribution of odorants between cocoa powder and codea &iftier
the pressing of cocoa liquor is depicted in Figure 4. The distribution was established from
odorant concentration determined in cocoa powder and cocoa butter and mass ratio
between these two products. The distribution was driven mainly by theitpaf the
odorants.More polar odorants like Strecker aldehydes, diketones and HDMF were
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predominantly retained in the powder, while less polar odorants like esters, pyrazines,
dimethyltrisulfide and hexanal were predominantly retained in butter. Blrgbdtion of

the odorants after the pressing is a final step that determines the concentration ratios
between the odorants and consequently flavour signatures of both cocoa powder and
cocoa butter.

m Powder = Butter
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Figure 4: Relative distribution of odorants between ca@owder and cocoa butter after pressing cocoa liquor

In conclusion, the intrinsic aroma content of raw cocoa beans together with
preheating before breaking and winnowing appeared to be the most important source of
odorants in cocoa powder produced frbmary Coast cocoa. Roasting and alkalization
surprisingly showed low impact on Maillard derived odorants probably due to the
depletion of precursors during preliminary processing. Distribution of the odorants after
cocoa pressing is driven by the polardf/the odorant. More studies are required to
understand the generation Mdhillard derived odorants during pekarvest processing
such as fermentation and drying as well as the impact of cocoa origin.
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Abstract

Grapederived glycosides contribute some of the most important aroma character
istics to wine, with volatiles released from glycosides during vinification. Wine can retain
high concentréons of these nemolatile flavour precursorsluice and wine made from
aromatic varieties such as Gewirztraminer and Riesling are particularly rich in glycosides
of the monoter penes ¢ darpineol. Glycosidds ifromatheseo | ,
varieties were extracted and purified to remove phiesohnd free volatiles, and
extensively characterised. GC/MS analysis following enzyme hydrolysis, lgirdy
human saliva, and analysis of breath after tasting glycosides showed thaemene
glycosides can release monoterpenes upon hydratygiso andin vivo. The possibility
that hydrolysis could contribute to flavour via retronasal odour perception was
investigated in a series of sensory experiments. imeasity sensory studies showed
thatfruity flavour resulted from assessors tastingcgbides at elevated cogntrations.

The effect was not significant at witike concentrations. There was stdmtial
variability in response to glycosides, and a study of 39 people and seveadidbs
showed that 77% could detect flavour from atskeone glycoside. This study provided
evidence that nowolatile glycoconjugates can contribute previously unrecseg
flavour during tasting, as well as contributing to aftertaste, a safghtaspect of wine
quality. Following on from these experimts, wines were made with additional
glycosides extracted from grape skins. The addition of glycosides incriéasédruity

and confectionaryaromas and flavours. Floral aftertaste was especially increased for
those panellists who were tested as pegnegiflavour from geranyl glucoside.

Introduction

Austria and Australia are home to some
[1], notable for their floral, citrus, perfumed and fruity aroma. Wine grapesraén
contain low concentrations of &evolatiles, and it is accepted that varietal flavour
predominantly arises from nerolatile precursors in the grapes, with the main classes
being glycosides of volatiles possessing an alcohol functional group, and amino acid
conjugates of volatile thiolf2-4]. Free volatiles are present in some grapes, such as
monoterpenes in Muscat grapes, rotundone in Shiraz, and methoxypyrazines ireCaber
Sauvignon and Sauvignon Blanc. However, these are exceptions rather than the rule.

Glycosides and other precuars are readily transferred from the grapes into wine,
where hydrolysis can occur through the enzyme or acid hydr¢8jsis

Studies have shown that precursors can hydrolyse in the human mouth, including
thiol precursorg6], and hexyl glucosidg’]. Glycosides hydrolysed #mouth have also
been shown to be important to the smoky flavour of wines made from grapes exposed to
bushfire smoke, although in this case the concentration of sretdted phenol glyco
sides is unusually hig}8].
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The human oral catyi is a complex system, with many factors influencing sensory
perception, especially retronasal perception of odorants from food. Largétitedual
variability has been observed in factors such as oral microbiota, salivary flow rate, saliva
compositon, breathing and swallowing behavig@12].

For wine glycosides to impart retronasal odour, they must be present in sufficient
concentrations, even after swallowing or expectorating the sample, and then be hydro
lysed in the mouth cavity. The releasatbmnt must then travel via the retronasal route
to the olfactory cleft where it can be perceived by olfaction if the concentration is high
enough. And these steps must happen quite quickly to be noticed as a part of the flavour
of the wine, in the first @ seconds to 2 minutes after consuming the wine.

The hypothesis for this research is that grdeeved odourless aroma precursors in
wine can be hydrolysed to release odorants in the mouth, leading to perceivable retronasal
odour.

Experimental

Wines and leemicals

A Riesling wine from Eden Valley, a Gewtrztraminer wine from Goulburn Valley
and a Gewdrztraminer juice from Adelaide Hills were chosen for the study. Geranyl
glucoside, guaiacol glucoside angigkranyl glucoside were synthesiseehmuse. Ge
waurztraminer marc from Eden Valley and Riesling juice from Adelaide were used for the
winemaking study.

Glycoside extraction, purification and characterisation

Glycosides were extracted using polymeric resin Amberlite FPX66, and purified to
remove phenolic gcosides and volatile impurities. Glycosides were incubated with a
commercial enzyme preparation with a wide glycosidase activity, Lallzyme beta, and
glycosides were also incubated with whole fresh saliva used within one hounmirgam
The volatiles reeased were measured using-BBMEGC-MS. Glycosides, including
monoterpene glucosides, pentosylglucosides and rutinosides were alsteglLidinéctly
using LGMS-MS. Experimental details have been previously repddtat

Sensory timéntensity studis

Glycosides from Gewdirztraminer juice and wine were assessed by sensory analysis
at five times the original concentration in the juice or wine, in model wine with 10.7%
v/v aqueous ethanol and pH 3.50. Preliminary sensory assessment of the aroma of the
glycosides confirmed the absencefifity or floral aroma. Geranyl glucoside was also
included in the study, at 3,080 ¢eg/L. A
AWRI staff with at | east two yearso6 wine
panel training and sensory methods have Ipgewviously reportedil3]. A second study
assessed Riesling and Gewdrztraminer volatiles and glycosides dikgimencentra
tions, usinga different sensory panel (n=11, five females) of whom had previous
sensory analysis experience, and none haticjpated in the first timéntensity ex
periment

For both studigsoverall fruitflavour (defined as citrus, floral, stone fruit and €on
fectionarylike) was then rated continuously using FIZZ data acquisition software, over a
period of 120 s. Samples veepresented monadically, with a forced rest of at least ten
minutes between each sample in the formal sessidhsensory data were obtained in
compliance with institutional ethical procedures for sensory evaluation, involving risk
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assessment and infoemd consent , and all sampl es wer
significant difference (P=0.05) was calculated using analysis of variance of thaeumaxi
intensity.

Inter-individual variability in response to a range of glycosides

Thirty-nine people (18 ma$® experienced in wine sensory evaluation wesessed
for their ability to perceive flavour from three different glycosides assesseddinalily
in water: geranyl glucoside (3, idedwireg/ L) ,
(2,930 egudi)acyandgl ucoside (500 eg/L). A
evaluated. The participants were instructed to hold the entire sample in the mouth for five
seconds, then expectorate and fhtral/fruity flavour, smoke/medicinal flavowand, if
neededother flavour, rinse with water, and then rest for two minutes before the next
sample. Individual judge responses for flavour attribditesy/floral and smokywere
examined using analysis of variance with P<0.15, compared to the water blank. Those
with a sgnificant response to a glycoside were classed as tasters of that glycoside.

Winemaking with added glycosides from Gewdurztraminer marc

Glycosides were extracted from Gewdlrztraminer marc (the skin, stem and seed by
product of grape juice production) and ified using a polymeric resin column tameve
phenolic compounds. The glycosides were ad
and to the wine at 0.4 g/ L atmebtedtint20i ng ( 6
stainless steel containers,daplicate.

Sensory descriptive analysis of wines made with added glycosides

A panel of AWRI staff members with previous wine sensory experience (n=11, five
females, six tasters of geranyl glucoside) was convened and a corsassdsde
scriptive methodolgy was used as described previolig4]. Nine aroma, twelve flaour
and five aftertaste attributes weeded using an unstructured 15 cm line scHie wines
were assessed in duplicate over four days of formal sessions. All samples were
expectorated,ral there were forcedneminuterests between samples and ait@nute
rest after the fifth sample.

Analysis of variance assessed the effects of wine, judge (random effect), replicate,
variety, and the corresponding tway interactions The least signifiant difference
(Fi sher 6s, Was%alcolaied tising Mimtabd §.

Results and discussion

Chemical characterisation of extracted glycosides

Glycosides from Gewdrztraminer juice and wine liberated geraniol and other
monoterpene alcohols when hydre¢éd with enzyme and whole fresh saliva. Direct
analysis of the glycosides using IMIS-MS confirmed the presence of geraniol glside
as the major glycoside present, with minor components of monoterpene glycosides of
diverse structures, including glucdes, pentosylglucosides and rutinosides.

Sensory timéntensity studies

Gewidrztraminer wine glycosides tasted at five times original concentration gave a
fruity flavour with onset approximately 7 s after the sample was taken into the mouth,
reaching maximm intensity at 22 s, and lasting until 52 s. Gewirztraminer juice glyco
sides had a slightly longer delay with flavour onset at 12 s, reaching maximum intensity
at 31 s and lasting until 80 s. Pure geranyl glucoside had a similar profile with a slightly
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ealier flavour onset. Close examination of the individual panellist data revealed that only
six of the eleven panellists were consistently rating the flavour effect.

—@— Wine glycosides

least

SIGIfICAN! e Jurjce plycosides

difference

= = = Model wine raw data
average

=== Geranyl glucoside

Overall fruit intensity

0 20 40 60 80
Time (s)

Figure 1. Mean time intensity iensityesneritad by etractire padmeters r u i
from individual raw data curves from 11 judges x 3 replicates for the three samples with added glycosides
assessed in model wine (10% v/v ethanol, pH 3.50). Gewirztraminer wine and juice glycosides weat tasted
five times original concentTrhaet iFo s,hegedérsandywlasdg! wd giid
(P=0.05), calculated from the maximum intensity data for the effect of sample, is also sbogima(ly

published in AWRI Technical Reew issue 214, 2015, with minor modifications.)

There was no significant flavour effect from the Riesling or Gewdlrztraminer gly
cosides when tasted at witike concentrations in model wine, in the presence seate
of wine volatiles for the sensory pa mean. However, close examination of the
individual panellist responses revealed that five panellists out of the twelve responded to
some of the glycosides in the study. In the first sensory study six out of elevelistsmanel
perceived flavour. Perhapanly half of the population can perceive flavour from
glycosides?

Inter-individual variability in response to a range of glycosides

There was large inténdividual variation in response to glycosides (Figure 2), with
77% responding to one or more of tigcosides. Some people responded to all three
glycosides, some people responded to two of the glycosides, some responded to one of
the glycosides, and some responded to none. Overall, 54% of the panellists rated a
significant response to the Gewurztrannigh/cosides, 46% rated a significant response
to geranyl glucoside, and 64% rated a significant response to guaiacydideico

Winemaking with added glycosides from Gewdirztraminer marc

Glycoside additions increased the concentration of geranyl glecasid free
monoterpenes in the resulting wines, regardless of whether the glycosides were added to
the juice or to the wine. The concentration of geranyl glycoside increased by more than
2,000 eg/ L, and Il inal ool i ncr eladuetd hyby ap
drolysis during the winemaking process, followed by rearrangement of the monoterpene
alcohols in the acidic wine matrix.

Fruity, floral or confectionaryaroma and flavour attributes were boosted by the
glycosides. Six of the eleven panelligighis study were separately assessed as able to
detect flavour from geranyl glucoside, and the tasters rated much higher floral aftertaste
in the wines with glycoside additions than the tiasters. Bitterness was not sigoétly
higher in the glycdde addition wines.



Flavour release from wine glycosides during tasting 35

Inter-individual variation in retronasal
perception of flavour from glycosides
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Figure 2: Response to various types of glycosides tasted individually in water. Gewd{rztraminer wine glycosides
tasted at five times original concentration, gerany
€ g/ L. aple &iplicafe presentations, ANOVA 0.15 significance.
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Figure 3: Floral aftertaste intensity mean score of Riesling wines made with single additions of glycosides from
Gewurztraminer marc, added to the juice before fermentation (juice add), omiméhat bottling (wine add).

The panel was divided into two groups, those who had a significant (p<0.15) flavour response to geranyl
glucoside in water at 3080 e€g/L, who were | abelled
have a sigricant flavour response to the geranyl glucositdhe Fi sher 6s | east signifi
(P=0.05), calculated for the effect of wine, is also shown.

Overall, monoterpene glycosides were shown to break down in the mouth and
contribute to flavour byetronasal perception of the released volatile odorants when tasted
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at elevated concentrations. The effect was not significant when tested alikeine
concentrations, and large intedividual variability was observed. A small survey of 39
individuals and three types of glycosides showed most people (77%) were capable of
detecting flavour from some glycosides. Additions of glycosides from Gewdrztraminer
marc increasefruity andfloral aromas and aftertaste in Riesling wines. Tlbel af-
tertaste wasrdanced for panellists able to taste geranyl glucoside, even in the control
wine, providing evidence that release of glycosidesiauth is an important part of the
sensory experience for many people.
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Abstract

The aim of the present study was to develop a saliva reactor allowing temperature
control and the addition diuman saliva in order to follow the release of five aroma
compounds from different ice creams. The developed method was a useful tool to mimic
the inmouth process by taking into account sample quantity, mouth volume, temperature,
salivary flux, and mastation. The reactor was fit with solid phase miesdraction for
gas chromatography allowing data collection similar to repeee sampling. Different
ice creams were assessed, with varying fat type and level, and protein level. The results
showed that theffect of saliva is relatively low and only observed at the higher fat level.
Also the effect of the fat type was smaller than that of the fat level. The ice cream with a
low fat level released more hydrophobic aroma compounds than the one with a high fat
level. The ice creams with both low fat level and low protein level, showed the highest
release of aroma compounds. Less added proteins led to less interaction with the aroma
compounds and increased their rate of release from the aqueous to the vapeur pha
Overall, an innovative tool was provided to guide food industries to reformulate ice
creams answering nutritional recommendations in line with consumer demands.

Introduction

The consumption of ice cream is highly determined by its overall sensory
acceptability, mainly flavour perception.

During consumption, ice cream undergoes phase changes frorsdahip liquid,
due to the combined actions of temperature increase and dilution with saliva, before
swallowing[1]. In water and oil model systems, the addition of artificial saliva modifies
the air/liquid partitioning of aroma compouri@$, inducing either a retention or a salting
out effect. This effect has not been explored yet in real food emulsions. Even if some
general trends of flaour release from ice cream during eating have already been reviewed
[3] there is still aneed for a better understanding of the relative impact of fat level, fat
type and protein content on aroma release from ice creams, taking into account thermal
exchanges occurring in the mouth and the effect of human saliva. A device simulating the
retrorasal aroma release was developed by Robert and Acree {4P®Byrder to mimic
in vivo aroma release of a model wine with artificial saliva. Later in 2001, Dedblai:
showed that the ratios of aroma compounds from this eewére closely related to those
from the subjects' breafb]. More recently, a saliva reactor has been developed within
our research group to mimic thenmouth breakdown of fat spreaf@, which highlighted
the impact of human saliva on aroma release. The aim of the present paper is to adapt the
saliva reactor to mimic ice cream consumption in order to determine the effect of fat type,
fat level and protein level on aroma redean conditions as close as possible to human
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consumption. The effect of fat type and fat level on either aroma release or sensory
perception in ice creams has been the subject of different studies, realiseth wittler
conditions without addition ofdman saliva, showing an effect of fat tyj7@, fat level

[8] or protein type and levd®] on aroma release. However, none of these studies
combined these effects with that of saliva and they wereeadised on the same aroma
compounds which renders the comparison of the results difficult even if some general
trends are common. An increase in fat level decreases the release of hydrophobic aroma
compoundgq10]. The nature and amount of protein in the ice cream will change the
structure of the emulsion by modifying the interfacial properties and the fat droplet
agglomeration in the emulsidi1]. and thus impacting the rate of transfer of aroma
compounds from oil to water and then from the emulsion to the gas [i24se

Our aim was therefore to design an experimentabpad with the saliva reactor to
reproduce the thermal exchanges occurring in the mouth during ice cream consumption
and worked with a pool of human saliva. The reactor was then used to determine the
combined effects of food composition and human salivathen release of aroma
compounds from ice creams. This work will provide innovative tools to guide food
industries to reformulate ice creams answering nutritional recommendations such as less
fat, more sustainable fat and protein type with a limited effectroma release and, thus,
on perception.

Experimental
Saliva reactor

A saliva reactor cell was used to reproduce ice cream breakdown in the mouth as
close as possible (Figure 1). This device was specifically designed to evaluate the
particular role of dava during liquid and sersolid food consumptiof6]. It was
composed of a watgacketed glass flask (258L), which allowed a temperature control
of the sample, equipped with four orifices, one for the temperature sensor, two others to
introduce the sample and the SPME fibres and the last one equipped \bitdde 3narine
propeller with digital speed contro

Mechanic
stirrer

Sample inlet I I SPME Fibre
()
Glycol-water )
solution

Temperature
probe

\ Jacket

reactor

oo -

)

Outlettap |m

Figure 1. Schematic diagram of the saliva reactor

Samples composition

The study was done with different samples of ice creams realised with two fat types
(A and B) varying in their solid fat content (SFC). Fat A had 83.3% and 39.6% SFC and
fat B, 0.9 and 0.1% SFC at the temperatures of 10°C and 20°C. Each fat type was added
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at two different fat levels (L for low = 3 %; H for high = 9 %). The ice creams contained
two different levels of skimmed milk powder enriched with whey protein (level 1:
standard SMP: 6.4% Whey: 2.3%; level 2: IowSMP: 3.2% Whey: 1.15%). They were
flavoured with a mixture of 5 aroma compounds (acetoin: 450 mg/Kg ice cream; vanillin:
550 mg/Kg; benzaldehyde: 18 mg/Kg; hexanal: 54.9 mg/Kg; ethyl octanoate: 18 mg/Kg).
To study tke impact of human saliva on aroma release the experiments were realised after
diluting the samples in either ultpure water (MilliQ®, Bedford, MA) (W) or human
saliva (S). Thus, a total of 16 samples were analysed.

Human saliva collection

Resting humanadiva was collected, centrifuged and stored from 20 volunteers as
already described by Poeté al. [13]. It should be noted, however, that in a previous
study, no effect of saliva storage was observed on theti@teof 2heptanone and ethyl
heptanoate by human salijd].

Solid phase micr@xtractioni gas chromatography mass spectrometry (SPMEC-
MS) analysis

Two fibres were introduced into the reactor (each inaifice) to follow the aroma
release, and were exposed 25 sec. after the introduction of the ice cream, which
corresponds to the time at which the mixture reaches the minimum temper2Rife)
Extraction was then performed for 1 minute. All experimevege realised in triplicate.

SPME fibres were injected in splitless mode (250°C, 5 min) in a Gas Chromatograph
(Agilent 6890N) coupled to a quadrupole Mass Detector (Agilent 5973N). After
desorption of the SPME fibre, volatile compounds were separatedD@i\&ax polar
capillary column (30 m I 0.25 mm i,dlO0. 5
Scientific, Folsom, USA). Helium was the carrier gas at a flow rate of 1 mL/min. The
oven temperature was initially held at 40°C, then increased at a rate ofirb@hih
240°C and held for 10 min. The fibres were regenerated 15 min at 240°C before novel
use.

For the MS system, the temperatures of the transfer line, quadrupole and ion source
were 250°C, 150°C and 230°C, respectively. Electron impact mass speetracoeded
at 70 eV ionization voltage and the ionization current was 10 pA. The acquisitions were
performed in Scan mode (from 29 to 350 amu). The sprantification was done on the
peak areas. However, the linearity of the peak area as a functioontd aoncentration
was previously verified by doing a calibration curve using 7 concentrations of the 5 aroma
compounds diluted in a model emulsion.
Statistical analysis

The statistical analyses were done on the GC peak areas for each aroma compound
afterheadspace SPMEC-MS in the different ice cream samples. Data were subjected
to univariate analysis of variance (ANOMAU =0 . 05) a n dNewraeKeilsSt ud e n
Procedure (SNK) mean comparison test was performed separately in water and saliva, to
determinesignificant differences between the foods matrices for each aroma compound.
Microsoft® Excel 2010/XLSTAT@Pro (2013.4.03, Addinsoft, Inc., Brooklyn, NY,
USA); was used for statistical evaluation.

Results and discussion
Experimental protocol design in thaliva reactor

The amount of water/saliva to be added to the reactor and the temperature changes
of the ice cream was estimated from preliminary tests with a panel of 10 volunteers. As
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an average of 1.6 g of saliva was produced by consuming 8 g of iceamdamonsidering

that 50 g was the minimum amount of ice cream needed in the reactor for a good stirring,
10 mL of water/saliva were transferred into the reactor (250 mL), which was kept at 37°C,
and then 50 g of ice cream (&2°C) were added and the rixe stirred (400 rpm;
maximum available speed in this device). The temperature of the mixture in the reactor
decreased from 37°C to 15°C after 25 sec. which follows the temperature decrease in the
mouth after the introduction of the sample (gghhse) ten the jacket of the reactor was
warmedup in order to increase to 15°C which corresponds to the swallowing temperature
of the mixture after 80 sec. (Figure 2).
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a0 a0

_~ Introduction of the sample and

beginning of stirring
55 ot empertrebeore sty \

30

s

0 — *

Temperature 5s after o — S0s ‘.Im: » t

s putting the ice cream _— 200 after swallowing t

in the mouth — swallowing 1 i

S~ 105 after

) ™~ swallowing 1 E

s 1
}
15

Temperature just o
; 905 0E2 8P
after swallowing

Swallowing temperature is
reached: end of the trapping

: Time (5
bs

[l s it 15 0 5 0 s ) a5 s0
Time ()

a5 ™ Exposition of the SPME fibre
ccullbeum time 256

Figure 2: Temperature evolution in the mouth (left) and in the reactor (right)

Effect of icecream composition and saliva addition on total amount of aroma release

An analysis of variance was performed (Table 1) with 4 factors (medium, fat type,
fat level and protein level).

Table 1: ANOVA test on the effect of saliva, fatpe fat and protein level on the total amount of release for 5
aroma compounds (univariate tests of Significanee0.05)

X . Benz Ethyl
Acetoin Vanillin Hexanal
aldehyde octanoate
logP -0.66 1.21 1.5 1.78 3.8
F 0.779 1.572 0.028 1.042 0.034
Medium  P-value 0.390 0.228 0.870 0.323 0.856
Factor effect - - - - -
F 0.020 7.945 0.036 302.876 34.394
Fattype  P-value 0.889 0.012 0.852 <0.0001 <0.0001
Factor effect - B<A - B<A B<A
F 4,942 42,422 28.083 148.240 235.247
Fat level P-value 0.041 <0.0001 < 0.0001 < 0.0001 < 0.0001
Factor effect L<H H<L H<L H<L H<L
F 4,215 4.816 4.674 0.227 18.486
Protein level P-value 0.057 0.043 0.046 0.640 0.001
Factor effect 1<2 1<2 1<2 - 1<2

The 5 aromas are sorted by increasing logP and three parameters are presented: F
test, Pvalue and factor effect highlighting c@wsition impact on each aroma.

The effect of human saliva seems negligible in comparison to that of the fat type, fat
content and protein content. This might be explained by the fact that our work was
conducted on clarified saliva and a recent paper stidlat the effect of human saliva
on the metabolism of aroma compounds, mainly aliphatic aldehydes-&atbdes, was
reduced after centrifugatiqh5]. Howe\er, in that study, no such effect was observed for



A saliva reactor to mimim-vivo aroma release from flavoured iceeams 41

alcohols, aliphatic ketones and benzaldehyde and the other aroma compounds present in
our ice cream, which allows us to conclude that our results are fairly representative of the
mechanisms in the moutmtéractions between salivary proteins and aroma compounds

in water was observed in previous studies and it might be modified here in emulsions
containing fat and other proteifs 14].

Changing the nature of fatodified the release profile. Fat type is significant for the
most hydrophobic aroma compounds (logP > 1.7 hexanal and ethyl octanvalige g
0.001). This might be explained by a higher release of hydrophobic compounds from
matrices with a greater pemtage of SFC at 15°C (cannot solubilise the aroma
compounds)16]. A significant effect of the fat level {palue < 0.001) was observed for
the majority of the aroma compounds. Decreasing fat content led toex hiddase for
hydrophobic aroma compounds (logP > 1). This is probably due to a high solubility of
hydrophobic aroma compounds in fat (more retaifi@l) A significant effect of protein
level (pvalue: < 0.05) was observed for 3 volatiles and they are less released from ice
creams with a high protein content (protein level 1).

Effect of ice cream composition and saliva addition on the iniitel of aroma release

The aim of this part was to determine if the modifications observed on the total
amount of aroma release during the eating process were initiated at the beginning of the
eating process. This study was conducted on four selected sa(ipheH2, SAHL,

WAL1, and WAH1 as the reference). Figure 3 represents the percentages of
increase/decrease in the rate of release (between 0 and 100 seconds) as a function of
WAHL1 for the 3 other samples.
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Figure 3: Impact of medium, fat type, fat level duprotein level on the rate of release (The increase/decrease
is significant at: *** pvalue < 0.0001 ; ** pvalue < 0.001 ; * pvalue < 0.05)

A significant impact of saliva was observed for vanillin leading to an increase of the
rate of release with sabiv(SAH1/WAH1; pvalue < 0.001). This compound might be
more sensitive to a saltirmut effect of salivary proteirjg]. Less fat (WAL1/WAH1) led
to a significant better rate of release for hydrophobic (logP > 1) aroma compounds.
Confirming that hydrophobic aroma compounds are met&ned in fat. A decrease in
protein level (WAH2 vs WAH1) induced a significant increase in the rate of release. Less
added proteins lead to less interaction with the aromas and increase their rate of release
from the aqueous to the vapour phase.

Discussbn and conclusion

As a conclusion, the saliva reactor was a simple and useful tool to mimic-the in
mouth process by taking into account sample quantity, mouth volume, temperature,
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salivary flux, and mastication. Connecting the reactor with the use of SRAKES the
technique easy to use, and provides data similar tospmsee sampling.

An ANOVA test on the collected data highlighted the different effects of
composition on aroma release. The effect of saliva is relatively low and only observed at
the higherfat level. The main effect is that of fat level (from 3 to 9%), then the effect of
fat type at the higher fat level. The effect of protein level is more significant at the lower
fat level. Decreasing fat content in ice cream led to a higher total ambreiease for
hydrophobic aroma&ompounds. Changing the nature of fat also modified the release
profile, with a higher release of the more hydrophobic compounds from fat with a greater
percentage of solid fat at the temperatul
depends oroth fat type and fat level. The level of whey proteins impacted more the
aroma release at a low fat level, with a higher amount of aroma released at a low level of
protein. However, a small effect was also evidenced at the high level of the fat type with
the higher solid fat content. The obtained results showed that the reformulation of ice
creams impacts aroma release as a function of fat type, fat level and protein level and also
depending on the nature of the aroma compound. The combined effectaraf fabtein
have also to be taken into consideration.

This in-vitro study using a saliva reactor could be easily applied now to study the
impact of saliva or reformulation on aroma release. It can potentially provide a big amount
of data allowing the comyation of a flavour behaviour model in complex liquid or semi
liquid matrices.
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Abstract

Aroma characteristics of fermented sausages depends on the processing factors such
as ingredients and preservatives as well as on the starters used during the fermentative
process. C oands far rhealthgerd produetsnis leading to a reduction in the
preservative curing agents (nitrate and nitrite) used in the processing of meat products
while preventing detriment to sausage arobahanseniyeasts are known contributors
to sausage flavounowever little is known about their potential to produce volatiles under
reduced concentration of curing agents or its consequences for amino acid metabolism.
D. hanseniistrains isolated from sausages manufactured with different raw materials
(meat from prk or llama) were evaluated in a model system resembling the sausage
formulation containing free amino acid and additives (salt and glucose) and variable
concentrations of nitrite and nitrate. The different ability of the yeast strains to produce
volatile compounds from different amino acids and the changes in aroma profile due to
nitrifying agents6 reduction were evaluat

Introduction

The conversion of amino acids, generated through proteolysis during sausage
manufacturing [1], into aroma compounds d&ge largely on microbial metabolism
during fermentation where yeasts play an important role [2]. The occurrenbe of
hanseniias the dominant yeast in a large number of fermentation and ripening processes
for production of dry meat products has led toutitization as starter culture for meat
fermentation. Aroma characteristics of the sausages depend not only on the yeast strain
used for fermentation but also on the processing factors (raw materials, meat ingredients,
preservatives, technological parasrst presence of starter cultures) that can affect the
metabolic activity of the yeasts.

Actual trends to reduce the use of preservatives (nitrite and nitrate) in meat products,
despite their role in safety and technological properties, has led therjnttukiok for
strategies to maintain safety and quality. However, it is unknown the effect of a reduction
in concentration of nitrite and nitrate used as preservatives in fermented sausages on yeast
amino acid metabolism and its contribution to generatibmolatile compounds. The
objective of this study is to search for yeast with flavour production potential in meat
products and determine the effect of a reduction in nitrate and nitrite concentration on
their amino acid metabolism and volatiles produrti

Experimental
Yeast gains

Debaryomyces hansendtrains: LtL9 were isolated from naturally fermented
sausages manufactured with pork meati(6) [3-5] and llama meat (L-L.9) [6].
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Meat model system

The meat model system was prepared with a similarposition of dry fermented
sausages in terms of additives and amino acid content [7]. The model was prepared using
0.67 % YNB (Yeast Nitrogen Base, Difco Inc.), 30 g/L NaCl, 10 g/L glucose, amino acids
in concentration reported by Corral et al. [7] andalasle concentrations of NaN@nd
KNOj3 as follows: 0.150 g/L each in control medium (C) and 0.128 and 0.113 g/L in media
RN15 and RN25, respectively. A total of 11 experiments (50 mL media in 100 mL
Erlenmeyer flasks) were carried out using each media KI15Rand RN25. Nine
experiments were inoculated with hansenistrains and two not inoculated and used as
controls before and after incubation [8]. Incubation was at 25°C for 16 d. Experiments
were performed in triplicate. After incubations all media weeatrifuged and the
supernatant recovered for volatile and amino acid content analyses [8].

The free amino acids content was determined by reverse phase HPLC using
phenylthiocarbamyl amino acid derivatives according to Aristoy & Toldra [9] using
norleucire (65.6 pg) as internal standa@uantification of amino acids was done relative
to the internal standard and expressed as a percentage of concentration present in the
control media before incubation [8].

The volatile analysis was done by SPIME-MS usirg an automatic injector Gerstel
MPS2 multipurpose sampler (Gerstel, Germany) and an 85um CAR/PDMS fibre [8].
Compounds were identified by comparison with mass spectra from the NIST/EPA/NIH
Mass Spectral Database, linear retention index and by comparighnauthentic
standards. Identified volatile compounds were quantified and the abundance expressed as
the increase respect to control media after incubation [8].

Statistical analysis

Data were analysed using Generalized Linear Model (GML) procedure sfistdti
software (XLSTAT 2011, v5.01, Addinsoft, Barcelona, Spain). The model included the
effect of yeast inoculation as fixed effects and replicates as random effects. Principal
component analysis (PCA) was used to evaluate the relationships among aroma
compounds, free amino acids and model inoculated media. The inoculated model media
represented the difference experiments-[9) carried out using each media C, RN15
and RN25.

Results and discussion

Nine yeast strains isolated from pork or llama sausaggpertaining to the species
D. hanseniiwere screened for their ability to produce volatiles on amino acid rich media
containing nitrifying agents used as preservatives in meat products. The most usual
nitrite/nitrate concentration used for the elaboratibmeat products around Europe were
added to the medium (150 ppm) although specific regulations for other traditional
European meat products exist [10]. The volatile compounds produced by yeast strains
from the degradation of val, ile, leu, met and pfeesummarized in Table 1. Statistical
analysis revealed a clear difference among yeast strains to produce these volatile
compounds from the selected amino acids (Figure 1). Yeasts isolated from llama sausages
were characterized by the production of promdaeocester compounds and branched
alcohols, while those from pork sausages produced branched aldehydes and acids. Yeast
L5, isolated from pork sausages displayed a distinct volatile profile characterized by the
presence of ethyl esters derived from methghiched acids.
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Table 1.Volatile compounds identified in yeast inoculated model systems after incubation.

Volatile Compounds LRF  RP Volatile Compounds LRI RI
Valine derived comp Leucine derived compounds
2-mehylpropanal 592 a  3-methylbutanal 689 a
2-methyl-1-propanol 682 a  3-methylbutanol 794 a
Ethyl 2-methylpropanoate 788 a  Ethyl 3methylbutanoate 881 a
2-methylpropyl acetate 805 a  3-methylbutanol acetate 906 a
2-methylpropanoic acid 862 a  3-methylbutanoic acid 937 a
Propyl 2methylpropanoate 896 a _ 3-methylbutanol propanoate 996 a
Isoleucine derived compounds Phenylalanine derived compounds
2-methylbutanal (58) 700 a  Benzaldehyde 1017 a
2-methylbutanol 797 a  Phenylethyl alcohol 1194 a
Ethyl 2-methylbutanoate 878 a  2,3dimethylbenzaldehyde 1292 b
2-methylbutanol acetate 909 a  2-Phenylethyl acetate 1315 a
2-methylbutanoic acid 943 a  2-Phenylethyl propanoate 1405 b
2-methylbutanol propanoate 999 a
Methionine derived compounds
Dimethyl disulfide 772 a

LRI: Linear Retention Inelx calculated for DB524 column?RI: Reliability of identification: (a) mass spectra and LRI in agreement to
standard compound, (b) tentatively identified by mass spéTaeget ion in brackets used to quantify the compound when the peak was
not complegly resolved.
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Figure 1: Loadings of the first two principal components F1 and F2 of volatile compounds derived from the
degradation of amino acids lle, Leu, Val, Phe and Met in media inoculated with yeast strains (pork strains L1
L6; llama strains L19).

Among the yeast studied, those isolated form llama sausaga®jland L5 were
the highest producers of ester compounds and could be useful to impart specific flavour
notes in dry meat products. Ester compounds have been identified in fermented sausages
providing fruity aromas and contributing to mask rancid and vegetable cooked odours
[11]. In contrast, branched aldehydes, identified in fermented meats as contributors to the
overall flavour [12], have been found in sausages inoculatedwhinsenistrains [13].
The main branched aldehydes producers were among the pork isolated yedsty (L1
which may also be suitable for fermentative processes.

Regarding the effect of preservative reduction on yeast metabolism, -nitréte
reduction affected thgeast ability to produce volatiles. Particularly, yeasts L1 and L5,
isolated from pork sausages, increased the production of branched acids (L1) and ethyl
ester compounds (L5), as can be seen in the PCA graph (Figure 2). Until now, there are
no reports rgarding the effect of nitrate and nitrite reduction on amino acid catabolism
of D. hanseniistrains from meat products. Previous research on other meat starters
reported a reduction in leucine catabolism when nitrate and nitrite were added to an
experimendl model system containing a staphylococcus starter [14]. Under these
premises, the current trend to reduce the use of nitrites and adjust their levels in meat

025 05 075 1
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products makes necessary an evaluation of its impact on microbial starters in terms of
volatile compounds generation [8].
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Figure 2: Loadings of the first two principal components F1 and F2 of volatile compounds derived from the
degradation of amino acids lle, Leu, Val, Phe and Met in control (C) and nitrifying reduced media RN15 and
RN25 media, prduced from yeast inoculation (LL9).

Conclusions

Yeast strains isolated from sausages manufactured with different raw materials
(meat from pork or llama) have different ability to produce volatile compounds. Yeast
amino acid metabolism and production \aflatiles are significantly affected by the
presence of variable nitrate/nitrite concentrations. The inoculation of selected yeast
strains during manufacturing of dry sausages may produce a significant effect on the
overall sausage flavour.
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Abstract

The flower scent of Damask rose Rosa damasce) was investigated. Wo
ultratrace componenthat exhibited high flavor dilution factors were detected as odor
active compoundshy aroma extract dilution analysiAEDA). One of the trace
compounds with a woody note was identified as rotundone by multidioread gas
chromatographiymass spectrometry/olfactometry (MBC-MS/O), whereas the other
with a citrus note was identified as(4-methyl3-pentenyl}2(5H)-furanone (MPF) via
fractionation of a commercial rose absolute fr&ndamascenaTo the best of our
knowledge, this is the first study that reflects the organoleptic importance of these two
compounddor the rose scent. Sensory analyses pemrormedto assess the effects of
rotundoneand MPResul t s revealed that thdbegdlgtio
MPF to thearoma reconstitute d®. damascenarovidedbloomingand natural aspects
to it. In addition, the presence of rotundone and MPF intfipes of fragrantoses was
examined. MPF was also detected in fruits (e.g., lemon, orgngeefrut, apple, and
Muscat grapg black tea, and beer.

Introduction

The rose scent is crucial for flavors and fragrances. In particular, the rose note is
essential for floral perfume compositions. Among the large varieties and forms of roses,
Damask roseRosadamascenkis one of the main species of roses that are cultivated in
the fragrance industry. The typical aroma concentrates used for fragrance products
include rose oil, rose water, rose absolute, and rose concrete. Nevertheless, the aroma of
these procssed products is different from that of natural rose flowers. Furthermore, the
rose aroma reconstitutes with chemical compounds are different from those of natural
rose flowers, thus possibly suggesting that the remaining unknown components are the
key tothe secret of the rose scent. Volatile compounds of natural rose products have been
extensively analyzed for many years; however, not many studies have reported the
headspace aroma of natural rose flowers. Therefore, this study aisengorically
characterizeand identify the main odorants that are present in the aroma concentrate of
the headspace volatiles Rf damascenhy aroma extract dilution analySi8EDA), and
identify the compounds that differentiate the scent of natural rose from that afialrtifi
rose aroma reconstitutes.

Experimental
Materials

The petals oR. damascenavere handpicked frorthe garden of the T. Hasegawa
R&D centerin the morning Absolutefrom R. damascenwas purchased from Biorandes
Co., (Le SenFrancg.
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Dynamic headspacanalysis and AEDA

First, immediately after picking the petals Rf damasceng42.6 g), they were
placed into a glass chamber. A constant flow rate of 1.5 L/min was used with air entering
the chamber through a charcoal filter and leaving the chambpas&age through 2.0 g
of a Tenax TA 60/80 adsorbent (GL Sciences Co., Tokyo, Japan). After collecting the
volatiles for 6 h, 20 mL of pentane and 20 mL of diethyl ether were used for elution. The
eluent was collected and concentrated to ca. l0G/ia solhent distillation using a
Vigreux column at 43 °C. The concentrate was subjected tMSEID and GCO
analyses equipped with a polar column (InertCap WAX). In addition;BBDMS/O
analysis (first column: InertCap WAX, second column: InertCap 1MS) wasrpatbto
elucidate the two unknown compounds. For AEDA [1], the concentrated volatile was
diluted stepwise with diethyl ether to obtain dilutions of 1.5, 1:25, 1:125, 1:625, etc.

Elucidation of the citrudike odor compound

The absolutédrom R. damascené30 g) was fractionated by distillation, silicgl
column chromatography, and twvetep highperformance liquid chromatography
(HPLC). GGO analysis was performed to confirm the presence of the targetldius
odor compound, thus finally obtaining the HP fraction (2.8 mg). The chemical
structure of the target compound was assufnech high-resolution mass and NMR
spectra. ldentification was further confirmed by matching the analytical data and odor
qualities of the isolated citrtlike odor compound wit those of the estimated compound
synthesizedccording to a previously reported mettat

Threshold measurement of MPF

The odor threshold ofMPF in water was determinedaccording to a previously
reported methoB3]. Panelistsii = 23 (16 males and 7 feales; age range 260 years)
were employees of the R&D Center of T. Hasegawa Co., Atbessments were
conductedorthonasally Panelists also simultaneoustyaluatedhe odor of the sample
that they had successfully recognized.

Evaluation of the effectf rotundone and MPF

The triangle test was performed to assess the effects of rotundone and MF on
rose aroma reconstitutesRf damascendour aroma reconstitutes (sampleAwere
evaluated. Sample A comprised an aroma reconstitut®. oiamascenaliluted in
dipropylene glycol at 5% w/w. Samples B, C, and D comprised fragrance solutions with
the same aroma reconstitute with rotundone@kg), MPF (5ug/kg), and rotundone
(50 ug/kg) and MPF (fug/kg), respectively.

Identification of rotundone ahMPF in various types of roses and foods

The headspace gases of the living floweRada centifolia fiNei ge Per f um
John Paul lI'l,060 ALady Hilingdon, o6 and daGr
Tenax TA. The adsorbents were eluted with pentark diethyl ether, followed by
concentration. The concentrates were subjected teQMEMS/O analysis to tentatively
identify rotundone and MPF.

Cold-pressed oils of lemon, orange, grapefruit, and distilled oil of lime were
purchased. The aroma concentratéspple, Muscat grape, black tea, and beer were
prepared by solvent extraction asdlventassisted flavor evaporationethod [4]. The
abovementioned samples were subjected to 80-MS/O analysis to tentatively
identify MPF.
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Results and discussion
Dynanic headspace analysis and AEDA

Dynamic headspace sampling was employed to prepare the headspace aroma
concentrates dR. damascendrom the AEDA resultslang with the major compounds
such as henylethanol, geraniol, and citronellol, two ultratrace ponents with a high
flavor dilution factor (FD 625) were detected as odactive compounds. One trace
compound was identified as rotundométh awoody note(Figure 1)by MD-GC-MS/O
analysiswith the same retention time, MS spectrum, and odor qualitiéfsoas of the
authentic synthesized rotundone. However, thieer (citrus note)was detected at
sufficiently low trace levels such that its structure could not be identified. Rotundone has
been identified as an odactive component in patchouli oil [5]ainkincense oil [6],
Shiraz wine [7], peppers [7], and several fruits [8]. To the best of our knowledge,
rotundone has not been detected in roses.

Elucidation of the citrudike odor compound

The citruslike odor compound was detected in commercially atéd rose absolute
from R. damascenarherefore, the target citrdike compound was isolated from rose
absoluteby distillation, silicagel column chromatography, and tstep HPLC. As
confirmed by GGFID analysis, the final purity of the isolated compdwas97%. This
compoundwvasassumed to be-#-methyl3-pentenyl}2(5H)-furanone (MPEFigure )
from high-resolution mass spectra and NMR spedtrentification was further confirmed
by matching the analytical data and odor qualities of the isolfel with those of
synthesized MPRVIPF has been identified in rose oil [9] as well as in the secretion of
acarid mites [10]. However, to the best of our knowledge, this is the first study that reports
on the chemosensory properties of MPF. In the threshcdgunement of MPF gmelists
have described that MP&mitsa citruslike (lemon, orange, and grapefruit) and floral
odor (muguet and jasmine) with a fairly low threshold of 3.6 pg/kg in water.

%ﬁ;m

rotundone PF

Figure 1: Chemical structures of the elucidated edctive trace compounds from the headspace aroma of rose
petals.

Effects of rotundone and MPF

The triangle test was performed to examine the effects of rotundone and MiRF on
rose aroma reconstitutesRf damascenda:igure 2 shows the results of this t&sample
B and C were not significantly distinguished from sample A. Only sample D was
significantly distinguished from sample A. Moreover, panelists who could distinguish
sample D from sample A evaluated the arom

orimor e natur al than A.0 These resul ts su
reconstitute with the addition of rotundone and MPF was more similar to that of a natural
rose fl ower. I nterestingly, the pamndkyd sts

or i€i keu® The effect of these two added
aroma of natural rose from that of the artificial rose aroma reconstitutes.
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Figure 2: Accuracy rate of the triangle test (Identification of sample B, © against A). n = 52, *Binominal
test, p <0.05

Identification of rotundone and MPF in various types of roses and foods

MD-GC-MS/O analysis was employed to examine the presence of rotundone and
MPF infive types of fragrantoses. The former was deteciadall roses, while the latter
was detected in threeses (i.e.Rosa centifolia A Nei ge Perfum, 6 and
1, 0 r e.Rptendond haseheey )dentified in several fruits as a potentaotioe
compound [8]; therefore, we examined the pree of MPF in fruits. The results revealed
thatMPF wasdetected in lemon, oranggrapefruit, apple, anslluscat grape. In addition,
MPF was also detected Imlack tea andheer Theseresultsindicatedthat MPF is widely
distributed not only in roses baiso in various foods o confirm the contribution of MPF
to the aromas of natural resources, quantitative studies need to be performed.
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Abstract

The aroma composition of freshly ground main roots of horssnadvas
investigated. Purified extracts of horseradish roots were analysed using the concept of
aroma extract dilution analysis (AEDA) and gas chromatograpfagtometry, gas
chromatographymass spectrometry and twdimensional heartut gas chromatography
mass spectrometry/olfactometry. Besides already reported compounds like allyl
isothiocyanate and -ghenylethyl isothiocyanate, a series of odorous substances
belonging to different structural classes could be identified, some of them previously
unknown orfirst-time reports in horseradish, and some with high odour potency and
potential impact on the overall aroma of horseradish.

Introduction

Horseradish Armoracia rusticanaGaertn., Mey. et Scherb.) (Figure 1) is a hardy
perennial plant belonging to thenfidly of Brassicaceadl] and is distantly related to
well-known representatives of this family like cabbage, broccoli, mustard and rapeseed.
Horseradish plast possess large leav§® and produce white flowsr[1], though
horseradish is mainly propagated asexually via sets that are obtained from the harvested
secondary roots of the previous growing sed8pnt is cultivated in temperate climates
in many parts all over the world, but is supposed tehanginated from the eastern,
temperate regions of Eurofp4]. In Europe, the countries with the main growing areas
are Austria, Germany, Hungary and Poland. The main reason for cultivation is its white
and fleshy root, which is processed to condiments, mainly spicy pastes or sauces;
moreover horseradish is used in traditional phytomedicine, for example as treatment for
bronchitis and coughi®], and has been reported in relation to antimicrobial effécts

7.

Figure 1. Photograph of harvested horseradish plants
Responsible for the pungent note of the typical horégnacaroma are

isothiocyanates (ITCs), which are enzymatically formed from glucosinolates upon cell
disruption, when the root is cut or groufid. Thiocyanats, nitriles and epithionitriles
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are other possible glucosinolate degradation products that can, besides ITCs, undergo
further reactions to various chemical substari®]. ITCs activate branches of the
trigeminal nerve and generate a pain sensation. Numerous studies have dealt with the ITC
composition and their content in horseradish rgp@12], but only few have attempted

to explore the substances responsible for the overall aroma impression of hor§&padish

13]. Accordingly, we applied statsf-the-art methods that cover both sensory and
analytical techniques to unravel the comition of horseradish aroma.

Experimental
Samples and sample preparation

Seven horseradish main roots from different varieties were chosen for investigation
(n=7). They were grown on different acreages around the city of Baiersdorf, Germany
from April till November 2014. Each main root was peeled and shredded with a Moulinex
Moulinette. 1g ground material was extracted with B0 dichloromethane for 3fin,
the extract filtrated and dried over anhydrous®a&. The extract was purified via
solventassised flavour evaporation (SAFE) and the aroma fraction thereby recovered.
Afterwards the purified sample extracts were gently concentrated up tal 1@@ugh
Vigreux distillation and micralistillation.

Sensory evaluation

Aroma extract dilution analysis @DA) was applied to determine the relative
contribution of the aromactive compounds to the overall aroma of horseradish roots.
Therefore, the 100l root extracts were diluted stepwise in a ratio of 1:2 (v/v). The
original extracts (D 1) and their dilitions were consecutively analysed by means of
gas chromatographgifactometry, applying the cold ezolumn application technique,
until no odour could be perceived at the sniffing port, and the flavour dilution (FD) factors
of each odorous substance weatetermined. The sniffing analysis was primarily
conducted by one trained panellist on two different capillary columns5 @Bd DB
FFAP (J&W Scientific), and crosshecked by two other trained panellists.

Mass spectrometric analysis

The horseradish extractvere analysed via gas chromatograptass spectrometry
and twedimensional heantut gas chromatographyass spectrometry/olfactometry as
has been described previou$lid]. El-mass spectra were created at 70 eV ionisation
energy in full scan mode (m/z range-280/400).

Results and discussion

A total of 39 odowactive substances was detedted. 30 of these substances could
be identified, nine of them tentatively via matching retention indices (RI) and odour
impressions with thosef authentic reference standards.

21 aromaactive compounds from different structural groups could be detected in all
seven samples (cf. Table 1). From the group of organic ITCs and nitriles allys¢€C,
butyl ITC, isobutyl ITC, 3butenyl ITC, 4pentenylITC, 2-(methylthio)ethyl ITC, 3
(methylthio)propyl ITC, benzyl ITC,-phenylethyl ITC and -tyanc2,3-epithiopropane
(CETP) could be found. Those substances derive enzymatically from glucosinolates when
the horseradish root is ground, and exhibit an dvpumgent aroma sensation. As group
they were detected in a very wide range of FD factors, starting froth leDisobutyl
ITC up to FD2048 for 2phenylethyl ITC. Acetic acid,(Z)-3-hexenal, 3
(methylthio)propanal, -phenylacetaldehyde, -dcten3-one, tnonen3-one and 2



Characterisation of arorective compounds in hegradish Armoracia rustican

53

phenylethanol, belonging to the structural group of carbonyl compounds, were detected
with low or medium FD factors, for example ADXo 4 for acetic acid and FI6 to 64

for (Z2)-3-hexenal. As the ITCs, many carbonyl compounds are litelge primarily
formed upon root cutting from fatty acids undergoing lipid oxidation. The pyrazines 3
sechutyl-2-methoxypyrazine and-3opropyt2-methoxypyrazine showed ranges from

FD 8 to 256 and FI312 to 4096 respectively. Those pyrazines are moslyliformed

within the

horseradi ssdamirmotadihd D,ugdhoradeé ma:

dicarbonyls and subsequent methylafj@éf]. The same FD range as foisppropyt2-
methoxypyazine with likewise high FD factors was determined for the sweet, smoky,
peach and coconutike smelling (%3a578R)-wine lactone (Fb12-4096). 3
Methylindole with its faecal odour impression was detected with medium FD factors of

16 to 128.
Table 1: Aromaactive compounds detected in all horseradish sampled)n
RI value® on
Odorant Odour quality® DB-5 DB- lr:aa feé%tor
FFAP g

Acetic acid’ Vinegarlike 636 1447 1-4
(2)-3-Hexenal Grassy, green 806 1145 16-64

f Pungent, mustartike, .
Allyl ITC horseradistike, onionlike ~ S0o 1353 5121024
3-(Methylthio)propanaf Cooked potatdike 910 1450 4-16
secButyl ITC Pungent, green 933 1263 4-32
Isobutyl ITCf Pungent, mustartike 954 1313 1-2
1-Octen3-one® Mushroomlike 979 1303 4-16
3-Butenyl ITC' Pungent 982 1447 4
1-Cyane2,3-epithiopropané? Oniontlike, pungent 1000 1827 <1-64
2-Phenylacetaldehyde Honeylike, sweet 1044 1636 2-4
1-Nonen3-one® Mushroomlike, fatty 1079 1397 1-8
4-Pentenyl ITC Pungent 1082 1524 2-4
3-Isopropy+2-methoxypyraziné  Pealike, green peppéike 1095 1423 5124096
2-Phenylethandl Flowery, rosdike 1119 1904 1-8
3-seeButyl-2-methoxypyraziné  Green peppelike 1172 1493 8-256
2-(Methylthio)ethyl ITC' Pungent 1206 1892 1-4
3-(Methylthio)propyl ITCf Mushroomlike 1309 1967 8-128

f Pungent, watercrestke, .
Benzyl ITC green 1363 2087 8-32
3-Methylindole (skatole) Faecal 1391 2480 16-128
] Sweet, peactike, coconut

(353a5,7aR)-Wine lactone like, smoky 1463 2214 512-4096
2-Phenylebyl ITC ' Horseradisfiike, pungent, 467 5505 5122048

watercresdike, green

2The compounds were identified by comparing them with the reference odorant based on the given criteria (see

below).

b Odour quality as perceived at the sniffing port.
¢ Retention indices according to Kovats (19B8]].
4 Flavour dilution (FD) factor on the capillary column BB
¢ Identification criteria: RIs on capillaries named in table, odour quality and intenishe sniffing port.
" Identification criteria: same as if) and MSEI data.
9 Detected via GEMS in all samples, but only in four samples contents above the odour threshold.
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Based on the FD factor values for each aroma compounds, the most potentisodoran
in freshly grated horseradish roots weres@propyt2-methoxypyrazine, (83aS7aR)-
wine lactone, Zhenylethyl ITC and allyl ITC. Accordingly, it is conceivable that the
general aroma impression of horseradish is mainly defined by those four substance
Nevertheless, other substances, particularly those with medium FD factors like the faecal
smelling 3methylindole and the mushroelike smelling 3(methylthio)propyl ITC are
also likely to contribute to the overall aroma of horseradish. ITCs with medidow
FD factors like benzyl ITC and isobutyl ITC may further enhance the overall pungency
of the horseradish flavour, thereby acting as a group. Likewise, green, vedi&able
notes are likely to be contributed by the green pepkersmelling 3secbutyl-2-
methoxypyrazine and the grassy, green sme(lf)g-hexenal.

We further detected four substances with medium or low FD factors, respectively,
that were found in six out of the seven samples. Those were the cheesy smelling butanoic
acid (FD2-4) andthe pungent 3nethylbutyl ITC (FD1-2), as well as two unknown
odorous substances. One had an oniginegar and cabbagéke smell (FD4-32), the
other was perceived as earthy, mouldy and dustyld®B). We assume that the former
substance could besalphurcontaining molecule and the other an alkylated pyrazine, as
they show sensory traits typical for these substance groups.

Summarising our findings, we detected substances that covered a wide FD range
between the different samples, like CETP withifietence of seven dilution steps,
whereas others were surprisingly consistent in the investigated varieties, like allyl ITC
with a difference of one dilution step only between samples.

Accordingly, the results of this study make a significant contributiathe general
knowledge of the chemical principles of horseradish aroma.
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Effect of nitrate reduction on the development of oxidized
aroma in dry fermented sausages during storage
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Abstract

The effect of nitrate reduction on the development of fermented sausage aroma and
its stability during vacuum storage has been studied. Different sausage formulations were
manufactured with different nitta contents as a source of nitrite as preservative. The
oxidation of sausages was evaluated by analyzing TBARS compounds and extraction of
the volatile compounds using solid phase microextraction (SPME) and gas
chromatography mass spectrometry. Aroma camge related to oxidation processes
were identified by olfactometry technique. The study revealed the relation of nitrate
reduction and fat content on aroma compounds related to oxidation process and their
effect on sausage aroma during vacuum storage

Intr oduction

Aroma characteristics of fermented sausage depend on processing factors such as
raw material, meat ingredients, preservatives, technological parameters and presence of
starter cultures. Despite the role of nitrites and nitrates in meat prodety safd
technological properties, there is a trend to reduce its use [1]. However, the effect of nitrite
on flavor formation in meat products is essential to develop cured aroma. Thomas et al.,
[2] indicated that cured cooked ham aroma is due to the featdrsulfur compounds and
oxidation compounds produced during cooking and in the absence of nitrite, the aroma is
disturbed due to the excessive formation of oxidation compounds that mask the sulfur
meaty notes. In dry fermented sausage aroma, nitrites ayjundamental role in
developing the typical dry cured aroma [3] although it is not known the effect of nitrite
reduction on aroma generation and stability during shelf life. Therefore, our aim is to
determine the effect of reduced nitrate concentratiosesd as preservatives on the
development of sausage aroma in dry fermented sausages after storage under vacuum at
ambient temperature.

Experimental
Dry fermented sausages preparation

Dry fermented sausages were manufactured using lean pork (50%), p@®o%a
and the following additives added in g/kg to the sausage formulation: lactose (20);
dextrose (20); sodium chloride (20.25); glucose (7); potassium chloride (6.75); sodium
ascorbate (0.5); starter culture (0.1) andium nitrate (0.25 for controhasage (C) or
reduced in 15% (RN15) and 25% (RN25). The starter culture TF3ERI (Danisco,
Cultor, Madrid, Spain) was added containingctobacillus sakei, Pediococcus
pentosaceus, Staphylococcus xyloand Staphylococcus carnosushe sausages were
subnitted to a slow fermentation process as described by Corral et al., [4]. At the end of
ripening, sausages were vacuum packed and stored at room temperature to study its shelf
life at 0, 36, 70 and 100 days.
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Physicochemical analysis

The lipid content wasletermined by organic extraction with,CH,:CHzOH (2:1)
[5]. Lipid oxidation was evaluated using the thiobarbituric acid reactive substances test
(TBARS) [6] and expressed as g of mal on:
dm).

Volatile compound angbis

The analysis of volatile compounds was carried out by solid phase micro extraction
(SPME) with an 85 em Carboxen/ Polydi meth
Bellefonte, PA). 5 g of sausage sample (with BHT to avoid oxidation) was weighed into
a headspace vial. The vial was incubated at 37 °C for 30 min. Then, the fibre was exposed
into the headspace vial for 120 min while maintaining the sample at 37 °C. The
compounds adsorbed by the fibre were desorbed in the injection port of {MSG& 5
min at 240 °C in splitless mode. A gas chromatograph (Agilent HP 7890 series Il
(HewlettPackard, Palo Alto, CA) with a mass detector (HP 5975C (Hewbatkard)
equipped with an autosampler (Gerstel MPS2 multipurpose sampler (Gerstel, Germany)
was used [7]. ie compounds were identified by comparison with mass spectra from the
|l i brary database (Nisto605), with |inear r

Aroma compound analysis

A gas chromatograph (Agilent 6890, USA) equipped with a FID detectdr a
sniffing port (ODP3, Gerstel, Milheim an der Ruhr, Germany) was used to analyze aroma
compounds [6]. Each assessment was carried out with 5 g of sample using the detection
frequency method [9]. Four trained panelists evaluated the odors from tedflG&nt.

A total of 12 assessments were carried out. The aroma compounds were identified by
comparison with mass spectra, with linear retention indices of authentic standards
injected in GGMSand GEO and by the coincidence of t
those in the Fenaroli s handbook of fl avgc

Statistical analysis

Analysis of variance (ANOVA) using the statistic software XLSTAT 2011, version
5.0 (Addinsoft, Barcelona, Spain) was performed at each storage time among sausage
formulatiors. Correlation tests (Pearson) among variables were also studied.

Results and discussion

Fat content in sausages was analyzed as it is responsible for the generation of lipid
oxidation compounds during sausage fermentation [3]. Although all sausages were
manufactured with the same lean and fat content, slightly differences among formulations
were obtained due to pork back fat variability. Control sausages had a fat content of 33
38%, while nitrate reduced sausages RN15 and RN25 contained betwggh 28 29
31%, respectively.

The lipid oxidation level (TBARS values) during sausage vacuum storage is shown
in Figure 1A. It showed a slight increase during the first month of storage and a decrease
during the following months [11]. This behavioray be dued the high reactivity of
malonaldehyde with sugars, aminoacids and nifti®. In addition, the absence of
oxygen in vacuum storage prevent the sausages for an increase in oxidation. However,
differences among formulations were observed (p<0.001): piek dixidation was the
highest in the control formulation. This fact can be due to the highest fat content of this
control sausage as a positive (p<0.05) relation between lipid oxidation (TBARS values)
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and fat content was obtained among sausages analythedeatd of the ripening process
(Figure 2A) [13].

Regarding sausage aroma, -@®CGnalysis revealed 23 odour active zones (Table 1).
The main odorants were Ethyl butanoate, Hexanal, EtHyyd2oxypropanoate, -1
hexanol, 2acetytl-pyrroline, 3(Methylthio)propanal, 10cten3-ol and 1 unknown
compound. Among them, only three aroma compounds were derived from lipid oxidation
reactions: Hexanal (Figure 1B), Heptanal (Figure 1C) aerdtylfuran (Figure 1D)
which contributed to fresh cut grass, grempleasanand garliegrass odour notes. The
concentration of the three volatile compounds showed a general slight increase during
vacuum storage of sausages. However, few differences were observed at each storage
time among formulations. Hexanal was the most aBnhdompound and was positively
related to fat sausage content at the end of the ripening (Figure 2B).

5 g 700
M B 560
3 A= a0
- L
gn 'Eu 280
%’ B 10

@
m - 0
!
4
|
= in g
i s
= E,E
FE E
[}
£° ok
o fa]
]

0 0 40 0 w100
Time (days) Time (days)

Figure 1: Changes in TBARS (A), Hexanal (B), Heptanal (C) afReRtylfuran (D) during vacuum storage of
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Figure 2: Pearson Correlation between fat content and lipid oxidation (A) or Hexanal (B) in dry fermented
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Conclusions

Aroma compounds derived from lipid oxidation reactions contribute to the aroma of
fermented sausages. The increase in shelf life by vacuum storage produced variation in
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Table 1: List of aroma compounds detectedd@-FID/Olfatometry

LRI stdt

LRI

1 C
Compound GCO GC.O Descriptor DF
Methanethiol 471 472 Rotten, unpleasant
2-Methylfuran 619 615 Green, garlic, toasted, yeast, mal 4
2 3Butanedione 632 629 Fruit, cheese, butter, floral, fresh, 4
broth
2_Butanone 633 636 Cheese, putter, dairy, strawberrie! 8
fruity, sweet, flower
Acetic acid 700 699 Vinegar, acid, unpleasant, sweet
2,3-Pentanedione 739 740 Sweet, candy, fruit, glue, meat 4
3-hydroxy-2-butanone 777 782 Strawberry, gweet, fruity, apple, 9
orange, aid, fresh, green
Ethyl butanoate 825 824 Sweet, apple, banana, orange, fru 10
strawberry, floral
Hexanal 836 834 Fresh cut grass, vegetable, lemon 10
aromatic herbs, fresh
Ethyl 2-hydroxy 859 865 Cheese, fruit, _straV\_/berry, sweet, 11
propanoato rancid, acid
Ethyl 3-methyl butanoato 876 874 Strawberry, fruit, glue, sweet 9
1-hexanol 919 920 Cheese, oxidized fat, humidity 11
2-Heptanone 931 931 Chees_e, rgnud, burnt, irritating, 4
garlic, vinegar, strawberry
Heptanal 937 938 Green, unpleasant, tasted 5
2-acetyb1-pyrroline 960 960 Toasted, fried corn, bread, citrus, 12
floral
3-(methylthio)propanal 969 965 Cooked potato, roast meat 10
2-Pentylfuran 1011 1008 Garlic, onion, fried, unpleasant, 8
cured, grass
1-Octen3-ol 1028 1023 Mushrooms, hmidity, spicy 11
Burnt, mushrooms, garlic,
Unknown ) 1031 unpleasant, humidity, closed, herk 8
Unknown i 1037 Green, grass, e_arth, burnt, spicy, 6
aromatic herbs
Unknown i 1162 Spices, garlic, spicy, fried corn, 5
unpleasant
Unknown i 1178 Cooked pota)., fried com, toasted, 10
dried fruit
Ethyl octanoate 1226 1223 Cured Sausags(ft'a‘t’g'on' fruit, cook 7

3 RI std: Linear retention index of standard compounds in theF@CO. Linear retention index of the

compounds eluted from the @D-O. “Detection frequency value.
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these aroma compounds that are affected not only by the presence of preservatives (curing
agents) but also by the matrix composition (fat content).
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Abstract

Shelf life prediction gains an increasing interest in food industries. It is especially
relevant forlong shelflife products where degradations have more time to occur. In this
study, we show that it is possible to build a reliable slifelfkinetics model for infant
formula (powder) packed in metal cans. The model varies the following parameters:
storgye temperature (80°C), storage time (@ years), and oxygen level in the pack
(protected or unprotected atmosphere). The effects of light and moisture were discarded
as they cannot penetrate through the metal can. A model was build based on chemical
kinetics. The model is able to predict the taste, the level of vitamin C, and the aromas
concentrations based on the chemical reactions occurring in the infant formula. The
kinetic reactions were fitted based on data of aroma concentrations and oxygen level in
the package. Several examples of accelerated shelf life tests simulating a normal shelf life
at 2 years are illustrated. The results are compared to the most common practice in shelf
life: using a fixed Q10 temperature coefficient. It is advised to udgpheuaccelerated
shelf life tests to mimic the normal shelf life of the relevant sensory or nutritional aspects
of the product.

Introduction

In this study, we show that it is possible to build a reliable difelkinetics model
for infant formula (powler) packed in metal cans.

Experimental
Shelflife conditions
In order to build the model several conditions were varied in the infant formula:

0 Storage temperature: 6, 20C, 30 C, and 40C,
U Storage time: 0 to 2 years,
U Oxygen level (0O2) in the pack: gexted (N2 flushed) or unprotected
atmosphere (21 % 0O2).
The effects of light and moisture were discarded in this study as they cannot
penetrate through the metal can [1, 2, 3].
Analysis
Several selected parameters have been measured in the infant fgrondars):
U Sensory attributes (Quantitative Descriptive Analy§DA, scale 6100) were
evaluated by a trained panel of 16 persons,
U Aromas concentration was determined by -BS (most relevant aromas

selected based on literature [4] and internal chekthod adapted from [5]),
U Oxygen content in the package (metal can) and vitamin C content.
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Model building

The relevant correlations between the parameters mentioned above were identified
using multivariate analysis methods (Unscrambler). The gPROMS maddébwas
used to calculate the kinetics of the chemical reactions (aromas, vitamin; [6]).-A user
friendly shelflife model was finally created in Excel and linked to the gPROMS model
builder interface. The predictive power of the model was validated neith data.
Utilizing this model, sensory attributes scores or vitamin C level can be predicted based
on aroma compounds or/and oxygen evolution in the package during storage.

Results and discussion

General trends

During shelflife, infant formula powdes were very sensitive to oxygen exposure.
This effect is even more prevalent if the temperature increased during storage. As an
example (Figure 1a), an infant formula packed in a metal can without protected
atmosphere (high level of oxygen) developed highédation flavour and showed high
losses of vitamin C during storage. These results were expected as vitamin C is known to
be one of the most unstable vitamins to oxygen and heat [7]. Similar results were obtained
for liquid dairy products where othertamins (B1, B2, D or A) always showed less
degradation than vitamin C during storage with oxygen (data not shown).

In contrast to unprotected atmosphere, infant formula powders packed in the metal
can with protected atmosphere (low oxygen level) wereemdly well protected.

Vitamin C was stable at any temperature testee6(BC) and only a slight increase (not
significant) of oxidation flavour occurred after 2 years storage for the common

temperatures of 380 C (end of sheHife; Figure 1b). At 60C, the oxidation reactions
with the residual @content were increased.
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Figure 1: Increase of fat oxidation flavour with storage time (months) for (a) an infant formula in a metal can
containing 21% @ (b) an infant formula in a metal can flushed with trgasses (protected atmosphere; 1,5%

O, residual).

Fitting with aroma compounds

A very good fitting was identified between the fat oxidation flavour and several
aromas for the infant formula (correlation >0.6, good fitting in the model): hexanal
(impact ~60%), pentanal (impact ~ 25%), 2t4, tr-decadienal (impact <5%),-cés-
heptenal (impact < 5%), pent&mone (impact < 5%). Furthermore, furfural fitted with
the burned odour observed during storage in the dried infant formula powder. Such a
result is bgical as furfural is produced through Maillard reactions [8]. Those reactions
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trend to happen during storage at high temperature and can increase the caramelized,
sweet or burned notes of the product. During storage, production of furfural in infant
formula was only linked to heat state and not to the oxygen level. Though it is mainly
recognized that Maillard reactions increase in the presence of oxygen [8] some authors
however underlined that those reactions can also occur in anaerobic conditions [9]. The
latter statement is supported by the finding that browning reactions were also observed
during storage in dairy drinks in anaerobic conditions (data not shown).

Q10 method

A tool commonly used in accelerated sHe# studies is the Q10 method. Q10 is
the factor that indicates the increase in the rate of the reactions when the temperature is
increased by 10°C. It is unit less and can be calculated with the following equation for 2
reactions 10°C apart: Q10 = k (T+10°C) / k (T°C), where k= reaction ratgad. For
most products, the Q10 value is 2.0, which means for every increase of 10°C, the rate of
a chemical reaction will double. As an example, if a food has a stability of 20 weeks at
20°C and 10 weeks at 30°C, then the Q10 will be 20/10 or 2.

Acceleated sheHife tests simulating a normal shdiffe at 2 years

As it can be seen from Tables2]1the model was used to predict the accelerated
shelf life test to mimic a normal storage of 2 years at 30°C of infant formula packed in a
metal can. The redts were compared with the common approach, i.e. the Q10 method
(see description above).

Table 1: Accelerated shelf life of infant formula mimicking the values obtained after 2 years at 30°C in a metal
can flushed with inert gasses (1.5%r6sidual in tle headspace).

Value after 2 Corresponding Corresponding Equivalent Q10
years at 30C* months at 40C months at 60C* 30 Cvs40C

Vitamin C (mg/kg) 873 12.3 3.3 2.0
Fat oxidation flavour 5 16.5 8.3 15
Hexanal (ppb} A 254 15.8 7.3 15
Furfural (pp) - B 60 5.0 0.3 4.8

* Initial value before storage: vitamin C: 890 mg/Kaf, oxidation flavour:1; hexanal: 10 ppb; furfural: 20 ppidicator of
oxidation reactions (A) or of Maillard reactions (B)/alues at 60C were generated by the shidé prediction model.

Table 2: Accelerated shelf life of infant formula mimicking the values obtained after 2 years at 30°C for a metal
can in unprotected atmosphere conditions (21% @e headspace).

Value after 2 Corresponding  Corresponding ~ Equivalent Q10
years at 30C*  months at40C ~ months at 60C* 30T vs 40C

Vitamin C (mg/kg) 738 10.3 2.2 2.3
Fat oxidation flavour 100 8.8 3.0 2.7
Hexanal (ppb} A 14992 125 4.0 1.9
Furfural (ppb) B 60 5.0 0.3 4.8

* Initial value before storage: vitamin C: 88@y/kg; fat oxidation flavour:1; hexanal: 10 ppb; furfural: 20 ppidicator of
oxidation reactions (A) or of Maillard reactions (B)alues at 60C were generated by the shifé prediction model.

The shelflife parameters of the infant formula (vitén C, fat oxidation, hexanal,
furfural) showed different kinetics and therefore, they should be tested using different
accelerated shelife (Table 1). For example, the furfural (indicator of Maillard reactions)
needed an accelerated sHéd at 40°C ¢ 5 months to mimic the normal shelf life of 2
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years at 30°C while the fat oxidation needs 16.5 months. This also means that the Q10
coefficient of the different parameters varied from 1.5 to 4.8. Only one factor has a Q10
coefficient of 2 in a metal canith protected atmosphere: the vitamin C. The Q10 factor
can vary in function of the conditions, for example a Q10 of 1.5 was observed for fat
oxidation in protected atmosphere (Table 1) while it was closer to 3 in unprotected
atmosphere at 40°C (Table 2)he accelerated shdlfe of the infant formula at 60°C
showed that all reactions can be accelerated but that for several parameters still some
months were required to reach the same value found in normalihgfyears at 30°C).

As an example, an eelerated shelfife of 7.3 months and 2.8 months, both at 60°C were
needed for fat oxidation and vitamin C, respectively (Table 1). This is logical since metal
cans with protected atmosphere are extremely good protective packaging [2, 3].

The same obsertians were seen in unprotected atmosphere conditions: the
accelerated shelffe conditions (Table 2) as well as the Q10 coefficient depended on the
parameter types (vitamin C, fat oxidation). The fat oxidation flavour as well as oxidation
reactions indiator, hexanal increased sharply in unprotected conditions (see values of
normal shelf life at 30°C for 2 years Table 1 vs Table 2). The Maillard reactions indicator
(furfural) was similar at 30°C for protected and unprotected atmosphere. This is because
those reactions were dependent on the applied temperature and not on the oxygen level
present in the headspace of the packaging.

The results indicate that using only one accelerated -Bfeelftest (one
time/temperature) to mimic the normal sHé# is notoptimal. The best approach would
be to use one accelerated sHiédf test for each parameter of interest. In other words, a
multiple shelflife approaches should be used, respecting the reaction kinetic of each
parameter. In the near future, sH&d model will help to better predict the behaviour of
the key parameters of infant formula powders and to correlate the results to normal shelf
life. With this model, the duration of accelerated shelf life study is expected to reduce
while still guarantying good prediction of the normal shdiffe.
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Abstract

Despite the wellecognised role of milk fat in flavour development in cheese,
research investigating the importance of the milk fat globule membrane (MFGM) on
flavour in cheese is scarce. This study investigated the impact of MFGM composition and
structure on the volatil@rofile of ripened Cheddar cheese samples. Three types of
MFGM recombined cheeses were manufactured using MFGM fractions isolated from
dairy bypr oduct s and were compared to two r €
maturation the MFGM recombined cheeses laadhigher concentration of volatile
compounds (short chain fatty acids, alcohols, methyl ketones and sulfide compounds)
compared to the referencheeses. These results demonstrate that the MFGM
composition as well as structural rearrangement at the féulglonterface had a
significant effect on the development of volatile compounds in cheese during maturation.

Introduction

Milk fat plays a vital role in determining the texture, flavour, and phystoamical
properties of cheese [1]. The milk fat glob(iléFG) consists of a lipid core surrounded
by a thredayer membrane termed the MFGM. The MFGM contains a complex mixture
of glycoproteins, enzymes, and phospholipids. Phospholipids within the membrane
possess a high wataplding capacity and the moistucaptured by them can serve as a
reservoir where enzymes can act and enhance flavour development [2]. MFGM
components can act as substrates for both lactic acid bacteria (LAB) asthrtenlactic
acid bacteria (NSLAB) [3] during the later stages of chefzening. Furthermore, the
MFGM contains redox enzymes such as xanthine oxidase (XO), which are capable of
catalysing the oxidation of a broad range of substrates, and therefore may play a role in
determining the flavour of cheese.

Buttermilk is a byproduct of butter manufacturing, produced during churning;
wher easr uin  ( U-Sgr wam d ( Bb$rpduck rok anhydyous milk fat

manufacturing. Buttermilk, US and bS were
now recognised as good sources di®&M. The procedures used to produce buttermilk

powder ( BMP) , us, and bS affect the prote
fractions, and the content and activity o

and bS wer e us edceofMFGM frastions with differers groten arglo u r
lipid composition and XO enzymatic activities. The isolated fractions were then used to
investigate the importance of the MFGM structure and composition on development of
volatile compounds in model Chedd&reese samples during six months of ripening.

Experimental
Materials

Raw milk was collected from Jersey cows at late lactation from a local dairy farm
(Outram, New Zealand) on the day of milking. Fredzei ed US and bBS and
BMP were obtaineftrom a dairy factory in New Zealand. AMF was obtained from New
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Zealand Milk Products (Auckland, New Zealand). Fregded mesophilic starter culture
containingLactococcus lactis ssp. lactidus Lactococcus lactis ssp. cremoliR704)
was obtained from &hsen A/S, Horsholm (Denmark).

MFGM isolation and model cheese production

Freezedr i ed US and bHS and BMP were used
Haddadian et a[4]. Three types of 5% milkfat emulsion were prepared using the three
MFGM isolates (2%)as the emulsifier, as previously descridddl. Three separate
batches of model Cheddar cheese waemufactured for each treatment using 8¢
milk fat emulsionsaccording to a standard Cheddar cheese making prodégiLifevo
reference cheeses werealmanufactured as comparison samples: (1) Nathemse
containing cream and skim milk to evaluate the role of MFGM structure in flavour
development; and (2) Tweareese containing recombined MFGs emulsified by Tween
80 to evaluate the effect of the MFGddmposition in the flavour development process

(Table 1).Cheeses were sampled after 1, 90, and 180 d of ripening. Ripened samples

taken at each sampling date were frozer28tC until the end of the trial so that the
complete sample set could be analysepkther.

Table 1: Compositional properties of cheese milk samples for model cheese production

Cheese milk composition (mL) Emulsifier PFR
Cheese
samples Creani Emulsion Water Skim milk
(mL) (mL) (mL)?

Native 30 - 200 170 - 1.02
Tween - 230 - 170 Tween80 1.02
Ucheese - 230 - 170 UMFGM 1.02
b-cheese - 230 - 170 b-MFGM 1.02
BMP-cheese - 230 - 170 BMP-MFGM  1.02

* Protein to fat ratio
# Pasteurisedream;36% fat and 2.2% protein

Determination of volatile compounds by SPIGE/MS

The analysis of volatile compounds in miniature model cheeses was carried out using

solid phase micro extesion (SPME) with a fibre coated with a film of DVB/CAR/PDMS
(Supelco, Bellefonte, PA, USA) and analysed by gas chromatodnagalsg spectrometry
(GC-MS). Volatile compounds were separated on a polyethylene glycol capillary column
(Zebron ZBWax 60m x 0.32m x 0.50 pum, Phenomenex, Torrance, CA, USA). A

complete randomised design, blocked by replicate, was used for the volatile analysis.

Vacuumpacked frozen cheese samples were ground with liquid nitrogen aB8@N&.5
0/g) to give fine particles. A subsate5 g) of each powdered sample was mixed with 2
uL of an aqueous solution of 12.5 mg fenchol in a 20 mL sealed GC vial. Vials were
placed on autosampler tray (PAL3 RSI 85, Agilent Technologies) for analysis.

Results and discussion
Effect of MFGM on dvelopment of volatile compounds during cheese ripening

A total of 28 significantly different compounds were detected among the model
cheese samples for the three time points during thensith ripening period. The
differences between samples over ripgnivere visualised using PCA on normalised
peak areas (Figure 1).

f
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Figure 1: Principal component analysis of significantly different volatile compounds detected in model cheese
samples at three time points during six months ripening. Scores plotftoproh e e s e sampl es; V]
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The first two pincipal components accounted for 62% of the total variability (PC1
41%, and PC2 21%) and clearly separated the model cheese samples into three groups
consisting of Nativeeheese, Tweenheese,and MFGM ec ombi ned cheeses
BMP (Figure 1, top)Ripening time proceeded from left to right on PC1. The number and
concentration of most compounds increased as ripening proceeded, except for a few
compounds, such as ethanol, and o&ah which decreased significantly over the
ripening in all model chese samples. The volatile profile of the MF&@&tombined
cheeses developed the most, while the Tween cheese, followed by thediatge
showed the least volatile development during the ripening period.

At six months of ripening, MFGMecombined cheeseso nt ai ni ng US, bS
had a higher concentration of short chain fatty acids (SCFASs), alcohols, methyl ketones
and sulfide compounds (Table 2). In MFGM recombined cheeses, the higher XO activity
insé&rum (7.2 N 0.8 mmoderun(7.6u G.5cmmal/t urit / mi n)
acid/min) compared to BMP (no detected activity) was correlated to higher
concentrations of SCFAs. Native and Tween cheeses had higher concentrations of 2,3
butanedioland®y dr oxybut anone compared t®amdhe r e

O
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BMP. Tween cheese was uniquely associated with higher levels of three esters; ethyl
butanoate, butyl butanoate, and ethyl hexanoate, but overall had the lowest concentration
of volatiles, thus showing the importance of MFGM to the flavour developimeheese.

Table 2 Concentrations of significantly different volatile compounds detected in experimental cheese samples
after six months ripening.

AS-cheese BS-cheese BMP-cheese = Tweencheese Native-cheese
Acetic acid 26.4+1.68 221+1.0° 121+ 0.6 6.7 +0.2¢ 9.8 +0.3
Butanoic acid 89.3+5.73 88.3+2.R 66.8 +1.8 34.3+ 3.0° 63.7+2.68°
Hexanoic acid 93.8 2.4 99.3+3.4 722 +2.68 450 +5.9 61.5+ 7.8
Ethanol 322.8+5.(¢ 285.0 + 2.9 187.1 +13.6 248.1+13.4 129.8+8.2
1-Butanol 7.8 +£0.4° 9.0+0.22 6.8 +0.3° 5.9 +0.5¢ 2.7+0.3
1-Nonanol 1.1 £0.0%° 1.0 £ 0.06¢ 1.1+0.0® 0.8 +0.0% 0.6 +0.042
1-Hexanol 43+0.E 4.9 +£0.30 4.4 +0.2° 4.8 +0.F° 2.6 £0.4

Dimethyldisulfide 0.7 +£0.06% 0.7 £0.02 0.6 +0.07° 0.04 +0.05° 0.5+ 0.04
Dimethyltrisulfide 0.5 +0.04 0.6 +0.03 0.4 +0.03 0.07 £ 0.0 0.1 +0.04

2-Hexanone 40.1£0.12 40.7 £ 1.9 403+ 1.4 28.8 0.2 8.6 £0.1°
2-Heptanone 13.2+ 0.4 15.0£ 0.6 13.8 +0.4° 9.8+0.3° 4.0+0.7
2-Nonanone 4.9+0.3 54+0.22 50+0.22 3.7+0.1° 24+£0.3°
ﬁ'MethyLz' 5.9+0.6° 6.3+0.4° 5.4+0.22 3.5+0.4° 2.0+0.2
exanone

2-3-Butanediol 0.9+0.1° 1.4+0.1¢ 20+£0.2¢ 55+0.072 3.1+0.3
3-Hydroxybutanone 4.6 +0.4¢ 4.0+0.29 5.7+0.2° 10.1+0.2 8.8+0.3°
Ethyl butanoate 1.4 +0.0% 1.2 +0.068 1.0 £+0.07” 1.5 +0.08 1.0 £0.12
Ethyl hexanoate 0.7 £0.2

Butyl butanoate 3.9 +0.2 4.8 +0.8 4.3 +0.P 11.9 +0.6 4.7 +0.8

Letters denote significant differencgs< 0.05) between samples according to Tukey HSD-postest.

Conclusion

By comparing the volatile profile of the MFGkcombined cheeses with Tween
cheese, and Nativeheese, new insights were revealed into the role of MFGM and its
composition and structure on flavour development in cheese. Rearrangement of the
MFGM structure and the higher activity of the MF@zymes such as XO, favoured
the production of volatile compounds during ripening. These results demonstrate the
potential of using MFGM components from commerciatppgducts as a functional
ingredient to ahance the flavour development of cheese.
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Abstract

Due to the multiple functions of sugar in foods, in particular the contribution of sugar
to the desir abl eeffofisfto immove the akrdaha pradile of baked
products by reducing sugar is problematic. As such to produce consumer accepted
reduced sugar products it is necessaryrderstand how removing and/or modifying
sugar composition influences the fimmbduct flavour. Model baked products (muffins)
were produced containing variable amounts of sucrose, fructose, glucose and lactose and
the volatile organic compound (VOC) composition isolated by solvent assisted flavor
extraction (SAFE) and measured g6 chromatography mass spectrome®LC-MS).

Overall changing the sugar composition changed the VOC composittbnlactose
containing systems producing a VOC composition that was most different from the
uncooked and sucrose containing muffilis. comparien to the lactose containing
muffins the glucose and fructose containing muffin produced VOC compositions more
similar to sucrose containing muffins. Not all compounds increased with increasing levels
of sugar.

Introduction

Replacing sugar in baked prodsigs a major challenge. Sugar not only imparts
sweetness, but contributes to the fresh flavour quality of baked foods during thermal
processing and acts as a tenderiser by retarding and restricting gluten formation [1].
Reducing sugars have a direct infiage on the Maillard reaction, which can either
promote or reduce Strecker degradation, resulting in the formation of important
compounds such as pyrazines that are character impact odorants of freshly baked foods
[2]. Sucrose, a nereducing sugar, can degle during baking forming the reducing
sugars fructose and gluco3éereforejt is necessary to understand how removing and/or
modifying sugar composition influences the final product flavour.

The objective of the study was to investigate the effecsugfar type (sucrose,
glucose, fructose and lactose) at two sugar levels (3.7%, 14.7% of batter recipe) on
volatile organic compound (VOC) generation in a model baked system (muffins).

Experimental

Model baked systems (muffins) were produced using the igeftemulation in
Table 1 and sugar composition in Tabld2y ingredients (flour, sugar, baking powder,
salt, polydextrose and sugar mixture) were mixed with the liquid ingredients (egg white,
water and oil) and baked at 200 °C for 18.5 min. Muffin caokeight was 55 +/0.5 g.
Muffins were immediately frozen after baking using liquid nitrogen.

Ground frozen muffins (200g) were added to 150mL distilled water and 200mL
diethyl ether 99.7%, Merck KGaA, GermapyThis mixture was shaken for 40min then
filtered and 30ppm carvone added.

SAFE (Glasblaserei, Bahr, Manching, Germagnglistillation was carried out at
about 1@ mbar over two hours (including sample addition time of one hour). The 500mL

B. Siegmund & E. Leitner (Eds): Flavour $&018 Verlag der Technischen Universitat Graz
DOI: 10.32179783-851255935-13, CC BY-NC-ND 4.0 69



70 Patrick Silcocket al.

sample flask was maintained at 35°C. The 500mL receivder Was cooled using liquid
nitrogen. Circulating Water was held at €2 Diethyl ether (25mL) was used to rinse the
sample bottle and dropping funnel.

Table 1: Generic formulation of the muffins

Ingredient % (weight/weight)
Flour 31.3
Baking powder 1.8
Salt 0.5
Polydextrose 2.7
Egg white 11.2
Canola oil 111
Water 26.7
Sugar mixture 14.7

Table 2: Composition of the sugar mixture used in each muffin variant

Variant number Sugar composition

100% sucrose

100% fructose

100% glucose

100% latose
25% sucrose, 75% polydextrose
25% fructose, 75% polydextrose
25% glucose, 75% polydextrose
25% lactose, 75% polydextrose

100% sucroseuncooked
100% polydextrose

© 00N O~ WDN P

=
o

Distillates were dehydrated with anhydrous sodium sulphate, @ltbreugh celite
then concentrated to 1 mL inkaderna Danish apparatusider oxygerfree nitrogen.
All the extracts were stored in a freeze2QCC) until GGMS analysis. Distillates were
analysedusing an Agilent 6890 GC coupled with Agilent 5973 Qupdfa MS fitted
with a BPX5 column (30m x 0.25mm id, 0.25um film thickness)

Data Analysis:Peak alignment and peak area extraction were performed using
XCMS [3]. Principal component analysis (PCA) was used to investigate the relationships
between samplesd peak areas.

Results and discussion

The use of different sugar formulations impacted on the extent of browning upon
baking (most browning, 100% fructose; least browning, polydextrose). Differences in the
total amount of volatile organic compounds (VO@g)duced, as measured by summed
normalised peak areas, were also observed. Summed normalised peak areas were highest
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for muffins containing 100% lactose followed by 25% lactose, 100% fructose, 100%
glucose, 25% glucose, 25% fructose, 100% sucrose, 25%ssuand polydextrose,
respectively.

The effect of sugar type on VOC composition was examined by normalising the peak
areas to the sum of the peak areas then assessed by principal component analysis (PCA).
The PCA plot explained 78% of the variation on ffleand 2¢ PCs (PC1 60%; PC 2
18%) (Figure 1). Along PC 1 the VOC composition of muffins containing lactose were
most different from the uncooked muffin batter.
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Figure 1: Principal component analysis scores plots of muffins containing different sugaositions

The separation of the cooked muffins from the uncooked muffin batter on the PCA
appeared to be related to a combination of number of compounds detected and higher
proportions of common compounds. Separation towards the lactose containings muffin
was due the presencéhigher proportions of Zuraf€mme t h a n o | -putyroladtohep | , 9
2(5H)furanone, and lower proportions of acetic acid, hexanoic acid and three unknown
compounds. PC2 separated the muffins containing glucose/fructose from muffins
containing sucrose/ polydextrose due to higher propartiofi 2,3dihydro-3,5
dihydroxy-6-methyt4H-pyrand-one, 5-(hydroxymethyl}2-furancarboxaldehyde, -5
methyl 2furanmethanol, Hydroxymethylfurfural, furfural, 2 Slimethyt4-hydroxy
3(2H)furanone, hexanoic acid andhydroxymethylfurfural;and higher propions of
methyl pyrazine, benzeneacetaldehyde, nonanal and two anfiydapyranose
compounds, respectively.

Rel ative peak areas of the main VOCO&6s r «
the PCA plot are shown iRigure 2 Furan methanol and maltate highest for lactose
100% Eigure 2A and 2B Acetic acid and?,3-dihydro-3,5-dihydroxy-6-methyt4H-
pyran4-one arehighest in the fructose and glucose containing muff2@s gnd 2f. For
these VOCO6s the muffins c¢ont?%polydexirgsedh® % | a c
uncooked muffin all contained similar relative peak areas. Their contribution to the
separation on PC 1 was probably due to lower total peak areas for sucrose, polydextrose
and uncooked muffins compared to lactose containing muffftethyl pyrazine and
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benzeneacetaldehydbow a similar trend with the sucrose containing muffins containing
the highest peak ared} and 2B.
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Figure 2: Relative peak areas for compounds responsible for descrimination based on sugar composition
(relative pak area of internal standard =30);2Auranmethanoj B. maltol ; C.acetic acid D. methyl
pyrazine E. benzeneacetaldehyde;2,3-dihydro-3,5-dihydroxy-6-methyt4H-pyran4-one

Overall changing the sugar composition changed the VOC composittbnlactose
containing systems producing a VOC composition that was most different from the
uncooked and sucrose containing muffilis. comparison to the lactose containing
muffins the glucose and fructose containing muffin produced VOC compositions more
similar to sucrose containing muffins. In some instances higher relative peak areas were
obtained for some compounds (e.g. benzeneacetaldehyde) in the 25% level of muffins
containing fructose and glucose compared to the 100% levels. This may reflect some
compounls present are intermediates and react to form other compounds.
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Understanding the impact of sodium on the structural
properties of sweet biscuits
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Abstract

The impact of sodium inclusion on the structural properties of sweet biscuits was
investigated. Mass loss behaviour of four biscuit doughs (four levels of added salt) during
baking (rate of loss, mass loss) was monitored using TGA, and texture properties of the
baked biscuits were established with a texture analyser. Reducing the arhadded
salt significantly increased the rate of mass loss at the baking phase, and hence, impacted
biscuit hardness. Furthermore, less sodium chloride in the dough decreased the intrinsic
break strength of the biscuits. This could be explained at a ulatdevel by changes in
the glutenin gliadin crostnking leading to changes in the gluten network. In contrast,
when high levels of sodium chloride were added to the dough, an increased intrinsic
biscuit break strength was observed. The present studwrdtrates the significant
impact of sodium on gluten polymerization during biscuit baking and confirms that
sodium inclusion led to a retention of free water necessary for the gluten formation.

Introduction

Although sodium is required for normal body ftinas, it is often consumed in
excess, this has led to a major global health problem for both adults and children. A high
consumption of salt causes an increase in blood pressure and therefore increased risks of
cardiovascular disease, stroke and corohagyt disease. The World Health Organization
(WHO) recommends that adults consume less than 5¢g of salt daily. However, the average
global intake significantly exceeds this level (e.g. 10g/day in the[UK}alt is used for
3 principal applications: processing, sensory (enhancement properties of others
ingredients) and preservatig2]. More precisely, sweet biscuits have been highlighted
because they often contain significant amounts of hidden salt.118, 20survey found
that biscuits are in the top ten contributors of salt intake in the UK3Jiefo ensure that
biscuits with a lower sodium content remain appealing to consumers, sodium reduction
in food products must not modify quality such as texture, or preservation and taste
properties. Sevelatudies have investigated the impact of sugar and fat in sweet biscuits,
but to the best of the authorsdéd knowl edge,
performed on bread and salty sna¢kk Sweet bscuits are a complex food matrix
composed of various ingredients such as wheat flour (containing gluten and starch), fat
(butter), sugar (sucrose), salt, and a low amount of water (< 5 %). During dough making,
high sugar and fat levels and low water levekult in poor gluten hydratids], leading
to a norelastic dough with a low gluten developmé¢®}. During dough heating, fat,
sugar, and gluten react. Starch granules could potentially swell but in short dough, this
phenomenon might be verynlited. A degradation of starch particles could also be
observed but the high sucrose and low water levels prevent complete gelatirfiZation
Gaines (1990) stated that gluten proteins remain functional during the baking phase in
this kind of matrix. Chevalliegt al.(2000) and Parewt al.(2009) observed that the level
of extractable proteins after baking decreased significantlgesting the formation of a
gluten network in the dough during bakif&. Moreover, Chevallieet al. suggest that
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the structure of the matrix after baking could be attributed to the su@akeAs the

biscuit could be defined as a complex matrix made of sugars, lipids, starch granules and
protein aggregates, they suggesthdt the structure cohesiveness might be mainly
achieved by sugars that become glassy after the baking phase during the cooling step. It
still appears that the quality of the gluten network is the most important factor that affects
the structural propertseof the biscuit§9]. The aim of this study was to observe and
understand the impact of sodium on gluten polymerization in sweet biscuits and the
impact on the structure after baking.

Experimental
Materials

Referace dough (L3) was prepared from the ingredients listed below: (1) Unsalted
Butter 23.2 g/100 g; (2) Caster sugar 18.6 g/ 100 g; (3) Skimimed long life milk
11.1g/100 g; (4) Salt, 0.6 g/100 g; (5) Flour containing-issfing agent 46.5 g/100 g.
Unsated butter, caster sugar, seshkimmed long life milk and sodium chloride were
sourced from Sainsburys (Supermarket company, UK), and flour was sourced from
Morrisons (Supermarket company, UK).

Biscuitdough making and baking

The ingredients from (1) to J4vere weighed and blended manually then (5) was
added and the dough mixed by a Food processor blender (Multipro Home, Kenwood,
UK). A homogeneous dough was then formed, rolled to 40 mm thickness using an
industrial laminator (Fritsch, Rollfix, Germanya shaped by a model cutter (24 mm
diameter, round with a smooth edge). The biscuits were placed on the same tray, placed
in a Deck oven (Tom Chandley Compacta, UK) and baked at 180°C for 12 min.
Subsequently, the biscuits were cooled to room temperaf20eC). The biscuit
dimensions and weight were (average): height: 0.6mm; diameter: 32mm, and weight 3g.
The biscuits were carefully packed and stored in sealed aluminium bags with a minimum
headspace within the bag to reduce the effect on moisture cdr@entioughs, from LO
to L3, were formulated and each contained different quantities of sodium chloride
(respectively: 0.53; 0.75; 0.96; 1.20g of salt/100g of dough). L3 was the reference,
comparable to the higher quantity of saltin commercial biscuiitabl&in supermarkets
(i.e. 1.3g per 100g of biscuit).

Thermogravimetry (TGA)

The weight loss of samples was measured with a Mé&ittegdo TGA/SDTA 851
thermal gravimetric analyser, using a nitrogen atmosphere (3 replicates). TGA is an
analytical technife used to determine a material 6s
weight change that occurs as a specimen is heated; the weight is recorded as a function
of the increasing temperature. In dynamic measurements, 10.0 £ 0.2mg of sample were
placed in theluminium pans and heated from 30 to 200°C at a heating rate of 10°C/min.

Moisture content

Moisture content of all biscuits was assessed by drying the biscuit using an OHAUS
MB25 moisture balance. 2 g of sample were ground using a pestle and mortarrand the
placed on the moisture balance pan. The balance was programmed to run at 120°C for 12
min. 12 replicates of each type of biscuit were run.

Threepoint bend

A Texture Analyser (TAXT Texture Analyser, Stable Micro Systems) was used to
measure fracture foedNewton, N) of biscuits in compression mode, in@ot bending
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test using a-point bending rig (HDP/3PB), a headyty platform (HDP/90) and a load
cell of 5 kg. The inner gap distance between 2 plates was 18 mm and the upper blade
linked to the prob moved vertically with 5.5 mm either side of the plate.

Statistical analysis

The data obtained from colour, moisture content, water activity, texture analyser and
aroma release experiments were statistically evaluated using the software Microsoft®
Excel2010/XLSTATC-Pro (2013.4.03, Addinsoft, Inc., Brooklyn, NY, USA). Data were
subjected to univariate analysis of variance (ANOVA). The significance level was set at
p-value<0.05. Significant differences among means of treatments were evaluated by the
posthoc multiple comparisons Fisher test.

Results and discussion

Reducing the salt content resulted in more rapid weight loss probably due to a lower
water retention during baking. Rates for LO and L3 wé&rk2 and3.28 ug/s respectively.
Fessas & Schiraldi2001) suggested that water in the dough would mainly be in two
states, namely, i) free to diffuse through a medium, whose viscosity increases with
increasing temperature because of the drying and transformations affecting starch and
gluten, and ii) tightlybound to the gluten network and thus able to flash off only at higher

temperaturefl0l. The observed phenomena here coul
in LO (high rate of release; low temperature) and the added sodiuBnmight lead to
an increase of the amount of Abound watero

temperature to release water in L3 (maximum rate of loss for L3=106°C while for
L0=104°C). Moisture content analysis of biscuits showed a significéfarehce
between the samples L0 to L3 with respectively 3.13 and 3.60 %.
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Figure 1: Maximum rate of mass loss (mg/s) between 104 and 108f@&nd force (Newton) required to
fracture B) biscuits LO to L3

However, there is no difference between L1 adbut the global trend shows a
decrease of the moisture content when the quantity of added sodium chloride decreases.
This observation tends to confirm our hypothesis that reducing the amount of added salt
led to a matrix which retains less water leadim@ tsmaller moisture content of LO than
L3. The force required to bend and fracture the samples was measured and a significant
decrease in the force needed to reach the point of break was obsevahde(g 0.05) in
biscuits without added salt, meaningdeesistance to fracture and lower elastic response
in LO (11.70 N) than L3 (12.75 N). Decreasing values from L3 to LO could be here related
to the development of a less elastic structure in biscuits during baking. However, it must
be stressed that duetohe | ow moi sture content in thes
and a high fat level (23.4%) and sugar level (18.6%), gluten proteins may not be properly
hydrated and may form a naontinuous networkl1]. Lynchet al. showed that sodium
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chloride increased the strength of the gluten network iacbcughs by enhancing the
orientation uniformityf12]. The impact of the sodium on the gluten network stlengs
established by McCann & Day as added sodium chloride reduced the proteins charge
leading to less repulsive forces (enhanced-cmralent hydrophobic interactions), and
they observed higher interactions between them, leading to an increase intéime glu
network strengthil3]. Therefore, the added sodium chloride increased the force required
to break the biscuits due to the formation of the gluten network being more redistant a
baking. This is hypothesised to be due to the sodium chloride retaining more water in the
matrix and decreasing the quantity of free water. So, the increase of the force required to
break the salted biscuits could be due to the strengthening ofutiea gletwork mixed

with sugar in a glassy state (forming a more elastic matioxvering Young modulus).

Conclusion

The objective of this study was to understand the impact of sodium on the physico
chemical characteristics (colour, aroma release, texame)sensory properties of sweet
biscuit by baking biscuits with less added salt. When sodium chloride was added up to
1.20% (L3 as reference), the biscuit required more force to be broken, and had a higher
moisture content than the biscuits with no addedium chloride. Salt reduction may
reduce the formation/strength of the gluten netWa8. It was suggested that there is an
increase of #Afree wat & aloweitempdrafure)ahd titahther a t
added sodium chloride in L3 might | ead 1tc¢
a more developed/strengthened gluten network (lower rate of release; higher
temperature). A good gluten network might retain morgemia the matrix (L3) and that
mor e Abound watero wild.l l ead to a more
potentially retain more aroma compounds in the matrix during the baking step.
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The impact of plant proteins on vanilla flavour perception
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Abstract

Interactions between proteins and flavours have been reported to produce flavour
retention and to decrease flavour perception in food products. Protein/flavour
interactons, a type of flavour retention, can either be reversible such as hydrophobic,
hydrogen, and electrostatic interactions or irreversible such as covalent binding. Proteins
can also transmit undesirable -@ifivours to food products affecting their orgaeyutic
properties and thus also altering flavour perception. It has been previously confirmed that
vanilla flavour intensity was reduced due to interactions between vanillin and milk
proteins. However, less is known about plant protein/flavour interacfitresefore, the
aim of this study was to investigate interactions between vanillin and plant proteins
(wheat, soy, lupin, pea, and potato) in aqueous systems and their impact on flavour
perception. Results showed that interactions were dependant on te& mource.
Vanillin was bound mainly by pea protein, followed by wheat protein. The final sensory
profiles of model beverages were influenced by both, protein/vanillin interactions and
off-flavour related to each protein.

Introduction

Multiple studies hae shown that proteins can interact with various flavour
components resulting in flavour retention and affecting flavour perceptipri3].
Protein/flavour interactions differ according to the amino acid composition of proteins
and the chemical structure of flavour components. rRiete of flavour by physice
chemical interactions can be either reversible such as hydrophobic, hydrogen, and
electrostatic interactions or irreversible such as covalent binding. Protein/flavour
interactions have been confirmed for vanillinhydroxy-3-methoxybenzaldehyde), the
main compound of vanilla flavour which is widely applied in food prod[&}t§4]i[9].
Vanillin binding affinity and flavour perception has been largely investigated for milk
proteins[1], [2], [4]1 [8]. Studies showed that sodium caseinate or whey proteins interact
with vanillin, and that the binding affinity increases with protein concentrf@pri4]i
[6]. Reversible interactions can even occur quickly and influence the flavour perception
of food immediately{2], [9], [10]. On the other hand, fewer studies have focussed on
interactions between plant proteins and flavours, although the plant protein usage is
predicted to increase in the futuf®l]. Plant protein/flavour interactions have been
previously investigated for soy protd®y], [12]i [15], in lesser extent for pda6], [17]
and wheat proteingl8], and no studies have focused on lupin or potato prot€hes.
usage of proteins may not only cause flavour retention but also transmit unwanted off
flavours, which represent the main limitation for their use in f@d19]. This sensory
dimension is less taken into account in studies that focussed on protein/flavour
interactions. Therefore, the aim tfis study was to investigate both, flavour retention
and flavour perception when vanillin is mixed with plant proteins (wheat, soy, pea, lupin,
and potato), as well as the contribution of proteirflaffours in the final sensory profile
of model beverage

B. Siegmund & E. Leitner (Eds): Flavour $&018 Verlag der Technischen Universitat Graz
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Experimental

Vanillin (Mane, France), wheat protein concentrate (Tereos, France), soy protein
concentrate (ADM, USA), pea protein isolate (Roquette, France), lupin pratkin
powder (Terrena, France), and potato protein isolate (Avebe, The Netsneere used
to investigate protein/vanillin interactions and sensory flavour perception. The protein
content in dry base were 80 %, 69 %, 83 %, 42 %, and 90 % for wheat, soy, pea, lupin,
and potato proteins, respectively. Solutions were prepared imdeatised water by
adding proteins and sugar at 3 % w/w and at 2.5 % w/w concentrations, respectively. The
pH of wheat, soy, pea, lupin, and potato protein solutions was not adjusted and was around
5.8, 7.4, 7.2, 7.5, and 6.0, respectively. When vanillas wdded to samples the final
concentration was 100 ppm.

Sensory evaluation

Descriptive sensory analyses were performed by an internal panel composed
between 10 and 15 panellists using the ratlng evaluation methof@0]. Per session,
panellists tested protein andopgin/vanillin solutions and evaluated the vanillin flavour
and the offflavours: cereal/wheat, herbal/vegetal, and bitterness, ehCasBale. These
three protein offlavour descriptors were selected by their frequency from a separate
sensory session gting protein solutions. Changes in the perceived intensity of each
descriptor were determined by the difference between pure vanillin and protein/vanillin
solutions. Data obtained was treated using an analysis of variance (ANOVA).

Determination of proteitvanillin interaction

Physicechemical interactions between vanillin and plant proteins were determined
by equilibrium dialysis experiments and High Performance Liquid Chromatography
(HPLC) analysis for quantification of vanillin. In equilibrium dialysigperiments
proteins were kept separated by using spenmeable membranes (Spectra/Porl
MWMO: 6-8 kDa). Protein solutions were first dialysed overnight against demineralised
water to purify samples prior to vanillin addition. After the equilibrium washedg¢~72
h), samples were taken from the side of the membrane without proteins and centrifuged
at 4500xg for 30 min. HPLC analysis was done using a UPLC HSS C18 column (150 mm
x2.lmm with 1.8 em particle size) (Waters,
detector set at 280 nm. The mobile phase consisted of a mixture of demineralised water,
acetic acid, and acetonitrile (8%ffew 15) .
rate and 40°C of temperature. The loss of vanillin by interaction with proteins was
calculated by the following relationshif Loss of vanillin = (concentration of vanillin
in the control- concentration of vanillin in the sample)*100 /concentratiéwanillin in
the control Experiments were performed in triplicate and control samples did not contain
proteins. Results were normalised by the protein content in solutions.

Results and discussion

To understand the impact of protein addition on flavoucggtion, the sensory
profile of plant protein solutions containing vanillin or not were evaluated by a panel. The
off-flavours of pure wheat, soy, pea, lupin, and potato protein solutions were mainly
described as bitter, herbal, vegetal, cereal, wheaigesnt, flour, metallic, yeast, earthy,
metallic, hay, fatty, soapy, and paper cardboard. Among these terms, the most frequents
off-flavour descriptors generated for all proteins were: bitter, cereal/wheat, and
herbal/vegetal which were later used fonsay evaluations. The effavour intensity
scores in pure wheat, soy, pea, lupin, or potato protein solutions are presented in Table 1.
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Table 1: Off-flavours intensity scores of wheat, soy, pea, lupin, and potato protein sweet solutions without
vanillin. Analysis of differences between categories (a, ab, b) with a confidence level of 95%.

Protein Cereal/Wheat Herbal/Vegetal Bitter

Wheat 5,62 3,82 2,2°
Soy 6,32 3,52 4,18
Lupin 5,82 4,92 6,02
Pea 6,62 3,42 4,280

Results showed that thereal/wheat flavour was characteristic for most of protein
solutions, except for potato protein. Herbal/vegetal flavours were perceived at different
degrees among all proteins. Bitterness was mainly pronounced in solutions containing
lupin and potato protas, while it was the least present in wheat protein solutions.
Similarly, other studies on soy, pea, and lupin proteins described beany, green, bitter,
grassy, metallic, and astringent-@itivours[16], [21], [22]. Especially, green and beany
off-flavours in pulse and legume ingredients were explained by the presence of
unsaturated lipids susceptible to oxidative deterioratioretyjogenous lipoxygenases
[19], [22]. Changes on the perceived intensity of vanillin flavour andflafours
(cereal/wheat, herbal/vegetal, and bitterness) of wheat, soy, pea, lupin, and potato protein
solutions after addition of vanillin are shown in Figure 1. As expected, the perception of
vanillin increased in most of protein solutions after additdwvanillin. However, the
perceived intensity of vanillin was different for each protein. The vanillin flavour was
best perceived in solutions containing lupin protein, producing an intensity increase of
2.4 significantly higher than the other proteinscbntrast, the vanillin flavour was least
perceived in potato protein solutions. @Hvours seemed to decrease after addition of
vanillin in most of protein solutions, expect for potato protein.

Vanillin Cereal/Wheat Herbal/Vegetal Bitter
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Figure 1: Changes in the perceived intensity of bite=s, herbal/vegetal, cereal/wheat, and vanillin flavours in
wheat, soy, pea, lupin, and potato protein sweet solutions after addition of vanillin. Significant difference
between categories with 90% (*) and 95% (**) of confidence level.

Protein/vanillin ineractions were quantified in terms of vanillin loss for wheat, soy,
pea, lupin, and potato protein solutions (figure 2). The loss of free vanillin varied
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depending on the protein source. The strongest interaction with vanillin was observed for
pea proteirfollowed by wheat protein, with a vanillin loss of around 50 % and 22 %,
respectively, compared to the control. In contrast, soy, lupin, and potato proteins slightly
interacted with vanillin under the tested conditions. Different degrees of flavour eetenti

by plant proteins were expected since there are many factors that can play a role on
protein/flavour interactions, and there is no universal mechanism. Protein/flavours
interactions have been reported to be mainly of reversible nature in aqueous[&}stem

[9], [14].
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Figure 2: Loss of free vanillin (%) by interactions with wheat, soy, pea, lupin, or potato proteins in sweet
aqueous systems thirespect to the control without vanillin. Values were normalised by the protein content in
dry base and error bars represent one standard deviation.

This study suggested that lupin was the most suitable source of plant protein to be
used with vanillin, ad thus vanilla flavour. Lupin protein had moderatedflaffours,
and vanillin was almost not retained by the protein. Therefore, vanillin stayed free and
enhanced the vanilla flavour profile of model beverages. In line with this statement, other
studiesshowed that lupin ingredients had cheldélse, milky, fruity, and fatty offflavours
[21]. This creamylike sensory profile certainly contributed to a bettenillin perception
and, simultaneously, to the decrease offlaffours such as bitterness in lupin protein
solutions. On the other hand, potato protein also displayed low interaction with vanillin
but did not produce an increase in vanillin perceptiogr éf$ addition. Contrary to lupin,
solutions containing potato protein and vanillin displayed a slight increase of cereal/wheat
and herbal/vegetal flavours. This was likely due to the strong and characteristic off
flavours related to this protein (i.e.rdey, paper cardboard, algae). So, for masking potato
protein offflavours, we may suggest to use other warm flavours rather than vanilla (e.g.
chocolate). Controversially, soy protein did not have strong affinity for vanillin but
displayed relatively lowanillin perception. Soy proteins are known to interact reversibly
by hydrophobic binding with carbonyl compounds, such as var@]n [13]. Soy
protein/flavour interactions were mainly entropy driven, which means that
conformational changes of soy protein may be important in binding of vaeillifiL4],
[23]. The traditional extraction of our commercial soy protein could tentatively explain
the low interaction with waillin. Due to thermal treatment and/or acid precipitation, the
protein may have aggregated irreversibly and reduced its flavour binding capacity.
Anyhow, further research is necessary to evaluate protein denaturation. Finally, in this
study, pea and wheptoteins primarily interacted with vanillin. Similar to our findings,
previous studies showed that pea globulins had more flavour binding capacity than wheat
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gluten [18]. Pea protein/flavour istactions were mainly of hydrophobic natyie],

[17], while for wheat gluten also inteand intramolecular disulphide linkages can
participate in flavour bindinfl8]. Interestingly, even if pea protein retained almost twice
more vanillin than wheat protein, the later protein obtained lower scores in vanillin
perception. Intuitively, we can think that larger retention produces lower flavour
perception. However, the type and strength of interactions could also influence the loss
of flavour perception. Since our commercial wheat protein was hydrolysed for better
solubility, we can think that as a result, gluten peptides increased the numbeding bi
sites and had better access to primary structures, including swaiphtaining residues

[1], [3], [6]. Therefore, if disulphide bridges were somehow involved in whea
protein/vanillin interactions, they were probably stronger and more stable as compared to
hydrophobic ones, producing larger impact on the flavour perception.

In conclusion, the impact of plant protein (wheat, soy, pea, lupin, and potato) on
flavour peception was studied and tentatively correlated to the proteiftaofiurs and
physicachemical interactions with vanillin in aqueous systems. Understanding these
protein/flavour implications is allowing the flavour industry to have better control on the
flavour release and the reduction of-fifvours in plant protein based products.
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Abstract

After application of an Aroma Extract Dilution Analysis and Stable Isotope Dilution
Assays, 39odor ants with Odour Activity Values
concentrations in 40 % ABV (alcohol by volume) ethanol for a recombination experiment
to verify the correct characterisation of all aroma impact compounds. The smoky, clove
like and phenat character of the peaty whisky was caused by a set of 14 phenol
derivatives, such as-&hylphenol with an Odour Activity Value up to 940. Comparing
the concentrations of phenol derivatives in the raw whisky with the matured ready to
drink product, it sems that the maturation process also contributes to the smoky aroma
by increasing the concentrations edilyl-2-methoxyphenol and-8thylphenol, while the
other phenol derivatives mainly originated from the special kilning process with peat reek.

Introdu ction

Whisky making has a long tradition in Scotland and its islands. After mashing barley
malt with yeast, a doublieatch distillation yields the raw spirit, which is then aged for at
least 3 years in second hand oak casks before bottling as singlehiskly.viEspecially,
whiskies from the island Islay are particularly known to elicit a peaty odour. The malting
process on Islay contains the traditional step of kilning witicadled peat reek (peat
smoke) which is responsible for the typical smoky anchphe aroma of the spirit. It is
already suggested that this fApeatinesso i
including phenol, methylphenol and dimethylphenol derivatives angthoxyphenol
with a total amount up to 80 ppm-§l. Early studies euld correlate the cumulated
concentrations of all phenolic compounds to the degree of peatiness [1,2] or identified
some phenol derivatives, such asetdyl2-methoxyphenol and -2 3-, and 4
methylphenol in Scotch and Japanese whiskies as aroma impauwus based odour
activity values (OAV) calculated, however, using threshold data in 10 to 20 % ABV
ethanol [35]. Poisson and Schieberle were the first to fully characterise an American
Bourbon whiskey by means of the Sensomics concept. Their investigaésulted in a
set of 26 impact aroma compounds, including eth$)-2(methylbutanoate, -3
methylbutanal, hydroxy-3-methoxybenzaldehyde and){b-damascenone with highest
OAV [6,7]. They also investigated a peaty whisky from Islay and could trace back the
distinctive smoky aroma to the high OAVs of several phenol derivatives, such as 2
methoxyphenol, 4llyl-2-methoxyphenol and -Bethyt2-methoxygenol. However,
their recombination experiments did not lead to a satisfying outcome [8] as not all phenol
derivatives could be identifiedn order to decode the unique aroma with focus on the
peatiness of Scotch Single Malt whiskies from Islay on a mitdebasis, a whisky from
the Ardbeg distillery was investigated by means of the Sensomics concept [9].
Additionally, selected aroma compounds were quantitated in a sample of the
corresponding raw whisky to investigate the impact of the maturation proréke
smoky aroma of the whisky.
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Experimental

SamplesThe whi sky fUigeadail o from the di
local spirit shop. The shop owner also kindly provided a sample of the raw whisky,
intended to be matured into an AUigeadail

Workup.After solvent extraction and SAFE (solvent assisted flavour evaporation)
distillation and Vigreux column distillation, the concentrated distillate was subjected to
aroma extract dilution analysis (AEDA), which was carried out by two panediatssure
the detection of the whole set of important odorants. Impact aroma compounds with high
FD factors were quantitated by means of stable isotope dilution assays (SIDA}@sing
or ?H-labelled analogues. OAVs were then calculated by using thectasp@dour
threshold concentration in 40 % ABYV ethanol from the literature [7,8,10].

Sensory trialsUnavailable odour threshold concentrations were newly determined
in 40% ABV ethanol by a sensory trained panel according to the method reported
previousy [10]. For a descriptive analysis of the recombinate and the original whisky,
the sensory panel was asked to rate the intensities of nine aroma attributes from 0 (no
perception) to 10 (very strong intensity) on an unscaled line.

Results and discussion

AEDA and identification experiments resulted in 36 aroma active compounds with
FD factors ranging from 32 to 4096. Next &)-p-damascenonejs-whisky lactone and
4-hydroxy-3-methoxybenzaldehyde with high FD factors, a group of phenol derivatives
with FD factors rangingrom 4 to 4096 with smoky, phenolic or clolike odour
attributes were identified (data not shown). Basethese data quantitations followed by
the determination of OAVs of 44 aroma compounds were carried out. Highest OAVs
were found for 3thylphenol (940), followed by-Bethybutanal (640),5-ethyl 2
methylbutanoate (410), ethanol (390);m2thoxy5-methylpkenol (590) und 2
met hoxyphenol (280) . Al together, 39 arom
including 14 phenol and-ghethoxyphenol derivatives, contributed to the complex aroma
of the peaty single malt whisky. A recombination experiment with all 3haoharoma
compounds in their natural concentration could mimic the original whisky very well
(Figure 1) confirming their correct characterisation as impact aroma compounds. The
typical smoky and phenolic aroma of the whisky was generated by the senof phd
2-methoxyphenol derivatives with high to very high OAVs, such -&¢h8lphenol, 2
methoxy5-methylphenol, 4ethyl2-methoxyphenol, 4nethylphenol, 2methoxy4-
propylphenol, 2methylphenol und more.

(a) (®)
smoky smoky
10 10
flowery g phenolic flowery 8 ~ phenolic
Gp™
g "’l -~ :
= _ I coconut-
fruity coconut: fruity ;) h .
- like 4 4 \ like
'f ]
- ':
. S_” e-
malty e malty - clove
cooked anilla cooked vanilla-
apple- like apple- like
like like

Figure 1: Aroma profiles of the original whiskfa) and the corresponding aroma recombinate (b)
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Tablel:1 mpact ar oma c¢ o mbathenpdasy simgle malt wikskyron®lslay.

odorant OAV odorant OAV*
3-ethylphenol 940 2-phenylethyl acetate 29
3-methylbutanal 640 (E)-2-nonenal 29
(9-ethyl 2-methylbutanoate 410 3-methylbutylacetate 25
ethanol 390 4-allyl-2-methoxyphenol 20
2-methoxy5-methylphenol 380 ethyl cinnamate 18
2-methoxyphenol 280 4-ethylphenol 16
ethyl octanoate 250 3-methy}1-butanol 15
(E)-b-damascenone 220 2-pherylethanol 14
4-ethyl2-methoxyphenol 200 3-methylphenol 12
ethyl methylpropanoate 160 2-ethylphenol 10
vanillin 140 decanoic acid 9
ethyl 3methylbutanoate 120 ethyl 3-phenylpropanoate 9
4-methylphenol 97 2-methoxy4-methylphenol 7
ethyl hexanote 80 methyt1-propanol 5
1,1-diethoxyethane 68 a-nonalactone 5
ethyl butanoate 67 phenol 4
2-methoxy4-propylphenol 52 acetaldehyde 3
2-methylphenol 46 2,3-dimethylphenol 3
2-methylbutanal 43 3,5-dimethylphenol 1
cis-whisky lactone 30

1 OAV; odour activity value using odour threshold camcations in 40 % ABV ethanol.

In order to investigate the impact of the maturation process on the smoky aroma of
the whisky, a sample of the raw spirit i n
69 % ABV ethanol was investigated focussing on knovaturation derived compounds,
such ascis-whisky lactone and -fydroxy-3-methoxybenzaldehyde, as well as on the
previously identified phenol derivatives. Since the investigated whisky had cask strength
(59 % ABV) meaning the spirit did not undergo dilutimfter the maturation process, the
concentrations of the selected compounds in the raw spirit and final whisky wereydirectl
compared without conversion.

Next to the typical maturation derived compounds, only two phenol derivatives, such
as 2ethylphenol ad 4allyl-2-methoxyphenol showed noteworthy concentration
increases after oak cask maturation. The remaining phenol derivatives were already
present in the raw whisky, thus confirming their origin from the peat smoke used for
kilning the malt. Minor conadtration differences could be explained by the use of
different starting material and vintage.
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Table 2: Concentrations of impact aroma compounds in the raw and matured whisky.

concentration [pg/L]

raw matured increase/
odorant whisky whisky decrease [%0
maturation compounds
ciswhisky lactone <13 2000 +150000
vanillin 231 3140 + 13500
phenol derivatives
2-ethyphenol 411 870 + 112
4-allyl-2-methoxyphenol 89.2 139 + 56
3-ethylphenol 444 537 + 21
2-methoxy4-propylphend 88.6 97.6 + 10
4-ethyl2-methoxyphenol 1380 1370 - 1
2-methylphenol 4290 4120 - 4
2-methoxy4-methylphenol 2010 1790 - 11
4-methylphenol 3260 2900 - 11
4-ethylphenol 3330 2740 - 18
3-methylphenol 1770 1400 - 21
2-methoxyphenol 3480 2600 - 25
2-methoxy5-methylphenol 236 122 - 48

Conclusions

By applying the Sensomics concept to the Single Malt Scotch whisky from Islay, its

aroma could be successfully characterised. The typical w@o# phenolic aroma was
traced back to the multiplicity of phenol anehiethoxyphenol derivatives with high
OAVs. The additional investigation of the raw spirit confirmed their origin mainly from
the peat reek used for malt kilning in the making procdsthese especially peaty

whiskies.
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Abstract

Microalgae are known to produce several volatile organic compounds that can be
obtained from the biomass or released extracellularly into the medium. The aim of this
study was to evaluate the generation of volatile organipoomds with flavour potential
from the microalg@hormidium autumnalé mixotrophic cultivation. The experiment
was conducted in a New Brunswick Scientific BidF&0 bioreactor operating under a
batch system, with a 1.5 L working volume. The experimemtadlitions were as follows:
initial inoculum concentration 100 mg?L temperature 25°C, pH adjusted to 7.6 and
aeration of 1.0 volume air per culture volume per minute, supplemented witht ®fg.L
sucrose and constant light intensity of 4 klux. The tel@ompounds were isolated by
solid phase micr@xtraction applied in headspace of residence time (144 hours),
separated by gas chromatography and identified by mass spectrometS§PWHES
GC/MS), cainjection of standards and Kovats index. The major petsd in the
bioreactor were 2;decadienal (46.03%);®ethyt1-butanol (12.39%), hexanol (4.17%)
and 2ethytl-hexanol (3,51%). The descriptor flavour of the compounds detected in
experiments was mainly classified as fried food, fruity, spice, and ftorapounds. In
conclusion, the results have shown that the mixotrophic cultivation dPhbemidium
autumnalecould be a potential biotechnological to produce natural flavours.

Introduction

Microalgae are a group of photosynthetic microorganisms typioallsellular and
eukaryotic. Although cyanobacteria belong to the domain of bacteria, and are
photosynthetic prokaryotes, they are often considered microalgae [1]. Microalgae and
cyanobacteria are considered some of the most promising feedstocks forgheosup
food and nonfood industries [2; 3]. Because they present a high content of macronutrients
(proteins, carbohydrates, and lipids), microalgae have the potential to enhance the
nutritional value of foods [4]. They may also be used as a feed souncefiyraquatic
organisms and livestock [5]. Microalghased systems for chemicals production are an
emergent area, representing a great promise for industrial application.

The growing interest in natural products guides the development of the technologies
that employ microorganisms, including microalgae, which are able to synthesize specific
volatile organic compounds. Therefore, the selection of a mode of cultivation of
microalgae is of vital importance. Four major modes of microalgae cultivation can be
adgted, namely photautotrophic, heterotrophic, pheteterotrophic, and mixotrophic
[6]. Mixotrophic microalgae use different energy and carbon sources so that they may use
organic or inorganic sources and light in different combinations. Mixotrophy makes
microalgae more flexible because it may gather both the carbon and energy demand from
organic or inorganic sources and light simultaneously [7].
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The occurrence of volatile organic compounds in microalgae is a consequence of
their versatile metabolism. Trewmpounds produced may belong to different classes of
compounds such as esters, alcohols, hydrocarbons, ketones, terpenes, carboxylic acids
and sulphur compounds [8, 9]. Many of these volatiles present odour descriptors such as
floral, fruity, spice, sweetoasted, and can, therefore, be used as a flavouring agent in the
food industry and others used in the pharmaceutical and fine chemicals industries.

Thus, the objective of this study was to evaluate the generation of volatile organic
compounds with flavar potential from the microalg@hormidium autumnalen
mixotrophic cultivation.

Experimental
Microorganism and culture conditions

Axenic cultures oPhormidium autumnaleere originally isolated from the Cuatro
Cienegas desert (26A59N N, 102A03Nj, W. N
maintained in solidified agaagar (20 g t*) containing BG11 medium [10]. The cultures
were illuminated with 20 W fluorescent daght-type tubes (Osram Sylvania, Brazil),
|l ocated in a photo period chamber?and a ph
a photoperiod of 12/12 h light/dark at 25°C. The photon flux density was adjusted and
controlled by using a digital photoneet(Spectronics, model XRP3000). To obtain the
inoculum in liquid form, 1 mL of sterile medium was transferred to slants, and the
colonies were scraped off and then homogenized with the aid of mixer tubes. The entire
procedure was performed aseptically.

The experiment was conducted in a New Brunswick Scientific BREIO
bioreactor operating under a batch system, with a 1.5 L working volume. The bioreactor
including filtration units was sterilized by autoclaving at 121°C for 20 min. The
experimental condibns were as follows: initial concentration of inoculum of 100 mg L
1, temperature of 26°C, pH adjusted to 7.6, aeration of 1.0 VVM (volume of air per
volume of culture per minute per minute). The culture medium consisted of a BG11
synthetic medium suppleanted with 5g I* of sucrose and a constant light intensity of 4
Klux.

Isolation of the volatile organic compounds

The volatile organic compounds were analysed at 144 h of the residence time using
headspace solighase micreextraction (HSSPME) with a 5@ 0¢& m
divinylbenzene/carboxen/polydimethylsiloxane (DVB/CAR/PDMS) fibre (Supelco,
USA). Sample preparation was performed using 20 mL of culture medium, equally
separated into two portions. Each of these portions was analysed-8#ME coupled
with GC/MS fa the quantitative determination of the volatile compounds. The aliquot
was placed in a headspace septum vial containing 3 g of NaCl. The SPME fiber was
inserted into the headspace of the vial containing the sample (previously kept at 40°C for
equilibratin temperature) for 45 min at 40°C, with agitation provided by a magnetic stir
bar. After this period, the fiber was removed from the vial and immediately desorbed into
the injector of the GC. The analytical procedure was performed twice and in duplicate.
Therefore, the data refer to the mean value of two repetitions.

GC/MS analysis

The volatile organic compounds were analysed in a GC system (Agilent 7890A)
coupled to a mass spectrometer detector (Agilent 5975) using-&/®8fused silica
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capillarycolumn(® m i n | engt h, 0.25 mm id and O.
oven temperature was held at 35°C for 5 min., followed by a linear increase at 5°C/min
to 220°C, and held at this temperature for 5 rAor. the identification of the compounds
was based o&C-MS, electroAmpact ionization voltage of 70 eV was applied, and
helium was used as the carrier gas. The volatile compounds were identified by a
comparison of their MS spectra with those provided by the computerized library (NIST
MS Search). In additig to assist with identification, each volatile linear retention index
(LRI) was calculated using the retention times of a standard mixture of paraffin
homologues prepared in hexane and compared with the LRI values published in the
literature for columns ith the same polarity (www.flavornet.net). @gection of the
sample and the standard mixture provided experimental LRIs for the compounds, which
were compared with those of standards analysed under similar conditions.

Results and discussion

The volatileorganic compounds produced Bjormidium autumnaleultivated in
mixotrophic conditions are presented in Table 1. A total of 16 compounds (aldehydes,
alcohols, ketones, and hydrocarbons) with different odour descriptors were found.
Among the chemical class identified, 2,4lecadienal (46.03%),-@ethyt1-butanol
(12.39%) and “hexanol (4.17%) were the major compounds identified.

Table 1: Volatile organic compounds produced Phormidium autumnaleultivated in a mixotrophic

microalgal reactor. The odour stiption presented was extracted from the literature in comparison to the
compound name, chromatographic column and Kovats index (www.flavornet.org).

Compound Kovats Index Description of odour Relative peak area (%)
acetaldehyde 714 pungent, ether 2.37
hexanal 1084 grass, tallow, fat 1.96
2-methyt1-propanol 1099 wine, solvent, bitter 0.73
3-methyl1-butanol 1205 whiskey, malt, burned 12.39
1-pentanol 1255 balsamic 0.75
1-hexanol 1360 resin, flower, green 4.17
2-octenal (E) 1408 green 1.62
(E,E)2 4-heptadienal 1463 nut, fat 3.02
2-ethyl1-hexanol 1487 rose, green 3.51
benzaldehyde 1495 almond, burnt sugar 0.57
hexadecane 1600 alkane 3.28
2-octenl-ol (E) 1608 soap, plastic 0.72
acetophenone 1645 must, flower, almond 1.43
2,4-decadienal (E,E) 1710 fried, wax, fat 46.03
transgeranylacetone 1840 green 1.83
p-ionone 1912 seaweed, flower, raspbern 0.82
Other Compounds 14.80
Total 100

Mixotrophic cultivation occurs when the microalga uses photosynthesis and
oxidation of organic compoundsoncomitantly: the oxygen produced in the
photosynthesis is consumed in the heterotrophic route. At the same time, the carbonic gas
generated in the oxidation of the organic compound is exploited in photosynthesis. This
cultivation is already widely expltEd in terms of biomass production [6, 7]. The volatile
organic compounds biosynthesis mainly depends on the availability of carbon and
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nitrogen as well as energy provided by primary metaboligme. formation of volatile
organic compounds can occur duribgth primary and secondary metabolism of
microorganisms as secondary produthisrebywe can suggest that the presence of these
compounds is due to the secondary metabolism of these microorganisms.

According to Santos [8], aldehydes proved to be the prestalent volatile organic
compounds and, due to their low odour threshold values, might be important headspace
volatiles compounds contributing to desirable aromas as well as rancid odours and
flavours. Saturated aldehydes have a gtden haylike, pager-like odour, whereas
unsaturated aldehydes have a fatty, oily and frying odour. Whereas the shorter chain linear
aldehydes are often derived from chemical lipid oxidation, branched and aromatic
aldehydes are typically formed due to enzymatic lipid andepr oxidation.

Microalgae can produce a variety of industrially relevant volatile compounds that
can represent an improvement in the supply of a large volume of inputs for different types
of industry (odour, flavours, energy).

In conclusion, the resulshow that the mixotrophic cultivation of tihormidium
autumnalcould be an alternative to obtain flavours by this biotechnological route. More
knowledge about the biochemical routes should be taken into account, thereby increasing
the production of compods of interest and the use of all the products generated during
the bioprocess.
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Unravelling the complexity of a savoury fermented product
using a holistic sensoryanalytical approach
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Abstract

The fermented corn starch hydrolysate reveals more complexity in savoury flavour
that goes beyond the umatasteof MSG, despite the presence of glutamic acid amongst
other amino acids. Glutamdipeptides were identified as major class of known taste
compounds present in the savoury paste but, at the found concentrations, their impact is
not sufficient to match the r o d u ¢ t 6 sGlutwassfdured.as ther major Amadori
compound. However, its individual taste impact could not be proven. Additionally,
sensoryguided fractionation has revealed a class -@d\ll derivatives of amino acids as
possible tastactives in tlat fermented product. Taste activity for some derivatives has
already been described elsewhere but their final impact on the taste profile of the current
product is currently under investigation.

Introduction

In culinary food products, umami compounds likenosodium glutamate (MSG)
a n dnudelfides are often used to impart savoury taste. As consumers get increasingly
more sensitive to the addition of such pure ingredients, which are classified as flavour
enhancers, alternative natural sources have gadimecest in the past years such as
products obtained through the fermentation of different raw materials (e.g., wheat gluten,
soybean). In the past years, several studies have been conducted to determine the presence
of tasteactive or modifying compoundi® such products, mainly in soy sauce [1,2].
However, the link to the sensory characteristics of the products was studied less intensely
and the role of the individual taste compounds on the overall flavour remains in many
cases questionable [3]. The faanted savoury product herein investigated (Savoury Base
100) is produced by fermentation of hydrolysed corn starch Gsiglutamicuma Gram
positive bacteriumC. glutamicumhas been widely used for industrial production of
amino acids, such asglutanic acid, and fermented cereals. The aim of the study was to
unravel the complex savoury flavour by combination of analytical and sensory
approaches.

Experimental

The investigated product (Savoury Base (SB) 10@yasiuced by fermentation of
hydrolysed cam starch using non geneticaliyodified proprietary strains of
Corynebacteriunsp. Corynebacterium glutamicudTCC 13032).

Sensory assessment was performed with a trained panel usinglipeséor
descriptive and comparative profiling either in watemmdel broth.

Glutamylpeptidesand Amadori compounds were quantified by LC/MS in MRM
mode on a BEH amide (Watens3ing isotopically labelled standardéucleotideswere
qguantified by LGUV using a PBr column (Cosmosiland external calibration.
Determiration of basic composition was performed by ion chromatographsufgars,
amino acids, organic acids and minerals with external calibration.
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Ultrafiltration was performed using a stirring cell and membranes of 1 kDAfEut
Further fractionation of theolv molecular weight fraction was performed by 1D
preparative HPLC and 2Bactionation with a Sepbox (Sepiatec) using the polauget

HR-mass spectroscopy of individual fractions was performed using a BEH amide
column and MS detection was done on a Qdixa Focus (Thermo) in full scan mode
and auto MS/MS of the 3 most abundant ions at three different collision energies.

For structure elucidation, NMR of isolated peaks was performed on a 600 Mz NMR
from Bruker using 1D/2D experiments.

Results and discusion

The savoury powder used in this study contains a specific intrinsic mix of various
compounds, including amino acids, organic acids, and minerals. The considerable
amounts of glutamic acid raised the question how the sensory profile of this novel
ingredient is compared to a pure MSG solution. Sensory evaluation (Fig. 1) performed
with a trained panel (n=6) wearing nedl®s comparing MSG and the savoury base at
same glutamic acid level, revealed that the umami taste of the fermented savoury product
is higher than a pure MSG solution. In addition, a simple recombinant including basic
tastants (NacCl, glutamic acid, acetic aci
taste either. Panellists described the taste of SB100 as being more complexnand

1o UMAMI glutamic acid

£ More umami/
s NaCl tasty, more salt
e ¢ acetic acid ¥, y
£ |
o 6 -
? 6.0 — — N
p .
g | - I
£ 4 ; ; L_)
2 ( same level of glutamic acid ‘ \ ‘ # \ /
= | = —
0 T 1
MSG SB100 RECOMBINANT SB100

Figure 1: Sensory evaluation of MSG and savoury base providing same amount of glutamic acid (left) and
comparison of simple recombinant with entire product SB 100 (right)

Based on the gap identified by the sensory panel, knownaaste molecids were
guantified in the corresponding product and their individual contribution to overall taste
was evaluated by calculating deseerthreshold (DoT) values (Table 1). Glutamic acid
was found to be the dominant amino acid with a DoT value of 6.4 fetldsy alanine
and proline as second most abundant amino acids. Amongst thie wedl wglutamyt
dipeptides, GltGlu and GluGIn were found as the most abundant members of that
family, beside small amounts of other derivatives. The DoT values of thgeptities
were below their reported taste thresholds. However, it is known that these peptides have
tastemodulating properties rather than showing tastvity on their own. In addition,
Amadori compounds were identified, with-(1-deoxyD-fructos1-yl)-L-glutamic acid
(Fru-Glu) as the main compound beside traces of other Amadori compounds. These
Amadori compounds were also below individual threshold but might be of importance
due to modifying properties. Other compounds that were identified were miaehls
organic acids with NaCl and acetic acid, respectively, being the dominating ones, as well
as sugars and ribonucleotides found in trace levels in SB100. Among those, most
individual compounds were found well below their individual taste thresholdsteiecep
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NaCl, and acetic acid, which showed Dfattors of 0.6 and 0.3, respectively. A
recombinant sample, including compounds with DoT >0.1, still showed a gap in taste
profile indicating the presence of other compounds contributing to the taste ofdheysav
powder.

Table 1: Concentrations and Doswerthreshold factors of taste compounds found in SB 100

Taste  Compound Av. Conc. (% dm)  DoT at 0.2% solution
umami  Glutamic acid 52.1 6.4
Glutamylpeptides 1.8 <0.01
Fru-Glu 0.7 0.03
Ribonucleotides 0.1 <0.01
Other Amadori 0.2 n.c
salty NacCl 4.9 0.6
Other minerals 0.9 <0.01
sour Acetic acid 1.7 0.3
Other acids 0.3 <0.01
other Alanine 1.8 0.05
Proline 1.1 0.01
Sugars <0.1 <0.01
Other free amino acids 0.9 <0.01
Nucleosides 0.2 <0.01

As the recombinant of the known tastetive compounds showed no taste match
with the initial powder, the product was submitted to a sengoige fractionation
approach, using ultrafiltration (1 kDa) followed by preparative HPLC of the LMW
fraction Each fraction was then tested in water or model broth (MSG, NacCl, sucrose) for
any taste activity (Fig. 2). Sensory evaluation of fractions revealed two fractions showing
low taste activity when tasted alone in water, but having umami (F3 and F4) and sal
modulating effects (F4), when tasted in a model broth.

F3 F4

Umami Astringent

Sweet Bitter

= model broth (REF)
- fraction in water
—— fraction in REF

Acid

Figure 2: Sensory evaluation of most tastetive fractions F3 and F4
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Tasteactive fractions were then submitted to-HR-MS analysis and a library
search was performed for first identificationpefaks. This confirmed the presence of the
already quantified glutampeptides in fractions F3 and F4. Recombination of these
peptides was nevertheless not sufficient to mimic the taste properties of fractions F3 and
F4. Thus, the most prominent unknownake were isolated by preparative LC and
structure elucidation was performed by means of NMR andvt8RVIS. This led e.g. to
the identification of Nacetylglutamine in fraction F4. By using molecular networks of
the MS data several more of-d¢yl derivative of amino acids could be tentatively
identified. Confirmation by reference molecules and sensory evaluation is currently
ongoing and structure elucidation of further unknown compounds is also in progress. The
results so far show that the fermented savbase is a complex mixture of several taste
active and tastenodifying molecules, which probably contribute even in-guleshold
concentrations to the complex taste of the product by additive, synergistic and modulating
effects.

s.aE8

5268

,

4067 OH Iﬂ‘l ‘“‘

| | M |

S I N | WY L N §

e am il am s w0 im em h 7B &b em se W mm mE nm 0k om e mo mm e e
et e

e y-glutamyl-valine
1560 on
rce0
e b
4268 H; H
im0 - "
3.8e8 Hy
3.6E8 HyC
1.0
i y-N-acetyl-glutamine
¥ 2cen
£oues oH
2268 o
o
2260
58 it . .
. ch,go Ho v-glutamyl-isoleucine y-glutamyl-glutamine
| OH
e | & Glutamic acid
1268 | oo OH
= | : | Wit
- " o
0067 H, ‘ HN i
Sty ‘ ‘I f l \A\
_J |

2067 I [\ i
A J\
ook

Figure 3: HR-MS chromabgram of fraction F4 containing tastetive/modifying molecules
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Effects of drying methods on the composition of volatile
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Abstract

The mixtures of different volatile and nwolatile compounds create the unique
aroma and taste of foods. Aroma, derived from combinations of volatile components, is
essential for determining the quality of foods. Aroma profile of dried foods may be
affected by loss, destruction, change or improvement of unexpected flavours during
drying processes. The Maillard reaction and autoxidation are the main chemical reactions
responsible for the formation of new compounds during drying. These reactions have
considerable effects on the flavour of dried fruit and vegetables. The Maillardbreacti
derived compounds are classified in three groups which are sugar
dehydration/fragmentation products (furans, pyrones, cyclopentenes, carbonyl
compounds and acids), amino acid degradation products (aldehydes, sulphur compounds
and nitrogen compounds) anglatiles produced by further interactions (pyrroles,
pyridines, pyrazines, imidazoles, oxazoles, thiazoles and thiophene). Some of the flavour
compounds (aldehydes and esters) might be formed through lipid oxidation or
biosynthesis of alcohols and acid$ie concentration of volatile compounds and activity
of volatile forming enzymes are affected by drying methods and conditions. Besides that,
loss of the precursors may also cause the loss of volatile compounds after drying.
Conventional drying techniqueadversely affect colour, aroma and flavour due to
increased temperature and long exposure to heat and oxygen. On account of the negative
effects of conventional drying processes, freeze drying and vacuum drying have been
alternatively used in recent yeaiiese technologies are expensive and time consuming;
even they preserve flavour better than conventional drying. This review highlights the
effects of drying methods on the volatile compounds of fruits and vegetables.

Introduction

Fruits and vegetablegseareadily perishable foods because of their high moisture
content [1]. Drying of fruits and vegetables are important in preserving food quality,
forming suitable option for economic postharvest management, increasing food safety
and sheHiife. In the dryng process, water is removed to slow down or stop the existent
chemical reactions, in addition to inhibit growth of spoilage microorganisms [2].
However, drying leads to loss and change in volatiles (e.g. stripping process, oxidation
and thermal degradati), formation of new volatile compounds (e.g. enzymatic
reactions, Maillard reaction and lipid oxidation), and negative impact on colour, texture
and nutritional value [3, 4, 5].

Different drying methods are commercially utilized to remove moisture froits
and vegetables. These methods are basically divided into three subgroups; solar drying,
atmospheric drying (e.g., tunnel, cabinet, fluidized bed, spray and microwave drying) and
sub atmospheric drying (e.g. vacuum and freeze drying) [6]. In ordexatotain the
characteristic aroma of fruits and vegetables during drying, novel or improved drying
methods have been developed [3]. Therefore, this study is aimed to collect recent
information on volatile flavour compounds of dried fruits and vegetables.
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Drying methods

Sun and solar dryingin sun drying, sunshine is used to dehydrate fruits and
vegetables which are spread out under the sun and dried. It is widely used in tropical and
semitropical countries due to its low cost by using free renewableyesmuce, whereas
there are adverse effects of this method such as inapplicability in all seasons and hygiene
problems [6]. The different solar drying methods use equipment to gather sunrays in a
unit. Compared to sun drying, the temperature in solarisinisually 2630°C higher.

The handicap of these methods is that fruits and vegetables that are dried outdoors must
be covered during cool nights because air condenses and can moisturize foods back [2].

Conventional drying Drying times in conventional ghirs change remarkably,
depending on room temperature, humidity, the amount of food and its moisture content.
Air temperature and circulation are important aspects which should be controlled during
drying. When the temperature is too low, the food will slowly and microbial growth
may occur, but if the temperature is too high, a hard shell can develop and the inside of
product remains wet [2].

Tunnel dryers:The tunnel driers consist of fans, heaters and wagons in which
products are carried. During dngi the wagons are moved in the tunnel. Tunnel dryers
decrease the drying time and enable closer control of moisture content [7, 8, 9].

Drum dryers:Drum dryers consist of a cylinder which is heated on the inside and
turns continuously. During drying, theroduct is carried out in a thin film on the outside
of the drum and dries quickly. After every rotation, the dry solid is scraped off the roll,
which is revolving slowly. This method is convenient for highly or low viscous foods
[10].

Spray drying:Spraydryers are used to remove moisture from foods especially those
in puree or liquid forms. In this method, atomization and evaporation of water are carried
out when the dispersed / sprayed material passes through the drying chamber. Higher
drying rates, lowenergy consumption, preservation of food quality and prevention of
oxidation are the main advantages of spray drying [2, 10].

Freeze dryingFreeze drying technique uses extreme cold temperatures asdow as
50°C in a wide variety of products [11]. In eegs to low processing temperatures applied
in this method, thermal degradation reactions are excluded, high aroma retention and high
quality product is attainable with excellent rehydration properties [12].

Microwave drying:Microwave drying is an anothalternative method with various
advantages like providing higher drying rate, shorter drying time, homogeneous energy
delivery on the material and better process control [13, 14, 15, 16].

Vacuum dryingVacuum drying is used under reduced pressure ndnables food
to be dried at lower temperatures. With this method, oxidation reactions are inhibited due
to the absence of air while the flavour, colour and texture of the dried foods are maintained
[10, 17].

The volatile flavour compounds of dried fruits and vegetables

More than a few hundred volatile compounds are present in fruits and vegetables.
Many vegetables contain aroma compounds such as allicin in garlic [18] terpenes,
sesquiterpenes, styrene, alkanes and a few alcohols in carrots [1], supinouads,
alcohols and esters in shiitake mushrooms [19] and sesquiterpene lactones in chicory and
lettuce [20, 21]. Moreover, citrus fruits such as lemon and orange are abundant in
terpenoids, while aroma compounds of the otheraitvas fruits such asdmana, apple,
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apricot and cranberry are described by esters and aldehydes [22]. These volatile
compounds may change, be lost or form new compounds during drying with some
reactions such as stripping process, oxidation, thermal degradation, enzymatioand no

enzymatic reactions.

Nunes et al. [23] reported that among thiotye volatile compounds of fresh guava
fruit, terpenes were predominant even after oven (55°C, 22 h) and freeze drying (50°C,
0.025 mbar, 48 h) processes. However, aldehydes and estersthermain compounds
diminished by dehydration of guava fruit.

Allicin, which is the principal volatile of organosulfur compound in garlic, was
affected by drying time and temperature when dried convectively at 50 and 60°C,
respectively, with airflow ofl.5 m/s. Allicin retention after drying was significantly
affected by temperature and variance in the structural properties of garlic. Researchers
reported that drying at 60° C lowered loss of allicin content [18].

Rajkumar et al. [1] showed that freezgidg is an extremely useful technique for
higher aroma retention in carrots. They also indicated that terpenes had a greater effect in
giving aroma to the samples. The key flavour components of fresh carrots were mostly
kept during drying.

Narain et al. [2] evaluated the retention of volatile compounds in tomato juice and
its products (A: prepared with 5% maltodextrin, B: prepared with 5% tapioca flour)
dehydrated by a forced air circulation dryer (temperature: 60°C, relative humidity: 25%,
air velocity: 5m/min). The volatiles, mostly sulphur compounds, were more retained in
product A than product B. The concentration of dimethyl sulphide, hydroxymethyl
furfural, acetaldehyde,-8thyl furan and -terpineol in tomato powder rose with drying,
whereas ethah@and geranyl butanoate decreased during dehydration.

In another study reported by Huang et al. [25], aroma composition of apple slices
dried by a combination of freeze drying and microwa&euum drying (A) was evaluated
and compared with only freeze dli€B) samples. They also indicated that volatile
compounds in apple slices were classified as esters (principal compounds in apple),
aldehydes, alcohols and acids. From the results of aroma retention between drying
methods applied, researchers observed dhi@d apple slices by B application were
retained aroma better than A application.

Shiga et al. [26] studied the influences of spray drying on powdery encapsulation of
shiitake flavours. It was reported that flavour retention increased with the risgirad d
air temperature and solid content and decreased with the rise of dextrose equivalents of
maltodextrin. Lenthionine concentration was increased with heat treatment but other
flavours were not affected by heat treatment.

The study of Jeyaprakash et @7] was attempted to identify the effects of heat
pump dehumidifier dryer on flavour retention of tomato samples and compared with
fresh, freeze dried and commercial spray dried samples. The quality parameters were
determined as volatile, nerolatile ard odour intensity. Heat pump dried tomato showed
better retention with regard to volatile and sensory profiles of tomatoes than freeze drying.
However, loss of the fresh aroma compourif)sXhexenal, ipentenr3-one, thexanol)
and the availability of heahduced compounds (dimethyl sulphide, furfural, pyrrole)
were identified in spray dried tomato samples.

Conclusion

Consumers demand processed products, which retain their original properties.
During drying, important flavour components could degrade andbst due to high
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temperatures and long drying times. Among the drying technologies, freeze drying,
vacuum drying and heat pump drying offer great scope for the dried products retaining
aroma components.
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Abstract

Odaur-active compounds from two canned tunas (albacore andaskjpjere
isolated using solvent extraction followed by solvassisted flavour evaporation and
normal phase chromatography separation. Aractave compounds were identified by
gas chromatography/olfactometnyass spectrometry (GC/MS). Many sulfuf
conkining compounds (Bnethylthiophene, 2nethyl3-furanthiol, acetyt1-pyrroline,
dimethyl sulfide, dimethyl trisulfide, -Rurfurylthiol, methional) were identified
contributing to meaty, chickelike aroma. The majority of the odeactive compounds,
however, were saturated and unsaturated aldehydes such as hexanal, n@ahal, (
heptenal, E,2)-2,6-nonadienal, K,E)-2,4decadienal, and acids. Most of these
compounds were identified in both skipjack and albacore species, but their aroma
intensities were ifferent. Results demonstrated that normal phase chromatography is a
useful tool to help compound identification in complex mixture.

Introduction

Many factors can affect the aroma profile of canned tuna, including processing
conditions [1], fish specidgg,3], and storage conditiof$,5]. Oxidation of unsaturated
fatty acids in fish generates saturated and unsaturated ald¢blydesd some of these
compounds have been reported as useful markers for fistlaediurs in fish and fish
products[7]. Besides lipid oxidation, offflavours may originate from environmental
pollutants, microbial spoilage, or endogenous enzymatic decompofsti@h The
objectives of this study were to identify the odagtive compounds responsible for the
canned tuna aroma.

Experimental
Materials

Two types of commercially canned tuna (skipjack and albacore species) were
provided by an industrial collaborator (Bumble Bee Foods, San Diego, CA). Each of the
species was procured from five different fish suppliers/regions, incluglingpe, Asia,
and America. All samples were stored at 4 °C until use.

Tuna aromasolation with Solver@ssisted Flavour Evaporation (SAFE)

For each tuna species, one can of tuna sample (125 g) from each supplier/batch was
blended with liquid nitrogen intfine powders and all five samples were mixed together
(625 g totally). The tuna powder was mixed with 200 mL of saturated salt water and then
extracted with 200 mL of freshly distilled diethyl ether. The mixture was shaking
vigorously for 1 hour at roontemperature in a Teflon centrifuge bottle. The organic
phases were separated by centrifuge at 5500 rpm for 10 min at 5 °C. The organic phase
was saved and the sample was extracted two more times. The organic phases from three
extractions were combined amdistilled using solvent assisted flavour evaporation
(SAFE) (Glasblaserei Bahr, Manching, Germany) at 50 °C under vacuum. The distillates

B. Siegmund & E. Leitner (Efslavour Sci, 2018 Verlag der Technischen Universitat Graz
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were dried over anhydrous sodium sulfate and concentrated to 1mL at 40 °C using a
Vigreux column, then concentratedG® mL using a gentle nitrogen.

Normal Phase Chromatography and Gas Chromatography/Olfactorividss
Spectrometry (GC/@AS)

To facilitate the GC/O analysis, aroma extracts were separated by fractionation prior
to GGO analysis. A column packed with 5 g sifica gel was washed with 100 ml
methanol, then 100 ml diethyl ether, and then with 100 ml pentane. After sample loading,
pentane (fraction 1), 50 ml pentane: diethyl ether (98:2, fraction 2), pentane:diethyl ether
(95:5, fraction 3), pentane:diethyl eth(90:10, fraction 4) and diethyl ether (fraction 5)
were sequentially applied to elute the aroma compounds from the column at a flow rate
of 3 ml/min. All elutes were slowly concentrated to 10 ml and then to 100 pL with a
stream of nitrogen for GO andGCi MS analysis.

The GGO and GGMS analysis were performed using an Agilent 6890-1G€
(5973N, Agilent, Willmington, DE), and a Gerstel olfactory detection port (Gerstel,
Baltimore, MD). All the samples were analysed on a\WBx column (30 m, 0.25mm
ID,0O5 em film thickness). One microliter of
the GC in splitless mode. The oven temperature was programmed initially at 40 °C for 1
min, then increased to 70 °C at a rate of 8 °C/min, then increased to 200 °@eatfa8ra
°C/min and increased to 230 °C at a rate of 8 °C/min with 15 min holding. The column
carrier gas was helium at a flow rate of 2 mL/min. The flow was split between MS and
ODP at 1:1 ratio to provide one stream for MS identification and anothemstoethe
sniffing port for odour detection simultaneously. The olfactometry analysis was achieved
by five experienced panellists for all samples. The odour intensities were evaluated on a
five-point intensity scale, where 1 meant a volatile has a sligisbsg impact, 3 was for
moderate, and 5 was for extreme impact. The intensity was the average from all panellists.
Compoundsé identification was achieved b
spectra database and confirmed by comparing Kovats mtentlices of standards under
the same conditions or those reported in the literature, in addition to odour description.

Results and discussion

Normal phase chromatography separates the tuna extract into five fractions. The
number in each fraction repreged the odour intensity ranging from 1 to 5, where 5 was
the strongesbdour, and 1 was the weakest.

Table 1.Odouractive compounds in cannathi detected by GO and Normal Phase Fractionation.

Compounds RI ID Odour Skipjack Albacore
(DB- F1. F3F4F5AIl F1F2F3F4F5Al
wax)

Dimethyl sulfide 842 1,2 cabbage 3 3 0

2,3 Butanedione 982 1,2 buttery 2 22 309 1 45

Methyl thioacetate 1014 1,2 roasted 1 1 2 4 2 2

Dimethyl disulfide 1029 1,2,3 fishy 0 2 2

2,3Pentaedione 1046 1,2,3 buttery 2 2 3 1 2 6

Hexanal 1067 1,2,3 grassy 3 3 2 2

2/3-Methylthiophenel079 1,2,3 roasty 2 2 3 3

Heptanal 1169 1,2,3 oily 3 1 4 0
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Table 1 (continued)

Compounds Rl ID Odour Skipjack Albacore
(DB-
wax)

(2)-4-Heptenal 1228 1,2,3 meaty 4 343 14 33 3 3 12
Octanal 1287 1,2,3 soapy 22 2 2 8 2 2
1-Octen3-one 1301 1,2 mushroon2 2 2 2 8 33 3 2 11
2-Methyl-3-furanthio1309 1,2 meaty 3 2 2 7 34 29
2-Acetyl-1-pyrroline 1340 1,2  popcorn 0 3 1 4
Ethyl thioacetate 1360 1,2  sulfury 2 1 25 43 7
Dimethyl trisulfide 1380 1,2  onion 4 4 5 5
Nonanal 1389 1,2,3 fruity 0 1 1
(E)-2-Octenal 1426 1,2,3 oily 2 2 0
2-Furfurylthiol 1430 1,2,3 coffee 4 3 7 45 4 2 4 19
Acetic acid 1445 1,2,3 vinegar 4 4 3 3
1-Octen3-ol 1450 1,2,3 mushroon 4 4 3 3
Methional 1454 1,2  nutty 3 3 4
(2)-1,50octadien3-ol 1486 1,2,3 earthy 0 11 2
ffe'pf;gi'jnal 1497 12,3 earthy 2 2 0
(2)-2-Nonenal 1501 1,2,3 oily 3 2 5 0
Benzaldehyde 1520 1,2,3 nutty 4 4 0
Isobutyric acid 1564 1,2,3 sweaty 3 3 2 2
(E,2-2,6:Nonadienal581 1,2,3 cucumber 5 5 0
2-Undecanone 1592 1,2,3 oily 3 3 2 2
2-Ethylthiophene 1597 1,2,3 fishy 3 3 2 2
(E,B-2,4Octadienal1619 1,2,3 mushroon 2 2 0
Butanoic acid 1628 1,2,3 sour 5 10 4 3 3 10
(E)-2-Decenal 1639 1,2,3 oily 1 1 0
2-Acetylthiazole 1663 1,2,3 popcorn 0 3 3
Isovaleric acid 1670 1,2,3 sweaty 5 3 8 4 4 8
Valeric acid 1744 1,2,3 sour 2 2 0
(E)-2-Undecenal 1756 1,2,3 green 0 0
pb-Damascenone 1816 1,2,3 sweet 0 2 2
(E,B-2,4-Decadienal819 1,2,3 oily 4 4 0
Hexanoc acid 1856 1,2,3 sour 4 4 8 3 3
Heptanoic acid 1965 1,2,3 sour 0 2 2
Furaneol 2049 1,2,3 candy 0 3 25
Octanoic acid 2070 1,2,3 sour 2 2 3 3
p-Cresol 2097 1,2,3 horse 4 4 8 4 3 7
Sotolon 2229 1,2,3 sweet 3 3 0
Vanillin 2572 1,2,3 vanilla 0 3 3

1: compounds were identified by the aroma descriptarspghpounds were identified by retention indices
compared with pure compound stand&rccompounds were identified by the MS spectra
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The magor odour compounds identified in canned tuna were swifuntaining
compounds, aldehydes, ketones, alcohols and -shamed fatty acids. The sulfur
containing compounds are generated via Maillard reactions during cooking and generally
contribute to megt chickenlike aroma. The aldehydes, ketones as well as some alcohols
are generated via lipid oxidation, and they contribute to fishy, oikflafbur in the
products. This research provided directions for future research and actionable steps to
improveflavour quality of canned tuna fish.
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Abstract

The effect of mechanic extrusion on aroma compounds in brown and polished rice
wasstudiedby gas chromatographylifactometry (GCO). Aroma compounds were
isolated using solvent extraction followed by solvassisted flavor evaporatioroma
extract dilution analysis (AEDA) was performed on both brown rice and polished rice
beforeand after the extrusion process. A total of 71 odorants were identiladthe
basis of flavor dilution (FD) factors, the most important aroma compounds in extruded
rice could be hexanal, heptanala@etylpyrroline, locten3-ol, octanal, E)-2-octenal,
nonanal, decanal ané,E),2,4nonadienal. The aroma compounds were similar in all
rice samples but FD factors were different. The FD factorsaafe2ylpyrroline, 1octen
3-ol in brown rice were much higher than in polished rice. The extrusion proszdk/g
increased the FD factors of most aroma compounds, particularly aldehydes in brown rice.

Introduction

The aroma and volatile profile of cooked rice can be affected by postharvest
processes (harvesting, drying, milling and storage) and cooking pescéssiling,
puffing or extrusion)[1]. Extrusion is a highemperature/shotime cooking process,
producing breakfast cereals and other snack food profjc&xtrusion conditions such
as temperature and screw speed can affect product quality such as expansion, bulk
density, and texture. Those conditions are also critical for the development, retention, and
degradation of flavor compents in the finished produdt3].

In brown rice, the bran and germ are present while in milled rice, they are partly or
totally removedll]. Rice bran contains amino acid, lipids, minerals and antioxidants.
Milled rice has a different chemical composition according to the degree of mltiag,
therefore could lead to differences on the formation of rice aroma during cqdKi5h

In this work, the aroma compounds in brown and polished rice powder were
analyzed by gas chromatograpimass spectrometry/olfactometry (&€S/O). Aroma
extrect dilution analysis (AEDA) was used to study the generation of aroma compounds
in brown and polished rice before and after the extrusion process.

Experimental
Materials

6Huanghuazhandé rice cultivar was wused
comnercial cultivars in South China. The rice was grown in the Experimental Station of
the Rice Research Institute of Guangdong Academy of Agricultural Sciences on a sandy
loam soil in 2016. They were sown in late March and harvested irJuhyd The rice
grains were then aidried to a moisture content of approximately 13% and stored at room
temperature for 3 months. The rice samples were milled to separate the husk from the
brown rice. The brown rice was then polished using a rice milling machine (Satake Co.
Hiroshima, Japan) to obtain approximately 90% (w/w) polished rice. The brown rice and
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polished rice samples were sieved by passing throughnaeg@ sieve using a Cyclone
Sample Mill (UDY Corporation, Fort Collins, CO, U.S.A.) for further process.

Extruson

Extrusion was performed using a twsorew extruder (Continua 37, Werner and
Pfleiderer, Stuttgart, Germany) system withrotating. The screw diameter was 37 mm,
overall L/D ratio was 27, and the diameter of extrusion die was 6 mm. The feed rate (25
kg/h) and screw speed (200 rpm) were kept constant. The extrusion was carried out at
120 with the temperature of different b
moisture was conditioned to i127%. The extrudates were cooled to room temperature,
packed in polyethylene bags and milled later to flour using a grinder (Sujata, India) to a
particle size <2P50uami andustbeedaatl ysi
raw polished rice (RPR); extruded polished rice (EPR), raw brown rice (RBfH),
extruded brown rice (EBR), were kept in a refrigerator at 4 °C until analysis.

Ricearomaisolation with Solvenfssisted Flavor Evaporation (SAFE)

The aroma compounds from four rice samples were extracted using organic solvent.
For each variety, 200@f sample was mixed with amylase (0.2% w/w) and Mjlivater
(1:1, v/v) and shaked for 1 hour. Then 100 mL of pentane/diethyl ether mix (2:1, v/v) was
added to the rice mixture. The mixture was shaken vigorously for 1 hour at room
temperature in a Teflorentrifuge bottle. The organic phases were separated by
centrifugation at 5000 rpm for 15 min at 5 °C. The organic phase was saved and the
sample was extracted two more times. The organic phases from three extractions were
combined and distilled using seint assisted flavor evaporation (SAFE) (Glasblaserei
Bahr, Manching, Germany) technique to remove the nonvolatile constituents at 50 °C
under high vacuum. After distillation, the receiving part of SAFE in the system was
carefully rinsed with 5 mL of penta/diethyl ether mix, and combined with the distillates
in the volatilereceiving flask. The final distillates were dried over anhydrous sodium
sulfate overnight and concentrated to about 1 mL at 40 °C using a Vigreux column, then
concentrated to 0.1 mL img a stream of gentle nitrogen flow for further analysis.

Gas Chromatography/Olfactometiass Spectrometry (GC/MS)

The GGO and GGMS analysis were performed using an Agilent 6890 GC with an
Agilent 5973N mass selective detector (MSD, Willmington, DES.A.), and a Gerstel
olfactory detection port (ODP series 2, Baltimore, MD, U.S.A.). All samples were
analyzed on a DBVa x column (30 m, 0.25 mm | D, 0
microliter of sample was injected into the GC in splitless mode. The oveetatare
was programmed initially at 40 °C for 4 min, then increased to 230 °C at a rate of 4
°C/min with 20 min holding. The column carrier gas was helium at a flow rate of 2.5
mL/min. The flow was split between MS and ODP to provide one stream for MS
identification and another stream the sniffing port for odor detection simultaneously. Six
experienced panelists (2 males and 4 females) performed th® &tlysis on the
original extracts. Each sample was sniff
identification was achieved by comparing mass spectral data from the database and
confirmed by comparing Kovats retention indices (RI) of standards obtained under the
same conditions in the lab, iddition to odor description.
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Aroma Extract Dilution Anaisis (AEDA)

The aroma extracts were diluted stepwise with 1:1 (v/v) distilled pentane/ ether mix
(1:1, v/v). Analyses were performed on the same instrument as described previously on a
bDB5 column (30 m, 0.25 mm ID, 0.5 em film
injected into the GC in splitless mode. Determination of the flavor dilution (FD) factors
was then done by two panelists, and each dilution was evaluated by each panelist in
duplicates.

Results and discussion

GC/Olfactometry analysis of the four rice edt revealed 71 odeactive areas in
the gas chromatograrddta not shown AEDA revealed 28 compounds with FD factors
ranging from 1 to 2048 (Table 1). Although the arestive compounds identified were
similar among all the samples, their FD factonseain different samples, demonstrating
the flavor differences among the products.

Table 1: Aroma-active compounds in polished and brown rice, before and after extrusion

Compounds Odor RI ID FD factor

RPR EPR RBR  EBR
Dimethyl sulfide cabbage 723 RI, A 8 8 8 8
Butan2,3-dione buttery 736 RI, A 2 8
3-Methylbutanal malty 761 MS,RILA Na na 2 1
Hexanal green 819 MS,RILA 32 64 32 256
Methional potato 898 MS,RILA 16 64 8 256
4-Mercaptoe4-
methylpentar2-one Grapefruit 912 RI, A 8 32 16 8
(4MMP)
2-Acetylpyrroline popcorn 917 MS,RILA 16 64 512 2048
Pentanoic acid sweaty 941 MS,RILA 8 8 8 16
1-Octen3-ol mushroom 972 MS,RILA 32 64 1024 1024
Octanal oily 996 MS,RILA 1 16 32 1024
Hexanoic acid sour 1032 MS,RLA 16 2 2 8
(E)-2-Octenal oily 1057 MSRILA 16 32 32 64
Linalool oxide floral 1080 MS,RLA Na na 2 16
Nonanal oily 1098 MS,RILA 16 64 2 128
Ethyl hexanoate fruity 1127 MS,RLA Na na 8 8
(E)-2-Nonenal oily, green 1130 MS,RLA 2 na 2 32
Decanal waxy 1195 MS,RILA 2 64 8 128
(E,B)-2,4-Nonadenal oily 1207 MS,RLA 4 8 16 64
4-Vinylphenol woody 1227 MS,RLA 2 na 32 64
Octanoic acid sour 1281 MS, na na 16 16
4-Vinylguaiacol woody 1312 MS,RLA 2 8 2 64
Vanillin vanilla 1376  MS,RLA 2 na 8 na

ID representes identification method. RI: compasiwvere identified by retention indices compared with pure
compound standardA: compounds were identified by the aroma descriptors; dd8ipounds were identified
by the MS spectra
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Among all the compounds identified-a2etylpyrroline, iocten3-ol, hexanal,
octanal, nonanal and decanal had relatively high FD factors, suggested their potentially
higher aroma contribution.-Bcetylpyrroline is a welknown character compound for
rice products, whereasdcten3-ol, hexanal, octanal, nonanal and decanagarerated
from lipid oxidation of unsaturated fatty acidsMercapte4-methylpentas2-one (4
MMP) was also identified as a key oelctive compound.

Compared with the raw polished rice, the raw brown rice had higher FD factors for
2-acetylpyrroline, locten-3-ol, octanal, and 4inylphenol, suggesting these compounds
were associated with the bran and germ of the rice. The reason that the brown rice had
higher FD factors for -bcten3-ol and octanal could be due to the fact that brown rice is
more susceptie to offflavor development, mainly due to oxidation of rice oil catalyzed
by enzymes such as lipase and lipoxygenase and autooxidation. It is interesting to notice
that the brown rice also showed a higher FD factor fac&ylpyrroline.

Extrusion changd the FD factors of many compounds. Extrusion increased the FD
factors of 4mercapted-methylpentar2-one, 2acetylpyrroline, and some lipid derived
compounds (i.e. octanal, nonanal) in polished rice, and the increases were much more
pronounced for brownice, especially for lipid derived compounds including hexanal,
heptanal, octanal, nonanal, decanal. During the extrusion process, thermal processing of
the raw ingredients occurs under high temperature and shear, with limited moisture
conditions. This proess causes decomposition, degradation, denaturation/iokdsg,
and various chemical reactions such as oxidation, polymerization, hydrolysis and other
reactions in the extruded material. Thermal oxidation will generate stctigiried
aldehydes. Linaol oxide was only detected in brown rice, and the extrusion process
greatly increased its FD factorMethylbutanal, ethyl hexanoate and octanoic acid were
also detected only in brown rice, however their FD factors were not greatly influenced by
extrusbn process.

In conclusion, brown rice had higher FD factors than polished rice for most of
aromaactive compounds. The extrusion process greatly increased the FD factors of most
aroma compounds, particularly aldehydes in brown rice.

Acknowledgement:This project was founded by Guangdong Province International Collaborative
Fund (2015A050502034)
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Abstract

The influence of different origin on proximate composition of Roselle seeds and
different sample preparation methods on the aroma profiles of Roselle seeds were studied.
It was seen that sample origin affected the praxémcomposition and volatile profiles.
Ground dry (GD) was chosen as the preparation method because it was an efficient
method with less chemical changes of the samples whereas, Roselle seeds of Malaysian
origin was selected as potential food ingrediertioge it has high lipid, protein, and total
dietary fiber content.

Introduction

Roselle Hibiscus sabdariffd..) is an important food and medicinal plant, among
other things due to its high content of antioxidants, for example anthocyanins and vitamin
C. It is also used as a natural food colorant. Normally, in food industry only Roselle
calyces are used to produce various food products; the seeds are removed and disposed
as a byproduct. However, Roselle seeds are also eflihld o our knowledge, the study
of Roselle seeds is limited and there are no aroma profiles of Roselle seeds being reported.
Therefore, this study addresses the influence of different origin on proximate composition
of Roselle seeds and tests different sample preparation methods to determine the aroma
profiles of Roselle seeds.

Experimental
Materials

Two types of sun dried RosellHipiscus sabdariffal.) seeds commercially
available were obtained to study aroma profied proximate analysis: 1) Roselle seeds
of the UMKL cultivar (obtained from HERBagus Sdn. Bhd., Penang, Malaysia) 2)
Roselle seeds of Chinese origin (obtained from Sichuan Keren Imp & Exp Trading Co.
Ltd, Sichuan, China).

Sample preparation

For aroma arlgsis, samples were prepared by two different procedures and analyzed
in triplicate: Ground, dry (GD): Whole Roselle seeds were ground for 90 sec using a
laboratory blender Model 38BL41 (Waring, USA). Internal standard (1 mL ofa 5 ppm 4
methyt1-pentanolsolution) was added to 25 g of Roselle seeds and volatiles were
sampled by Dynamic Headspace Sampling (DHS).

Ground, mixed with water (GMW): Whole Roselle seeds were ground as mentioned
above and then 25 g of ground Roselle seeds were mixed with 100tap. \wéter, ratio
(1:4). Again, 1 mL of a 5 ppm-thethyll-pentanol solution was added and DHS was
carried out.
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Dynamic Headspace Sampling (DHS) and Gas Chromatogrifass Spectrometry
(GC-MS)

The DHS method was adopted and modified from Starr §JalEach sample was
placed in a 500 mL glass flask. A trap containing Tenax200 mg) was attached to the
sealed flask. The flasks containing the samples were immersed in a water bath held at 40
°C. Under magnetic stirring (200 rpm), the sample was tempered for 10 min and then
purged with nitrogen (100 mL mi) for 40 min. The trapsvere purged with a flow of
nitrogen (100 mL miA) for an extra 10 min to remove water.

In GC-MS analysis, the collected volatiles were determined as previously described
by Starr et al[2]. Volatile compounds were identified by probability based matching of
their spectra with those of a commercial database (Wiley275.L, HP pradu&1a35A).

The software program, MSDChemstation (Version E.02.00, Agilent Technologies, Palo
Alto, California), was used for data analysis. Amounts are presented as peak areas.
Volatile compound identification was confirmed by comparison with retentidices

(RI) of authentic reference compounds or retention indices reported in the literature.

Proximate composition

In proximate analysis, samples were treated according to the AOAC standard
methods[3]. Moisture content (hedir oven method), ash (dry ashing method), lipid
(Soxhlet extraction), protein (Micrjeldahl method) and total dietary fibg4] were
analyzed and calculated. All measurements were conducted in triplicate. The results were
expressed as a percentage (wet weight).

Data analysis

Multivariate data analysis (principal component analysis (PCA)) using the Latentix
software (LatentiXTM 2.0Latent5, Copenhagen, Denmark, www.latentix.com) was
applied to GEMS data to evaluate the variation between the different samples from
different countries and ongay analysis of variance (ANOVA) was performed using the
software JMP (version 12.0, SAS litste Inc.) to test for differences in proximate
composition.

Results and discussion

A total of 61 volatile compounds were identified including alcohols (18), terpenes
(15), aldehydes (13), ketones (9), furans (2), phenols (2), ester (1), and lactoke (1).
equal number of aroma compounds was recovered in GD and GMW. Roselle seeds from
China and Malaysia had different volatile profiles (chromatogram not shown). But both
volatile profiles were dominated by alcohols, terpenes and aldehydes and had phenols, a
ester and a lactone present in traces. A Principal Component Analysis was carried out
using the peak areas obtained, in order to provide an overview of the influences of
different sample preparation methods and different origins of Roselle seeds (Ejigure
The first principal component (PC1) explained 58 % of the variance while PC2 explained
22 % of the variance. The samples were clearly separated according to country and also
by different sample preparation methods. The differences are probably differend
harvesting time, harvesting place, climate zone and varieties.
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Figure 1: PCA scores and loadings plot of volatile compounds for Roselle seeds

For most volatiles the largest peak areas were obtained using the GD sampling
technique: only some ketes had higher peak areas in the GMW samples. GD would
therefore be the preferred sample preparation technique compared to GMW. It seems that
addition of water during sample preparation does not improve the efficiency of sampling
of Roselle seeds. Neverthes, care must be taken to avoid sampling procedures which
may alter the substances being studied. GD was assumed to cause less chemical changes
of the samples, it was simple, and it was easy to handle. Therefore, it was decided to use
the GD preparatiomethod in further experiments.

The loadings plot shows that Roselle seeds from Malaysia were found to have a
larger amount of many alcohols, aldehydes, and ketones, whereas samples from China
were high in most terpenes (Figure 5). The major volatile comgm(by peak size;-2
methylpropanal, Znethylbutanal, 3ne t h y | b {phelamdeehe, hexdnal;r@ethyk
1-propanol, sabinene, -dethyt2-h e x a n o-phellandrefie, -3nethylbutanol, 2
pentylfuran, ip e n t a-cymdne, ihgxanol, and &thyl5-methylphenolwere found
in all samples in varying levels.

The composition of Roselle seeds is rarely studied compared to the calyces and
studies on proximate composition of Roselle seeds are limited compared to studies on
other seeds such as black cumin sedidd]la satival.) and jojoba seedSimmondsia
chinensi} [5]. The results of proximate compositions of Roselle seeds are presented in
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Table 1. The total dietary fiber, protein and lipid of Roselle seeds ranged between 47.1
and 47.3 %, 2B.and 23.6 %, 11 and 16.2 %, respectively. The differences in proximate
composition may be attributed to the different origins, agricultural practices, and
varieties. Previous studies have also shown that Roselle seeds contain high protein,
dietary fiberand minerals such as phosphorus, magnesium and calcium. This contributes
to the strength of the seed compared to other common sources of dietary fiber such as
wheat and rice bran, oat, and fiber from fr{iis Furthermore, EAdawy and Khalil[6]

reported that the lipid from Roselle seeds contained more than 70 % of polyunsaturated
fatty acids and Dhar e-tocopheardl.. [ 7] found hi

In conclusion, it was found that Roselle seeds of Malaysian origin had more volatile
compounds reaared in both types of sample preparation, GD and GMW, and had higher
lipid content. The effect of the volatile profile on the sensory quality remains to be
elucidated, but a high lipid content in the seeds is considered an advantage due to its
richnessimpol yunsatur at ed f docopherolavkidh dosseds pot¢iftial s )
health benefits. Thus, Roselle seeds of Malaysian origin were selected instead of Roselle
seeds of Chinese origin as a potential food ingredient for further exploration in
develgpment of bakery products using Roselle seeds.

Table 1: Proximate composition of Roselldipiscus sabdariffd..) seeds

Type of anaIySiS - _goﬁgin: Malaysia < rigin: China Signiﬁcance
E Harvest year: 2015 arvest year: 2014
o
8
N —=
Malaysia China
Moisture content (%) 8.4 7.9 ok
Ash (%) 6.5 4.8
Lipid (%) 16.2 11° ok
Protein (%) 21.3 23.6 ns
Total dietary fiber (%) 47.3 47.1 ns

Values in a column not marked with the same letters are significantly different, Sttelen{p<0.05).
*** |ndicates significant at p<0.001; ns, no significant difference betweesamples.
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Abstract

The presence of metal salts in a food system can change the quantitative distribution
of the reaction products formed during Maillard and caramelisation reactiorisis|
respect, dough formulae containing NaCl, KCl and Ga@re prepared and a set of
heating experiments was performed at 180 °C. To determine the volatile compounds
formed during the Maillard reaction, headspace analyses were carreid out using solid
phase microextraction (SPME) coupled with gas chromatography mass spectrometry
(GC-MS). It was found that the quantitative distribution of aroma compounds, such as
Strecker aldehydes, pyrazines, pyrroles and furan derivatives, changed in the presence of
sals.

Introduction

Metal cations can interact with sugars and amino acids in a food system, especially
during thermal processing when they can alter the kinetics ofimgiting pathways that
control the Maillard and caramelisation reactions. Degradafisngars is accelerated in
the presence of metal cations, anldysiroxymethyi2-furfural and 2furfural are formed
in higher concentrations as a result [1,2]. On the contrary, the reactions of amino acids
may be inhibited in the presence of metal cati@ssgevidenced by the mitigation of
acrylamide formation from asparagine in the presence of calcium salts during the Maillard
reaction [1,3].

Metal cations directly interact with the nucleophilic oxygens of sugars, which are
key in dehydration, and isomerigm reactions [4]. It has also been suggested that metal
cations coordinate with the ring oxygen, facilitating royening reactions [5]. Alkali
metal cations change the quantitative distribution of the products in two different ways:
(i) by increasing he rate of isomerisation andi)(changing the rates of different
dehydration and fragmentation reactions [6]. It has been shown that under pyrolytic
conditions, the sodium ion changes the reaction rate constants of glucose degradation by
catalysing mostfthe reactions but also inhibiting others [7]. The effect of sodium cations
is related to how the particular stereochemistry of the transition state interacts with the
ions, therefore changing the reaction rate constants [7]. In contrast to the metd, cati
chloride anions interact with the partially positively charged hydrogen atoms by locating
farther from reaction centres [4].

Although the effect of sodium, potassium and calcium on the formation of
acrylamide and furfurals is well established, thdfea on the formation of flavor
compounds during the Maillard reaction is not entirely known. The aim of this study was
to investigate changes in the flavour profile generated in Maillard reaction model systems
composed of wheat flour and glucose in thespnce of NaCl, KCI, Cagl
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Experimental

Wheat flour (100 g) was mixed with 50 mmol glucose, 5 mmol of either NaCl, KClI
or CaC}, and 50 mL water to form a dough. The dough was freeieel and ground prior
to dry heating at elevated temperatures. Theugd dried mixtures (0.5 g) were
transferred to tubes with PTFE sealed screw caps and heated in duplicate at 180 °C for 1,
3, and 5 min in an oil bath.

Heated mixtures were analysed by headspace SBNIBS after adding 1 mL
saturated NacCl solution contaig the internal standards ofri2ethylpentanal (0.5 mg/L),
isopropylpyrazine (0.05 mg/L) andf8rfural (0.05 mg/L). Saturated NaCl solution was
used for adjusting the ionic strength in all the formulae, to standardise the flavour release.

A Supelco 50/3&¢ m DVB/ CAR/ PDMS SPME fibre was us
carried out on an Agilent 7890A GC system coupled to an Agilent 5975C mass
spectrometer. A ZBVAX c ol umn (30 m I 0.25 mm i .
Phenomenex, UK) was used for chromatographicasgipn. The data were
approximately quantified as ng of volatile compounds in 0.5 g of heated mixture by
comparing the area of the analytes to the response of the internal standards.

Results and discussion

A model system, simulating the drying conditimrsthe surface of bakery products
during thermal treatment, was created to monitor the effect of salts on the Maillard
reaction. Although sucrose is the major sugar source in bakery products, glucose was
chosen as a reducing sugar. It is known that sadmgdrolysis and degradation increase
in the presence of metal salts, producing glucose and fructose [8]. Therefore, the aim was
to observe the effects with a single reducing sugar by keeping the model system simpler
at first.

The concentration of volatisompounds was found to increase during 5 min heating
at 180 °C. NaCl and KCl, at concentrations of 0.3 and 0.4 g/100 g flour respectively, had
minor effects on aroma formation compared to the control (Figure 1). Slight increases
were observed in the Stier aldehydes, -Pnethylbutanal and-Bhethylbutanal, in the
presence of KCI. Caglat a concentration of 0.6 g/100 g flour, had no effect on Strecker
aldehyde formation during heating.

Remarkable changes were observed for pyrazines and furan derivatives i
presence of CaglPyrazines were found to decrease in the presence of @a€ieas
furan derivatives increased dramatically. Pyrrole and pyridine derivatives showed an
increment in case of prolonged heating.

In conclusion, the quantitative distdtion of flavour compounds changed in the
presence of salts to varying degrees. The effect of salts on the Maillard reaction and
caramelisation needs detailed investigation to be able to control flavour development
during processing when considering sodiwduction and use of calcium salts to reduce
acrylamide formation.
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Figure 1: Formation of certain volatile compound during heating wheat-fiftucose mixture in the absence
of salts (controlll) and presence of Nadll(), KCI (@) and CaGl(@).
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An assessment of the effect of cinnamon spice on cocoa nibs
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Abstract

Fine flavours in chocolate are influenced by factors such as cacao variety, growing
environment, posharvest processing and chocolate manufacturing processes. The
objective of this experiment was to develop a method to enhandkvber of cocoa
nibs without affecting their inherent fine flavours. Concentration of cinnamon, method of
packaging, and exposure time were manipulated to obtain a unique ancillary spice note
as detected via descriptive sensory evaluation of cocoa lipraressed from the
cinnamon infused cocoa nibs. Increased concentration enhanced the detection of
cinnamon flavour, more so under vacuum packaging, while simultaneously reducing the
perception of an undesirable note. This study shows that addition bingpices to a
mass of nibs can enhance the taste experience, allowing for novel favourable and unique
liquor products. This method has particular potential for small to medium size chocolate
makers and chefs.

Introduction

Cocoa beans are categorizddgb al |y i nto two groups, i f
bulk cocoaFine or flavour cocoa beans are generally obtained from cocoa trees of Criollo
or Trinitario ancestry. They are characterized by desirable ancillary flavour notes such as
floral and fruity, with a robust chocolate flavour. In contrast, bulk cocoa has a robust
chocolate note with no significant ancillary notes. Cocoa nibs are fermented, dried,
roasted and crushed cocoa beans [1]. Curr
or f | acoabean®andnibs largely due to the buoyant craft chocolate and culinary
industry that uses it to produce exclusive chocolates and chocolate products.

This craft industry uses innovations through the transference of novel flavours into
cocoa and therefe can provide a competitive advantage in an increasingly competitive
marketplace. Cocoa or chocolate flavours can be enhanced through the addition of direct
spices and flavouring during conching but this may give negative mouthfeel properties.

Desirabé flavours can result in unique flavour notes and thus further enhance the
quality of cocoa and the potential i it can fetch in the markeBio-generated
atmospheres or vacuum storage demonstrated a positive impact on stored cocoa beans
[2]. Little work has been done to show the significance of vacuum storage or its influence
on flavour infusion on Afine or flavour o |
transferred onto cocoa by a process known as mass transfer [3]. By manipulating
concentratin and distance one should be able to affect a flavour change in stored roasted
cocoa nibs validated through descriptive sensory evaluation.

Descriptive sensory evaluation of cocoa liquor has been used as a tool to judge cocoa
bean quality. A major strergtof descriptive sensory evaluation is that it can link
instrumental measurements of quality with consumer acceptance [4]. An optimised
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protocol for descriptive sensory evaluation was developed to quantify different flavour
attributes of cocoa liquors inrifidad and Tobago [1].

The overall objective of this work is, therefore, to develop a standardised method for
cocoa nib infusion with cinnamon spice aroma to be used by small to medium size
chocolate makers and chefs.

Experimental
Nib and ©@coa liquor peparation

Cocoa beans from the International Cocoa Gene Bank Trinidad (ICGT) were
selected and used for the experiment. Roasting of beans was done according to Sakha et
al. [1]. After roasting, beans were cooled to room temperature on cooling racksHer fur
processing. Cocoa beans were broken using a cocoa breaker to an average szé of 0.2
cm and collected into neutral and rodorous plastic containers. The broken beans were
then winnowed and winnowed nibs were manually fine cleaned using stastéess
forceps. Cocoa nibs were packaged based on the experiment design below and stored at
22°C room temperature.

Table 1: Overview of the experimental sep and design.

Levels ofnfused

Experiment Treatments of ingredient Storage method ingredient in 100 Sampling
Replication infusion . days
grams of nibs

-(r(;N orgfrﬁ)gcates Cinnamon sticks gg;:lérlg S‘g S 1 2grams

0 g (placed in the bags with 9 1 10grams 3,7, 14,
cinnamon was nibs) 1 25grams 28, 56
not repeated in Aerated (2) 9 '
experiment) sealable bags 1 0grams

Each vacuum sealed and aerated sample bag was opened and 50 g of nibs were
removed and used to make liquor. Bags with the remainder of the nibs were resealed.
Nibs were broken down using a Magic Bullet®USA blender. The blender was pulsed 9
times for one second and 3 times more for 3 seconds. The ground sample was placed in a
Cocoa Town® USA mini 500g bowl to be milled for one and a half hours in a Cocoa
Town® ECGCG12SLTA Melanger. The cocoa paste or liquor was then transferred to a
sterile plastic cup, which was labelled with the date and sample information. The cups
were then sealed with tape and placed in a freezdrat

Sensory evaluation

Frozen samples were thawed and one ounce of each liquor sample was placed in
oneounce cups. E&ccup was given a random code [1]. A sensory panel, consisting of 6
people, was trained for four days to taste cocoa liquors prior to the actual sensory
evaluation of the infused nibs. Each person was trained to taste 46 different descriptors

andtouseth extended sensory sheet called fACo
[5]. Panellists were also asked to provide comments, an overall score and assessment of
duni queness?o. Sensory evalwuation was don

panellist wa given samples in random order. Sevdntyr coded liquors were tasted over

a period of 10 days; 70 from the experiment and four samples of Ghana liquor as
additional controls. The latter was used to test consistency of the panellists in scoring.
Liquors were placed on a VWE Analog 2 block heater (USA) prior to tasting. Each
panellist was given a jar of warm water, a jar of room temperature water and Carr's table
water crackers to clear their palate. A tasting spoon and a small plate were also provided.
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The met hod for c¢cleaning the palate and tas
DASukha Cocoa and Cholate Flavour Evaluation meth@D17 [5].

Panellist scored each flavour note perceived on a 10 point hedonic scale. The data
was subjected to analgsof variance (ANOVA) to determine the significance of the
major effects and interactions. Data were subsequently used in statistical analysis to
determine the effects of cinnamon concentration, storage methods (aerated or vacuum
stored), and storage time

Results and discussion

The average mean scores for fASpice othert
significantly affected by the infusion of cinnamon. The average mean scores are
calculated based on all samples tested for time, concentratior®eetdd and vacuum
packaging. Not all sensory evaluation results are recorded on this paper.

Cinnamon spice other interaction plot
o 4
o
2 3
(2]
5 2
5]
= 1 -
0
0 2 10 25
——Aerated 0,71 0,54 1,05 1,13
==—Vacuum 0,71 0,66 1,14 3,259
Concentrations of cinnamon infused as a percentage (%)

Figure 1: The effect of increasing concentration of cinnamon spice on vacuum and aerated packaging for the
infusion of fAspice ot.hero flavour note on cocoa nib:

5 Cinnamon spice other effect on time
2 1,5
8 1
o -

0

3 7 14 28 56
® Prediction 1,099 0,845 1,128 1,316 1,574
Time in days

Figure 2: Evaluation of the spice other flavour note of cocoa nibs after selected days of infusion.

ASpice: oiBpr e othero flavour was the
determined as the cinnamon flavour in the liquors. Interaction betweeertoation and
packaging method was significant (P <0.001) and least significant difference (LSD)
0.3846 indicating that the effect of vacuum packaging was more evident at the 25%
cinnamon concentration than at the lower concentrations. In generaltethsitiy of the
spice note increased with increasing time of exposure to the spice (P < 0.05).
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i Ci nnamo aroma s pecceivied by two main volatile compounds: cinnamon
aldehyde (cinnamon), and-g2openoic acid, phenyl ester (cinnamon) [7]. This
expeiment showed that with increased percentages of cinnamon bark, and increased
storage time, especially under vacuum storage, a spice note can be effectively transferred
to cacao nibs.

Overall score:This is a score that rates how good or bad the cocoa lggunoples
are. The panellists significantly (P < 0.001) preferred vacuum over aerated storage. The
overall score was significantly (P < 0.05) higher for nibs stored with 25% cinnamon.
Thus, infusing the nibs with 25% cinnamon under vacuum storage, imfiregeneral
quality of the nibs.

Conclusion

The objective of this experiment was to develop a novel method to change cocoa nib
flavour. Here this method was tested using cinnamon. Vacuum storage and higher
cinnamon concentration allowed for superior isignof cinnamon flavour. Length of
exposure also enhanced the spice flavour in cocoa nibs. Given the positive results of this
study, this method can be recommended for the infusion of flavour to nibs.

Nonetheless more research using other spices remegessary to show the general
usefulness of the methods. Moreover, quantifying the mass transfer of volatiles from spice
to nibs and the inclusion of analytical data such as solid phase micro extraction (SPME)
gas chromatography (G@nd mass spectroscopfMS), will help to identify
relationships or linkages between the panel's sensory analysis and instrumental
guantitative data [7].
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Abstract

In this investigation green Robusta coffee beans wersqaked with different time
temperature profiles before roasting in normal conditions and grinding to a standardized
particle size. Aroma profile of roasted coffee beand water soluble precursors such as
sucrose and total protein content from soaking water were examined by using Solid Phase
Micro Extraction-Gas Chromatograph Mass Spectrometry and Liquid chromatodraphy
mass spectrometry and BCA Protein Assay Kit retpely. A significant impact of
soaking timetemperature profile was observed on the yield of wetduble precursors
in the soaking water. The loss of these precursors significantiyredsed aroma
formation during roasting. The results also sugges$igivtatersoluble precursors could
modify the quality of Robusta coffee.

Introduction

Coffee species such as Arabica and Robusta are most common coffee varieties in the
world, which account for 61% and 38% of the coffee production worldwide. Arabica,
perceived as a smooth, and rich flavour is usually more desirable than Robusta, which is
often described as having a muddy odour. Robusta coffee beans are often blended with
Arabica coffee beans to create specific aroma profiles, enhance cream formatituter re
cost, but the maximum that can be included is often limited due to the loss of aroma
quality [5].

Aroma formation in coffee is directly related to the chemical composition of the
green coffee beans and typical coffee aromas are developed duringstiegprecess
due to complex reactions such as, Maillard reactions, Strecker degradation, thermal
degradation and oxadion [2]. A number of studidsave improved the quality of Robusta
coffee by passing the green Robusta beans through steam to retnatarnses such as
2-methylisoborneol, which is responsible for the muddy odour [1]. However, during this
process important water soluble precursors such as sucrose and protein are leached into
water, hence compromising the flavour generation potentidieofdasted coffee. The
amino acids and sugar are considered to be the main precursors in the aroma generation
and colour formation during coffee roasting [3]. Therefore, the objective of this study was
to investigate how much watspluble precursors aredt during presoaking of green
coffee beans and its impact on aroma generation during coffee roasting.

Experimental
Coffee preparation

Coffee beans were purchased from Edgehill coffee, Warwick, United Kingdom,
where both Robusta beans (Vietnam) and Amlbieans (Kenya) are singbeigin
washed beans. Robusta green beans were soaked in water solution at different time (2, 4,
6, 8, 10 and 12 h) and temperatures (20,
Soaked Robusta green beans andtneated Robsta green were placed into a desiccator
with saturated sodium nitrate solution (relative humidity 65.5%) at room temperature
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(20£2 °C) for 20 d to control the moisture content (around 11.5%). Determination of the
water changes during soaking and coffesstimg was carried out by weighting the coffee
sample at every step. Soaked Robusta green beans at@ai@ad Robusta green beans
were roasted in a convection oven (Mono Equipment, Swansea, UK) at 200 °C for 20
min. Roasted samples were ground with attebnic coffee grinder (KG 49, Delonghi,
Australia) then passed through a metal sieve size 710 um (Endecotts, Essex, UK) and
stored in the freezer é0°C prior to analysis.

Gas Chromatograph Mass Spectrometry (MIS)

The ground coffee (1.5 g) was tra@msed into glass vials (20 ml), four replicates for
GC-MS analysis. An internal standard was prepared by addingL13-heptanone
(Sigma, Saint Louis, USA) into 10 ml methanol (Laboratory reagent grade, Fisher
Scientific, UK). 2eL of internal standard waslded into each coffee sample and kept for
1 h equilibrium prior to GC analysis. All analytical samples were randomised foM&C
analysis. A trace 1300 series Gas Chromatograph coupled with the-Qumagieupole
Mass Spectrometer (Thermo Fisher Scientifiemel Hemptead, UK) was used for
analysis of volatile compounds. Samples were incubated at 40 °C for 5 min with shak
ing. A 50/30em DVB/CAR/PDMS SPME Fibre (Supelco, Sigma Aldrich, UK) was used
to extract volatile compounds from the sample headspace (extraction for 5 min then
desorption for 2 min). The injector temperature was set at 200 °C in splitless mode
(constant carrier pressiwas at 18 psi). Separation was carried out on aNAX
Capillary GC Column (length 30 m, inner diameter 0.25 mm, film thicknesm;1
Phenomenex Inc., Macclesfield, UK). Column temperature was held initially at 40 °C for
5 min, increased by 3 °C/min 180 °C, then 8 °C/min to 240 °C and held for 2 min. Full
scan mode was used to detect the volatile compounds (mass range from m/z 20 to 300).

BCA protein assay kit and Liquid Chromatogragtigss Spectrometry (L-®IS)

Pierce TM BCA protein assay kit (23228227, Thermo Scientific) was used to
measure the total protein content for both green beans and soaking water. Liquid
ChromatograpmMass Spectrometry (L8MS) was used to measure the sucrose content
for both green beans and soaking water. The LCMS asales performed following
standard protocol described in Perrone et al, 2008. All results were analysed by Design
Expert version 7.0.0 and Microsoft excel 2010 using samples as the fixed effect and a
Tukey 6s -hbB st fPrinsigal Component Analy§RCA) was performed by
Excel XLSTAT Version 2015.5.01.23373.

Results and discussion
Watekrsoluble pecursors

In figure 1, protein content showed a significant decrease with increased soaking
temperature (p < 0.05). Similarly, a significant decrease instlieose content was
observed in soaked Robusta green beans a
soaked Robusta green beans. However, there were no significant differences between the
soaked green beans at 20 e C inghesucrds®comgtedt f or
showed in the soaking temperature at 60
decrease in the sucrose content was obs
temperature for 12 h.
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Figure 1: Sucrose and protein content in ti@soaked and soaked Robusta green beans at different soaking
temperature at constant soaking time (12 h). The error bars are standard derivation.

Figure 2 showed that the soaking time also play an important role on the sucrose and
protein content. Inlsmmary, a significant impact of soaking temperature and time on the
water soluble precursors from green coffee beans was observed, this can significantly
impact the aroma profile of roasted coffee beans (p < 0.001). In additicnedse
soaking temperate results in higher loss in protein (from 8.3% to 3.3%) and sucrose
(from 3.1% to 1.6%) content (Figure 1) when compare with increase soaking time the
protein loss from 7.04% to 3.3% and sucrose from 2.6% to 1.6% (Figure 2).
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Figure 2: Sucrose and proteicontent in the nesoaked and soaked Robusta green beans at constant soaking
temperature 100eC for different soaking time. The el
Aroma

A range of volatile compounds were observed with roasted Robusta coffee beans
with different functional groups such as 2 organic acids, 1 alcohol, 2 aldehydes, 3 key
tones, 2 furans, and 5 heterocyclic compounds (N containing). All aromaaconds
showed a significant decrease in their content with increasing soaking time and
temperaturgp < 0.05). These volatile compounds are associated with sensory odour
description such as malty, nutty, grassy, sour, burnt, and smoky [3].

Principal component analysis (PCA) was used to illustrate the variation between the
15 aroma compounds across tfesbaked Robusta samples (including different time and
temperature) and 1 nesoaked Robusta sample (Figure 3). PCA results indicated that
both soaking time and temperature have a significant effect on aroma generation during
the coffee roasting. The firgtrincipal component (PC1) accounted for 75.51% of the
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variance in the whole dataset and showed separation between the soaked Robusta (left)
and nonrsoaked Robusta samples (right). The second principal component (PC2)
accounted for 17.37% of the variancethe dataset and discriminated the difference
between increasing soaking time (top) and soaking temperature (bottom). Sample soaked
at 20 eC and 40 eC for 12 h, showed mo
methylfuran, 2, Zutanedione, 2uranmethaol and 2, Fpentanedione content as
compared to the samples soaked at a-highe
soaked beans have a significantly higher concentration of all these volatile compounds (p
< 0.001) as compared to soaked green beahis. change can be explained by the
leaching of sucrose during soaking process at higher temperature as shown in Figure 1.
Volatiles such as furfural, acetic acidp#thylfuran, 2, utanedione, 2uranmethanol

and 2, 3pentanedione have been reportedsagar degradation products [3]. Therefore,

in conclusion the reduction sucrose content in the soaked green beans has significantly
affected aroma formation during the roasting process.
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Figure 3: Principle component analysis ¢Blot) of the volatile compounds associated with soaked and non
soaked Robusta coffee analysed by-KaS.
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Abstract

Grapes are determinant for the quality of the final wine since they not only provide
a specific profié of nutrients which strongly determines the production of secondary
metabolites by yeast, but they provide precursors of key aroma components. Glycosidic
precursors were the first category of aroma precursors discovered and for long it has been
known thatthey constitute the main source of relevant wine aroma molecules such as
I i nal odamaseenode, Hut also main sources of some potentitdwdfirs such as
1,1,6trimethyl-1,2-dihydronaphthalene (TDN).

In spite of their known importance, their roile wine aroma formation is not
completely understood due to the complexity of their genesis. Difficulties arise because
many aglycones undergo different chemical rearrangements to produce the aroma
molecule.

In order to better understand the role of yeast of aging two large fractions of
precursors from highest quality Garnacha grapes were obtained by SPE, and used to
prepare model musts. The musts have been fermented by different yeasts and resulting
wines have been subjected to accelerated aging stra#ranoxic conditions. Analytical
controls have been included all throughout the process in order to ensure an efficient
control of the mass balance.

Results show that aromas formed from different grape varieties and in combination
with different micrarganisms lead to high aroma diversity. Besides, this study has
allowed to differentiate the aroma formation influenced by enzymatic or hydrolytic
activity, as well as their evolution during bottle aging, enlightening the principal
formation mechanism arttle fate of these aromas during the shiédfof wines.

Introduction

Most wine grapes are aromatically neutral, nonetheless, they are important providers
of aroma precursors that can be released during wine making and wine aging. Different
families of odwants can be formed from precursors such as polyols by chemical
rearrangements, glycosides by enzymatic or acidic hydrolysis, or cysteinyl derivatives by
t he act i olyasen Glycysiles are relbted with the genesis of important aroma
volatiles, some of them are considered as varietal wine aroma comga{{2iisSince
different strains o6accharomycesontain different types and activities of glycosidases,
some specific strains have been proposed as having abilities to enhance the varietal aroma
of wines made of grapes from a single variety. Moreover, diffeyeneraof yeast can
lead to very different fermentative outcomes due to their diverse genetic pool and that is
why the usage of neSaccharomycegeast strains as enhancers of the organoleptic
properties of wine is gaining more and more atterf@yj].

The processs that lead to the release of aroma from-hanal grape precursors by
yeast is not yet fully understood, since large amount of reactions and interconversions
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take place during this stage of winemaking. Particularly, the bound fraction of grape
glycosides can be source of several families of odorants, such as monoterpenes, volatile
phenols, G-norisoprenoids or vanillin derivates. These compounds are very important
to establish the varietal character of wines and some can be very powerful odorants, even
at small concentrations. While the release of some compounds can occur by direct
enzymatic or acidic hydrolysis of the glycosylated bound between the glycone (sugar
moieties) and the aglycone of volatile aroma compounds, others require more complex
reactims or even chemical rearrangements. In addition, wine aging can also be
determinant to the appearance of certain odours, positive or negative, which can further
contribute to the development of the varietal character of [&if2].

The present resgzh intends to further investigate the effects of ye@stérevisiae
and norSaccharomyageon the formation of aroma compounds derived from glycosidic
precursors taking into account aging time.

Experimental

Glycosidic precursors fraction was extractenhir23 kg of Garnacha grapes from
Spain. After grape crushing and addition of & mg/kg) and pectolitic enzymes
(Lafazym, 127 mg/kg)cold maceration took place during 48 hours inside a closed
recipient. Grapes were then pressed and the liquid obtaiasdulfited (90 mg/L) and
l et to sedi ment at 4eC for 24hours, after
into two 5L-batches and sulfited again (90 mg/L). Five grams of conditioned LiChrolut
EN resins were added to each batchand kepturalegme t i ¢ st irring for
Resins were further recovered using paper filter, washed with water -gadked into
beds. Free aroma compounds were washed out with 45ml of DCM and the glycosidic
fraction was eluted with 90ml of Ethyl acetateethanol (95:5, v/v). The extracted must
was further sulfited (50 mg/L) and-extracted with a second Hzatch of clean resins,
which were similarly processed to obtain the glycosidic fraction which was collected with
the previous one and evaporated to drgnewer Nitrogen.

A complex synthetic grape must with pH 3.5 containing oligoelements, vitamins,
glucose, fructose, Tween, and amino acids imitating Garnacha grapes was prepared under
aseptic conditions. Threeundred and fifty mL volumes of synthetic mhusontaining or
not glycosidic precursors were inoculated with 18atcharomycegeast strains at day 0
and withS. cerevisiaafter 4 days. Control samples fermented only \@thcerevisiae
were also prepared. The strains used weighia kluyveri (Frootzen), Lachancea
thermotolerangConcerto),Torulaspora delbrueki{Prelude), all from Chr. Hansen. Air
| ocks were used to seal the fermenters ar

Once thefermentation was over, the wines were centrifuged, introduced into an
anoxic chamber, aliquoted into three air tight tubes farttier bagged in high density
plastic bags containing oxygen scavengers. The tubes were subjected to anoxic
accel erated aging at 50eC for 1, 2 and 5

Resulting wine samples were characterized according to their general enological
parameters; majarolatiles were analysed by liquldjuid microextraction followed by a
GC-FID analysig[5], and minor volatiles were isolated by SPE and determined by GC
MS [6].

Results and discgsion

The effects of the presence of glycosidic precursors on the aroma profile were
assessed by comparing the odorant profiles (paitest) of corresponding ferments with
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or without precursor fractions. Overall, the presence of glycosidic precursassdca
significant increases in the levels of 28 compounds, 9 of which were above or close to the
odour threshold. Eight out of the 28 compounds were in fact fermentative compounds,
which suggest that the precursor fractiom synthetic mustexert a genetaffect on the
secondary metabolism of yeast.

Table 1: Aroma compounds whose levels significantly increase in the presence of glycosidic precursors.
Compounds marked with * are at levels above or close to the odour threshold.

Varietal odorants

Monoterp@ols L i n a |-Tegineol,Géraniol
Norisoprenoids b-Damascenorie
Volatile Phenols 4-Vinylphenol, Elsoeugendl Eugenol, 4

Vinylguaiacol, Guaiacadl, 2,6-Dimethoxyphenol, 4
Ethylguaiacol 4-Allyl -2,6-dimethoxyphenol

Lactones 2-No n al a eButgralagtone o

Vanillin derivates Methyl vanillate, Ethyl vanillate, Acetovanillone,
Syringaldehyde, Vanillin

Cinnamates Ethyl dihydrocinnamate
Fermentative odorants

Higher alcohols 1-Hexanol, Benzyl alcohol, Methioriol

Ethyl esters Ethyl hexanoatfe Ethyl cctanoaté Ethyl decanoate

Acetate esters Butyl acetate

Carbonyl compounds Acetoine

In order to further investigate the role of the different strains of yeasts and the effects
of accelerated wine aging on the formation of these aroma compounds-vaaywo
ANOVA was carried out. As summarized in Figure 1 for the particular case of 4
vinylguaiacol, the effects of the precursor fraction increased with aging time and were
just slightly dependent on the strain of yeast which conducted the fermentation, in
appaent disagreement with previous res(&H4].

4-Vinylguaiacol o Lachancea thermotolerans Cont
400
- ® Lachancea thermotolerans
§ 350 i Garnacha precursors
= 300 I S Pichia kluyveri Control
9
8 250 F1 { @ Pichia kluyveri Garnacha
o precursors
e 200 -
S ® Saccharomyces cerevisiae Cont
© 150
Saccharomyces cerevisiae
100 Garnacha precursors
50 ] O Torulaspora delbruekii Control
0 e e ® © @ Torulaspora delbruekii Garnach
Fermentatiol week agin@ week aging week aging precursors

Figure 1. 4-Vinylguaiacol content in fermentations carried out lhythermotoleransP. kluyveriand T.
delbruekii,sequentially inoculated wit8. cerevisia@ndS. cerevisiaeindividually inoculated (yeast control)

in control must and in musts spiked with glycosidic precursors fraction. Samples were analysed at the end of
fermentation and after 1, 2 and 5 weeks of accelerated wine aging under strict anoxia conditions.
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Two relevant exceptions to this general patiefitow yeast dependence were the
cases of ethyl dihydrocinnamte and of geraniol, for which levels were significantly
influenced by the strain of yeast. In the cases of ethyl dihydrocinnaimade]bruekii
seems to be able to produce this compound atwehatiarge levels regardless of the
presence of glycosidic precursors.

By contrast, wines made with the other yeasts contained low levels of this important
aroma compound, just slightly higher in samples fermented in the presence of glycosidic
precursors

The case of geraniol was still more challenging. In wines obtained from
thermotoleransandT. delbruekiihighest levels of this compound were observed by the
end of fermentation in those samples containing glycosidic precursors. Levels of this
unstdle compound later decreased throughout aging. Contrarily, wines fermented with
P. kluyveriandS. cerevisiaglid not contain any geraniol by the end of fermentation, but
its levels later increased during aging, regardless of the presence of precuraams. Ag
this suggests that both yeasts are able to form de novo a precursor of this odorant.

In conclusion, while this research confirms that the glycosidic aroma precursor
fraction has an important effect on the levels of many wine aroma components, it also
revealed that the effects of the yeast carrying out the first step of fermentation on the
levels of most aromatic aglycones were surprisingly low. In contrast, some yeasts showed
a specific activity to fornde novearoma molecules or aroma precursorstii suggests
that the different role played by yeast are more related to their specific secondary
metabolism and not to their differential glycosidase activities.
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Abstract

A preliminary sensory study conducted on a set of 187 dark chocolates varying in
terms of cocoa origin and variety allowed their classification into four distinct sensory
categories. Fingerprints in volatile orgagompounds (VOCSs) of these chocolates were
obtained by a dired@njection mass spectrometry headspace method using Proton Transfer
Reaction Mass Spectrometry (P-MRS). This chemical analysis allowed discriminating
the four sensory poles, so the sensoscrimination seemed to be mainly based on
volatile compounds. Then, the key odorants responsible for chocolates differentiation
were determined through identification of targeted aroma compounds B S$s&fter
GC-O analyses of extracts representative afhesubset of chocolates. Twelve dark
chocolates were studied using the detection frequency method. The odour events
generated by a panel of 12 assessors were grouped into 124 odorant areas (OAS).
Correspondence analyses allowed distinguishing the samvpiksidentifying 34 OAs
that appear relevant to discriminate the chocolates sensory poles. Among these
characteristic OAs, five were identified unambiguously with-K8§ and the remaining
need to be resolved from numerous coeluted peaks.

Introduction

Dark chocolates develop several organoleptic characteristics depending on cocoa
origin, cocoa variety and fabrication process. These parameters influence the chemical
composition of the chocolates, and particularly their qualitative and quantitative content
in volatile organic compounds (VOCS) responsible for their aroma [1]. A set of 187 dark
chocolates varying in terms of cocoa origin and variety, obtained with exactly the same
fabrication process, was submitted to sensory evaluation based on 36 descriptors (3
aromas and 4 tastes). Four distinct sensory poles (SPs) were subsequently clearly
established. As their sensory differentiation was essentially based on aroma descriptors,
we hypothesized that the sensory classification of the chocolates should belasatdy
on their composition in VOCs. VOCs investigation can be carried out by headspace
analysis using direghjection mass spectrometry such as Pratoansfer Reaction Mass
Spectrometry (PTRMS), an untargeted approach that leads to aroma profiles
(fingerprints). Identification of targeted aroma compounds is possible using gas
chromatography combined with olfactometry (& and GEMS. GGO has been
commonly used to investigate key aroma compounds in several products, including cocoa
and chocolate F2]. The aim of this study was to identify key aroma compounds of the
four sensory poles. To achieve this goal, we first checked that the sensorial differentiation
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was mainly based on VOCs composition by studying the chemical fingerprints of the 187
chocolatesThen we identified the key odorants responsible for chocolates differentiation
by GGMS analyses of targeted aroma compounds selected aftéd @Ralyses of
extracts representative of each subset of chocolates.

Experimental
Samples

Dark chocolates wergrovided by the Valrhona company. All the samples
originating from different cocoa varieties and sources were produced using the same
transformation process with the same mass of cocoa, sugar, soy lecithin and vanillin.

Headspace analysis using PTR~MS

Samples of chocolate (1 g) mixed with 1 mL of artificial saliva were transferred to
20 mL vials that were maintained under stirring at 36.2°C for 2 hours equilibration time.
Headspace measurements of 187 samples were performed in triplicates usingna Proto
Transfer Reaction Time of Flight - Mass Spectrometry (PFRoF~MS) instrument
(PTR-ToF 8000, lonicon Analytik GmbH, Innsbruck, Austria) witb®1 as reagent ion.
The instrument driftube was set to a pressure of 2.30 mbar, a temperature of 80°C and
a wltage of 480 V, which resulted in E/N ratio (electric field strength to gas number
density) of 111 Townsend (Td, 1 Td=10V.cn¥). Total inlet flux was adjusted to 65
ml/min and the transfer line maintained at 110°C. To assure a constant flux intoRhe PT
and avoid driftube depression, a flux of 100 ml/min of zexio was used with a leak
allowing the flux excess to escape. The designed experimental setup allowed analysing
successively background air, the sample and the molecule used for mass aalddratio
the instrument (headspace of aqueous ethyl decanoate (8igneh)) just by twisting
four threeway valves. A sample analysis lasted 5 minutes and was followed by cleaning
the tubing by flushing the transfer line with zexio until baseline recovgr This protocol
allowed the analysis of successive samples every 10 min. The measurement order was
randomized using a Latin square design to avoid possible systematic memory effects. The
average areas under the curves obtained for the 2 min release sifjifi¢ant ions
present in the mass spectra were used to perform unsupervised (PCA) and supervised
(PLS-DA) multivariate data analyses.

Extraction of the volatiles of 12 samples

30 g of chocolate were mixed with 100 mL ulpare water and 300 pl-2
methytheptan3-one (93 ng/pl in water) as internal standard. This mixture was vacuum
distilled under stirring for 1h45 using a SAFE apparatus [5] in a thermostated bath at
37°C. The aqueous distillate was extracted with dichloromethane (3 x 15ml). Finally, the
extract was concentrated to 400l with a Kudebaanish apparatus in a 70°C water bath.

Identification of odorous compounds with @Cand GCGMS

Twelve assessors evaluated the extracts using detection frequency methodology.
Samples were analysed using a®89as chromatograph (Agilent Technologies, Massy,
France) equipped with a flame ionization detector (FID) using é#BBP column (30
m x 0.32 mm x 0.5 um; J&W Scientific, Folsom, CA, USA). The effluent was split into
two equal parts to the FID and theffing port via Y-type seal glass and two deactivated
capillaries. The assessors generated sensorial attributes at the same time they detected an
odour events. These were grouped into olfactive areas (OAs) on the basis of the closeness
of their linear retetion indices (LRIs). A detection filter of 30% was set to finally retain
124 significant OAs. A correspondence analysis (CA) was performed on the detection
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frequencies of the discriminant OAs found in the 12 samples. Identification of the
compounds respoifde for OAs was done by gas chromatograpigss spectrometry
(GC-MS) by injection on the same column as in the-GGstudy. Reliability of
compounds identification was assured by comparison of mass spectra to databases (NIST
08 and an irhouse database, BAMass) and by comparison of LRIs to LRIs on-DB

FFAP cited in literature.

Results and discussion

A Principal Component Analysis (PCA) conducted on the ®MM¥Rdata revealed
partial separation of the four sensory poles (SPs) (data not shown). To go flrémgala
Least Squares Discriminant Analysis (PD®) was conducted on the 314 ions obtained
in the PTRMS study (X variables) to try to better distinguish the four sensory poles (Y
variables) and identify the most explanatory ions used for the cladsific@LSDA
revealed 7 significant latent variables with=R0.847.

Figure 1 displays the plane defined by the two first latent variables that carried out
significant explained variance (28% for X and 26% for Y on the first factor and 9% for
X and 20% fo Y on the second). The robustness of the model was obtained using leave
oneout cross validation. The groups formed by samples of each SPs were differentiated,
especially those from the SP 1 and 2, found in the positive side of the first factor while
SP4were find on the opposite side. The groups formed by samples affected to the SP3
and the SP4 are better distinguished on the plan defined by the factors 1 and 3.
Explanatory ions could be inferred from the model and could be considered as molecular
markersof SPs and could be used to predict to which SP an unknown sample belongs.
This classification could be compared to the one obtained with the sensory data and
globally revealed the same features (data not shown).

Factor-2 (9%, 20%)

2 o 2 4
Factor-1 (28%, 26%)

Figure 1: PLS-DA with chemical data (faors 1 and 2) 187 samples distributed in 4 sensory poles (Y variables)
/ 314 ions (X variables) (star: pole 1; box pole 2; dot: pole 3; open diamond: pole 4)

The GCO experiment revealed 124 OAs after application of a 30 % threshold on
the detection frequesies. Among them, 34 showed significant detection frequencies
differences between samples and were included in a correspondence analysis in the aim
to discriminate the samples and associate corresponding OAs. The samples were clearly
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discriminated alongaictor 1 of the CA (Figure 2) and characteristic OAs were found for
each SP. Factor 3 discriminated samples belonging to the poles 1 and 2 (data not shown).
Furthermore 90 OAs exhibited no real changes in detection between samples and
therefore may represethe background of the overall chocolate aroma. Only five OAs
have been positively identified so far by comparing their experimental data to the
literature data (retention indices, mass spectra and aroma descriptors).
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Khi2: 816
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Figure 2: Correspondence analysis (factors 1 and 2): detection frequencies of 34 OAs (grey dots) within 12
samples (black diamonds). The different numbers (1, 2, 3 and 4) indicate the sensory poles.

To concl

ude,

t he

i ¢ h e mMSaadlyesotthe choalatesa i n e

headspace allowed retrieving the classification of the 187 samples into the four sensory
categories previously determined. Thus, it could be deduced that the composition of
chocolates in VOCs explained in a large part the sensoryifidagen. Using GG
Olfactometry, discriminant OAs for each pole were identified thanks to a correspondence
analysis. Some discriminant OAs have been positively identified usind&CThe
remaining unidentified OAs required additional analyses for thigntification (a
different GC column, chemical ionization, 2D&@S-0 é ) .
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Abstract

Salt reduction in food is becoming @jor concern for public authorities since a high
sodium diet is associated with an increased risk of hypertension and obesity [1,2,3,4]. As
convenience products and readyeat meals are one of the main sources of dietary
sodium, the food industry is ena@ged to produce lowodium formulations. However,
salt is a welknown flavour enhancer and its reduction could modify the release of
volatile compounds, thereby affecting flavour perception. In this study, a salt reduction
of 40% in a meal composed diicken, pasta and cheese sauce significantly impacts its
flavour perception evaluated in sensory analysis compared to the reference meal with no
salt reduction. The decrease of flavour intensity could be related to the decreased amount
of terpenes as thesempounds are known to be highly odautive.

Introduction

Sodium chl oride, usually referred to as
sodium intake [1]. The World Health Organization recommends a maximum salt intake
of 5 g/day for adults. Howey, in the industrial countries, the mean sodium intake is
generally higher [2]. Dietary sodium intake mainly originates from processed foods (75
80%), from norprocessed foods {50%), and from the salt added during the preparation
of meals or at the tabdl(1015%) [1]. A salt consumption higher than the physiological
needs is known to increase blood pressure, leading to the development of
noncommunicable diseases, such as hypertension, cardiovascular diseases or coronary
heart disease [1,2,4]. Loweringetbalt intake of individuals is one of the main challenges
for authorities to prevent health diseases [5].

During industrial food processing, salt is largely used as a flavour enhancer. A
reduction of its amount in foods may modify their organoleptic ptase especially
taste. However, taste has been pointed out to be one of the main drivers of liking, which
motivates consumers to purchase a product [6]. Considering the pressure of the public
authorities on the food industry to reduce salt in their prtsdahe main challenge is to
formulate food with lower sodium content while maintaining satisfying organoleptic
gualities [6]. Processed foods are particularly rich sources of sodium. In Europe, the main
sources of sodium are bread and cereal produdisatssen, sauces and condiment,
readyto-eat meals, cheese, soups, pasta dishes and pizzas [1,3,7]. The consumption of
convenience foods and reathade meals is steadily increasing, as is the development of
obesity and other diseases related to highusodintake. This phenomenon is related to
our modern life style which involves less time spent for meal cooking [8].

Many solutions have been tested to reformulate foods with lower sodium content
while maintaining an acceptable organoleptic quality. Eadltisn must be adapted to
the type of food, as salt may also have a technological role, especially for microbial safety
[1,9]. For readyto-eat meals, the solutions tested involve direct salt reduction, use of
substitutes such as potassium chloride angbtla enhancers such as yeast extract and
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addition of natural flavour enhancers such as aromatic herbs [1,10]. In fact, the study of
odourtaste interactions could compensate salt reduction with the use of aromas congruent
with salt perception [10,11].

Many studies were conducted to test solutions to compensate salt reduction and
check their acceptability by consumers, however only a few were performed to
characterize the impact of salt reduction on the flavour of food, especiallymezaly,
with both instumental and sensorial methods. As salt is a-lwewn flavour enhancer,

a reduction of its amount could modify the release of the volatile compounds and thus
flavour perception. In this study, a reafiyeat meal composed of chicken with pasta and
cheesesauce with various levels of salt content was chosen to study the impact of salt
reduction on sensory perception as well as on volatile compounds release. The aim was
to characterize the modifications in the aroma profile due to salt reduction oftceealty

meals by means of a descriptive profile to determine the effect of salt reduction on the
sensory properties, and, secondly, to identify if modifications in the volatile compounds
can be observed due to salt reduction.

Experimental
Materials

Readyto-eat meals were produced containing pasta (38%), chicken (24%) and
cheese sauce (38%). Various salt levels were tested: 100% salt (0.80g salt/100g food),
80% salt (0.64g salt/100g food), 70% salt (0.56g salt/100g food) and 60% salt (0.48g
food/100g food).

Sensory analysis

A panel consisting of 21 trained assessors523sears) was recruited. Sensory
analysis took place in a sensory analysis room equipped with sensory booths. The 4
samples were conditioned in isotherm boxes and delivered at 63°C to thésfmarnitie
samples were presented in a randomized order and identified with alifjitesode. A
ranking test on 11 attributes was performed. The attributes were chosen to describe odour
(O), texture (T) and flavour (F). A Friedman test%%) was applied on these results.

Chromatographic analysis

Volatile compounds were extracted using-BBME (Headspace Solid Phase Micro
Extraction). The fibre used was 1cm Car/PDMS 85um. Samples were weighed (5 g) in a
20mL vial. The equilibrium phasedts 15min at 49°C. The extraction phase lasts 50min
at 49°C. After extraction, the volatile compounds were injected in théSGcolumn
DB-WAX). Injector was maintained at 260°C. The program temperature ranged from
40°C (5min) to 230°C (10min) at 5°C/mildentification of the volatile compounds was
performed with comparison of the Kovats linear retention indices (LRI) with the
literature, comparison of the mass spectra with a database and standard injection. Relative
areas were used for semuantification. Comparison of the amount of each volatile
compounds in each sample was performed withvaag analysis of variance}t5%)
followed by Least Significant Difference test.

Results and discussion
Sensory properties of pasta/chicken/cheese sauce meal

A sengry characterization of the 4 samples of pasta/chicken/cheese sauce meals was
performed (figure 1).
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F_Tasty*

T_Creamy 80 F_Pepper*
0

T_Smoothy F_Chicken*
= 100% salt
e 80% salt
O_Chicken F_Salty* =—70% salt
60% salt
O_Pepper O_Bechamel, cream*

O_Nutmeg O_Cheese

Figure 1. Sum of ranks computed for each sample and each attribute. Significant differences between samples
are indicated by an asteridi=56%). Differert letters mean significant differences.

Differences between the samples were mainly observed for the flavour in mouth.
The control 100% salt was always perceived more aromatic than thediaded samples.
As expected, the salty taste obtained significdifferent scores between samples.
Moreover, the 3 others flavour attributes (F_Pepper, F_Chicken, F_Tasty) were also
impacted by salt reduction, emphasizing its role on flavour release. However, no
differences were perceived for texture and odour, exXoefite odour of béchamel. Such
interactions between taste and aroma may be explained by plhsicocal,
physiological and psychological interrelationships [12].

A characterization of the aroma volatile compounds was performed to explain the
results obsrved in sensory analysis. Chromatographic analysis revealed that the samples
had the same total number of volatile compounds (82) varying only in quantity. Volatile
compounds belong to various chemical classes. The most significant differences between
sanples occurred with respect to terpenes, with a decrease of their concentration
associated with the salt reduction (Table 1).

Table 1: Sample means of the quantity of terpenes identified in the 4 ready meals with various salt content

(expressed in area x1§ of product). Superscripts refer to results from st LSD tests associated with each
volatile compound (J=5%). When identical, means are not significantly different.

Volatile compounds LRI 100% salt 80% salt 70% salt 60% salt
Opinene 1026 53 (77 53 (77 4,5 (37 4.4 (57
b-pinene 1111 6,5 (9% 4,7 (10¥% 5,0 (4 5,2 (8f
Sabinene 1125 5,2 (7% 3,1 (192 3,4 (47 2,9 (9F
t-3-carene 1154 5,8 (6} 4,6 (13§ 4,7 (89 4,9 (37
f’_‘pr[‘]gl‘fn”dergne 1171 10,3 (3} 9,5 (9 8,7 (2F 9,2 (77
Uterpinene 1186 7,0 (8} 5,9 (11% 5,4 (4 5,8 (4)
d-limonene 1205 30,1 (3% 23,5 (8y 26,8 (7% 28,9 @4)®
b-phellandrene 1209 8,4 (113 6,1 (10¥ 5,9 (5§ 5,3 (5§
o-terpinene 1238 12,4 (5% 10,4 (10% 9,6 (3p 10,8 (4%
p-cymene 1268 13,2 (10} 10,4 (9% 9,8 (7§ 10,6 (5§
Uterpinolene 1279 4,5 (5% 4,1 (123° 3,8 (4¥ 3,1 (6¥

4-terpineol 1601 175 (3} 16,1 (4% 16,0 (2¥ 16,4 (5°
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The presence of terpenes, known as highly cdative compounds originating from
natural products, may be explained by the use of pepper and nutmeg in the sauce. Among
the 15 volatile compounds with significant higleencentration in the 100% salt sample
12 are terpenes. Indeed, the impact of salt on the release of the volatile compounds, known
as the fisalting outo effect, is particul.
explain the increase of the émtsity of the flavour attributes F_Pepper and F_Tasty
perceived by assessors in the sensory analysis for 100% salt sample. Similar results were
obtained with tomato soups rich in vegetables [6]. Our results show that terpenes are
particularly sensitive t@alt reduction even when natural products are present in very
small quantity in a complex matrix, and these modifications are perceived by consumers.

To improve the nutritional properties of processed foods, salt reduction is strongly
advised. However, sh a salt reduction might impair the organoleptic quality of food,
resulting in a loss of aroma. With regard to cheese sapeed chicken and pasta dishes
produced within this study, sensory analysis indicated that a salt reduction beyond 20%
is perceive by assessors. A characterisation of the volatile compounds revealed that the
aroma loss is mainly due to the decrease of the amount of terpenes which was associated
with salt reduction (r2=82% withoutlimonene). These compounds, generated by plants,
are highly odowactive, and play a significant role in the global aroma of the dish. The
complementary use of sensory and instrumental analyses allows us to identify those
volatile compounds responsible for aroma loss and permits to consider solutions to
compensate it. Indeed, the increase of pepper or nutmeg in the recipe may be an efficient
solution to increase the content of terpenes, as well as the use of other herbs and spices
or saltassociated flavours [11]. Further sensory analysis performed onatimuy
formulations tested may be necessary to determine the most efficient solution to
compensate salt reduction and to produce dishes with satisfying organoleptic qualities.
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Abstract

The old apple variety o611 zer Roseb, col
(Austria), is an old variety that has been described since approximately 1900. The rather
small, intensaed apples with white flesh have a very plgsintense fruity and rose
like flavour. The aim of this study was to characterize the flavour of the old apple variety
6l 1l zer Rose6 but also to identify differe
and the flesh of the apples. The use ofmpeehensive GC x G®IS resulted in the
detection of more than 600 volatile compounds and offers a completely new picture of
the apple volatilome.

Introduction

Styria is Austrianbés apple cultivation
(corresponding tabout 130.000 tons) is harvested in this region. The majority of apples
T mainly new apple varieties as Golden Delicious, Gala or Idarace cultivated in
plantations. However, about 25% of the apples are growndalsed meadow orchards.
The traditicmal meadow orchards have been part of a specific type of landscape for
hundreds of years and have hosted an enormous number of old apple varieties since then.
Even though these varieties have been cultivated in this region for many decades, their
flavour properties have not been characterised so far. Most varieties lack a molecular
characterisation of flavour compounds.

In general, the flavour of apples is composed by several hundred different volatile
compounds such as alcohols, aldehydes, esters, etcontposition of the apple volatiles
depends on variety, climate, maturity/ripening level and storage conditions [1]. Primary
flavour compounds are formed via the enzymatic and biological processes in the intact
fruit during growth, maturation and ripeningzhereas secondary flavour compounds
develop as results of tissue disruptiépple flavour compounds are produced by several
bi osynt heti c p at-dxidedion ©f, fattys acidsh whighs is thehpeimafy
biosynthetic pathway for ester formation. After cell disruption, the lipoxygenase (LOX)
pathway is active and is mainly ressible for the formation of straight chain C6 and C9
aldehydes whereas amino acid degradation reactions lead for example to methyl branched
aldehydes and alcohols. It is generally assumed that terpene biosynthesis plays a minor
role for apple flavour. Hoever, terpenes are formed via the mevalonic (MVA) pathway
or the 2C-methy} -erythriol-4-phosphate (MEP) pathway. In generalmpounds such
as E)-2-hexenal, hexanal, ethZkmethylbutanoate, ethyl butanoate and propyl butanoate
are regarded to play agsiificant role for the apple flavour.

The formation of flavour compounds depends on the presence of precursor
compounds and enzyme activities of the fruits, for processed fruits also on the conditions
used during fruit processing. In this study we aimednteestigate primary flavour
compounds in different parts of ol l-zer R
dimensional GEMS as well as comprehensive GC x ®AS for the identification of
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6l 1l zer Roseb6 volatiles aft eMicreexdraciion (H8e nt
SPME). The enormous capacity regarding separation as well as sensitivity of
comprehensive GC x GUIS allows deep insight into the flavour composition of this old
apple variety. In addition, sensory methods were used to characteriaeettall flavour
properties.

Experimental

Apple samples

Apples were harvested in 2016 from traditionally grown trees from meadow
orchards in Styria. Apple skin was carefully separated from the flesh. To inactivate apple
enzymes as far as possible, appdst and skin were prepared separately according to
Aprea et al [2] prior to GC analysis.

Gas chromatographic analysis

Aliguots of the homogenised samples (250 mg each-ftimlGGMS and 50 mg
for comprehensive GC x GUIS) were transferred into headspagals, 2octanol was

used as internal standard (50 ng absolute). Four replicates of each sample were prepared

and analysed. After enrichment of the volatiles by$BVIE (30°C, 20 min, 50/30 pum
DVB/CAR/PDMS fibre, 2 cm stable flex fibre) analyses werefqremed with 1
dimensional GEMS (Agilent GC 7890, MS 5975¢ VL MSD, Santa Clara, CA, USA;
HP5 30 m*0.25 mm*1 um, El (70eV)) and comprehensive GC xNE&(Shimadzu GE

2010 Plus coupled with Shimadzu GCAN#2010 Ultra, , Shimadzu Europa Gmb#i; 1
dim.: ZB-5MS 30 m *0.25 mm*0.25 pm and'2dim.: BPX50 2.5 m *0.15 mm*0.15 pm,
Zoex cryo modulator, 5s modulation frequency, Hot Jet 280°C, 350 msec pulse time; El
(70 eV)). Identification of the compounds was based on the comparison of the obtained
mass spectra toalse from MS libraries or authentic reference compounds as well as on
retention indices (RI). Lineademperature programmed RI were calculated using n
alkanes (6Cz6) and compared to data from authentic reference compounds and data from
literature. For comrehensive GC x G®IS retention indices were calculated for tiie 1
dimension.

Sensory evaluation

For sensory evaluation, the fruits were cut into cylinders and treated with an
antioxidant solution according to Corollaro et al. [3] to avoid (i) browninthefapple
pieces and (ii) excessive formation of secondary flavour compounds. Sensory evaluation
was performed by 14 wettained panellists under standardised conditions using
guantitative descriptive analysis (QDAAIl panellists had vast experiengedvaluating
fruits and had undergone apgapecific training prior to this study. Data acquisition was
performed by the use of Compusense Sensory Software (Compusense Inc., Guelph,
Canada).

Results and discussion

It was the aim of this study to charactee t he fl avour of the
Rose6, but also to investigate the distr
and the flesh of the apples.

Sensory evaluation was performed from
inacivation of apple enzymes at the sample surface. Nine different odour/flavour

(
i

S

attributes were chosen by the panel to de
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Results from QDA demonstrate the pronounced rdige/floral and fruity properties of

6l 1l zer Rosed apples (Figure 1).
apple odour
100
crispness 80 sweetness
60
0
juiciness sourness
fruitiness green/grass
citrus notes floral notes
Figure 1: Results fromQDAof 611 zer Rosed after inactivation of f
A tot al of 82 wvolatile compounds was i dé¢

1-dimensional GEMS, in contrasto only 55 volatiles in the flesh alon8ignificantly

higher concentrations of most volatile compounds were found in the skin than in the flesh
of the llzer Rose apples. Table 1 gives a comparison of the relative concentrations of
selected volatiles in thskin and the flesh, respectively. Interestingly, not only the
carotinoid cleavage productréethyl5-hepten2-one and the sesquiterpeldéarnesene

i that had already been described in apple coating decades dgarg]significantly
higher in concenttéon in the skin, but also esters like hexyl butanoate, hexykthyl
butanoate and hexyl hexanoate (Table 1).

Table 1: Selected volatile compounds seguiantified in the headspace of the apple skin and flesh samples by
1-dim GGMS. Concentrations are exgssed as relative concentrations to the internal stanezoth2ol

Compound RI (HP5)exp ~ RI(HP5)it  Skin ngkg?) Flesh (g kg?)
6-Methyl-5-hepten2-one 986 987" 1.6 n.d.
Hexyl acetate 1008 1014 6.6 7
Hexyl butanoate 1188 1193 3.5 3
Hexyl-2-methyl butanoate 1236 1236 25 3
Hexylhexanoate 1384 1386 5.0 n.d.
UFarnesene 1516 1508 24.6 25

2RI obtained from authentic reference compounds and collected in the SKAF Flavor database for Food Research Institute,
Slovaki a, E 2001712002

RI obtaina fromwww.flavornet.org

¢RI obtained fromhttp://webbook.nist.gov/

4RI obtained from literature [4]

Chromatograms obtained from comprehensive GC xMEC analysis cleayl
demonstrate the differences between flesh and skin (Figure 2). More than 600 volatile
compounds were (tentatively) identified i1
apples for the first time. These results are in accordance with recentlyheabtiata on
the volatilome of strawberrigis nearly 600 volatiles were described from strawberries
after analysis by comprehensive GC x -GIS [6]. The identified compounds include


http://www.flavornet.org/
http://webbook.nist.gov/
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well-known apple volatiles like esters, alcohols, aldehydes and ketonedsdbat large

number of mone and sesquiterpenes. The presence of high numbers of terpenes
predominantly in the skin of 6l zer Rosebd
been regarded to be important contributors to apple flavour. Hovtbegrmight be the

reason for the expressed floral/rdse ke notes that are known

Figure 2: Chromatograms obtained from comprehensive GC XM&C analysis of the (a) flesh and (b) skin of

lizer Rose apple. Rettion times in the first faxis) are given in minutes, retention times in the second
dimension (yaxis) are given in seconds. (Inethyt5-hepten2-one, (2) hexyl acetate, (3) hexyl butarea

(4 hexyt2met hyl but ant oat e, -famdsend, & xcip-farnésent (@) nisttmjopsene(Q 6) U
b-longipineng  ( dvdifeneriig (11) cis Usantaldt ttentatively identified by probabilitpased matching of

the obtained mass sgtra with the mass spectra from the NIST library

The results obtained from this study demonstrate that the use of comprehensive GC
x GC-MS offers a completely new insight into the apple volatilome. The preliminary
results from this study serve as a bdaisfuture investigations of volatiles in different
parts of apples in general and of the floral, fose k e odour of 611 zer
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Abstract

The juice of black chokeberrieg\fonia melanocarppwas in the focus of this
investigation. Whereas there are several studies available about the health beneficial
effects of aronia products, which are mainly based onxtracrdinary high polyphenol
concentrations, little is known about the flavour properties of aronia products. The
volatile compounds of aronia juices were investigated by ané twedimensional gas
chromatographic methods. In addition, gas chromatograffagtometry as well as
sensory evaluation was applied to explore the sensory properties of compounds and
juices, respectively. The results show an interesting composition of the flavour
compounds that is dominated by alcohols, aldehydes, free fatty, deigeenes,
norisoprenoids and cinnamic acid metabolites. Most striking is the lack of fruit esters in
aronia juices when compared with volatiles from other fruit and berry juices, leading to
very weak fruity notes in the aronia products. These resule ser a basis for future
investigations on the technological impact on flavour formation during the production of
aronia juices.

Introduction

The black chokeberryAfonia melanocarppis a shrub that has traditionally been
cultivated in Eastern Europeanurdries as well as in North America where it has also
been used as domestic remedy. Recently, the black chokeberry has been included into the
group of &bdsuperfoodsd which made this ber:i
the crop area for the cidation of aronia has increased drastically within the last few
years with the aim to produce a domestic superfood. Its superfood status is mainly based
on the very high antioxidative capacities due to exceptionally high concentrations of
polyphenols (i.eanthocyanins and proanthocyanins, flavonols as well as phenolic acids)
[1]. Furthermore, the black chokeberry is rich in minerals and trace elements as well as
some vitamins [2]. Several studies proved the health benefits of aronia showing positive
impact on blood pressure values, cholesterahd trigylceride concentrations, anti
inflammatory effects, antumor activity as well as the exhibition of immunomodulatory
activity in breast cancer patients [2, 3].

Due to the high concentrations of anthocyaniaed as a consequence the
extraordinary colour intensity, aronia products (e.g. extracts, concentrates or dried
products) have been of interest for food industry as a natural food colourant. Only
recently, the consumption of aronia products as health pgiognéood has become
popul ar. Austrian farmers founded a consor
(not from concentrate) aronia juice as a domestic superfood. However, in contrast to other
juices and nectars from domestic fruits, the flavour chiaratics of high quality aronia
juice are not well described. As a consequence, we investigated aronia juice produced
from Austrian aronia berries with emphasis on volatile compounds and sensory
properties.
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Experimental
Material

Aronia juices were prepad from Styrian aronia berries (variety Nero) from the
harvest 2015 by a small local fruit processing company. All investigated juices were NFC
juices. The juices were prepared after enzymatic treatment and were pressed using a belt
press. All juices werstored in glass bottles in the dark at 5°C until further use. Only
juices that were awarded with at least 18 out of 20 points at a local juice tasting
competition prior to this study were included in these investigations.

Sensory evaluation

Sensory evaluan of the juices was performed by an expert panel (14twatied
panellists) under standardised conditions. All panellists had vast sensory experience with
fruit products and achieved specific training on aronia products prior to this study.
Descriptive analyses to select appropriate attributes for the products as well as
guantitative descriptive analyses (QB)Avere applied. Sensory data were recorded using
Compusense sensory software (Compusense Inc., Guelph, Canada).

Analysis of the volatile compounds

Enrichment of the volatile compounds was performed by headspace solid phase
microextraction (HSSPME; 60°C, 20 min, 50/30 um DVB/CAR/PDMS fibre, 2 cm
stable flex fibre) for all types of G@nalyses. 200 uL of aronia juice with the addition of
50 mg NaCl were transferred into 20 mL headspace vial@c2anol (100 ng absolute)
was added as internal standard. Four replicates of each sample were prepared and
analysed. dimensional GEMS analysis was performed on Agilent GC 7890, MS 5975c
VL MSD, Santa ClaraCA, USA; HP5 30 m*0.25 mm*1 um, El (70eV), scan range 35
350 amu. Comprehensive GC x @4S was carried out on Shimadzu €010 Plus
coupled with Shimadzu GCMQP2010 Ultra, Shimadzu Europa GmbH;dim.: ZB-
5MS 30 m *0.25 mm*0.25 um and2dim.: BPX50 25 m *0.15 mm*0.15 pm, Zoex
cryo modulator, 5s modulation frequency, Hot Jet 280°C, 350 msec pulse time; EI (70
eV). ldentification of the compounds was based on the comparison of the obtained mass
spectra to those from MS libraries or authentic referemrepounds as well as on
retention indices (RI). Lineademperature programmed RI were calculated using n
alkanes (6-Cys) and compared to data from authentic reference compounds and data from
literature. For comprehensive GC x @4S, Rl were calculated fdhe P dimension.

For GC olfactometry, 1 mL of aronia juice with the addition of 500 mg NaCl was
used. GCO/GEID analysis was performed on a npalar column (Hewlett Packard
5890 series Il equipped with an FID and a Gerstel Olfactory Detection Péttrefip
FID:ODP 1:1; analytical column DB5, 30 m*0,32 mm*0.25 um; splitless injection).
Detection frequency (DF) with the use of 5 trained panellists was performed to determine
the odour active compounds with the potentially highest sensory impactG&Es@hun
was performed in duplicate resulting in a total of 10 GCO runs for DF analysis.
Identification of the odour active compounds was performed by the determination of
linear temperature programmed RI and the odour descriptors given for the odour
impresions from authentic reference compounds or literature.

Statistical evaluation of the results

Principal component analysis (PCA) using a Pearson correlation matrix was
performed to correlate concentrations of volatile compounds from 15 different aronia
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juices with results from QDA PCA was performed with XLSTAT Sensory by Addinsoft
(France).

Results and discussion

Due to its pronounced antioxidative properties, the consumption of aronia juice has
gained increasing popularity on the (local) market. Howelgle is known about the
sensory properties and the composition of flavour compounds of aronia juice. In this
study, we therefore aimed for a basic characterisation of aronia juice volatiles.

In comparison to other juices, aronia juice is somehow éifieas the products do
not show dominant fruitiness. Depending on the juice, adstringency and bitterness on the
one hand, and woody, balsamic, green and sweaty notes on the other hand significantly
influence aronia juice flavour. Figure 1 shows a typidabmatogram (comprehensive
GC x GCGMS) of a high quality aronia juice. Several hundred volatile compounds could
be detected, 50 thereof were identified. These results show that the volatiles count to the
chemical classes of alcohols, aldehydes and ket@mesghytbranched) shornthain fatty
acids, terpenoid compounds and norisoprenoids. In addition, several aromatic compounds
as polyphenol degradation products (formed most likely via the shikimic acid pathway
and degradation of cinnamic acid, respectivelygre identified. The enormous
concentrations of 5;8ihydro-2H-pyran2-one (up to 1.250 pg/L) have to be pointed out.
However, with an odour threshold of higher than 100 mg/L (in water), this compound is
not considered to be of relevance for aronia jdii@eour. Noticeable is the lack of the
typical fruit esters which is most likely the reason for the lack of the fruity notes in the
juice. Ethyt2 (3ymethyl butanoate was identified in the GCO experiment as the only
pronounced fruity odour with medium imgt and is thus supposed to be responsible for
the moderate fruity attributes of the products.

Figure 1: Chromatogram from comprehensive GC x-S of a selected aronia juice (divided into 2 parts);
retentions times in-axis are given in mines and in yaxis in seconddl;: (E)-3-penten2-one,2: 2,3-butandiol,
3: acetylacetone4: (2)-2-pentenl-ol, 5: 2-methylpropanoic acidg: hexanal,7: 4-hydroxy-2-pentanoneg:
furfural, 9: 2-methylbutanoic acidl0: 3-methylbutanoic acidll: (E)-2-hexeral, 12: (2)-3-hexenl-ol, 13: (E)-
2-hexenl-ol, 14: o-butyrolactonel5: 1-hexanol16: heptanall7: benzaldehydel8: 1-heptanol.19: 6-methyt
5-hepten2-one,20: 1-octen3-ol, 21: hexanoic acid22 -mfyrcene,23: (E)-3-hexenoic acid24: 2-hexenoic
acid, 25: sorbic acid26: hexyl2-methyt2-propenoate?7: benzyl alcohol28: limonene 29: 5,6-dihydro-2H-
pyran2-one,30: -o@imene3Ll: o-terpinene32: cislinalool oxide (furanoid)33: heptanoic acid34: guaiacol,
35 translinalool oxide (furanoid),36: nonanal, 37: linalool, 38: 2-phenylethanol,39: 1-phenytl,2-
propanedione40: benzoic acid41: ethyl benzoate42: octanoic acid43: terpinend-ol, 44: -telthineol,45:
decanal,46: 3-phenylpropanolA7: 4-ethylguaiacol,48; 2,3,6trimethylphenol,49: acetovanillone50: - b
damascenone
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Figure2 showshe results from PCA of 20 aronia volatiles of 15 investigated aronia
juices. The selection of the compounds was based on the results from GCO. Products that
can be found in quadrants | and IV are described to possesbalaiiced odour with
slight fruity notes. Unfortunately, the concentrations of e@(#)}methyl butanoate were
too low for quantification and could, thus, not be included in the PCA. Interestingly,
volatiles like benzaldehyde, benzyl alcohol optnylethanol or ethylbenzoate are
important for these products and obviously contribute positively to the overall flavour
with their balsamic, woody, slighty floral attributes. These volatile also showed high
impact in the GCO experiments. Juices with high concentrations of hex@rzdhéxen
1-ol and hexanoic acid (quadrant II) were perceived as mainly imbalanced and dominated
by green notes, lacking any fruity and berry like odour.

5
Acetovanillone
4
1832
3 ) i -Damascenone
(2y3-Hexenl-ol 4-Terpineol
2 J-Terpinene
1537 5,6-dihydro-2H
=1 Hexanal 1297 Pyran2one
X [)
= 2138 46 fog 1925 o,
g 0 01949 n-Hexanoic att + -Butyrolactond®
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-3

o 01926
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Figure 2: PCA based on the relative concentrations to the internal standard of 20 volatile compounds [pg/L]
for 15 investigated aronia juices; four digit numbers are sample codes.

The results of this study demonstrate that the flavour of black chokeBeoyid
melanocarpgjuice differs significantly from the juices of other fruits and berries, mainly
due to he lack of esters with fruity notes. However, these results serve as a good basis
for future investigations of the technological impact on the flavour formation in aronia
juices.
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Abstract

The impat of the atmosphere on the flavour formation of coffee aroma during
roasting was investigated by means ofioe proton transfer reaction tired-flight mass
spectrometry (PTR 0FMS). Roasting under inert atmosphere (nitrogen) was compared
to roasting uder oxidative conditions (air). Roasting under air has resulted in overall
higher intensities of PTRoOFMS time-intensity profiles for seven mass peaks, which
were significantly higher in intensity fo
the cdfee roasted in air, coffee roasted under nitrogen had an unpleasant smell and lacked
the distinctive coffee aroma. The results show clear differences between the flavour
formation during coffee roasting in different atmospheres and provide evidence that a
certain degree of oxidation during roasting is essential to formation of coffee aroma.

Introduction

Coffee roasting contributes most significantly to coffee aroma by transforming the
green coffee beans both physically and chemically into its charactezistiproduct.
Thermally induced pathways, including the Maillard reaction, generate a plethora of
vol atile organic compounds (VOCs) that <co
During coffee roasting, these reactions occur throughout the beattjmg in a portion
of the volatiles being released into the roaster exhaust while the rest remains trapped
within the bean matrix. Roaster exhaust is primarily composed of water vapour, driven
off the beans through air convection. This study aims tostigate the influence of
oxidative flushing of the roasting chamber during roasting on the VOC composition of
the roaster exhaust gas. Previous EPR studies suggest that oxygen does not contribute to
radically driven pathways during roasting [1]; howevéis tdoes not exclude it from
being essential in neradical pathways.

Traditionally studied using static measurement techniques, such as gas
chromatography mass spectroscopy (GC/MS), coffee aroma analysis has recently adopted
more dynamic approaches, foraenple PTRTo~MS. Several groups have used RTR
ToF~MS to monitor the exhaust gas of coffee roasters. Wieland and associates [2] used
this highly sensitive, time resolved technique to predict the coffee roast degree based on
the evolution of the exhaust gaomposition. Whereas Gloess and colleagues [3] found
that the exhaust gas composition was coffee origin dependent, providing evidence that
different VOC pathways were occurring. The sensitivity of PTGE-MS was a key
feature in the present study to istigate the impact of anaerobic and oxidative conditions
on the roaster exhaust gas VOC composition.

Experimental
Coffee roasting

Arabica coffee beans from Guatemala were used for roasting experiments. The
coffee was conditioned before experiments for 28 at 105 °C and roasted in 10 g
batches. A modified pilot plant type 4E Reactor vessel (Buchi, Uster, Switzerland) was
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used for roasting. The reactor was set horizontally and consisted of an internal fan,
rotating sample basket and two heaters (intermalia the vessel jacket). The inlet to the
reactor vessel was connected to air or nitrogen supply for purging the reactor at
approximately 20 k/min (normal litre per minute). The outlet of the reactor was left
open. Coffee was roasted 20 min to reach paet of 180 °C at the sensor in the reaction
vessel.

PTRToFMS

The PTRToRMS was interfaced directly to the inside gas of the reaction vessel
using a custom built dilution system. The experimental setup is shown schematically in
Figure 1. The outlet fothe dilution system was actively pumped and nitrogen was
introduced to the dilution stream at 3.@/iin. The sampling flow rate was set to 24.0 £
0.4 mLy/min (mean + SD) from the roasting chamber, to achieve dilution of about 160
fold. The gas lines werheated to 90 °C and the dilution system was heated to 120 °C. A
PTRToF~MS 8000 mass spectrometer (lonicon) was used. The PTR drift tube was
operated at 80 °C and 140 Td. The mass axis calibration was performed ¥]{H
acetone ([6H;O]") and caffeie ([GH11N4O2]").

Gas chromatography

Headspace GC/MS (system with cryogenic.@®en cooling) was performed on
roasted and ground coffee beans. Two grams of coffee powder were transferred into vials
and analysed with HS GC/MS based on a previously puulisinethod [4]. Peak
identification was based on comparing the mass spectra with the NIST08 database. In
total, 58 peaks were evaluated.

purge | t exhaust

sampling

PTR-ToF-MS

dilution 1

vacuum

Figure 1: Schematics of the coupling of the RTRFMS to the reaction vessel fordine PTRToFMS
analysis of thexhaust gas during roasting under controlled atmosphere.

Results and Discussion

The aerobic conditions realised by flushing the roasting chamber with air were found
to have a significant influence on the coffee aroma. Sensory observations parallel to those
made by Tai and Hoés [4] for cysteine mod
state plays an essenti al role in the de
observations are further supported by differences observed, using 8RS, in the
exhaust gas composition.

Roasting under inert atmosphere increased the intensity of m/z 34.996, tentatively
assigned to dihydrogen sulphide;8). The increased intensity ob$l (Figure 2a) was
accompanied with an unpleasant aroma, a similar unpleaisana was observed by Tai
and Ho [ 4]. These authors observed that
sulphur containing molecules were dominaithim the product profile [4].
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Roasting under oxidative conditions generated characteristic differeftb@sthe PTR
ToFMS profile and restored the characteristic coffee aroma. Tai and Ho [4] observed an
absence in sulphur containing compounds
sulphur side chain of cysteine was oxidized to cysteinesuHiciit

Aerobic roasting increased the intensities and shape of several VOST¢HKS
profiles (Table 1) demonstrating the influence of oxygen on the evolution of coffee aroma
formation pathways. Amongst the most prominent differences was the higher intensity
observed for m/z 153.0910, tentatively assignedethglguaiacol (Figure 2b).

Table 1: Compounds of significantly higher intensities generated during coffee roasting in either air or inert
(nitrogen) atmosphere.

Atmosphere Online PTRTOFMS Headspacé&sC/MS
Nitrogen m/z 34.996 (HS) Methanethiol,
dimethyl sulfide
Air m/z 31.0178 (CkD, formaldehyde), Dimethyl
m/z 44.0174 (CENOY), m/z 55.0542 disulphide

(C4Hs, butadiene), m/z 67.0542 {ds),
m/z 107.0491 (€HsO, benzaldehyde),
m/z 135.1 (unresolved), m/z 153.091
(CoH 1203, 4-ethylguaiacol)
2PTR-To~MS: mean intensities (n=4) differ for at least 2 SD for >30% of roasting time
compounds were tentatively assigned based on molecular mass.
®HS GC/MS: ttest, P < 0.1
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Figure 2: Time-intensity profiles of (two samples: air and nitrogen, each four repetitions) (a) a VOC of mass
to-chargeratio (m/z) 34.996 (tentatively assigned to protonatgs) ldnd (b) m/z 153.091 (tentatively assigned
to protonated 4thyl guaiacol) of roasting in air dmitrogen.

PTRToRMS timeintensity profile of m/z 107.049 (tentatively assigned to
protonated benzaldehyde) was observed at higher intensity when roasting in air (Figure
3a), but no difference in the shape of the profile was seen. Despite no obvietendi
in profile, the larger amount of benzaldehyde formed during aerobic roasting is consistent
with studies on model systems [5], where oxidative degradation of phenylalanine at high
temperatures was studied. Phenylacetaldehyde, the Strecker aldéipyamyalanine
has been suggested as an intermediate for benzaldehyde formation, but it does not show
a significant difference between air and nitrogen roasting (Figure 3b). This could be
caused by less reproducible signal for phenylacetaldehyde, oratitety that oxidative
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formation of benzaldehyde in coffee matrix does not go through a phenylacetaldehyde
intermediate.

a) b)

160 - ----Nitrogen

80 ----Nitrogen
—Air —Air

100
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g
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roastingtime /s roastingtime / s

Figure 3: Time-intensity profiles of (two samples: air and nitrogen, each four repetitions) (a) m/z 107.049
(tentatively asigned to protonated benzaldehyde) and of (b) m/z 121.067 (tentatively assigned to
phenylacetaldehyde) of roastingdir andnitrogen

The GC/MS analysis was performed seven days after coffee roasting. The higher
intensity of methanethiol in samplesasted in nitrogen indicated that there is less
oxidative degradation during storage. This is consistent with higher amounts of dimethyl
disulphide in the samples roasted in air. Dimethyl disulphide is a product of methanethiol
oxidation and is used as ardicator of coffee freshness in its ratio against methanethiol
[6].

The aerobic conditions in the roaster play an essential role in the development of
characteristic coffee aroma. Under anaerobic conditions dihydrogen sulphige (H
serves as the dominanticleophile leading to high concentrations of primarily sulphur
containing VOCs, which unbalances coffees aroma profile leading to an undesirable
sensory experience. Oxidative conditions suppress the formatiopSobyHoxidizing
cof feeds s uSuppression ofgp$ alawp ammonia to become the dominant
nucleophile allowing for the development of more desirable aroma profiles.
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Abstract

Keemun tea is one of the most popular Chinese black teas, asdhighly
appreciated by consumers because of its sweet, floral, and slightly smoky odor. In this
study, two types of Keemun tea that differ in terms of raw material and manufacturing
process, g @neanfela ynd Mgy Suype Keemun tea, r
investigated by aroma extract dilution analysis (AEDA).

From the AEDA results, 34 odorants with flavor dilution (FD) factors ranging from
64 to 1024 were detected from the volatiles obtained fragnigblated fractions of
Keemun tea infusions. In particular, geranichytiroxy-2,5-dimethyt3(2H)-furanone,
and coumarin exhibited the highest FD factor, which was followed by methional, 2
phenylethanol, phenylacetic acid, andn8thyt2,4-nonanedione. fiese odorants were
detected in both Keemun teas. Stable isotope dilution assays (SIDA) were performed, and
odor activity values (OAVs) were calculated for the quantitative evaluaifoB8
odorant s: 27 key odorants with an OAV O
data permitted the preparation of aroma recombinates from both types of Keemun tea.
Comparative aroma profile analyses between the recombinates and their respective
Keemun tea indicated excellent similarity in terms of the overall aroma, thus validating
these volatiles as the key components that contribute to the unique odor profile of Keemun
tea.

Introduction

Tea(Camellia sinensjs which isone of the most populariconsumed beverages in
the world, is mainly cultivated in tropicadubtropich and temperatelimates. India, Sri
Lanka, and China are the main 4@@ducing countries. The following two principal
varieties are grown in the tgmoducing areas: smditaved Chinese planCamellia
sinensisV. sinensiyand a largdeavedAssamese planCamellia sinensi¥y. assamica
Darjeeling and Keemun tea are classified into the former group, while Assamese and
Ceylon tea are classified into the latter group. Am@hgnese plants, numerous studies
have reported on the Darjeeling tea arditja Although Keemun tea exhibits unique
flowery, sweet, and slightly smoky notes [2,3], few studies have reported on the Keemun
tea aroma.

Black tea production generally comprist®e following four steps: withering,
rolling, fermentation, and firingn particular, sveral biochemical reactions occur in tea
leaves during fermentatioeemun tea is categorized into two types mainly based on
the manufacturing method. One fig @ n @typé Keemun tea (GK) that is used for
exports, while the other @2 n goytygeuKeemun teé@MK) that is used for domestic
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consumptionThe rolling process (i.e., rubbing and twisting processes) is different for
GK and MK. GK is tightly rolled using a mame, while MK is softly rolled by hand.

This study aimed to clarify tHeey aroma compounds in Keemun black teatmyna
extract dilution analysis (AEDAandstable isotope dilution assays (SIDa$ well as to
determine whether the difference in the radliprocess considerably affects the volatile
profiles of tea infusions.

Experimental

First, tea leaves (6 g) were soaked in hot water (95°C, 300 mL). After 5 min, tea
leaves were separated by filtration, and the infusion was cooled to 15°C using ah.ice bat
Second, the beverage (50 mL) was repeatedly extracted with dichloromethab@ (2
mL), and the volatile compounds were isolated by solassisted flavor evaporation [1].

GC-O was employed to analyze the aroma extract, and the most important aroma
acfve compounds were determined by AEDA. After identification (Rl on two capillary
columns, odor quality, and mass spectra), the aroma compounds with the highest FD
factors were quantified by SIDA. Finallydor activity values (OA®) of the key odorants
were calculated from the concentrations of the aroma compounds and their odor
thresholds.

Aroma reconstitution models were prepared by utilizing natural concentrations of
the key odorants with an OAV greater than or equal to one dissolved in water. Sensory
armalysis was performed in a sensory room with single booths. The sensory panel
comprised 1621 trained assessors.

Results and discussion
Screening of aromactive @mpounds by AEDA

The elucidation of the arorrective compounds by AEDA revealed 34 odorants in
the two types of Keemun tea with FD factors ranging from 64 to 1024. The highest FD
factors in both Keemun tea were observed in case of odorants such as-8avediigg
geraniol and sweedmelling 4hydroxy-2,5-dimethyt3(2H)-furanone (FD 1024).
However,in GK, oatlike smelling E,E,Z)-nonatrienal (FD 1024) was followed by the
cooked potatdike smelling methional, flowergmelling 2phenylethanol, and sweet
smelling coumarin (FD 512). Meanwhile, in MK, coumarin (FD 1024) was followed by
hay-like-smelling 3-methyl2,4-nonanedione (FD 512).

Quantitation of the &yodorants by SIDAs

Aroma-active compounds that exhibited high FD factors from AEDA in addition to
four compounds (i.e.l-ionone, ©)-4-heptenal, E,E)-2,4-decadienal, andEZ)-2,6-
nonatrienal, espectively) were quantified. All compounds concentrations were
determined by SIDA, and OAVs were calculated on the basis of these concentration and
odor thresholds [4] in water revealed 27 key odorants in each Keemun tea (Table 1).
Geraniol, 2phenylethaal, and linalool were determined as the key floral odorants, and
4-hydroxy-2,5-dimethyl3(2H)-furanone, coumarin, and E)-b-damascenone were
determined as the key sweet odorants; finallirglguaiacol, 4vinylphenol, and
guaiacol were determined as the key smoky odorants in the Keemun tea.

Sensory profile malysis

To validate the results obtained from these investigatidridey odorants were
recombined in their natural concentrations, and each aroma model was compared to the
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original Keemun tea infusions by aroma profiling (Figure 1). Both mixtures considerably
matched the original Keemun tea infusions in terms of albates; these investigations
demonstrated that the aroma of the two types of Keemun tea can be simulated by 27
compounds.

Flowery Flowery
Sea weed ) Sea weed .
like Hay like like Hay like
Malty Sweet Malty Sweet
Smoky Metallic Smoky Metallic
Fatty Fatty

= Aroma recombinate (GK)
- = GK tea infusion

= Aroma recombinate (MK)
== MK tea infusion

Figure 1: Comparative aroma profiles of aroma recombinate and original Keemun tea infusions

The comparison of the aroma prefil of the original Keemun tea revealed clear
differences among metallic, malty, and smoky attributes. Odorants responsible for these
attributes werdrans4,5epoxy(E)-2-decenal (metallic), 4inylguaiacol (smoky), 2
methylbutanal, and-thethylbutanal (mléy), and their OAVs were clearly different in the
two types of Keemun tea (Table 1).

Table 1: FD factors and OAVs of arorvactive compoundsq AV  )dn Kéemun tea (GK and MK)

_ FD factor OAV
Odorant Odor quality

MK GK MK
geraniol flowery, fruity 1024 1024 290 530
Ahydroxy2,Sdimethyk o o mel sweet 1024 1024 3 5
3(2H)-furanone
(E,E,2-2,4,6nonatrienal oat 1024 64 36 19
methional codked potato 512 32 7 7
2-phenylethanol flowery, honey 512 256 3 4
coumarin woodruff, sweet 512 1024 1 2
linalool flowery 256 32 530 610
(Ey-b-damascenone  CO°Kedapple,  og5 o55 23 25

sweet

rans4,5epoxy(B)-2 1 otalic 256 256 8 15
decenal
eugenol clove 256 32 1 1
3-ethylphenol phenol 256 256 2 3
4-vinylguaiacol clove, smoky 256 256 2 <1
3-hydroxy-4,5-dimethyt  celery, _ 256 256 2
2(5H)-furanone seasoning
4-vinylphenol phenol, smoky 256 16 3 2
phenylacetaldehyde honey,bees wax 128 64 76 54
guaiaol smoky,sweet 128 256 9 9
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Table 1: continued

i FD factor OAV
Odorant Odor quality

GK MK GK MK
3-methyt2,4 hay, fishy 64 512 63 67
nonanedione
2,3-butanedione buttery 64 32 11 15
3-methylbutanal malty 32 64 421 618
2-methylbutanal malty 32 64 155 220
hexanal green, grassy 32 64 24 43
2-acetytl-pyrroline roastedpopcorn 16 64 1 2
3-methylindole (skatole) fecal,mothball 16 64 2 3
1-octen3-one mushroom 4 64 5 8
(2)-4-heptenal fishy, fish oll 4 8 15 10
(E,B)-2,4-decadienal fatty, fried - - 12 11
(E,D-2,6-nonadienal cucumber 8 8 8 8

In conclusion, a majority of the key odorants in Table 1 had been previously

identified as the major contributors to the aroma of Darjeeling tea [1]; meanwhile, some
smokysmelling compounds such asvifiylphend and guaiacol and swesinelling
compounds such as coumarin have been reported to be crucial contributors to the aroma
of Keemun tea. Our study has revealed the key aroma compounds that can characterize
the overall aroma of Keemun tea and the potent aroongpounds that differentiate
between the two types of Keemun tea; however, further investigation is necessary to
clarify the presence of a high number of odorants that contribute to smoky attributes in
the Keemun tea rolled by a machine and a high numbedorants contributing to the
metallic and malty attributes in the Keemun tea rolled softly by hand.
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Abstract

With aging comes many physiological changes, including those in the oral ahd nasa
cavity, such as impaired olfactory function, reduced salivary flow and compromised
dental status and functigh-3]. These changes may impact on aroma release and flavour
perception, and subsequently the enjoytrarfoods, leading a risk of undernutrition.

This review aimed to summarise current literature on how olfaction is affected by aging,
the major physiological parameter in flavour perception. With the worldwide projected
increase in the older populatiomet economic and social burden of undernutrition is
expected to be severe. Tackling this issue is of interest to both clinical practice and
industry, as there is potential for new products to be developed which meet the needs and
sensory preferences of thipecific, increasing population.

Introduction

Due to socioeconomic development people are living longer than[4jeFor
example, somebody born in Japan in 2015 was projected to liv®0nyars old, this is
compared to only 83 years if born in 19B8. Although extra years are added to life,
unavoidable changes in sensory capacity may reduce functionality and lifey.ctiadi
well documented that aging is associated with a decline in both vision and pdaring
however, a lesser acknowledged sensory impairment, is the sense of olfaction.

Discussion
Importance ofolfaction

Olfactory impairments have been proposed to be a key contributor in the aetiology
of fAanor e ¥5j6hateoni whighgiludeg to the high prevalence of undernutrition
within the older adult population. The fia
conditions, such as frailty and sarcopeniaichvlare common among frail older persons,
and are related to many comorbidities and ultimately an increased risk of m@sfality

Olfaction is a key contributor to the anorexia of aging due to the impact it may have
on hunger and appetifé] and on reducing nutritional quality and altering dietary habits
[8]. For exanple, Duffyet al. (1995)[9] found that older women (aged 65 to 93 years)
with olfactory dysfunction had lower tierest in fooerelated activities (i.e. cooking) and
Aschenbrennegt al.(2008)[10] found that more than ortird of patients with olfactory
loss reported changes in their social faethted activities. In terms of altered nutritional
quality, Duffyet al.(1995)[9] found that olfactory impairments led to a lower preference
for foods with predominant sour/bitter taste such as fruits and vegetables, and higher
intake of sweets. Such evidence is supported by the work of &ra199%) [11] who
found that older individuals with olfactory impairments hadér nutrient intake levels
than older individuals with good odour perception. One recent study has suggested that
community dwelling older adults with impairments in sensory perception, including
olfaction, are at a greater risk of frai[t}2] due to decreased appetite and food intake. It
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has been suggested that weight loss is more frequent in individuals with olfactory
impairmentq8, 10, 13, 14]Gopnathet al.(2012)[14] found that BMI was significantly
lower in participants with, than without, olfactory impairment. Welghs is a significant
problem in the population of older adults as it can lead to muscle wasting, decreased
immunocompetence and increased rate of complications, along with being highly
predictive of morbidity and mortality15]. Thus olfactory impairments have been
proposed to be predictive of overall mortality, over a 5 year pé¢tidld Schiffman ad
Graham (2000)16] also drew attention to how undernutrition itself may be a risk factor
for olfactory impairments as deficiencies in the B Vitamins Niacin and Vitamin B12 and
Zinc impair dfactory function [14], so it is easy to understand how undernutrition may
become exacerbated and maintained.

Prevalence of ageelated olfactory impairment

The prevalence of impaired olfactory function in the older adult population is high.
Using a smelidentification test, Dotet al.(1984)[17] conducted a crossectional study
in 1955 individuals and found that 60% of those age@®%vereexperiencing major
olfactory impairments. More recently, Murpbyal, (2002)[18] conducted a populatien
based studywith 2491 individuals aged 593 years. They found the prevalence of
olfactory impairment to be 24.9% and also that the prevalence increases with age; within
the population of 80to 97-yearolds, 62.5% were experiencing olfactory impairments.

Causes of ge-related olfactory impairment

The cause of olfactory impairments is likely to be mfdttorial, involving age
related alterations within the nose, olfactory epithelium, olfactory bulb and higher levels
of the brain that receive olfactory inpfdt, 19, 20] The complex causes of ageated
olfactory impairment are discussed in detail in the review by Doty and Kaf2attv)
who summarised potential contributing factors to be: altered nasal engorgement and
airflow, increased propensity for nasal disease, cumulative damage to the olfactory
epithelium from viral and other environmental insults, decrements in mucosal
metabolizing enzymes, ossification of cribriform plate foramina, loss of selectivity of
receptor cef to odorants and changes in neurotransmitter and neuromodulator systems.
A potential genetic contribution to odour identification ability has also been identified
[21, 22]

There is a strong association between olfactory impairment smyetelated
neurodegenerative disease, such as Al zhe
impairments can be an early symptom of these diseases, which Doty and Ka6th
[1] proposed to be due to expression of aberrant proteins. The significance of these
proteins was shown by Wilsat al,(2007)[23], who found inverse correlations between
Brief Smell Icentification Test (BSIT) scores obtained before death and the-pastem
density of neurofibrillary tangles. In another study, Wilstral, (2011)[24] found an
inverse relationship between®T scores and poeshortem measures of Lewy bodies in
limbic and cortical brain regions. This evidence suggests that olfactory impairment in
older adults in not confined téractural changes within the nose, but its aetiology is likely
to involve higher brain structures.

Lastly, the influence of medications should be taken into account. Many drugs used
to treat ageaelated conditions, such as antihypertensive medicationssttiths, are
known to affect both taste and smgHO]. A comprehensive discussion of these
medications and diseases can be found in Schiffman and Zervakis [200&ho states
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that older adults experience an exaggerated burden of chemosensory disorders from these
medications, compared to younger individuals.

Aroma specificity of ageelated olfactory impairment

While older adults experience an impairment in their olfactory function, only a few
studies have investigated how their perception of single aroma compounds changes with
aging. In a large survey involving 1.2 million National Gexgtric readers, Wysocki and
Gilbert (1989)[25] reported differences in the rate of agéated olfactory loss to six
odorants. More recently, Seaat al, (2016)[26] conducted a study using The Specific
Sensitivity test involving 281 participants of various age groups. They tested the
identfication rates and detection thresholds of 10 odorants, with various chemical and
sensory properties, and found large differences in detection thresholds for some odorants,
between age groups. For example, participants in their 70s had a detectioridht&sho
times higher than the young for the rdi® aroma compound phenylethyl alcohol,
whereas for the onielike aroma compound-ghethyloxolane3-thiol, the threshold was
only 3 times higher. Interestingly, they also found that the older subjects iaek hi
identification rates if they rated the odorants as pleasant. This is supported by Wysocki
and Gilbert (1989]25] who found no age effect for the intensity rating of galaxolide
(which may be considered a pleasant aroma), whereas a 26% age dediobserved
for methanethiol (which could be considered an unpleasant aroma). These findings are is
in contrast to Konstantindist al, (2006)[27] who found that, unlike pleasant odours,
unpleasant odours were not sensitive tordgted olfactory loss.

In an effort to explain the physiological phenomenon of arspexific agerelated
loss, Sindinget al, (2014) [28] investigated if there was a difference in agkated odour
perception between aroma molecules with heavy and light molecular weights, based on
the idea that the molecules would bind differently to dtfacreceptors. They found that
older adults experience olfactory loss more specific to heavier molecules, suggesting that
aromaspecific ageelated loss bears connection to the molecular structure of individual
aroma molecules.

Considering these findingsn agerelated aromapecific sensory loss, it is
reasonable to conclude that it is not simply the case that older adults perceive flavour at
a weaker intensity, it is likely that their overall flavour perception becomes distorted as
the contribution madby individual aroma compounds to a flavour mixture is altered.

Previous fooebased aroma strategies to counteract olfactory changes

To endeavour to combat the effects of olfactory impairments in older adults, a
reasonable response undertaken is to mdabdyaroma in food in an effort to counteract
impairments, and ultimately improve food liking and intake. Many studies have
investigated this, however, results have not been consistently successful. For example,
Koskinen,et al, (2003) [29] heightened the aroma in a yoglike fermented oat bran
product and found that older adults liking and intake of the product was lower, when
compared withthe regular product. Considering that olfactory loss is arspe&ific[25-

27], heightening of aroma may have distorted flavour percejifi and may explain
why some panellists reported an dAartifici

Future approaches andaclusion
In order to combat ageelated olfactory impairments, more tailored arema
modification strategies are needed. Setwl, (2016)[26] stated that, in order to design

targeted remedies for the effects of chemosensory losses (including olfaction), it is
imperative to firstgain insight on the extent of olfactory loss to specific single aroma
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compounds. Developing foods which meet the sensory needs of the aging population is a
challenging and complex task, but considering the social and economic burden of
undernutrition, it$ a vital challenge to overcome.
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Influence of the brewing process and degree of milling on
the taste characteristics of pigmented rice wine
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Abstract

The taste characteristics of pigmented riceenivere investigated with respect to
brewing conditions, and the extent to which the rice had been milled to remove the bran.
Both the saccharification and the subsequent alcoholic fermentation processes were
monitored over time at 25 °C and 30 T@e following conditions were selected based on
maximising ethanol content and minimizing acetic acid: saccharification for two days at
30 °C and alcoholic fermentation for nine days at 30 °C. This brewing process was applied
to pigmented rice which had been milleo various degrees (0%, 30%, 50% and 65%)
and the wine was analysed for taste compounds (sugars, organic acids, amino acids and
cyclic dipeptides (2/sliketopiperazines)). The results showed that the higher degree of
milling significantly increased thdurose in the wine, however there was a concomitant
loss of glutamic acid (p<0.05). Cyclo(Px@l), cyclo(Pralle), cyclo(PreLeu) and
cyclo(PraPro) were detected in pigmented rice wine for the first time. They can impart
bitter and metallic tastes, butey were present at concentrations below their reported
taste thresholds. Their formation increased as the degree of milling increased and the pH
decreased. Based on reported taste thresholds, the compounds most likely to contribute
to the taste of pigmeedl rice wine are acetic acid and glutamic acid.

Introduction

Rice wine orSakeis a traditional fermented alcoholic beverage which is becoming
increasingly popular in some Asian countrig§. The production of sake is well
documented. Chinese or Japanese rice wine is prepared using high quality polished
glutinous rice, wheat ankioji, a starter culture whichontains both the fungi for the
saccharification step, and the yeast for the subsequent fermentation step. During these
processes, the brewing temperature is important as it affects the cell growth, cell density,
starch hydrolysis and the production ofatbl and organic acidd]. The taste of rice
wine has been described as having sweet, sour, harnsonioellow, and fresh
characteristics [2], which are mainly generated during fermentation when proteins present
in the rice are converted to small peptides and amino acids by proteases from the
microorganismg3]. Other norvolatile metabolites, including organic acids and sugars
can contribute to the taste of rice wine.

Polished glutinous rice isot the only rice used for wine manufacture. Unpolished
pigmented rice, where the bran is retained, is also used to produce pigmented rice wine,
especially in countries such as Thailand and the Philippines. However, cont&aleto
it has a unique savoy flavour, and much less is known about the compounds
contributing to the characteristic taste and aroma of the pigmented rice wine. Therefore,
this study investigated the influence of (i) the brewing process and (ii) degree of milling
on the generationfahe taste characteristics of pigmented rice wine.
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Experimental
Materials

Glutinous pigmented rice (Double Elephant, Thailand) was purchased from a local
supplier at Reading, UK. Brewing microorganisms waspergillus oryzadTCC 22787
andSaccharomycecerevisiadNCYC 478 obtained from LGC Standards (UK) and The
National Collection of Yeast Cultures (UK) respectively, and cyclic dipeptide standards
(2,5-diketopiperazines) were purchased from Bachem AG (Switzerland).

Selection of brewing process

Sacchaification

Pigmented rice was steamed for 60 min at 100 °C and inoculated with thé\fungi
oryzae followed by incubation at 25 °@r 30 °C for 8 days. Sugars and organic acids
were analysed every 24 h. The optimum saccharification process was detdmnthed
conditions (time and temperature) that produced the highest concentration of glucose.

Alcoholic fermentation

The optimum saccharification process was applied to the steamed pigmented rice,
which was subsequently inoculated w8hcerevisiaand lef to ferment for 10 days at
either 25 °Qr 30 °C. Samples were collected every day to determine the levels of sugars,
organic acids and the ethanol content. The optimum fermentation conditions were
selected on the basics of high ethanol content and redexels of acetic acid. Samples
were pasteurized at 70 °C for 10 min.

The brewing of rice wine from pigmented rice with different degree of milling

Pigmented rice was milled in a Twinbird rice polishing machine (Japan) to (partially)
remove bran and prode rice of various degrees of milling (DM0% (whole grain),
DM30%, DM50% and DM65% (fully polished grain)). The grains were used for brewing
under the selected brewing conditions.

Analysis of compounds responsible for taste

Sugars, organic acids and etial content

The analysis of sugars, organic acids and ethanol was performed as described by
Zeppa et al[4]. Separation wasarried out on an Aminex HRE7H column (300 x 7.8
mm, 9um) from BieRad (UK) with 5 mM sulfuric acid as the mobile phase for the
separation of the compounds of interest. The selected wavelength for the organic acids
was 210 nm, whereas an Rl detector wsed for the analysis of sugars and ethanol.

Free amino acids

Free amino acids were analysed wusing
technique (Phenomenex, Torrance, CA), followed by-M8& (Agilent, Germany) as
described by Elmore et 45].

Cyclic dipeptides

Analysisof cyclic dipeptides was carried out as described by G@ozcha et al.
[6]. Briefly, pigmented rice wine (15 mL) was mixed with 50 pL edf8orophenol (100
mg/L) as internal standard, and then passed through the SPE cartridgeX &Batam
polymeric reversed phase giga tube, Phemaxe HPLC water and methyl acetate were
used for washing and elution, respectively. The eluent was concentrated by flushing with
N2, and then injected into the G@S equipped with a ZBVax column.

1
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Results and discussion

Selection of brewing conditionsrfthe production of pigmented rice wine

Saccharification is one of the important steps during brewing, as the starch present
in cooked rice is converted to simple sugars, thus acting as nutrients for the subsequent
fermentation stage and contributing te tiaste and flavour of the rice wifld. Sugars
including maltotriose, maltose and glucose were moait throughout the
saccharification process (Figure 1). Sugar levels were low on day 1 regardless of the
temperature, however the concentration of maltotriose and maltose significantly
increased by day 2 as the rice starch was degraded to maltotriosaltomk by the fungi.
From day 2, an increase in glucose levels was observed as both maltotriose and maltose
were converted to glucose. The highest levels of glucose were observed at day 6. After
that, the sugars levels decreased as their rate of formatieress than their rate of
consumption byA. oryzae Slightly higher levels of sugars were observed at 30 °C and
therefore the optimum saccharification process for this study was set at 30 °C for 2 days.
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Figure 1: Glucose, maltose and maltotriosengrated from pigmented rice during saccharification by
A. oryzaen=3 brews. The standard deviation was generally <2%, and <5% in all cases.

Following saccharification, the rice was inoculated v@thcerevisiador alcoholic
fermentation. During this ep, and regardless of temperature, the levels of maltose and
glucose decreased, whereas an increase in ethanol was observed, particularly on day 9
(Figure 2). Malic, lactic, succinic and acetic acid were also formed by yeast metabolism
which used glucosesaa substratfl]. Moreover, fermentation at 3@ produced more
ethanol and lower levels of aceticihdp<0.05). Although acetic acid is the most
abundant volatile acid in wine, its excessive concentration (>0.9 g/L) affects negatively
the quality of wine because it can contribute a bitter or sour aftertaste [7]. Therefore, the
optimum fermentation contibns for this study were set at 30°C for 9 days.
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Figure 2: Sugars, ethanol and organic acids produced during fermentation from pigmented rice; n=3 brews.
The standard deviation was generally <2%, and <5% in all cases.
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Effect of degree of millinon the characteristic taste compounds of pigmented rice wine

Four prolinebased cyclic dipeptides, namely cyclo(Rfal), cyclo(Pralle),
cyclo(PreLeu) and cyclo(Prd’ro) were identified in pigmented rice wine (Table 1)
however their concentrations wel@wver than the reported threshold [8] and they are
therefore unlikely to contribute to the taste of rice wine. It is likely that these cyclic
dipeptides are generated by the action of the yeast [6] during the brewing process. A
Pearson correlation (p=0.0%howed a correlation between pH and the formation of
cyclic dipeptides, the lower pH being more favourable for formation of cyclic dipeptides
[8].

Table 1 shows that glucose significantly increased Q.78 g/L, p<0.05) as the
DM increased, however reignificant differences were observed in the ethanol content.
The predominant acid was acetic acid (60365 g/L) and glutamic acid was the
predominant amino acid (0.6R217 g/L), all present at concentrations higher than their
reported thresholds [9], tis contributing respectively to the unique sour and umami taste
characteristics of pigmented rice wine. Moreover, this study has shown that retaining the
bran increases the glutamic acid in pigmented rice wine (p<0.05).

Table 1: pH, ethanol and taste compuals found in pigmented rice wines

taste compounds degree of milling threshold
0% 30% 50% 65%

pH 476" 424 394 3.69 -

ethanol (%) 11.9 12.2 118 11.8 -

glucose (g/L) 079 120 119 1.78 3.24[9]

glutamic acid (g/L) 1.17 0.8 062 0.62 0.18[9]

organic acids (g/L) lactic acid 0.7 09¢ 1.0# 0.7 1.39[9]
acetic acid 0.6 0.3 0.3 0.48 0.12[9]

cyclic peptides (mg/L) cyclo(Proval) 1.02 188 1.79 2.08 251[8]
cyclo(Prolle) 504 14.2 16.3 17.2 101(8§]
cyclo(ProLeu) 8.968 9.74 934 9.8F 250][8]
cyclo(ProPro) 2.98 4.14 4.27 4.94 501]8]

Values are the mean of three replicates. Means with different letters are significantly different at p=0.05.
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Abstract

When jack fruit seeds are fermented with banana leaves, and dried and roasted in a
process similar to that used in the productiémoasted cocoa nibs, a chocolate aroma
develops. By using SPME G@lfactometry, we have shown that compounds such as 2
and 3methylbutanal, trimethylpyrazine and phenylacetaldehyde, which are key
components of cocoa aroma, are present in the headsipaasted fermented jack fruit
(FJS) seeds at similar levels to that of a typical Brazilian cocoa powder. However, a series
of less desirable higher molecular weight pyrazines with branched chain substituents was
also found in the headspace of the FJS, hmt in the cocoa. The valirgerived
substituents imparted carbolic and cardboard aromas typical of the jackfruit seeds.
Minimisation of these is important for improving the flavour of this sustainable and
inexpensive cocoa substitute.

Introduction

The flesh of the jackfruit Artocarpus heterophyllukam.) is popular in tropical
countries where it grows in abundance in the wild. The seeds, which are usually discarded,
account for 1518% of the weight of the fruit and they are an unddised waste sti@amn
which could be exploited by local communities in Brazil. Recently, Spada et al. [1]
showed that when jackfruit seeds are fermented and roasted using a process similar to that
used for cocoa beans, a distinctive chocolate aroma develops. Various picatiaps
are currently being developed for the use of ground and roasted jackfruit seeds as a patrtial
substitute for cocoa powder in cakes, cappuccino and cosmetics

The development of the desirable chocolate aroma is very dependent on the post
harvest teatment, and the subsequent drying and roasting processes. Response surface
methodology was used to compare fermentation and acidification steps prior to roasting,
and to identify optimum roasting conditions to maximise the chocolate aroma of the
ground pasted seeds. Twensgven different roasted jackfruit seed powders were
assessed for fichocol ate aromad by a sens
Optimum roasting conditions from each of the three processes (dried, acidified and
fermented) weregdected and the corresponding powders analysed biMG@nd GG
olfactometry and compared to a standard Brazilian cocoa powder. In this paper, we focus
on the fermented product (FJS) which had the highest ranking score for chocolate aroma.

The aim of the wik was to confirm the presence of key chocolate aroma compounds
in the FJS powder and to identify those compounds responsible for the less desirable
Ajackfruit seedd ar omas.
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Experimental
Materials

The jackfruit were collected from the local countryside, flesh discarded and the
seeds, pulp and banana leaves were placed in a closed container for 3 days to encourage
anaerobic fermentation and production of alcohol. Over 5 days, the container was opened
daily and the fermentating mass was turned over nilgnteaencourage oxidation and
production of acetic acid. After 8 days the pulp and banana leaves were removed and the
fermented seeds dried at 60 °C for 24 h. The seeds were then roasted at 154 °C for 35 min
and ground to a powder.

The cocoa powder was t@ined from Cargill, Brazil. It was of Brazilian origin and
the cocoa beans had been fermented and roasted. All reference standards were obtained
from Sigma Aldrich, Gillingham, UK.

Model reactions

Equimolar amounts (0.1 mM) of glucose, glycine and amadingno acid (valine,
leucine or isoleucine) were adjusted to pH 7 and heated in an autoclave at 125 °C for 30
min. They were diluted 10 times prior to @S analysis on two columns under identical
conditions to the analysis of the powders.

Analysis of thevolatile compounds by SPME and @45

FJS powder (3 g) or Brazilian cocoa powder (3 g) were mixed with HPLC grade
water (3 ml) in an SPME vial and vortexed for 2 min. After equilibrating the sample at
45 °C for 15 min, the triple phase fibre &% PDMS/DVB/Carboxen from Supelco) was
exposed to the headspace for 55 min as previously described [1]. SPME extracts were
analysed by GEMS on an Agilent HP5890 Series Il GC, coupled to a 5975 MSD. The
GC was equipped with either a Zebron-#Rx column ora Zebron DB5 column (both
Phenomenex® 30 m x 0.25 mm x 0.25 pm film thickness) and a standard 5 °C/min
temperature ramp programme was used.

Analysis of the volatile compounds by SPME and@factometry

SPME extracts were also analysed on the same twanosl using an Agilent
HP5890 Series Il GEID system coupled to an ODO 2 odourport (SGE). The outlet was
split between a flame ionisation detector and a sniffing port, each with a flow of 1 ml/min.
The contents of the SPME fibre were desorbed for 3 mérsiplit/splitless injection port,
in splitless mode, onto five small loops (5 cm diameter) of the column in a coil, which
were cooled in solid carbon dioxide, contained within a 250 mL beaker. After 3 min the
beaker was removed and a standard 5 °C/min ¢emtypre ramp programme employed.

The eluting aroma regions were described and scored by two assessors in duplicate on a
scale of 0 (none) to 7 (strong). Mean values are reported in Table 1.

Results and discussion
GC-MS

The extract contained ~200 volatdéempounds, most of which were identified and
at least 70 of the identities were confirmed by comparison with the appropriate standard
reference compound. Of the 200 volatiles, we believe that >60 are pyrazines, although
reference standards were only avaliéafor 10 of these. For that reasormgdel reactions
were prepared in order to distinguish the many pyrazines that were generated during the
roasting process. By using either valine, isoleucine or leucine in a simple gigbaseé
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Maillard reaction, itwas possible, in conjunction with mass spectra and LRI data on two
columns, to confirm the identity of the substituents on many pyrazinemath¥Ipropyl,
2-methylbutyl or 3methylbutyl respectively. However, the position of the substituents
could not le determined unless there were authentic standards available for some of the
isomers. This information was vital in attributing the aroma regions in the GC
Olfactometry to particular compounds.

GC-Olfactometry

Over 50 aroma regions were detected by thesssss on the DBWax column. Of
these, 40 were assigned to compounds, most of which were also found in-¥1&.GC
The identities of these 40 compounds were further confirmed by carrying et @Ca
DB5 column. Most of the aromas detected on the DBWax feersd at the correct LRI
on the DB5 column. Many of these were generic aroma compounds found in most foods
as described by Dunkel et al. [2].

In this paper, the main focus is on the aroma regions which obtained high scores
from the GGO assessors, partiewly those which are known to be important in the aroma
of chocolate [3] or cocoa powder [4], or those which resembled the less desirable
character of the jackfruit seeds which dominated the aroma of some of the earlier trial
samples. These are summarigedable 1.

Table 1: Comparison of G@lfactometry scores for selected compounds for roasted fermented jackfruit seeds
(FJS) and Brazilian cocoa powder, mean score of 2 assessors in duplicate where 0 = none and 7 = strong

LRI on DBWax LRI on DB5 GC-O Scae
GCO GCMS GCMS Identity of compound  GC-MS GC-O GCMS FJSs  Cocoa
expt expt au au expt expt

i)Compounds typically found to be important in chocolate or cocoa ardetacted in both FJS and cocc
925/

2/3-methylbutanal 656/ 651/
909 911 928 ool <00 Y7 6
1390 1394 1394 trimethylpyrazine 1008  coelute 1003 7 6
1628 1624 1624  Phenylacetaldehyde ,n50 1053 1049 6 5

if) Compounds only found in roasted jackfruit seeds, typically withnaitkéarbolic, cardboard aroma
methyl2-methyt

* *
1487 1489 1489 R ropuyrasing 1 1134* 1133 1140 5 0
1494 1495 1495+ methyk2-methyk 1134* 1145 1149 5 0
propylpyrazine 2
1553 1553  1ss5+  adimethyldmethyk o000 o0 905 3 0

propylpyrazine

*found in corresponding reaction mixture

The wper half of Table 1 shows compounds which are typically associated with
chocolate or cocoa aroma and have been reported b@IaCtometry, and deemed to
be important, in many cocoa based products including milk chocolate [3] and cocoa
powder [4]. Theseampounds were detected in both the Brazilian cocoa and the FJS,
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suggesting that these too might be important in the chocolate component of the FJS
aroma.

The lower half of the table shows the compounds which had relatively high GC
scores and were detedtin FJS, but not in the cocoa powder. These wenetBylpropyl
substituted pyrazines which were far more abundant in the FJS chromatograms compared
to the cocoa, and were described by the @ @ssessors with less desirable terms such
carbolic, cardboarda nd fAroasted jackfruit see@ flou
methylpropylpyrazine were detected in the FJS byNBE; and in the valine model
system, two of which corresponded to the very characteristic jackfruit seed aromas which
were detected in th&C-O at the corresponding LRIs. Similarly, all three isomers of
dimethyl2-methylpropylpyrazine were detected by GCMS in both FJS and the valine
model system, but only the most abundant isomer was detected-Oy Tt LRI of this
isomer on a DB5 column atches the LRI of one of the two isomers {2ahd 2,6
dimethy}3-(2-methylpropyl)pyrazine) synthesised in our lab and reported previously [5].

Further development of the flavour of this potential cocoa substitute needs to focus
on removing or decreasincghe contribution from the branched chain substituted
pyrazines, particularly those which are likely to be derived from valine during the roasting
process.
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Abstract

Microgreens, young stem and leaves of growing plants, have recently been the
subject of much interest due to theigher concentrations of nutritive and purported
bioactive compounds in comparison to their mature plant counterparts. However, there is
currently limited information available in relation to the flavour and sensory attributes of
microgreen species, whiamay ultimately prove important in determining consumer
acceptance. This paper reports the total phenolic, carotenoid and chlorophyll contents as
well as the aroma volatile profile and sensory attributes of both mature and microgreen
coriander. Microgreenaciander was shown to contain significantly higher levels of
phenolic compounds, elevated concentrations of terpenes as the main aromatic
compounds and a more intense bitter/sweet taste characteristics compared to the mature
coriander.

Introduction

Thete m O6mi crogreend i s geneir2adaysystemameld t o
leaves of growing plants [1]. In recent years, microgreens have become a growing trend
in the food industry due to their nutritional density and ease of growth. These small but
poweful greens have been shown to contain higher concentrations of vitamins, minerals,
and phytonutrients than their mature counterparts [2,3] and continue to increase in
popularity due to their appealing appearance and use as a flavourful, edible garnish.

Microgreens are considered a novel crop and therefore not much scientific
information is available. Previous research on microgreens has shown that the chemical
composition has a major impact on its acceptability. As such, it has been shown that
sugars, pheolics and other nemolatile compounds (such as ascorbic acid) are important
in microgreens as per their direct correlations to consumer preference and overall eating
quality [4]. However, there is very little published research on the flavour profilaiots
specifically on their microgreen stage.

Experimental
Materials

Mature coriander (MC) and microgreen coriander (MGC) were obtained from
McCormack Farms Ltd (Co. Meath, Ireland). Sensory evaluation was carried out in fresh
samples. Coriander leaves meplucked from the stem, washed anddaied before
presenting them to the panellists. Micro coriander leaves were prepared in the same way.
For the remaining analysis, the herbs were harvested and immediately-drieeize
Solvents and authentic compaisrwere purchased from established laboratory chemical
suppliers.
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Analysis of volatile compounds

The extraction of volatile compounds was performed using a headspacplasil
microextraction system (HSPME). A 50/30 pm divinylbenzene
(DVB)/polydimettylsiloxane (PDMS) fibre (Supelco, Bellefonte, Pennsylvania, USA).
Freezedried herb (0.5g) reconstituted in 4.5mL of water containing 5000 ng of IS propyl
propanoate were placed in a SMPE vial of 15 mL fitted with a screw cap. After
equilibration at 40°Cdr 10 min, the fibre was exposed to the headspace above the sample
for 30 min. The sample was kept under stirring at 40°C and desorpted for 20 min in the
GC injector at 230°C and analysed by-®AS as described by Morak&oto et al. [5].

Analysis offree aninoacids

Free amino acids were analysed using theFB#st amino acid derivatisation
technique (Phenomenex, Torrance, CA) followed by @& analysis, as described by
Elmore et al. [6]. For each plant sample, 0.2 g of frelimd powder was weighed in
glass vials and suspended in 10 mL of 0.01 M HCI. The suspensions were stirred for 15
minutes with a magnetic stir bar and plate. After standing for 15 minutes, 2 mL of the
supernatant was removed and placed into Eppendorfs that were centrifuged for 15
minutes at 12,1009 in a MiniSpin Eppendorf centrifuge.

Analysis ototal phenolics

The extraction of phenolic compounds was carried as described by Sun et al. [7].
Freezedried herb (0.1g) was extracted with 5 mL of methanol/water (60:40, v/v) using
sonicationfor 60 min at 21°C. The sample was centrifuged at 1000g for 15 minutes and
supernatant used for analysis. Total phenolic determination was carried as described by
Singleton & Rossi [8].

Analysis of total carotenoids & chlorophyll

The carotenoids & chlopghyll were extracted as described by Giallourou et al. [9]
with slight modifications. Methanol (4 ml) was added to 25 mg of powder and the samples
were shaken for 15 min at 8000 rpm. Following centrifugation at 4000 rpm for 5 min, the
supernatant was trafiesred to a clean tube and the process was repeated until a colourless
supernatant was obtained. The absorbance of the combined supernatants was measured at
470, 645 and 662 nm. The total amount of carotenoids & chlorophyll was calculated
according to thequations by Lichtenthaler & Buschmann [10].

Sensory analysis

Sensory evaluation was carried out using Quantitative Descriptive Analysis (QDA)
on micro and mature coriander fresh leaves via a trained panel (n=11) on a gLMS scale
[11,12].

Results and discusion

Microgreen coriander had significantly higher (p<0.B&kls of total phenols in
comparison to mature plants (24.1mg GAE/g and 16.4 mg GAE/g (d.w.), respectively),
however there was no significant difference in the content of total carotenoids (L& v
mg/g d.w.) or chlorophylls (8.5 vs 8.3 mg/g d.w.) between MGC and MC.

In general, higher levels of amino acids (more than 2 fold) were found in the MGC
compared to the mature counterpart (24.5 mg/g and 11.0 mg/g (d.w), respectively). Of
sixteen amio acids identified, the predominant one was asparagine (15.82 vs 5.01 mg/g
(d.w) in MGC and MC, respectively) followed by glutamine (1.99 vs 1.05 mg/g (d.w)),
aspartic acid (1.75 vs 1.48 mg/g (d.w)) and glutamic acid (1.44 vs 1.09 mg/g (d.w))
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although diferences for these three amino acids were not significant. Free amino acids
may contribute to the flavour quality of the herbs by their own taste characteristics
including sweet, sour and bitter taste. Significant differences (p<0.05) were found in the
levds of glycine and tryptophan, thus potentially contributing to the sweet and bitter taste
of the MGC.

Thirty-six compounds were identified in the headspace of the coriander herbs and
the significant ones are listed in Table 1. Terpenes were the major eodspidentified
in the MGC comprising 62% of the total volatile compounds collected from the headspace
whereas aldehydes, particularly hexanal, together with alkanes and alkenes represented
87% of the total volatile compounds collected from the headsgabe M C. The most
abundant compound present in the MGC was linalool (more than 30 fold higher in
microgreen coriander compared to mature coriander). Previous research on the chemical
profile of coriander essential oil has also indicated that it is asdahce of oxygenated
monoterpenes, with Ilinalool as tphe emrei,n @i
terpinene, limonene andqymene were also detected as the main compounds in the MGC
samples.
Table 1: Volatile compounds in the headspace ofnmigeen (MGC) and mature (MC) coriander.

LRA MGCE  MCB pP*
Methyl 2-methylbutanoate 777 238 113 *
Hexanal 799 804 1613 *
Methyl 2-methyt2-butenoate 825 335 70 **
U-Pinene 940 4539 nd ok
Camphene 956 643 nd *x
cis-Sabinene 979 259 nd *x
b-Pinene 984 208 nd o
b-Myrcene 994 676 nd *x
Linalool 1102 11636 370 ok
Nonanal 1105 703 439 ol
p-Cymene 1030 1587 nd *x
Limonene 1035 1727 550 *x
(2)-b-Ocimene 1050 136 nd o
o-Terpinene 1064 2374 nd i
Terpinolene 1095 248 nd *x
Camphor 1158 774 18 ok
Borneol 1178 414 1 *
Dodecane 1200 579 264 *

A Linear retention index on DB column, calculated from a linear equation between each pair of straight chain
alkanes C6C20.

B Estimate quantities (ng) of compound in the headspace of 0.5g of herbtealdyl@omparison with 5000ng

of propyl propanoate used as internal standard.

*Significant at the 5% level,

**Sjgnificant at the 1% level,

**Sjgnificant at 0.1% level. Means of three replicate samples; nd, not detected

Results from the sensory analysi® show in Figure 1. MGC was rated as more
intense for both bitterness and sweetness which could be associated with significantly
higher levels of phenolic compounds as well as bitter and sweet tasting amino acids in
MGC (Figure 1A). However, no signifimt differences in umami were observed between
the microgreen and mature coriander thus confirming the amino acid results where similar
levels of aspartic acid and glutamic acid, responsible for umami taste, were found in both
samples.
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Bitter A B

Sweet

Mature Seaweedy

Figure 1: Radar pbt and cobweb representing the taste (A) and flavour (B) profiles of microgreen (MGC) and
mature (MC) coriander. Intensity of each attribute

Flavour characteristics (Figure 1B), on the other hand, showed eanifi
di fferences between MGC and MC in the at
commonly used to describe the flavour of coriander [12], on the gLMS scale with the
MGC scoring higher than MC, whi chnyrceoaul d b
(pepperg)nama Uearthy). Furthermor e, hi gl
were also associated with MGC. Linalool which was the major compound in the MGC
generally contributes to the floral and pleasant notes. Several other terpenes such as
limo n e n-terpinerte and terpinolene, present at higher level in MGC, could be
responsible for the citrus notes described by the panellists.

Results of the current study suggest that microgreen coriander could potentially be
used as novel culinary inggients whose widespread popularity may be dependent on
familiarization of consumers with their particular sensory attributes.
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Abstract

After the evidence in hop of the cysteinylated precursors -stilfanyt4-
methylpentaril-ol (3S4MPol) and 3ulfanylhexarl-ol (3SHol), Sglutathione
precursors were recently investigated in Amarillo, Hallertau Blanc and Mosaic. The aim
of the present work was to assess the ligketéntial in two other duglurpose hop
cultivars, namely Citra and Sorachi AceThe occurrence of -3-(1-
hydroxyhexyl)glutathione (&@SHol) was confirmed in all cultivars, at levels well above
those reported for the cysteinylated counterpart, while3-(&methytl-
hydroxypentyl)glutathione (G 3S4MPol) revealed more specific of théeeill Blanc
variety.

Introduction

Dual-purpose hop cultivars are characterized by high contents of both bitter acids
(>7% humulones) and essential oils. Among the essential oils, odorant polyfunctional
thiols, present in much lower amountsl@0 ug/lkg)han t er penol s (107110
viewed as key contributors to hop flavour in beer, especially when dry hopping or bottle
refermentation are applied. Most of them havecar®on distance between the SH group
and the other chemical function (alcohol, estearbonyl, etc.). [b] 41 Volatile
polyfunctional thiols have been found in hop, and each cultivar exhibits a unique thiol
profile. [5-7] Among them are found 3S4MPol with its very nice grapefruit/rhubikeb
flavours (odour perception threshold = #Jlnin beer), and 3SHol, also with a grapefruit
like flavour (odour perception threshold = 55 ng/L in beer). [6,7] Hoppy flavours can be
enhanced in beer by applying either late hopping (addition of hop at the end of wort
boiling or in the whirlpool) or dr hopping (addition of hop during beer fermentation or
maturation). As described by Gresal, the thiol content of the final beer reaches higher
values than might be expected on the basis of hopping rate and hop free thiol contents,
due to the presenad heavy precursors including cysteine adducts (levels2Z0times
higher than the free forms). [5] In plants, cysteBeonjugates usually arigerough the
glutathione detoxification pat hunsaturatedwher e
carbonyl in the presence of glutathieBdransferase. The resulting glutathie®e
conjugate is further converted to the correspondiegs$eine conjugatefter successive
enzymatic cleavages of glycine and glutamate residues. [8,9] The occurrence in hop of
glutathione Sconjugates was evidenced for the first time in 2016. [10] Very high
concentrations of @SHol were quantitated in Amarillo, Hallertau Btaand Mosaic
cultivars (up to 32 mg/kg). The aim of the present work was to investigadeHsl and
G-3S4MPol in two other dugdurpose hop varieties: Citra and Sorachi Ace.

B. Siegmund & E. Leitner (Eds): Flavour $&018 Verlag der Technischen Universitat Gra
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Experimental
Extraction of cysteine and glutathionec@njugates

Thiols Sconjugates were extracted (according to Kankoloegal.[10]) from the
Citra and Sorachi Ace hop varietiesB8nzylcysteine (Cy$ST) was used as an internal
standard at 8 mg/kg of hop. Milled pellets (100 g) were stirred with 1000 mL of a 1%
(v/v) formic actd aqueous solution for 2 h at 45 °C. After centrifugation for 30 min, the
supernatants were collected and loaded on a columnrbZ0Ration exchange resin (100
g preconditioned with 100 mL of aqueous 2M HCI followed by 1 L of water). The column
was therwashed with 500 mL of water and the thiol precursors were recovered by elution
with aqueous ammonia solutions from 0 to 3.3 mol/L (increment of 0.3 mol/L).
Gl utathione adducts are eluted in the 1.2
S-conjugates). Those fractions were pooled and concentrated under reduced pressure. The
obtained extract was dissolved in a formic acid aqueous solution for analysis by HPLC
ESI(+}MS/MS with the Cyclobond | 2000 RSP chiral column. The elution solvents were
watercontaining 0.1% formic acid (solvent A) and acetonitrile containing 0.1% formic
acid (solvent B). An isocratic elution with 95% solvent A and 5% solvent B was applied,
with a flow rate of 300 eL/min. 5 OL of
temperature. The mass spectra were acquired with a BrukerDaltonics Esquire 3000 ion
trap mass spectrometer equipped with an electrospray ion source (Bruker) operated in
positive mode (ESI+). The ESI inlet conditions were as follows: source voltage, 4.5 kV;
cagllary temperature, 360 °C; nebulizer, nitrogen, 12 Psi. Nitrogen was also used as
drying gas, at a flow rate of 8 mL/min. For identification, collisinduced dissociation
MS/MS spectra were recorded at a relative collision energy of 0.2 V. Foritgtiant
the MRM mode was applied (relative collision energy of only 0.05 V to maximize the [M
+ H*] ions). Calibration curves of G relative to CydST were determined and the
following equation was used: concentrationeTG (i n e g/ kg) fGysIl8Tonc en
(in eg/ kg) [I-T/tepkeasedk of @ykSE)ax (na$s re€ponse coefficient of
CysIST/mass response coefficient of13. All analyses were carried out in duplicate.

Results and discussion

As depicted in Figure 1, HPL-ESI(+)MRM analysesmabled us to evidence both
diastereomers of 3SHol in Citra and Sorachi Ace hop cultivars, at concentrations
similar to those reported by Kankolongo al. for the Amarillo, Hallertau Blanc and
Mosaic hops. On the other hand, no bound 3S4MPol was fol@d. [
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G-3S4MPol
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Figure 1. HPLC-ESI(+)MRM analysis of @SHol and G3S4MPol diastereomers in Citra and Sorachi Ace
hops on the Cyclobond | 2000 RSP column. Compangith three previously investigated cultivars. [10]
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Given in free thiol equivalents (Figure 2), the glutathionylated 3SHol emerged as the
key fraction in all cultivars while for 3S4MPol, cysteinylated and free fractions remain
important to be considede

. 32469
Amarillo hop

Citra hop

23115

6634 \/\l/\/OH

Hallertau Blanc hopI188

Mosaic hop |47

21074 SH
Sorachi Ace hop
0 12000 24000 36000
Concentrations (Hg/Kg) = From G-3SHol = From Cys-3SHol = Free 3SHol
Amarillo h 8
marillo hop g 25
Citra hop g
H 10
Hallertau Blanc ho 39 230
P =1 100
Q
Mosaic hop [ O OH
P = 46 )\(\/
. Q
Sorachi Ace hop| SH
0 100 200 300
Concentrations (1g/Kg) = From G-3S4MPol = From Cys-3S4MPol Free 3S4MPol

Figue2 Concentration (egeg/kg) of free and bound potent
3S4MPol in Citra and Sorachi Ace hop varieties. Comparison to Amarillo, Hallertau Blanc and Mosaic hops.
[10]

In conclusion, 3SHol seems relatively ubiquitoims free, cysteinylated, and
glutathionylated forms while the glutathione adduct of 3S4MPol was found only in the
Hallertau Blanc variety. Further research is needed to understand how more thiols could
be released from glutathione forms through the breywiogess.
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Abstract

Proton trasfer reactioftime of flightmass spectrometry (PTROFMS) was used
as a novel, direct and retine analytical method to monitor smaltale fermentations
carried out in 20 mL vials (BiL sample volume) at 20C with repeated measurements
of the headspze volatile organic compound®/QCs) for four days. A design matrix of
two yeast biotypes (California Ale and Edinburgh Scottish Ale) and two New Zealand
aroma hop cultivars (Motueka and Nelson Sauvin), together with their respective no
addition controlsyere used to investigate yedwtp interactions. The results highlighted
the advantages of using online analytical measurements, such a3dFNRS, to
understand temporal changes that occur in VOCs during fermentation. Distinct
differences were observed ithe VOCs profile of the different beers based on
combinations of yeast biotype and hop cultivar; e.g. samples with Motueka and Scottish
Ale had higher concentrations 0f/z89.057 (3methyt1-butanol). Complex dynamics
were observed for VOC developmentrithg the fermentation; e.g. production maxima
for masses such a¥z145.121 (2nonanol or ethyl hexanoate) amdz173.153 (isoamyl
isovalerate or ethyl octanoate).

Introduction

The craft beer market is experiencing a rapid increase in growth. To riesleris
optimise hop character, and to make beer with distinctive hop profiles, a better
understanding of the role that yeast play in the development of hop character is required.
Anecdotally, brewers report that a®ome yea
hop character over another, while other ye
or known to reduce hop intensity. However, to date very little scientific research has been
published on the impact of different yeast biotypes and fermentptirameters on hop
flavour in beer or on the mechanisms responsible for differing aroma and flavour
developmenfl].

Traditionally, hop flavour development has been assessed usiAgS5Based
approaches, where paerived compounds in the final beer are identified and measured.
The drawback with this approach is that it is time consuming and provides little
information on changes that occur during brewing and fermentation. Furthermore, the
sensitivity of GGMS to detect volatile organic compounds (VOCSs) is dependent on the
extraction method employed and the volatility and polarity of the target analytes and their
affinities towards the chosen solvent or solid phase material [2,3].

In this paper PTRIOFMS was usedo measure and compare the dynamic changes
in VOCs during the production of beer containing one of two aroma hops (Motueka and
Nelson Sauvin) in combination with one of two yeast biotypes (California Ale and
Scaottish Ale) and their respective no additcomtrols.

B. Siegmod & E. Leitner (Eds): Flavour S¢i2018 Verlag der Technischen Universitat Graz
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Experimental

Labor atory scale beer samples were prod
[degree Plato] (1044 OG [Original Gravity]) and 20 IBU [International Bittering Units].
Aroma hops (5 g/L) (Table 1) were added &
Wort was inoculated with yeast (Table 1) (pitching rate: ~1.0>xEls/mL) and divided
into 6 aliquots (3 mL) of each treatment. Fermentation was carried outiniH& I s at 2
with consecutive headspace sampling every 6 hours usingTBIFRS. Compounds
were dentified through an elemental composition calculator and precedinil&C
measurements [4]. Microfermentations (3 mL) may be regarded to not closely represent
industrial fermentations due to differences in convection and pressure in large scale
ferments, viich might impact on the magnitude of concentrations of some VOCs (e.g.
ester formation might be altered in micro ferments). However, the production pathways
and the sequence of changed in the volatile profile are expected to stay the same.

Table 1: Expermental design with yeast and hop combinations (treatments)

No yeast California Ale yeast ~ Scottish Ale yeast
Treatment

(NY) (CA) (SA)
No aroma ho i i .

P Blank California Ale Scottish Ale control

(NH) control
Motueka hop ~ Motueka California Ale wih Scottish Ale with
(MT) control Motueka Motueka
Nelson Sauvin  Nelson Sauvin California Ale with Scottish Ale with
hop (NS) control Nelson Sauvin Nelson Sauvin

Results and discussion

The fermentation was monitored for four days and information from 672 mass ions
(m/2 over 14 time points were collected. Tamay ANOVA was carried out to seleet/z
with a significant change during the fermentation; overall, h82vere found to have a
significant (p < 0.01) change during the fermentation. A principal componentsanal
(PCA) was carried out on all significant (p < 0.01) ions for all treatments (except
controls). A score plot coded to highlight treatment effects of hop cultivar is shown in
Figure 1, where each point represents the VOC profile of the setattefieach sample
at each time point. Reproducibility of the replicates (h=6) was found to be very good.
Separation along RC (39% explained variance) and 2§10% explained variance, data
not shown) were mainly due to changes during fermentation. As illusat®C3 (4%
explained variance), hop cultivar had a major impact on the VOC profile at the beginning
of the fermentation (black circles), with this impact disappearing over time due to either
modification by the yeast cells or stripping due to .C@odudion during the
fermentation. Towards the end of fermentation yeast biotypes dominated the VOC profile
differentiation owing to differences in the metabolites they were producing (red circles).
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Figure 1: PCA of the samples with the significantzZVOC profile over the fermentation time for the treatments

Selectedm/z were tracked over time to observe VOC development throughout
fermentation. Three different dynamics were observed during the fermentation: reduction
(through stripping, yeast uptake, or mmihc conversion), production, and increase with
a subsequent decrease. In some cases, multiple VOCs shared tine/zame

m/z145.121
Concentration
[pptv]

Concentration
[pptv]
16 - 16 . . )
—‘ —Scottish Ale with Nelson Sauvin
14 4 —Scottish Ale with Motueka

—Scottish Ale without hop

—~California Ale with Nelson Sauvin

14 4 California Ale with Motueka
—California Ale without hop
12 4

121 —no yeast/no aroma hops ‘

—no yeast/no aroma hops

10 4

——

0 6 12 18 24 30 36 42 48 54 60 66 72 78

Fermentation time [hours]

0 6 12 18 24 30 36 42 48 54 60 66 72 78
Fermentationtime [hours]

Figure 2: Changes in generation of/z145.121 during the fermentation of each treatment

An example of the varying dynamics presdunting the fermentatiois illustrated
by m/z145.121 (Figure 2). This compound was tentatively identified at the beginning of
the fermentation as octanoic acid and/or methyl heptanoate, which were determined to be
hop-derived compounds. Towards the endttod fermentatiorm/z 145.121 was more
likely to be either ethyl hexanoate and/en@anol, which were fermentatiaterived
compounds. Scottish Ale yeast with Nelson Sauvin hop demonstrated a greater reduction
in m/z145.121 towards the end of fermentatiadicating an interaction between yeast
biotype and hop cultivar. It is believed that differences observed in fermentigtived
VOC production could be due to differential gene expression.
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The impact of the hop cultivar is evident for some fermemtaterived compounds,
€.9.m/z89.057 (Figure 3A), which was tentatively identified as ethyl acetate and/or 3
methyt1-butanol, andm/z 173.153 (Figure 3B) was tentatively identified as isoamyl
isovalerate, pentyl pentanoateniethylbutyt2-methylbutyrate and/or ethyl octanoate.

For both masses, Motueka hops resulted in higher production compared to Nelson Sauvin.
Two production maxima (~34 hours and ~60 hours) were congruent with the rate of
change in ethanol production during the fermentation, posgiblgted to yeast
metabolism and ester production.

Concentration

{opby] m/z 89.057 Concentration m/z 173.153

90 CA_MT
30 —CANS
70
60
50
40 -
30
20
10 -

0

80 0 20 40 60 80

0 40 60 .40,
Fermentation time [hours] Fermentation time [hours]

Figure 3: Changes in generation ai/z89.057 (A) andm/z173.153 (B) during the fermentation of each
treatment

In conclusion, PTRTOFMS can successfully differentiate and monitor the change
in VOCs dumg fermentation in real time and demonstrate how interactions between hop
cultivars and yeast biotypes result in unique VOC profiles. Dynamic monitoring has the
capability to enhance understanding of how metabolic pathways and stress factors
influence the production of VOCs and this knowledge will facilitate a better
understanding of beer flavour. A better understanding of how yeast biotypes influence
hop-derived compounds during fermentation will improve our understanding of hop
aroma generation in beend will give insight on how to accentuate a desired hop
character by selecting yeast biotypes and modifying fermentation parameters.
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Abstract

The formation of the buttery smelling 2p&ntanedione was studied in
glucose/glycine and glucose/proline reaction systemder different conditions and
compared with the formation of 2 ntanedione upon extrusion cooking. The
CAMOLA approach was applied to determine the relative importance of different
reaction pathways. The results indicate a strong impact of moistute darmation of
2,3-pentanedione. Under dry heating conditions, the majority ep@ranedione (70%
to 82%) was formed from the intact glucose backbone, irrespectively of the pH and the
type of amino acid. On the other hand, under aqueous conditichspHaand the type
of amino acid played an important role. At pH 5 the majority offi&Btanedione was
formed from the intact sugar backbone (60% in the presence of proline and 86% in the
presence of glycine) while at pH 9 this diketone was almost exelysformed by
recombination ofCs/C, and C4/C; sugar fragments. Upon extrusion cooking the major
part of the 2,3entanedione (83%) was formed via the intact glucose backbone.

Introduction

Numerous studies were conducted up to date to better undestagerteration of
the buttery smelling 2;Butanedione from reducing sugarteluse of labelled precursors
and the introduction of the smalled Carbon Module Labeling (CAMOLA) technique
have allowed to propose several formation pathways, but also tonitetetheir relative
importance [1]. The formation mechanisms were shown to be strongly affected by
reaction conditions such as moisture, temperature, pH and type of amino-4gidrft
exampleunder aqueous conditions at pH 7 and 135°C, the glucosefpmbdel system
generated 2;Butanedione exclusively by recombination of sugar fragments, whereas at
pH 5 the same precursor system generateth@@nedione both from the intact glucose
skeleton (about 30%) and by recombination of sugar fragments (Biétijar to 2,3
butandione, the generation of Z8ntanedione was shown to proceed via several
mechanisms, e.g. from intact skeleton, recombination of sugar fragments (bat&0f C
and G/C,) or by alaninemediated chain elongation of methylglyoxalgB Nevertheless,
the impact of reaction conditions on the importance of the individual pathways is much
less understood as compared tol2/Banedione.

The aim of this study was to better understand the impact of reaction conditions on
the formation of2,3-pentandionén model systems containing glucose and glycine or
proline and to compare the results with those obtained for extruded cereals.

Experimental
Materials

The following chemicals were commercially available:glDcose, glycine, L
proline, 2,3butaredione, 2,3entanedione, monosodium dihydrogenphosphate
anhydrous, disodium hydrogenphosphate dihydrate, trisodium phosphate, sodium
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sulphate anhydrous (Siga#ddrich, Buchs, Switzerland); [J3Cs]-glucose (Cambridge
Isotope Laboratories, Inc., Andover, SW); [**C4]-2,3-butanedione, fC;]-2,3
pentanedione, (Aroma Lab, Planegg, Germany).

Aqueous systems

Amino acid (either glycine or proline; 0.1 mmol each) and a 1:1 mixtur€@§{
glucose (0.15 mmol) and F&Cg]-glucose (0.15 mmol) were placed in a 2L
headspace vial and dissolved in phosphate buffer (1 mL; 0.5 M; pH 5, 7 or 9). Vials were
sealed with a crimp cap and heated in a silicon oil bath at 135 °C for 20 min. After cooling
down with ice water, anhydrous sodium sulphate (2 g) was addedakhevere vortexed,
and directly analysed by HSPME GCxGCTOFMS.

Dry systems

Mixtures were prepared as described for agueous systems, however the samples
were freeze dried prior to heating (135 °C for 20 min). After cooling down with ice, the
mixtures weralissolved in water (1g), anhydrous sodium sulphate (2 g) was added, the
vials were vortexed, and directly analysed by$ME GCxGCTOFMS.

Extrusion trials

The extrusion trials were performed on a tsorew extruder B&1 (Clextral,
France) using a modeke recipe. Rice flour was spiked with glycine (0.05 mol/kg) and
a 1:1 mixture of Cq]-glucose (0.075 mol/kg) and f&C¢]-glucose (0.075 mol/kg) and
extruded under moderate extrusion conditions (135 °C, 20% moisture, 400 rpm). The
extruded products we dried in an Aerotherm oven (Wiesheu, Germany) at 120 °C for 6
min.

GasChromatographyMass spectrometry

The samples were analysed by HeadSpace Solid Phase-BAicextion in
combination with 2D Gas Chromatographyne-of-Flight-Mass Spectrometry (HS
SPME-GCxGGTOFMS) as described previously [2]. The contribution of individual
reaction pathways to the formation of A8ntanedione was calculated from the relative
distribution of the isotopologues. All results were corrected for'iGecontent of the
naural isotope. The obtained percentage after correction <0.5% was set to 0% by
definition.

Results and discussion

The formation of 2,%entanedione from hexoses has been shown to proceed via
several pathways including recombination of fragments as wedtragtion from the
intact sugar skeleton {8]. The impact of reaction conditions was studied in model
systems containing equimolar mixtures of unlabelled &f@h-labelled glucose
(CAMOLA approach) in the presence of glycine or proline. The relative ritapoe of
the individual pathways generating 8ntanedione in glucose/proline systems under
different reaction conditions is shown on Figure 1.

Under aqueous conditions, the importance of individual pathways depended on the
pH of the reaction mixture. Wie the formation from the intact glucose skeleton was the
major pathway contributing to 23entanedione at pH 5 (60%), this pathway was not
active at pH 7 and pH 9. Under neutral and alkaline aqueous conditiopeiéhedione
was exclusively formedybrecombination of glucose fragments. The recombination of
C3/C, fragments (e.g.-hydroxypropanone and acetaldehyde as proposed by Hofmann
[5]) was the major pathway (72 % to 74%) while the recombination/a;@ragments
(e.g. 2,3butanedione and forn@dhyde as proposed by Weenen [4]) contributed to about
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one quarter of the 2Bentanedione formed (24% to 28%). Contrary to aqueous
conditions, under dry heating the formation of-gehtanedione was almost independent
of the pH value. The majority of tktwmpound was formed from the intact sugar skeleton
(72% to 82%) followed by recombination ofy/C; fragments (12% to 18%). The
recombination of the £C; fragments contributed only marginally under dry heating
conditions (6% to 8%).
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28% 28%
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50%
25% 60%
0%
pH7

N -
75% -

50%

82% 76% 72%
25%
0%
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A Intact skeleton mc3/c2 mC4/cl B Intact skeleton mC3/c2 mcaj/ca

Figure 1: Relative contribution of different pathways generating-geditanedione in glucose/proline model
systems under aqueous (A) and dry (B) heating conditions as calculated from the isotopologue distribution of
CAMOLA experiments

In the presence of glycine, the cobtition of the individual pathways to 2,3
pentanedione was different as compared to the system containing proline (Figure 2). In
general, the contribution of the intact skeleton was more pronounced in the system
containing glycine. The formation from tiact sugar skeleton was the major pathway
generating 2,®entanedione at pH 5 (86%). The formation through recombination of
sugar fragments was very limited at pH 5, however the importance of these pathways
strongly increased with pH. At pH 9 the majgrif 2,3-pentanedione was formed by
recombination of gC, fragments (62%), followed by recombination of G fragments
(24%). The presence of glycine, as compared to proline, triggered also limited formation
of 2,3-pentanedione by recombination of €ligar fragment and Cglycine fragment
(most probably formaldehyde, the Strecker aldehyde of glycine). The importance of the
latter pathway slightly increased with the pH of the aqueous system, but remained
marginal.
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Figure 2: Relative contribution oflifferent pathways generating Zy@ntanedione in glucose/glycine model
systems under aqueous (A) and dry (B) heating conditions as calculated from the isotopologue distribution of
CAMOLA experiments

Under dry heating condition, the results obtainethéglucose/glycine system were
quite similar to that obtained in the glucose/proline system. Irrespectively of the pH, the



