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Abstrakt

Tato prace shrnuje hlavni publikované vysledky wyml autorky zawiené na
problematiku sledovani senzorické kvality potragihlavnim drazem na flavour a s nim
spojeny obsah tzv. aromaticky aktivnich latek.

V jednotlivych kapitolach je nejprve charakterizogdsenzoricka analyza jako hlavni
teoreticky zaklad této prace, zmifty jsou instrumentalni metody vhodné pro stanoveni
aromaticky aktivnich latek. Pro senzorické hodnodsty aplikovany metody podle platnych
CSN, pro stanoveni aromaticky aktivnich latek bylalena headspace mikroextrakce pevnou
fazi ve spojeni s plynovou chromatografii s plamemizacni, resp. hmotnostni detekci (HS-
SPME-GC-FID/MS). Metoda je jednoducha, rychla, dh¢ citliva a gesna, vhodna i pro
rutinni vyuziti v praxi.

DalSi kapitoly shrnuji a komentujitghled moznych aplikaci na vybrané typy potravin
s hlavnim zarrem pochopit slozeni flavouru a mechanismus jebdotw pro lepSi praktickou

viv s
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Abstract

This work summarizes the main published resultauthor’s research focused on sensory
quality of food with the emphasis on flavour coreelctco aroma active compounds content.

At first sensory analysis as the main theoretiadebof this work is characterised, also
instrumental methods suitable for assessment aharcompounds are mentioned. The
methods according to the ISO standards were apptiedsensory analysis; solid phase
microextraction coupled to gas chromatography wildime ionization/mass selective
detection (HS-SPME-GC-FID/MS) was used for assessneé aroma compounds. The
method is simple, fast, sensitive and accuratéalsiei for routine use in practice.

Finally the possible applications on selected ftypebs are discussed to understand flavour
formation and composition of single food types foetter control of production such
consequently produce high quality and safe foods.

Keywords
Sensory analysis; flavour; aroma active compouS&§E; GC-FID/MS

Podékovani
Na tomto mist bych rdda poékovala vSem svym blizkym za podporu a ponioeng
préaci, tedy rodid, pratekim, kolegm i studenim.
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1 Uvop

DnesSni moderni trh s potravinami nabizi Siroké spek vyrobki nasSi i zahragni
produkce, jejich kvalita je vSak rozdilna a variabi

Vyroba \tSiny potravin je slozity proces, ktery je owliswdn mnoha faktory, z nichz
n¢které dosud neumime ovladat, jako hapiasi, zdravi zv¥at aj. Navic byva zaloZzena na
fad fyzikélnich, chemickych a biochemickych &m kterécasto, i pes sodasné w¥decké
pokroky, neumime iesré definovat, kvantifikovat a tedy ani ovladat. V prae vychazi ze
spojeni teoretickych a empirickych poznatklynoucich z dlouholeté vyrobni zkuSenosti.

Abychom mohli vyrabt kvalitni potraviny, musime jednak porozétmprocesm, které
v nich probihaji a také mit k dispozici dostake kvalitni metody pro jejich sledovani
a kontrolu. Vyzkum v této oblasti je tedy velmi badi; tato prace je zaifena pedevsim na
vyznam a moznosti vyuZziti senzorické analyzy a gmjicich instrumentalnich metodip
sledovani, hodnoceni i#zeni kvality a bezgmosti potravin. Ziskané poznatkyeplstavuji
dulezité informace, které Ize v praxi vyuZzit pro zkireini a standardizaci jakostifiryvijeni
novych vyrobk aj.

Dnesdni konzumenti jsou namjSi, maji vice znalosti o vyZva vyzaduji bezpmé,
nutricné hodnotné, ale i senzoricky kvalitni potraviny; Eps cenou, nuténi hodnotou,
stuprém konvenience a designem obaluipataw senzorickda hodnota k hlavnim kritériim,
které spatebitel zohleduje @i nakupu. Na zaklatsenzorické jakosti sp@bitel usuzuje (ne
vzdy sprave) i na kvalitu nuténi a hygienickou.

Mriviw s

pouziva anglicky termin ,flavour, z chemického tikka tvdeny pgedevsSim obsahem
tekavych, tzv. aromaticky aktivnich latek. Bohuzebwr flavour v sodasné dob u fady
potravin nedosahuje pozadovanych kvalit. To jésppeno mnoha faktory: (i) Sle¢hi
zemedélskych plodin uéenych pro velkokapacitni produkci je z&®eno Fedevsim na
dosazeni max. v§tka a gripadreé pouze atraktivniho vzhledu; (iif¥edtasna sklize ploda za
ucelem lepSiho skladovani, transportu a prodlouzsantivosti; (iii) poZzadavek spibiteli
na co nejdelSi trvanlivost, kdy aplikace konzéniah zasai a dlouhodobé skladovani
zpasobuje vyrazné a nevratné ztraty flavouru; (iv) R typicky pozadavek sp@bitei na
nizkou cenu, vyrobci jsou tak v ramci i&eti nuceni vybirat lewjsi, casto meéa kvalitni
a mér chutné suroviny aj.

Cilem naSeho vyzkumu bylo pomoci senzorickych druansentélnich metod sledovat
vybrané chemické a senzorické ukazatele vhodné doyzeni flavouru potravitgkych
matric a jeho zrn v zavislosti na zisobu produkce, ziskavéani, technologického zpradovan
a podminkach nasledného uchovavani. Jako modelaatiicen bylo pouzito spektrum
potravin a pochutin rostlinného a zé®ného fivodu. Prace shrnuje nejvyzna#ii odborné
aktivity a hlavni publikované vysledky vyzkumu aikp se strénym komentéem jiz
zverejnénych publikaci, vysledky jsou doloZeny vybranymbfkacemi, které vznikly Ehem
témei dvacetiletého fisobeni na FCH VUT v Bin



2 SENZORICKE A INSTRUMENTALNI HODNOCENI KVALITY POTRAV  IN

Senzoricka analyzge nefastji definovana jako analyticka metoda,/fpniz se senzorické
(drive tzv. organoleptické) vlastnosti stanovi vyheagromoci lidskych smy#l [1,2].
Podminky se voli takové, aby se co nejvice oddyram$ive vlivy; tyto podminky jsou deny
mezinarodnimi normami, které definuji vybaveni masti, zgisob gipravy a pedkladani
vzorka, postup jednotlivych metod 43,4].

Osoby, které vykonavaji senzorickou analyzu, seyvek ,posuzovatelé“[5] nebo
~hodnotitelé“. V ramci prezentovaného vyzkumu kytisuzovatelé vybiranirpdevsim zad
student doktorského studia fakulty chemické, iktabsolvovali zakladni senzorické zkousky
podle poZadavk prisluSnych norem[6-8], dale byli proSkoleni z princip pouzitych
senzorickych zkouSek i ze specifickych vlastnostivaal konkrétnich tyjp testovanych
vyrobki. Jejich Urove odpovidala definici ,vybrany posuzovatdB]. Druhou skupinu pak
tvorili studenti bakaléského a magisterského studia; jejich nazory a hoslmioodpovidaji
b&éZnym spatebiteiim (,laicky/zas¥ceny posuzovatel* ve smysliSN EN ISO 5492)5].
Hodnoceni spaéebiteli, & velmi uzit&né pro praxi, mize byt odliSné od hodnoceni
Skolenych hodnotitél nebo expett [1,2,9, proto byly vyuZivany tyto dva panely podle
pozadovaneho &@lu hodnoceni, nebo byla jejich hodnoceni porovnaygodoba jako
v nékterych publikacich [10-12

Pri stanoveni senzorické kvality se u potravigtSinou hodnoti: vzhled a barva, ¢hu
(flavour) a winé a textura (konzistence). VSechny tyto charaki&gisspolu vzajema
souviseji a spojuji se v celkovy komplexni dojetfi¢gmz textura a flavour jsou povazovany
za nejdilezitejsi [1,2]. Vzhledem k zarteni této prace je hlavni pozornost datmovana
piedevsim flavouru.

Nevyhodou senzorické analyzy jeigmbeni subjektivnich faktdr[1,2], nicmér za
dodrzeni legislativou danych podmingK] je plné srovnatelnd s jinymi analytickymi
metodami. Resto je stale dkterymi odborniky povazovana za subjektivni arespou. Proto
se v poslednich letedlada ¥deckych pracovi§ ve spojeni s imyslem, pokousSi zavést do
senzorické analyzy vhodné instrumentélini technikydizodu dosazeni vySSitgsnosti
a spolehlivosti vysledk[2,13.

Instrumentalni metody maji nespdrnmnoho vyhod: nap rychlost, moznost
vyhodnocovani velkého ptu vzorki, nizka cena, jednoduch&agto automatizované)
provedeni, dobra opakovatelnost, nizka chybovostyémé snadné zpracovani vysladk
[2,13. Je vSakikeba si ugdomit, Ze zatimco instrumentélni analyzou s#&irpodréty (t).
fyzikalni nebo chemické ukazatele), senzorickoulymoa se ndii pocitky a viemy (tj.
informace (pod#éty) po zpracovani v centralni nervové soustav¥istroj miZze podat
informace o intenz#{ nikoli o prijemnosti dané vlastnosti; neni tedy schopen he#téni
analyzy[2,14. Z uvedeného vyplyva, Ze neni moznéitai s Uplnym nahrazenim senzorické
analytiky @istrojovou; idealni je kombinace obou z&el@m potvrzeni a objektivizace
vysledki senzorické analyzji 3,14.



2.1 Senzorické a instrumentalni hodnoceni flavouru

Flavour (¢esky ,chutnost* nebo ,komplexni ctovy viem®) byva nejasgji definovan
jako ,senzoricky vjem, zahrnujici kombinaci chutind pocitu bolesti, tepla a chladu
a taktilnich pditk: v Gstni a nosni duté [1]. Ceska legislativaSN EN 1SO 5492) definuje
flavour jako ,celkovou kombinadfichového, chibvého a trigeminalniho viemu vnimaného
behem zkouSehi[5]. Za hlavni slozku flavouru je povazovanamé (aroma), ktera se na
celkovém vjemu podili cca ze 70-85[%14,13.

Pro oznaeni znénéné, nepirozené winé a/nebo chuti v @kledku nejizrgjSich vliva se
pouziva anglicky terminoff-flavour (,off-odour”), ptipadré ceské terminy cizi chua viné
[5], pripach, pichw’, pachd apod.[1,2,14.

Charakteristicky flavour daného typu vyrobku je leglkem sloZité rovnovahy sisi
slozek, z nichz&avé tvai aroma/ini (interaguji scichovymi receptory) a nekave chd
(interaguji s chtovymi receptory). K nim v neposlediiace prispivaji slodeniny tvaici
.,mouthfeel” a texturu[14,13. Stanovit flavour/off-flavour instrumentalnimi noglami je
velmi sloZité, protoZze mechanismus vnimani nenhdipham[15]. Z chemického hlediska
byva wtSinou redukovan na stanoveskdvych tzv. aromaticky aktivnich latek (AAL), které
tvori vani (aroma) potraviny: jsou v celkovém flavouru nggitéjSi a relativé dobe se
stanovuiji, i kdyZ i jejich stanoveni naraziradu problém [13,14.

Odhaduje se, Ze v potravinach se vyskytuje az 1Dt avych latek, z nichz se dosud
poddilo identifikovat cca 700Q17]. V jednom typu potraviny se jich ke vyskytovat az
nekolik set, je tedyieba pouzit vykonnéstici metody; jednotlivé latky se nachazeji v Siroké
Skale koncentraci od ng-kglo mg-kd, je nutné pouzivat vysoce citlivé metod$3]. Ne
koncentrace slaieniny, kterou je mozné vnimat. Hodnoty se liSi abasahu #kolika fadi,
prispivek tedy nemusi byt té&h v Zadném vztahu ke koncentraci v potrévidednotlive
latky se navic mohou vzajemovliviiovat (antagonismus, synergismusjppdré interagovat
védca smerovaly k identifikaci vSechékavych latek v dané potravinv sokasné dob se
vyzkum zangiuje zejména na identifikaci sléenin, které jsou pro flavour skdte dilezité
(tzv. ,klicové" substance), tyto se vSak v mnoha potravinatimznepodalo zjistit [17,1§.
Pro pochopeni fiispevku jednotlivych AAL k flavouru je idealni kombinacsenzorického
hodnoceni a instrumentalnihcsfani. Vysledky se zpracujiznymi metodami multivariani
statistiky a z nagfenych hodnot se zji§ji vztahy, z nichZz je mozno usuzovat (i) na
vyznamnost AAL ve flavouru, (ii) zda oviiwji flavour kladr nebo zapora[19].

Druhou moZnosti je poen zjisttné koncentrace dané latky v potravia jeji prahové
koncentrace. Tento pamse nazyva ,Aroma Value®, ,Odour Unit*, ,Flavournit®, nebo
neg. ,Odour Activity Value - OAV“. Hodnota OAVW 1 naznauje, Ze latku nelze vnimat
[17,2Q. | pres utité nedostatky (zanedbava synergické a antagokéstitinky), OAV se v
praxi os¥dcila jako vhodna mira ip identifikaci dilezitych AAL. Tento pistup, tedy
kombinace senzorického hodnoceni a instrumentalsfanoveni obsahu AAL, a nasledné
zjistovani korelaci, fipadré stanoveni OAV, byl pouzit ¥ad publikovanych praci, na syry
nag. [21,29, na ovoce a ovocn&a&vy [23,24] aj., a byl aplikovan i v ramci prezerdoeho
vyzkumu autorky pro posouzeniigpEvku riznych tkavych latek k flavouru vybranych tgp
potravin. Pro zjig&ini souvislosti mezi vysledky senzorickych a insteatdlnich analyz byly
pouzity nejprve Pearsonovy koré&ta koeficienty, pozdi vicerozmerné statistické metody
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(ptedevsSim Analyza hlavnich komponent (PCA)), s vyoritsoftwaru Unistat, v. 5.5
a Statistica, v. 12. VeSkeré statistické testoudyldo provedeno na hladinvyznamnosti
a =0,05.

2.2 Aromaticky aktivni latky

Vonné (aromaticky aktivni) jsou latky, které fisobi nacichové receptory a vyvolavaji
olfaktorické viemy, jinakie¢eno vyvolavaji dojemdné. Jsou to ¥tSinou malo polarni nebo
nepolarni ¢kavé latky (Mr< 300)J20,29. Mohou byt pirozenou sloZkou potraviny jako
produkty sekundarniho metabolismu (tzv. primarnilAxA‘ada z nich je vSak v potravinach
piitomna ve vazaneé, senzoricky inaktivni férnpredevSim jako glykosidy nebo estery.
Z téchto slodenin vznikaji tzv. sekundarni AAL, napbé¢hem dozravani plodin, ip
zpracovani a skladovani potravin jako produkty emayych a neenzymovych reakci.
Fermentani pochody a tepelné zpracovanii@m, p€eni apod.) jsou hlavnimi procesyj p
kterych tyto latky vznikaji, ¥ jejich vzniku se uplaiuji predevsim autooxidai reakce,
a reakce enzymového a neenzymovéhmhati[2,25.

Vonné latky Ize nalézt prakticky v kazdé skupiorganickych slotenin. Vyznamnymi
vonnymi latkami jsou &které uhlovodiky, ¥tSina z nich vSak obsahuje v molekule kyslik
(alkoholy, ethery, aldehydy, ketony, kyseliny, egtelaktony aj.), dusik (na&p aminy,
dusikaté heterocykly) a siru (thioly, sulfidy, sirheterocykly20,2].

Vonné latky nejsou prélovéka nezbytné, ale jsou mu pr@spé, zejména svynrignivym
pusobenim na jeho psychiku.¢iina AAL je biologicky aktivni, vykazujfadu pozitivnich
acinka (antimikrobidlni, antioxidéni, analgetické, protizétlivé, spasmolytické aj.), proca
nalezly pouziti jako l&va nebo slozky farmaceutickych vyrabkPro své vonné,ifpadré
chwové vlastnosti seflavaji do potravin, kosmetickych a jinych produlako aditiva;
takto jsou piimyslow vyuZivany stovky az tisice vonnych latek, ukazsgevsak, Zzg¢ada
znich miZze naopak vykazovat negativni biologick&inky, v sowasné dob jsou
diskutovany pedevSim moznalergenni (¥inky [26,27. Tento problém se nejprve obijevil
v souvislosti s kosmetickymi vyrobky, a takétSina publikovanych praci je z&mena na
kosmetické produkty. Bylo prokazano, zZkieré AAL, Siroce vyuzivané v kosmetice, mohou
zpasobovat kozni vyrazky, ale i nevolnost, zdytaolest hlavy, kaSel dj26,27.

Z davodu moznych neZadoucichéidkt bylo vramci EU n#zeni o kosmetickych
piipravcich (ES/1223/2009) deno 26 potencialnich vonnych alergea nich 24 latek jsou
chemicky definovanégkaveé slodeniny, zbyvajici d¥ jsou girodni mechové extrakty. Na
zaklad této direktivy jsou vyrobci povinni deklarovatifpmnost uvedenych alergennich
substanci na etik&t produktu i prekroteni stanovené koncentrd meze: 0,01 %
(100 mg.kd) pro vyrobky typu ,rinse-off (smyvatelné) a 0,004 (10 mg.kd) pro vyrobky
typu ,leave-on“ (nesmyvatelné€). Ostatni AAL mohoyt ivedeny pod souhrnnym nazvem
.parfum® ¢i ,aroma“ [28]. Samostatny legislativnii@dpis pro tyto latky fidavané do
potravin vSak zatim neexistuje, legislativa ssuje pouze obeénvSem AAL v ramci
Narizeni 1334/2008/ES ariglusnych provattich giloh (793/2012/ES a 872/2012/ES).
Priloha jmenovi¢ uvadi latky, které nelzetiddvat do potravin jako takové, mohou se vSak
v nékterych potravindch nachazet jakdéirpzena slozka; ze sledovanych alerigge zde
limitovan pouze kumarin Kili jeho toxicitt [29].



3 POUZITE METODY A INSTRUMENTALNI TECHNIKY

3.1 Senzorické metody

Z Sirokého spektra senzorickych metod pro hodnoeeniki v ramci prezentovaného
vyzkumu autorky byly pouzity metody vychéazejicilatpychCSN: paadova zkouska(SN
ISO 8587), parova porovnavaci zkouskzSKN EN ISO 5495); vybrané senzorické znaky
(vzhled, barva, flavour, dné, textura a celkova senzoricka kvalit@jgtelnost) byly
hodnoceny pomocigi nebo sedmibodovych kategorovych ordinalnich siwpntenzitniho
(neznatelnd= velmi silnd) nebo hédonického (vynikajict negijatelny) typu, pipadré
grafickych stupnic (10 cm)CSN 1SO 4121); v ramci profilového testu byla hodena
intenzita vybranych deskriptbrang, chuti/flavouru a fipadny off-flavour CSN 1SO 11035,
CSN EN ISO 13299)30-34.

Senzorickému hodnoceni flavourtznych tygi potravin se ¥nuje velkarada publikaci
(viz nize citované)gasto v kombinaci se stanovenim vonnych a/nebd’astyeh latek.
VétSinou jsou aplikovany tzné typy deskriptivnich metod a/nebo d$pbitelské testy.
Hlavnim cilemspotfebitelskych tesfi je ziskani nazoru spebiteli/konzumeni na dany
vyrobek, pouzivaji se neSkoleni hodnotitelé/sgiutelé [2,9. Na zaklad spotebitelskeho
hodnoceni se provadi rozvoj proditkbptimalizace, analyza trvanlivosti apod. Potrakska
praxe si vyzadala vyvoj i novych modernich $pbitelskych test nag. ,Free Choice
Profile" nebo ,Flash Profile®, které jsou sice n&m&§si pro hodnotitele, ale podavaji vice
informaci o vzorcich[35]. Pouzivaji se po#mné casto a lze nalézt publikace o syrech
[11,12,36-38 tavenych syrech a analozich [39,4f

RozliSovaci zkousky jsou pouzivany ke stanoveni rozdilu mezi vzorky,2.
V publikovanych pracich jsou aplikovany mértasto, nejastji se pouZiva parova
porovnavaci (SN EN ISO 5495), padova (SN ISO 8587) nebo trojuhelnikov&$N EN
i nékteré aplikace v odbornych publikacich, hapa syry[41,43, tavené syry a analogy
[43,44] aj.

Deskriptivni metody jsou vysoce sofistikované metody, pomodaihailze proveést
dukladnou, hloubkovou senzorickou analyzu. Postupgasu se vyvinuldada variant, nap
.Flavour Profile®, ,Quantitative Descriptive Analis, ,Quantitative Flavor Profiling” aj.,
které se liSi zfisobem vybru deskriptoli, vybéru a Skoleni posuzovatel zpracovanim
vysledka aj. [2,39. V publikovanych pracich se pouzivaji tagtji, jsou zvlas¢ vhodné pro
korelaci s instrumentédlnimi nebo konzumentskymiydat Ize nalézt aplikace na Siroké
spektrum @iznych tym potravin. Na syry nap[10-12,45-49], tavené syry a anald@p-57,
bobulové ovoce a ovocn&&y [24,53,54 aj. Mezi deskriptivni metody péti senzoricky
profil (CSN EN ISO 13299), aplikovany v ramci této prace2[34]. Kompletni vyjateni
profilu je velmi slozZité, je zaptebi sledovat velmi mnoho parametritzv. deskriptak
(u rekterych tym potravin az 100-150), proto seit$inou stanovuji profily jen dité
vlastnosti. V ramci naSeho vyzkumu jsme se sd&ejo¥ zanttili na hodnoceni senzorického
profilu flavouru. Deskriptory byly vybirany, soldem na @del vyzkumu, na zaklad
provedené reSerSe, zkuSenosti autorky s danym typeduktu a fipadré experfi v daném
oboru[33].



3.2 Instrumentalni metody

Pfimé instrumentalni stanoveni AAL je mozZné jefidka, protoZze se v potravinach
vyskytuji wtsinou ve velmi nizkych koncentracich (ng-m@kgkroms izolace z matrice
vzorku byva nezbytné i jejich zakoncentrov@bb,5q. Izolaci komplikujefada faktod: (i)
AAL tvori Siroké spektrum tznych chemickych slaenin odliSnych fyzikalnich
a chemickych vlastnosti; to usnhiage jejich separaci, ale komplikuje kvantitativediaci; (ii)
mnoho slodenin je nestabilnich a snadno podléhaji ék&hi, oxid&ni nebo tepelné
degradaci; (iii) netkavé slozky vzorku, jako jsou lipidy, proteiny ackaridy, maji pnivy
a emulzifika&ni charakter; (iv) AAL jsowasto intracelularni a je nutné rozruSeni vzorku,
piicemz pouzity zpisob (krajeni, mleti aj.) fize vést kiznému spektru ziskanych AAL
[55,57,58.

Pro extrakci/izolaci tékavych slodenin ze vzorku Ize pouzitizné metody, z nichz kazda
ma ucité vyhody a nevyhody. &Sina z nich vyuziva jejich¢kavost nebo nepolarni
charakter. V idedlnimifpac ma byt izol&ni proces jednoduchy, rychly, levny, selektivni,
kvantitativni a umoujici automatizaci; podminky maji byt mirné k zatsraxidanich,
tepelnych i jakychkoli jinych zén vzorku[55,57. P¥i vybéru je teba mit na padi, Ze izné
metody zachyti pouze titou ¢ast z celkového obsahékavych slodenin a je otdzkou, ktera
poskytne nejvice reprezentativni &TAAL, tedy nejvice se bliZzici vnimani v GstddB,59.
Tyto Uvahy vedly k vyvoji nejnaysSich systém simulujicich zpracovani potravin v Ustech
(umgla usta-,Artificial Mouth®) [49], nebo pimo analyza headspace Ustni dutiny (,Buccal
Headspace Analysis{p0,61].

Jedny z prvnich pouzivanych metod byly jednoducktéakce rozpousgtllem, destilace
svodni parou (nebo vakuova destilace) a pozgjich kombinace, tzv. ,Simultanni
destilace/extrakce”. Tyto metody Ize nalézt z\§a& starSich publikacich, v stasné dob
jsou pouzivanyizdka, gedevSim kuli fad nevyhod souvisejicich s aplikaci vysoké teploty
a/nebo rozpouétlla [55]. Presto Ize naléztdkteré nov¥jSi aplikace, na syry nad47,62-66,
bobulové ovoce[67-69] aj. Dnes se tyto klasické techniky nahrazogivymi, nap.
vysokotlaka extrakce rozpowddtem, extrakce superkritickou tekutinou, mikrovinnébo
ultrazvukova extrakce, miniaturizovand verze miktoakce kapalnou féazi aj., které
predevsim usnadiji a urychluji extraé&ni proces [55,57,70],fpsto jsou zatim pro izolaci
AAL z potravin pouzivany miniméat) pravdpodobr kvili jejich horSi dostupnosti a vysSi
Cere.

DalSi moznosti jsou tzv. headspace techniky, tirakge plynem. Z vyhod lze #dhznit
piedevSim Setrnost procesu, z nevyhod fnapysSi cenu,casovou narénost, nizkou
reprodukovatelnosi56,57. Zvlas€ dynamickd headspace fiatv souwasnosti k ¢asto
pouzivanym extralnim technikdm pro zisk AAL a byla aplikovana {i mnalyze syi
[41,45,7], tavenych syir a analog [72], bobulového ovocg’3-79 aj.

Klasickou extrakci kapalina-kapalina nahrazuje \slpdnich letech stale populdjsi
zachycenidkavych latek na vhodny sorbent, semiptv. extrakce a mikroextrakce pevnou
fazi. Extrakci pevnou fazi lze v zagagouzit pro zisk nebo igisteni extraktu a/nebo
destilatu[55], pro izolaci AAL z potravin se zatin¥ip$ nepouziva.

Mikroextrakce pevnou fazi (,Solid Phase Microextiaw' — SPME) je miniaturizovana
verze pedchozi metody; analyt je zachycen na vhodny sorlzekotveny v tenké vrsivna
povrchu kKemenného vldkna. Na rozdil od klasickych extré&h metod neni analyt
extrahovan ze vzorku Upinale pouze do dosazeni rovnovdb$,7q. VIakno se umidije
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piimo do vzorku, pro stanovendkavych AAL je vSak vhodsi varianta, kdy se vlakno
umisti do uzakeného prostoru nad vzorkem (headspace - HS-SPMé&ntoTpostup je
rychlejsi, citliwjsi, vykazuje vysSSi selektivitu pratkave latky a v neposledmiack se
prodluzuje Zivotnost vlakna. K desorpci dochazi njektoru plynového chromatografu
ucinkem vysokeé teploty, vifpact spojeni SPME s kapalinovou chromatografii jsouyapa
desorbovany vhodnym rozpodadkem [58,76. Z vyhod lze zdraznit maly objem vzorku,
jednoduchost, rychlost (cca 15-60 min.), nizka ceneznost automatizace, minimalizace
tepelné, mechanické i chemické modifikace vzorkunedyhod je to fedevSim nizka
vytéZznost, robustnost a horsi reprodukovatelnost; mgeyhody, a fedevSim moznost tzv.
kompetitivni sorpce (tj. vytiovani jiz nasorbovanych sléenin latkami s vyssi distrildai
konstantou), limituji pouziti SPME pro kvantifikg&8,7q.

| pfes zmigné nevyhody a vzhledem k uvedenym vyhodam se SPAE& slominantni
technikou, byla pouZita i pro extrakci AALtipstanoveni flavouru/off-flavouru v mnoha
publikacich; na syry nap [37,42,47, 65,77-84 na tavené syry a analody5-87, na
bobulové ovoce a ovocnédy[24,68,88-9]D aj.; byly publikovany i gkteré gehledné prace
shrnujici moznosti aplikace SPMEi pnéieni AAL potravin[58,91,92. PredevSim pro svou
jednoduchost byla zvolena i pro experimenty v raptedkladaného vyzkumu autorky. Pro
extrakci €kavych AAL se v sotasnosti doporuji dva typy vladken: Carboxen/PDMS
tlou&’ky 75 nebo 85um, a DVB/CAR/PDMS 50/3(Qum [58,9]; tato jsou pouZivana ve
vétsing publikaci. Viakno CAR/PDMS je vhodné pro extrakoolekul s uhlikatyniettzcem
C2-C12 (molekulovda hmotnost asi do 200), vyrobcempaduwiovano obeckh pro
nizkomolekularni latky. Viakno DVB/CAR/PDMS je d&no pro latky settzcem C3-C20
a molekulovou hmotnosti cca 40-275, vyrobcemijenp dopordeno pro extrakci¢kavych
az stedre tekavych AAL [56,9]1. Vzhledem k dosazenym wkim a tehdejSi dostupnosti
bylo pro nasi praci zvoleno viakno CAR/PDMS |@%.

Ke stanoveniAAL Ize v sokasné dob pouzit gredevsim plynovou chromatografii (GC),
kapalinovou, resp. vysokeinnou kapalinovou chromatografii (HPLC) a jejichnkbinace
s hmotnostni detekci (MS). Z modernich metod Izeéninelektronicky nos nebo jazyk
[57,93.

HPLC je még icinna, pomalejSi a naklag§i, pouziva se spiSe pro sledovanitciwych
latek [57,9], nag. organickych kyselin, meziprodukipii degradaci aminokyselin aj. [R3
NejvhodrgjSi a nefastji pouzivana metoda je GC,étginou v kombinaci s plamenév
ionizatnim (FID) nebo hmotnostnim detektord®b,9]. Byla aplikovana ve &Sir¢ nize
citovanych praci a byla pouzita i vramci naSehakwnu. Celd HS-SPME-GC-FID/MS
metoda byla optimalizovana a validovana pro analimakrétnich nize diskutovanych
potravin&skych matric.

Hlavni nevyhodou ostatnich technik z hlediska stand AAL je fakt, Zze niii vSechny
tekavé latky, pestoze pravipodobr jen ¢ast z nich je aromaticky aktivrifento problém Ize
piekonat kombinaci GC s tzv. olfaktometrii (GC-O),ykgou jednotlivé dkavé latky
separovany pomoci GC a nasléddentifikovany ¢ichem [17,18,94,9h Tato metoda je
v podstat jedina moznost, jak zjistit, zda dana slenina vykazuje &akou \vini a/nebo pach;
zarover lze ziskat popis charakteruingé a pgipadnou intenzitu v daném vzorku. Pro
zajimavost je u dale diskutovanych glenin v zavorkadch uveden charakter jejich
vané/aroma, ziskany z literatury; jak je patrné viemvmi individudlni a v iznych
publikacich se riwze vyrazg liSit.
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Metoda ma #které nedostatky: je malo reprodukovatelgaso¥ nara@na, pomdrné
naméhava, nelze zjistit synergicky ef¢kB,94; v sokasné dob je vSak velmi pouzivana
a byla publikovanarada praci, které se zabyvaji charakteriz&kavych vonnych latek
raiznych tym potravin, &. sy [41,46,64,71,77,79,94 tavenych syir a analo§ [52,72],
bobulového ovoce a ovocnyctes[67,68,73,754].
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4  APLIKACE NA VYBRANE VZORKY POTRAVIN

4.1 Syry a syrové analogy

Vzhledem k pedchozimu dlouholetémuigobeni v mlékarenském tpnyslu byly
védecko-vyzkumné aktivity autorky zagety spolupraci s fimyslem sledovanim vyroby
a zrani pirodnich sy, konkrét symi plisiovych. Diky vyrazné pikantni chuti a aroma
plisiové syry pai mezi nejoblibe&si, coz bylo potvrzeno i pekumem mezi studenty FCH
VUT v Brné. Podstatou experimantbyl odkér a analyza vzork béhem procesu zrani,
posouzeni kvality korimych vyrobki a faktofi, které ji mohou &hem vyroby ovliviovat.
Hlavnim zamdrem bylo dosahnout zlepSeni celkové senzorické itgvalyrobku a jeji
zachovani bez ohledu na pouzité podminky zpracoaaskladovani a podfib tak ceské
vyrobce, respéeské vyrobky na naSem trhu.

4.1.1 Prirodni syry

Souasnaceska legislativa, vyhlaska 397/2016 Sb., definujsyr jako ,mlé&ny vyrobek
vyrobeny vysrazenim nglé& bilkoviny z mlékaisobenim sydla nebo jinych vhodnych
koagulanich cinidel, prokysanim a odtenim podilu syrovatKy zrajici syr jako gsyr,

u kterého po prokysani doslo k dalSim biochemickyyzikalnim procesn [96].

Vyroba syfi je pongrné slozity technologicky proces, ktery vychazi zeladki suroviny -
mléka. Podstatou je jehagmmena v gelovitou skeninu bul’ pasobenim bakterii mé@éeho
kvaSeni (BMK), nebo pomoci 8gtla. Byt rozdilnym principem, dochazi v obotigadech
k poruSeni stability kaseinovych micel, tim k jgjiovysraZzeni a naslednému &hiohi
mlé&ného séra, tj. syrovatkyrifhasledném zpracovani vznikléreginy se lisovanim oatl
syrovatka, skenina se zformuje do poZzadovaného tvaru, pros@ipdrobena procesu tzv.
zrani, kde dochazi nasledkem ce&bdy enzymovych i neenzymovych reakci k tworb
Zadouciho vzhledu, barvy, textury, chutita& (flavouru)[97,98].

Z hlediska vyzivy jsou syry cennym zdrojem Zzivirgba' v sol& koncentruji zakladni
slozky suSiny mléka; obsahuji tedy vysoky podil teirm (kaseirt), lipida, vitamini
a minerah (vapnik)[97].

Senzoricka kvalita, vzhledem k velkémuc¢ho riznych drule syn, je velmi fiznoroda.
Kazdy typ syra ma svoje unikatni senzorické viastindteré jsou tisledkem vlastnosti
mléka, jednotlivych krok vyroby a také podminek v {ds¢hu zrani. U sy 1ze senzoricky
posoudit zvuk (souvisi gipomnosti ok), chfy vani a vizualni aspekty. iP posuzovani
vzhledu se hodnoti povrch syra (barvareknebo ochranna vrstva, plésy porost nebo maz
aj.), poté je syr hodnocen bezu (barva, fitomnost a tvar ok, struktura, textura aj.). Teatur
zahrnuje fyzikalni vlastnosti, které spehitel vnima progednictvim kombinace hmatu, zraku
a sluchu. U tvrdych syrse hodnoti stt@enim vykrojenétésti mezi ukazovakem a palcem
a dokorti se i hodnoceni flavouru v duténistni[99]. Rozhodujicim faktorem pro ctigale
jemngjSi, lahod®jSi a chutijSi. Tento fakt potvrzuji i studie syse snizenym obsahem tuku,
které prokazaly vyraznzhorSeny flavour échto vyrobki [85,93,100. Sloweniny, které
piimo gispivaji k chuti sy, jsou: kyselina miéna (kysela), NaCl (slana), mineralni soli
drasliku, vapniku a hdiku (sland) a volné aminokyseliny a peptidy (sladidka, umami).
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Zakladni chd je v nizné intenzi¢ spol&na vSem syim a zahrnuje mtgou chu’ (vyrazna

u ¢erstvych syit), ktera Bhem zrani pechazi v chtisyrovou (prozralé syry). VSechny druhy
synmi maji vice nebo meénvyraznou kyselou chy ktera se stujuje od jemg ml&né nakyslée
az po silk kyselou; podob# podle druhu syra, je gradovana i slanatcHdruhova cht

a van¢ (flavour) je souhrnem vlastnostiifmmnych AAL vzniklych zranim (viz dalg¢®7].

4.1.1.1Vznik a vyvoj flavouru girodnich syui

Dosud bylo v syrech identifikovano vice nez 68Katrych latek, za vyznamné pro flavour
Syni jsou povazovany zejmeéna mastné kyseliny, estédghsdy, alkoholy, ketony a sirné
sloweniny [101-103. U rekterych druli symi jsou znamy konkrétni typy ,klovych*
slowenin, jako nap volné mastné kyseliny (VMK) u syitypu parmezan nebo methylketony
u plisiovych syii [100. Nicmérg flavour syfi pravéépodobré nezalezi na koncentraci jedné
(n¢kolika malo) slodenin, ale spiSe nagsreé vyvazeném pogru mnoha sloéenin, ¢casto ty
nejvice obsazené mohou mit maly nelibac zadny vlivi17,94. Nekteré latky, které jsou
v nizkych koncentracich seéaésti fFirozeného aroma syra, mohoti vyssSi koncentraci
zpasobovat off-flavour. Naip nizSi VMK mohou zpsobovat Zadouci ,syrovy” flavour nebo
»2lukly/zatuchly* off-flavour[16,41].

e

NejdalezitejSi fazi vyroby syt je zrani, protoze prévpii ném dochazi k tvord®
charakteristickéhdlavouru, viiné, ale takéextury. Obecr je syr zraly, kdyZ je po strance
senzorickych vlastnosti nejvhafjéi k lidské konzumaci. Hlavni biochemické procddgre
doprovazeji zrani, lze roglit na primarni a sekundarni. Primarjelzahrnuji metabolismus
laktosy, laktatu a citratu, lipolyzu a proteolyzZBéhem primarnich &u vznika kyselina
mlé&nd, VMK a volné aminokyseliny; v rdmci sekundarnidfju jsou tyto meziprodukty
metabolizovany za vzniku AAL [93,101,102,]04Zmininé procesy probihaji jednak
postupr, jednak soué’r¢ a jsou vyvolanyinnosti syidlovych enzyni (chymosin, pepsin,
proteasy z plisni a rostlin), nativnich enZynmléka (plasmin, cathepsin D aj.)
a mikroorganisn, specifickych pro kazdy druh syra. Jejich rozsalti& v zavislosti na typu
syra[100,10%. Prehledné schéma vzniku AAL v syrech je uveden®ba 1

Mikroorganismy, které se podileji na zraniisysou Fedevsim BMK pouZzitycleistych
mlékaskych (tzv. startovacich) kultur, tzv. non-starte&r®@MK, jejichZ zdrojem je mléko (hl.
syrove). Kombinace startovacich (mezofilcdctococcusa Leuconostocspp., a termofilni
Lactobacillusspp. aStreptococcuspp.) a sekundarnich startovacich kulRer{icillium spp.,
Propionibacteriunspp. aj.) je specificka pro kazdy druh syra [108}1

Kone:né produkty metabolismiaktosy, povazované za vyznamné AAL, jsou hdmtan-
2,3-dion (biacetyl)(,maslové”, jaSkové"), 3-hydroxybutan-2-on (acetoin)(,krémové”,
masloveé"), kyseliny octova a propionova (,,octovéstiplavé®), acetaldehyd, ethanol (,jemné
etherové®), nizs§i mastné kyseliny (C2—-C6) afj66.,93.
ve vyvojitextury, flavouru a, @i nespravném pbehu, takeéoff-flavouru (kyselost, hékost).
Zatina ridavkem siidla, jehoz proteolytické enzymyeii kasein az na Uroitepolypeptidi.
Tyto jsou nasledh pomoci proteas a peptida&is(ych kultur, gipadré mikroflory mléka)
Sttpeny na oligopeptidy, dipeptidy a volné aminokysglijez jsou zakladem pro vznik AAL
[105-107. Peptidy jsou charakterizovany sladkouikoa nebo éiskovou chuti. Pokud dojde
béhem zrani k nahromadi nekterych peptid, u sy se objevi hitka chu’ [10§.
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Obr. 1: Biochemické procesy vedouci ke vzniku atimfaaktivnich latek v syrech.
Sloweniny oznéené Sed jsou povaZzovany za aromaticky aktivniejato z [93]).

Reakce aminokyselin mohou vést k cébek slowenin, jako nap amoniaku, amii
aldehydi, alkohoti, fenoli, kyselin, ester a slogeniny siry, z nichz vSechny mohotigpivat
k vyslednému flavouru s§r[94,104,106]. R nevhodnych podminkach zrani vS8ak mohou
vznikat i nezadouci produkty — mmvina, kyselina maselna, vodik, putrescin, kadaveri
sirovodik apod. Zvlast aminokyseliny obsahujici siru, ra#vené a aromatické jsou
prekursory dlezitych AAL [93,94,106]. Od aromatickych aminokiisgsou odvozeny nap
benzaldehyd, fenylacetaldehyd, fenylethanol, fexogtat a fenyl-propanoat. Z prodiukt
metabolismu aminokyselin s ra#venym fettzcem jsou to nap aldehydy 2- a 3-
methylbutanal a 2-methylpropanal (,sladové”, alenizkych koncentracich fffemné
,ovocné®), kyseliny 2-methylpropanova, 2- a 3-métiwanova (,syrové®, ,zluklé®, ,shnilé,
,Zpocené*) a alkoholy 2- a 3-methylbutanol (,alkddnvg”, ,,ovocné*)[66,93,94.

Hlavnim procesem rozkladu ndléych tuki je lipolyza, primarnimi produkty jsou VMK,
z nichz rkteré, zejména s kratSim nebaresti® dlouhym fettzcem, pimo pispivaji

e

k flavouru syfi: maselna (,Zluklé“, ale v nizSich koncentracichyrgwé®), hexanova
(,Stiplave®, ,po modrém syru®, ,kozi“), oktanova\{pskove®, ,mydlové“, ,kozi“, ,plesnive”,
»2luklé®, Jovocné"), dekanova (,zZluklé“Y77,94; piekrateni jejich ukité koncentrace vSak

vede ke vzniku nezadouciho off-flavouru, ozmeaného jako ,ZzIukly®, ,kozi“, ,kovovy",
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>-mydlovy” [93,110Q. Jiné jsou prekursory pro vznik dalSich AAL, jakou (methyl)ketony,
aldehydy, laktony, alkoholy a estery [94,10Ro0zsah lipolyzy se vyra#diSi v zavislosti na
typu syra; vyznamnymi producenty lipas jsou pigRenicillium spp.), rozsahla je zejména
u syt s modrou plisni wste [100,1093.

Problematice vyroby a zrani siyse ¥nujeifada autal. V odbornych databazich Ize najit
ponerné velké mnoZzstvi publikaci, které se zabyvaji seickou kvalitou, flavourem
a vznikem a vyvojem AAL viznych typech syr. VétSina z nich je vSak zaffena na syry
ov¢i, kozi, fizné mistni specialityasto ze syrového mléka; z klasickychtsjg to pak hlavi
Cedar, co? je z celostového hlediska nejvice vyr&fy a konzumovany sytl7]. Co se tye
plisiovych syfi, publikovano je mé# z nowjSich Ize uvést nap prace Price a kol[.37],
Gkatzionis a kol[38,63, Wolf a kol.[82], Cakmakci a kol[42,83, Cao a kol[84] na syry
s modrou plisni Wt a Galli a kol[48], Chen a kol[81] na syry s camembertoveho typu.

4.1.1.2Syry s modrou plisni wsté

Tato problematika probihala ve spolupraci s mlékériMadeta a.sCeské Budjovice,
zavod Cesky Krumlov. Podstatou bylo sledovani &mvybranych charakteristik v igéhu
zrani.

Tyto syry pati do skupiny mikkych sy a vyzn&uji se v nékroji typickym porostem
modré/modrozelené plisn Penicillium roqueforti ktera se vysokou proteolytickou
a lipolytickou aktivitou vyraz#é podili na zrani a jejich typickém flavoul8,65. Pod
raznymi nazvy jsou rozi&ny po celém s¥¢, typickym pedstavitelem je Roquefort,
vyradbiny ve Francii z o¥iho mléka nebo italskd Gorgonzola aj. Jednotlivéhdrse liSi
puvodem a druhem mléka, jeho zpracovanim a dobou @@h V naSi zemi se vyrabi jediny
zastupcedchto syfi — Niva. Madeta a.s. ji v séasnosti uvadi na trh pod ndzvem ,Jibska
Niva“, nabizi i variantu s vySSim obsahem tuku jZIBliva“, oba tyto vyrobky jsou nositelem
Chraréného zempisného ozngni EU.

V nasi studii byly pouZzity vzorky sgiva (sus. 50 %, tvs 55 %) a Zlaté niva (tvs 60, %.
vyrobené v mlekamMadeta a.s. obvyklym technologickym postup@@. Pribéh zrani byl
sledovan se vzorky dovezenymiimppo z vyrobny v #izném stupni zréni. Syry zraji cca
2 meésice, vzorky byly odebirany v intervalech cca 10 dn

Prvni ziskané vysledky identifikovanych stenin ve vzorcich a jejich ziny v pribéhu
zrani byl prezentovdny na konferenci ,IDF Symposiuon Cheese: Ripening,
Characterization & Technology* v Prdza ,Stasny stav a perspektivy analytické chemie
v praxi“ v Bratisla¥ . Souhrnné vysledky stanoveni AAL a jejich &g v pribshu zrani

! VITOVA, E., ZEMANOVA, J., BEZDEKOVA, S., FISERA, M., RREZINA, P. Monitoring volatile
compounds with SPME-gas chromatography during mahleese ripening. IhDF Symposium on Cheese:
Ripening, Characterization & Technoladyraha. 2004. p. 83.

2 VITOVA, E., LOUPANCOVA, B., ZEMANOVA, J., STOUDKOVA H., BABAK, L. Zmény tkavych
aromatickych latek v fibéhu zrani syra Niva. IrSirasny stav a perspektivy analytické chemie v praxi
Bratislava (SR). 2005.
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syri byly zpracovany do publikatevedené Piiloze 1.V publikaci je uvedena optimalizace
pouzité metody HS-SPME-GC-FID/MS a vybrané validaparametry: RSD ploch pikse
pohybovaly v rozmezi 2-11 %; meze detekce v rozn®p03-0,2 ug.g* pro rzné
sloweniny; linearita byla testovana v koncewtrtim rozsahu 0,003-200g.g*, korelani
koeficienty vSech slaienin > 0,98. Metoda je tedy citliva, reprodukovagéelb vhodna pro
stanoveni stopovych koncentraci AAL v syrech.

V publikaci jsou dale diskutovany identifikovanéowleniny a moznosti jejich vzniku
béhem zrani. Vysledky byly porovnavany s tehdy dosfupi publikacemi o syrech s modrou
plisni v €st, nag. [49,71,111,11P | kdyZ proteolyza je u pli®vych syfi pomerné rozsahla,
je prava@podobre pro typicky flavour mé& vyznamna, nez zény ml&ného tuku[106,111].
Methylketony s lichym pé&em uhliki C3-C15 (,ovocné“, ,kétinové“, ale také
,Zzatuchlé/plesnivé”), fedevsSim heptan-2-on (,modrého syra“) a nonan-2smkundarni
alkoholy (nap. pentan-2-ol, heptan-2-ol a nonan-2-ol) a VMK jdaavni slozky tvéici
charakteristicky flavour plivych syi. Typicky ,zatuchly* pach je zsobeny
nahromadnim ketori [71,111,112. Alkoholy maji mensi vliv, nicménnegimo prispivaji
diky své schopnosti tvib estery[94,101,102.

Pti zrani se mohou uplabvat i kvasinky, zkoumany byly naKluyveromyces lactig37],
Torulopsis sphaericanebo Yarrowia lipolytica [38]. Ffitomnosti kvasinek se i#e laktosa
casténe rozkladat na ethanol, ktery s VMK ttiaestery, syry tak maji bohatsi flavour a proto
je v sowasnosti vyroba s kvasinkami v pradisto pouzivan§37,3g. Ve wtSi mie je vsak
alkoholové kvaSeni v syrech nezadouci, ighdze zpisobit off-flavour [102.

Ve vzorcich syt Niva bylo identifikovano celkem 54 sléenin, methylketony a alkoholy
jako klicové slozky byly sledovany v fi¢hu zrani. Methylketony vznikaf-dekarboxylaci
mastnych kyselin, primarni alkoholy jsou teay redukci odpovidajicich aldehiyd
a sekundarni alkoholy redukci methylketori94]. Béhem zrani dochazelo Kk jejich
vyznamnym zranam (P < 0,05); podlecekavani byl pozorovan celkovy tiét.

Vysledky nmefeni AAL a jejich korelace se senzorickymi viastmaisbyly prezentovany na
konferenci ,MIéko a syry 2004“ v PrazeMlady, nezraly syr obsahuje malé mnoZstvi
tekavych latek, je powrné tvrdy a bez vyraz$Siho flavouru. Sistem plisg vSak vzfista
jeji enzymova aktivita, v ibledku rozkladu protetnse néni textura a dochazi k produkci
AAL. Zraly syr se vyzn&uje tzv. mramorovitym nastem plisg, mékkou az mazlavou
texturou; flavour je vyrazhslany diky vysokému obsahu soli (4-5,5 % hm.) rakizristicky
pikantni po uslechtilé plisf#9,71,100.

Vysledky hodnoceni potvrzovalyigdpokladany vyvoj senzorickych vlastnosti; intemzit
deskriptofi flavouru charakteristickych pro ptligvé syry (syrovy, plesnivy, pikantni,
Stiplavy) se postupem zrani zvySovala, stdpk intenzita slané chuti. Naopak tvarohovita
a kysela chtl postup® ztrcela na intenzitv diasledku oxidace laktatu az na €@ HO
[101,103; nizka intenzita hi&é chuti s¢d¢i o spravném mibéhu proteolyzy. Pro dosazeni
charakteristickych vlastnosti byéhsyr zrat min. 2 résice[49,77, nicmére vzorky byly uz

® VITOVA, E., LOUPANCOVA, B., ZEMANOVA, J., STOUDKOM, H., BREZINA, P., BABAK, L.
Solid-phase microextraction for analysis of moutgéese aromaCzech Journal of Food Scencig&pecial Isue).
2006, 24(6), pp. 268-274.

* VITOVA, E., ZEMANOVA, J., BEZIEKOVA, S., BREZINA, P., FISERA, M. Identifikace aromaticky
aktivnich slodenin syra Niva. IlMIéko a syry 2004Praha. 2004. p. 184.
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po cca 1 mssici zrani hodnoceny jako velmi dobréivddem niize byt i to, Ze naSi
spotebitelé jsou z trzni sitzvykli na nedozraly syr. Zlatd niva m& diky vysgiobsahu tvs
jemngjSi flavour a jemiySi texturu; ¥tSina deskriptar flavouru byla hodnocena jako mérn
intenzivrgjSi, nicmér nebyla nalezena vyragsi preference oproti N& klasické. Ze
statistického porovnani senzorickych a analytickydat Ize usuzovat, Ze k celkovée
kvalit¢/prijatelnosti syéi nejvice pispival podle éekavani syrovy, pikantni, Stiplavy a slany
flavour.

Ziskané poznatky ifspivaji k objastni procef probihajicich Bhem zrani a umozni
standardizaci vyroby s§r optimalizaci doby zréni a lepsi kontrolu celéhogesu.

4.1.1.3Syry s bilou plisni na povrchu (camembertového typu

Tato problematika probihala ve spolupraci s mlés@ar®ribina, spol. s r.o.,fByslav.
Podstatou bylo at sledovani zrién vybranych charakteristik v fiséhu zrani.

V sowasné dob jsou tyto syry podiznymi ndzvy rozdeny po celém si¢, typickymi
predstaviteli jsou Camembert, Olivet, De Brie[&7]. U nas jsou vyramy pod obchodnimi
nazvy Hermelin, Sdzavsky syr, Kamadet, PremiunsriRlec apod. Syry s bilou plisni pat
mezi syry sladké, skke, aerob# zrajici. Zakladni technologie odpovida operacimmtkkée
syry [97]; v procesu zrani se vedléamé mikroflory @&astni i uSlechtila plisePenicillium
camamberti ktera svou lipolytickou a proteolytickotinnosti vyrazg ovliviuje vzhled,
texturu, ale zejména flavoufahto syii [101,1032.

V této studii byly analyzovany syry s bilou plisnjrakéné ve spolénosti Pribina, spol.
sr. 0.: Hermelin (sus. 50 %, tvs 50 %), Premiun$.(85 %, tvs 60 %) a Hermelin ke krajeni
(blokovy) (hm. 1 kg)(sus. 55 %, tvs 60 %). Syryybylrobeny obvyklym technologickym
postupeni98]. Pribéh zrani byl sledovan se vzorky dovezenyiiimm z vyroby, experiment
trval cca 2 misice (aZ po fezralé syry), vzorky byly odebirdny v intervaleataclO dni.
Cilem prace bylo posoudit gich zrani z hlediska zém AAL a srovnat aromaticky profil
tii uvedenychiznych typ sym. Senzorické hodnoceni prowdal skupina expeit piimo ve
vyrob¢ a nebylo sotasti této studie.

A¢ se jedna o syry stejneho typu, liSi se svym slodetechnologii vyroby i dobou zrani.
Klasicky Hermelin je syr gdre tucny, blokovy Hermelin a Premium jsou syryine. Ri
vyrob¢ blokového Hermelinu byla pouzita mezofilni staetolv kultura, u ostatnich dvou
kombinace mezofilni a termofilni kulturyfipemz u Hermelinu igvaZzuje mezofilni, u syra
Premium naopak termofilni kultura. Textura ma bykonzumni zralosti migh gumovita,
jemna, maslovit4; u blokového Hermelinigjm¢ vzhledem k jeho velikosti a faktu Ze zrani
postupuje od povrchu syfa01,102, je nafezu vyrazné neprozralé tvarohovité jadro.

Pro zlepSeni flavouru se v s@snosti, podobnijako u sy s modrou plisni, pouziva
piidavek vybranych kmen kvasinek a/nebo koryneformnich bakterii, kter@spgivaji
piedevsim tvorbou sirnych sléenin. Ri vyrobé tucnych sy Premium a blokovy Hermelin
byla pouzita kulturaGeotrichum candidumktera navic vyrazn napomaha tstu plisg
Upravou pH povrchu syra a snizenim vihk84j]. Flavour se vyraznmeéni v pribéhu zrani;
zatimco mladé syry se vyzhgi ,mlé¢né tvarohovym® aroma, #dhem zrani pevliada
Lplisnové”, ,Zampionové" aroma a po delSi @éokrani se mize projevit az {pavkové" nebo
,Sirové" aroma. Chtiprechazi odtist¢ kyselé a slané aZz poikost[19]. Klasicky a blokovy
Hermelin maji vyrazny flavour, u Hermelinu gasto na konci konzumni trvanlivosti
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vyskytuje zmigné silre ,¢pavkové” aroma a @as haka chu’, blokovy Hermelin je kyselejsi
a ¢asto trpky a hiky. Premium ma, vzhledem k vy$Simu obsahu tukunarelabé a jemné,
prevliada maslovy flavour (pocit plnosticnosti), chd je spiSe sladka a slana.

Prvni ziskané vysledky identifikovanych stemin ve vzorcich syrbyly prezentovany na
konferenci ,11th International Symposium on SeparaScience* v Pardubicich a ,2nd
International Symposium on Recent advances in faaalysis* v Praz€. V syrech bylo
identifikovano celkem 32¢kavych slodenin. Za kléové AAL syii s bilou plisni jsou
povazovany slateniny siry, methylketony {pdevsim pentan-2-on, heptan-2-on, oktan-2-on
a nonan-2-on) tM@né (-oxidaci mastnych kyselin,¢kavé VMK (octovd, maselnd)

a alkoholy. Tyto latky jsou tweny v pibéhu zrani pedevsim proteolytickou a lipolytickou
¢innosti plisg Penicillium camamber{i21,22,113

Tékavé slodeniny siry pochéazeji z degradace methioninu;casdiji je nachazen
methional (,pativé/Stiplavé”, ,vaené/péené brambory”, ,véeny kwtak"), jeho degradmi
produkt methanthiol (,viEné zeli*), jez je dale prekursorem dimethylsulfigkirné®, ,varené
zeli*), dimethyldisulfidu {esnek) a dimethyltrisulfidu (,\wané zeli“, ,brokolice”, ,ketak®,
»cesnek”) [93,94,114 Jejich obsah se zvySuje uepralych syli. Z metabolismu laktatu
a citratu byl jako klfova slozka Camembertu identifikovan biacetyl (,no&sf, ,ofiSkove").
Rozkladem kyseliny linolové a linolenové vznikajktd-en-3-ol (,Zampiénové", ,zemité",
.plisnové”) a okt-1-en-3-on (,Zampidonove®),upobi synergicky a jsou povazovany za
puvodce charakteristického aromé&chito syfi [94]. U prezralych syit, diky hlubokému
rozkladu bilkovin, byva detekovan amoniakégavkové®) ve vysokych koncentracich
[101,103. Nekteri autdi uvadsji jako klicovou slozku Camembertu také laktony, pochazejici
z lipolyzy. Hlavnimi laktony v syrech jsoy- a 6- laktony (,broskvoveé”, ,meriikové*,
.Kokosove“, ,maslové“)[20,29. PrestoZe jejich aroma neni ,syrové“, mohotspivat
k flavouru syfi [10Q]; predevSimd-laktony udluji ,smetanové”, ,maslové* aromg20,29.

V plisnovych syrech byly identifikovany-dekalakton,d-dodekalakton ay-dodekalakton,
prvni dva jako kdova slozka Camemberf@4].

Dil¢i vysledky srovnani identifikovanych sk®nin v iiznych typech syr byly
prezentovany na konferenci ,Bezpes’ a kontrola potravin“ v Nie ’. Kompletni vysledky
byly zpracovany do publikaBeuvedené vP¥iloze 2 V publikaci jsou diskutovany
identifikované sloteniny ve tech typech analyzovanych @yrmoznosti jejich vzniku
a zneny behem zrani. Vysledky byly porovnavany s tehdy dosyupi publikacemi o syrech
s bilou plisni, nap [21,22,113]. Bhem zrani dochazelo ke Znmam v obsahu jednotlivych

® VITOVA, E., LOUPANCOVA, B., HRADILOVA, J., BEZIEKOVA, S., ZEMANOVA, J. Aroma
Compounds of White Surface Mould Cheeses.1lith International Symposium on Separation Science
Pardubice. 2005. p. 272.

® VITOVA, E., LOUPANCOVA, B., HRADILOVA, J., ZEMANOM, J., BEZDEKOVA, S. Analysis of
white surface mould cheeses aroma by SPME-GC meth&@hd International Symposium on Recent advances
in food analysisPraha. 2005. p. 269.

" VITOVA, E., LOUPANCOVA, B., STOUDKOVA, H., ZEMANOM, J. Srovnani aromatického profilu
syri s bilou plisni. IlBezpénog’ a kontrola potravinNitra (SR). 2006, p. 287-290.

8 VITOVA, E., LOUPANCOVA, B., STOUDKOVA, H., ZEMANOM, J. Application of SPME-GC
method for analysis of the aroma of white surfacaulsh cheeseslournal of Food and Nutrition Research
2007, 46(2), pp. 84-90.
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slowenin, nelze vSak tit jednozn&ny trend. Nkteré slodgeniny kEhem zrani vznikaiji,
u rekterych dochazi k jejich degradaci.aB&h zrani se odliSoval i u jednotlivych tysyni,
ale z hlediska celkového obsahu identifikovanydwsnin byl pfibéh obdobny; v p&atesni
fazi zrani doSlo k néstu s maximem po cca 15 dnech zréani, poté k pomag@klesu. To by
odpovidalo aplikovanym podminkam zrani, syry camemalyeho typu zraji cca 6 — 12ddn
pii 12 — 15 °C aZ do rozvoje plisnv této fazi tedy dochazi k vyrazné tvémskavych latek.
Poté se syry bali a uchovavaji teplog 5°C, kdy pokrauje ,pomalé zrani“. V této fazi uz
pravdpodobré u sledovanych slaenin dochazi k pomalé degrad&tD1,102; fada z nich
mela ve zralych syrech nizSi koncentraci nez v syretralych.

Ze srovnani analyzovanychi typt sym je patrné, Ze obsah a slozeni identifikovanych
tekavych latek se u jednotlivych sypodle @ekavani liSi; ve vSech byly nalezeny té¢m
totozné slodeniny, liSil se vSak jejich obsah. Diky vySe zgmiyam odliSnostem i vyrobg,

a zvlast u sy s vysSim obsahem tuku &gavkem kulturyGeotrichum candidurfPremium
a blokovy Hermelin), Ize &kavat vyssi obsah a celkolohatSi spektrum AAL. Na druhou
stranu syr Premium by ¢ mit spiSe slabé, jemné aroma (dle senzorickéranduaeni).
Celkovy obsah identifikovanych sléenin klesal v ptadi: blokovy Hermelin (62,2 +
3,1ug.gY), Hermelin (51,8 + 2,6ug.g) a Premium (32,8 + 1,419.g%). V blokovém
Hermelinu byl nalezen nejvysSi obsah kétoalkoholi a mastnych kyselin, tj. sléanin
typickych pro aromagthto typi syri. Vysledky zhruba odpovidaji zngimym predpokladm,
nicmére vzhledem k dostupnym standand nebyly kvantifikovany vSechny pebné
sloweniny, tento problém by si zaslouZil hlubSi studiarnfe mozné se k¥mu v budoucnu
vratit. | tak ziskané poznatkyippely k optimalizaci senzorické jakosti siyv praxi.

4.1.2 Taveneé syry

Ustav chemie potravin a biotechnologii FCH VUT vnBrdlouhodol spolupracuje
s Univerzitou TomaSe Bati ve ZlnV ramci této spoluprace jeSenaada projeki, ¢asto ve
spolupraci s prmyslem, zaré‘enych na vyrobu modelovychiippdnich a tavenych syr
a syrovych analdg jde o komplexni chemickou a senzorickou charadder produki
s cilem jejich eventualniho praktického vyuZziti.SN&zkumny tym se na spolupraci podili
posuzovanim senzorické kvality (flavouru) vzibrk

Problematika tavenych dyrje reSena v ramci probihajici diseméa prace®. Prace je
souwasti rozsahlé studie, ktera se zabyva studiem ©dekéokvality girodnich syi
eidamského typu a tavenych &yhlavnim cilem je popsat zmy flavouru a obsahu AAL
v pribéhu jejich vyroby a skladovani.

Zatimco pirodni syry byly zndmy uz od starw, vyroba tavenych s§rzaala az
zatatkem 20. stoleti. Nevznikly ndhodnym objevem j&kasické syry, ale byly planowit
vyvijeny s cilem ziskat trvanlivy syr schopny sldadni a transportu. Prvni taveny syr vznikl
na pa&atku 20. stoleti, f@sreji v roce 1911, ve Svycarské figirGerber a spol. Tavené syry
byly nezavisle vyvinuty i v USA, cca v r. 1916¢a#a s vyrobou firma Kraftl15-11§.

Tavené syry Ize #adit do sotiasného trendu ,convenience food“; k jejickegnostem
pafi: rizné varianty chuti, &n¢, vzhledu a textury a z toho vyplyvajici Siroké mogti

° MAHDALOVA, M. Vliv tepelného zatlevu na zminy obsahu senzoricky aktivnich latek v syrech
[disertani prace, Skolitel specialista E. Vitova].
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pouziti, relativi nizka cena, po#nn¢ dlouha trvanlivost. V saiasné dob se tavené syry
stale vice vyuZivaji nejen kiimému konzumu, ale také jako ingredience a&terych
potravinovych vyrobk, nag. do salai, sendvii, syrovych oméek, hamburger, pomazanek
a polotovait apod.[115,11§.

Ve srovnani s iffrodnimi syry maji tavené syry nizsi vyzivovou hotln Je to zfisobeno
pouzitim zvySené teplotyiiptaveni a pidavkem tavicich soli, coz ma za nasledek zhorSenou
vstiebatelnost vapniku, sniZeni obsahu vitdma biologické hodnoty protein Rada
tavenych syt ma pomgrné vysoky obsah tuku a jsou tak vyznamnym zdrojemrgage
cholesterolu a v neposledaict také sodiky118,119.

Podle vyhlaskyc. 397/2016 Sb., jgaveny syr definovan jako syr, ktery byl tepeln
upraven za fidavku tavicich soli[96]. Zakladni surovinou pro vyrobu jsodidni syry,
jejich obsah v tavenych syrech musi byt min. 50 #h;hwCR se nejastji jedna o syry
eidamského typu, minorignsyry Svycarského typu. S vyhodou je mozné pouyiy s
nevhodné pro ibmy prodej (mechanické vady, praskliny aj.), nesaivSak jednat o vady
chemické nebo mikrobialni, nebanohou byt pi¢cinou senzorickych vad, nebo ohrozit
bezpé&nost konéného vyrobku120]. Krone toho se fidavaji dalSi slozkynlééné povahy:
nag. maslo, tvaroh, smetana, suSené mléko, podmastiyaka aj.). Do &kterych typi
tavenych syt se pouzivaji dalSheml&né prisady ovlivaujici chu’, vani a barvu, nap
koreni, masné vyrobky, Zampiony, zeleningeahy apod., v zahratiidokonce i kakao, med,
vanilka, kavovy extrakt a[115-11§.

Kli¢oveé jsoutavici soli; prirodni syry neni mozné&bneé zaltivat, aniz by doslo k rozteni
smeési na ti faze: vysrazenou bilkovinu na &nvodni fazi a volny tuk na povrchu. Tomuto
rozasleni zabrauji tavici soli, které zajidiji vymsnu C&" ionti v tavenii za Nd (nebo K)
ionty, emulguji tuk, rozpou&i proteiny a zamezuji tak jejich sradzeni, upravpH na
optimalni 5,6-5,9119. Kombinaci vSechéthto &inka dochazi k tvord Zadouci textury
a struktury taveného syra. Negtji se jedna o sodné nebo draselné soli kyselimprve,
fosforeiné a polyfosforéné. Obvykle se pouZzivaji ve gsich v mnozstvi 2-3 % hm. finalniho
vyrobku[118,119.

Technologie vyroby tavenych dyrspaiva v taveni swsi vySe zmidnych surovin.
Pouzitim vysoké teploty (cca 80-100 °C), za stalgtiohani acast&éného vakua, dochazi
k Zadouci pemené smesi na homogenni hladkou lesklou hmotu pozadovargghturnich,
strukturnich aj. senzorickych vlastnostiil&€itou roli hraje teplota, dobaigpobeni, rychlost
michani, mnozstvi a druh tavicich splil7,118. Je tebafici, Ze dosud nejsou uspokajiv
vyswtleny reakce probihajiciébhem taveni[119. Proces taveni jetpdevsSim fyzikala
chemicky proces, ktery vyvolava 2ny v koloidnim a disperznim stavu syrové hmoty .(tzv
krémovani), nasledkerehoz dochazi ke tvotbzadouci textury vyrobku. Vlivem vysoké
teploty dochazi ke tvotbflavouru (viz dale) a v neposledrad® ke znteni nezadoucich
mikroorganisni, ¢imZ se zajisti bezgaost a trvanlivost vyrobku. Taveniide probihat bdi
kontinualnim (110-145 °C; 5-20 sekund), nebo disko@inim (90-100 °C; 4-15 min.)
zpasobem[115-118. V CR se ¥tsinou pouziva diskontinualni &gob vyroby [119].

4.1.2.1Vznik a vyvoj flavouru tavenych syr

Zatimco problematice vyroby a zranfirpdnich syl se ¥nuje fada autar a bylo
publikovano mnoho praci, podstatmére je vnovana pozornost sym tavenym; existuje
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ponerné malo publikaci zabyvajicich se Znami, které v tavenych syrech probihajhém
procesu taveni, baleni nebo skladovaét$ina z nich se navic z&huje na sledovani textury.
Flavouru tavenych syrzatim v dostupné literate neni ¥novana velka pozornost. Asi
nejstarsi prace je od autoGupta a kol[121], ktei se ¥novali studiu vlivu tavicich soli na
flavour a texturu tavenych syjrPodobg autai Cunha a kol[40] sledovali vliv tavicich soli
na celkovou senzorickou kvalitiijatelnost. Ve skupitd Muir a kol.[127] srovnavali flavour
a texturu tavenych s§klasickych a se snizenym obsahem tuku; poédake a kol[51] se
pokusili vytvait lexikon termini, na jejichz z&klagl bude mozné kompletnpopsat flavour
tavenych sy a rozlisit jejich fizné typy. Pouze autorsky tym Sunesen a kol. [72]essvé
praci zabyvali identifikaci a srovnanim obsahu AAlznych tym tavenych syir a jejich
zmeénami kEhem skladovani. Zjishé poznatky lze shrnout takto: flavour tavenychiggr
ovlivnén mnoha faktory, od vlastnosti mléka az po podmisikyyrobé a skladovani. Z velké
casti je determinovan flavouremiippdnich sy@ pouzitych k jejich vyrob; cast AAL
praveEpodobré pochazi z nich [130 Nejdilezit¢jSim ukazatelem se zda byt i$tdj. stupé
prozrani syra a jeho pkbl], plny a vyrazny flavour ziskame pouzitim velmilygch sy,
nevyhodou je moznost vznikuifi§ ostrého flavouru; naopak u mladé suroviny aaré na
tzv. prazdnost chuti [120

Stejre jako v gipadt prirodnich sy dilezity je obsah miného tuku. Tavené syry se
snizenym obsahem tuku vykazuji zhorSeni, naopéttapek miéného tuku fispiva ke
zlepSeni flavouru [118,122]. Za timt@alem se ¥tSinou do tavenych s§rpiidava maslo,
které se tak stava dalSim zdrojem AAL. Obsah&tavych latek v mésle a nidéém tuku se
zabyvalo jiz mnoho autér jejich vysledky jsou shrnuty v praci Mallia a k¢123], podle
nich bylo v masle identifikovdno uz vice nez 28at/ych slogenin.

Také nevhodné sloZeni dedevSim nad#rné mnozstviX 2 % hm.) tavicich soli fize
veést k negativnim zémam. Fosfaty mohou bytiginou nezadouci hH&é chuti, pipadre off-
flavouru popisovaného jako ,mydlovyi ,chemicky*[119,121].

Velmi dalezitym faktorem je tepelny z&kv, @i némz rekteré AAL vznikaji, jiné jsou
rozlozeny nebo fiemenény [51,118]. Mezi nejvyznan#si reakce, které mohou vést ke
vzniku nebo zmn¢ flavouru a vzniku off-flavouru éhem vyroby a skladovani pat
Maillardova reakce a oxidace ligid[72,124. Maillardova reakce, kroénzmeny barvy
a nutréni hodnoty, vede ke vzniku Sirokého spektra nizkekdarnich slotenin, které tvéi
dulezitou sodast flavouru, ale také off-flavour[l24. Probihd mezi redukujicimi cukry
a aminosloteninami; z redukujicich cukrse v tavenych syrech vyskytuje laktosa (a jeji
metabolit galaktosa), ktera pochazinpo z mléka, nebo jefjplavana ve form suSeného
mléka nebo syrovétky [125]. U tavenychisyrobiha Maillardova reakce jednak pvySené
teplo€ béhem taveni a vyznanmirse projevuje &Ehem skladovani, zvlaSkza zvySené teploty,
kdy dochazi ke tvorbtypického off-flavouru (aldehydy vznikajici Stresmkvou degradaci
aminokyselin)51].

Oxidatni reakce v tavenych syrech obvykle vedou ke&rgnbarvy a vzniku oxidovaného
off-flavouru, ktery byva popisovan jako ,kovovy“plgjovity”, ,lojovity”, ,po rybim tuku®,
zpasobeného tvorbou sekundarnich produkikidace lipidi (aldehydy, ketony, alkoholy,
mastné kyseliny a uhlovodiky). Jako indikator oxilabyva ¢asto pouzivan hexanal
(,pazitka®, ,nezralé ovoce“)72,124.

V prabéhu skladovani tavenych sytedy dochazi kadé zmen, které zhorSuji vzhled,
barvu a pedevSim flavour a texturu. Intenzita reakci se ajgy$ vysSi teplotou a dobou
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skladovani, za fiistupu s¥tla a s rostouci koncentraci kysliku; nasledky agél |ze
vyznamrié snizit pouzitim kvalitnich oba&] nepropustnych pro &tlo a kyslik, gipadré
balenim v ochranné atmog#é Obeca by tavené syry #y byt skladovany p teplo€ max.
35°C a ne déle nez 6 tydf117,119,125].

4.1.2.2Zmény flavouru k¢hem vyroby modelovych tavenych gyr

V ramci naSi studie byly analyzovany modelové vgqukrodnich syii eidamského typu
(sus. 55 %, tvs 45 %) a tavenychtsyrnich vyrobenych (sus. 40 %, tvs 50 %); vzorkiyby
vyrobeny standardnim technologickym postupem [1h@ UTB ve Zlig. Pro vyrobu
tavenych syir byly pouzity: vyrobeny eidamsky syr (&t& mss.), maslo, voda a tavici soli
(Fosfa a.s., Bclav); tavici proces 90 °C 10 min. Po celou dofoby byly v pravidelnych
intervalech odebirany vzorky, které byly podrobeamalyzam. Cilem je sledovat Zny
vybranych parameir v pribéhu technologického procesu vyroby. Podstatou povnih
experimentu bylo posoudit vlivizné teploty a doby pastérdho a nasledntaviciho zakevu
na AAL ve vzorcich.

Ve vzorcich bylo celkem identifikovano 42kavych slodenin, jejich zndny v prabéhu
vyroby syfi byly v souladu s naSinmiekdvanim. Vinlécebyl nalezen nejmensi pet i obsah
AAL. Ve vzorcichnezralych sym byl patet i obsah stanovenych st@min oproti mléku
vyrazre vySSi, coz je zisobeno pravtpodobré vySSi suSinou syr meéiené vzorky byly na
pocatku zrani, obsahovaly tedy pr&podobré pouze sloteniny, které se nachazely
v pouzité surovit (mléko), a dale latky, které vznikly vii&hu vyroby diky fermentaci
laktosy [101,10P Metabolismus laktatu a citratu hraje u eidamskg¢ti vyznamnou roli,
neba’ touto cestou vznika biacetyl (,maslové”, ijgkové"), ktery byl identifikovan jako
klicova slozka aromac¢hto syfi. Behem zrani jeho koncentrace kles&ze byt gemenén na
acetoin (,krémové“, maslové"), dale na butan-2,8tda butan-2-on (,acetonové“) a ten
nakonec na butan-2-f4]. Tyto slokeniny, kron¢ butan-2,3-diolu, byly v nezralych syrech
identifikovany.
proteolyza, i kdyz nefiiS rozsahlgd62]. Lipolyza je u eidamskych sypovazovana spiSe za
nezadouci, vysoky obsah vzniklych VMK by mohligpbovat nap nezadouci Zlukly off-
flavour. Nicmér nizké koncentrace VMK, jsou-li ve spravné rovna/az produkty
proteolyzy, pispivaji k vysledné chuti eidamskych y©3,100]. Jejich hlavni vyznam vsak
tkvi v tvorke laktoni; k nejznejSim pati 6-dekalakton as-dodekalakton (,smetanove®,
»,maslové“), nezbytné pro charakteristicky flavoudaamskych syi, kde byly nalezeny ve
vysokych koncentracicf62,63. Podle dekavani wralych syri doslo k dalSimu vyraznému
naristu p@&tu i obsahu slatenin jako dsledek jejich tvorby éhem zrani; zvlasdtv pripads
alkoholi, este@t a kyselin. Nebyly identifikovany zadné laktonytkvnedostatku standaiid
pro jejich stanoveni. Jak jiz bylo zngfro, flavour tavenych syrje ovlivnén mnoha faktory
[72,121]. V naSem ifipact dosSlo utavenych sym k poklesu pétu i obsahu stanovenych
slowenin pravdpodobré (cinkem pouzité tavici teploty, kdyigvazily degradii procesy
nad tvorbou slotenin novych51,118].

Pomoci PCA byly potvrzeny vyznamné €0,05) rozdily mezi vzorky, tj. mléko vs.
nezraly vs. zraly syr vs. taveny syr. Pouze mexzrky pasterovaného a nepasterovaného
mléka nebyl nalezen vyznamny rozdil;, pouZzité vdyiapasteraniho zakievu tedy byly
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dostatén¢ Setrné a nebyl potvrzen jejich vliv na vznik netdegradaci identifikovanych
slowenin.

Prvni vysledky AAL identifikovanych v syrech eidakébo typu, pouzitych jako hlavni
surovina pro vyrobu tavenych syrbyly prezentovany na konferenci ,Chemistry andelLi
2015 v Brr'®. Vysledky byly porovnany s komew dostupnymi eidamskymi syry
ziskanymi pimo od vyrobce Mlékarna Miltra, &8tetko Trnavka, zpracovanymi do
publikace v recenzovanéasopise'. Na zé&klad srovnani s dostupnymi publikacemi, hap
Thomsen a kol[46], Shiota a kol[47], Alewijn a kol.[62,63, Inagaki a kol.[64], Van
Leuven a kol.[66], Cavanagh a kol80], hlavni pozornost bude v dalSich experimentech
zantiena na detekci laktdnkteré by ndly tvotit podstatnou slozku aroméchto syii.

Zralé eidamské syry a vyrobené tavené syry bylyowir podrobeny senzorickému
hodnoceni. U eidamskych syvzhledem k jejich vyroly predevsim v dsledku (i) gidavku
praci vody pi dohrivani maji nizsi kyselost; (ii) nizkého obsahu g@lb—3,0 % hm.); (iii)
ponmerné kratké doby zrani (cca 2-5&n podle velikosti) proteolyza nenfil rozséahlg;
textura je proto r&kéi a flavour celko¥ mére vyrazny. Cht a viné je obecg jemre syrova,
mié&né nakysla, mira sland, nasladla, lehce fomandlova, tiskova[62,99. Vyrobené
eidamské syry byly hodnoceny po 2sitich zrani; v této fazi uz bydnsyr dosahnout pth
rozvinuté chuti a tmeé, coz bylo senzorickym hodnocenim potvrzeno. Sgoyjtedy vhodnou
surovinou pro vyrobu tavenych siyr

Taveny syr by i mit flavour typicky syrovy, u tnych syi az maslovy, do dité miry
charakteristicky pro druh syra, ze kterého byl bgo[51]. Vyrobené syry byly vyhodnoceny
jako dobré, nicméh v nasledujicich experimentech budou porovnavankonsekné
dostupnymi tavenymi syry pro lepSi posouzeni chatirep odliSnosti od klasickych tavenych
syn.

4.1.3 Sterilované tavené syry

Tato problematika byla takéeSena vramci disettai pracé”. Hlavnim cilem bylo
navrhnout vyrobu tavenych sirs prodlouzenou trvanlivosti (sterilovanych), taky asi
uchovaly poZzadovanou senzorickou kvalitu (flavqao)celou dobu uvedené trvanlivosti.

Sterilované tavené syry jsou zvlastni skupinou rigk syfi, kterd byla vyvinuta ke
specialnim &elam — pro stravovani ifslusniki Armady CR a ¢leni Integrovaného
zachranného systéemu &padre i civilniho obyvatelstva v krizovych situacich (malre ap.).
Jsou sodasti tzv. bojovych davek potravin (BDP), coz jsajednodusedn receno) baléky
obsahujici potraviny pro danou osobu (vojaka) na Hbtlin. Jednotlivé potravinové
komponenty (nap hotové pokrmy, suSenkyokolada aj.) maji trvanlivost stanovenou
Standardizéni dohodou Severoatlantické aliance STANAG 293 heaér 24 mesial pri

1 MAHDALOVA, M., VITOVA, E., RYGLOVA, H., SUKALOVA, K., BUNKA, F. The development of
volatile flavour compounds during ripening of Goudeeese. IiChemistry & Life 2015Brno. 2015. p. 97.

1VITOVA, E., DIVISOVA, R., BABAK, L., ZEMANOVA, J., SKLENAROVA, K. The changes of flavour
and aroma active compounds content during produatfioEdam cheesédcta Universitatis Agriculturae et
Silviculturae Mendelianae Brunens011, 59(1), pp. 255-261.

12 | OUPANCOVA, B. Studium faktar ovliviiujicich tvorbu &kavych aromaticky aktivnich latek
v piirodnich materidlech. [disetta prace, Skolitel specialista E. Vitova]. Brno:HFQUT v Brng, 2011.
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okolni teplo¢, coz v podminkaclCR predstavuje cca pokojovou teplotu. Tavené syry se
ukazaly byt vhodnym zdrojem vapniku sgjicim vSechny tyto poZadavky. Opréwnost
jejich zaazeni do BDP doklada i skdteost, Ze jsou sa@asti BDPrady armad zemi NATO.
Tento novy typ vyrobku by vS8ak mohl obohatit i rdi trvanlivych potravin na naSem trhu.

Vzhledem k tomu, Ze tavené syry iflamezi tzv. neudrzné potraviny, jéeba pro
prodlouzeni trvanlivosti pouzit vhodnych konzemiah metod. Prakticky jedinou moznosti,
jak dosahnout u taveného syra trvanlivosti Z&idi, je jeho termosterilace. Rebné zafati
sice vyznamé prodlouZzi trvanlivost vyrobk na druhou stranu vSak urychluje i nezadouci
nemikrobni a neenzymové procesy, které v niggbh potravinach probihaji jen velice
zvolna, nasledkemcehoz dochazi k nezadoucim @mm v obsahu Zivin, fyzikatn
chemickych a senzorickych vlastnosti vyrobku.

4.1.3.1Flavour sterilovanych tavenych syra jeho znény béhem skladovani

O AAL piitomnych ve sterilovanych tavenych syrech nebyliteratue nalezeny
prakticky Zadné informace. Pouze Bertrand a |&8,87 zkoumali vliv tiznych steril&nich
teplot na flavour a vznik off-flavouru modelovydwenych syi.

Pro nasi unikatni studii byly pouzity tavené sysug. 38 %, tvs 45 %), specidlpro tely
diskutovaného vyzkumu vyrobené ve sgalasti Madeta a.s. Syry byly vyrobeny klasickym
diskontinualnim technologickym postupefd17]; pro vyrobu byly pouzity: sis sy
eidamského typu, maslo, voda, suSena syrovatka ¥©,6m.) a tavici soli (Fosfa a.s.,
Bteclav); tavici proces 92 °C 5 mi@ast syf byla okamzi¢ po vyrol& vychlazena na 6 °C
(,klasické/nesterilované tavené syry“), druhdst byla podrobena sterilaci (117 °C
20 min.)(,sterilované tavené syry“), tyto byly nédie rozdleny a uchovavany ip
chladirenské (6 °C), skladové (23 °C) a¢zévé (40 °C) tepl@t Vzorky byly odebirany
a analyzovany v jibéhu 24 ngsial skladovani.

Prvni ziskané vysledky identifikovanych stemin ve vzorcich byly prezentovany na
konferenci ,Vitamins 2006 v Pardubicith dalsi vysledky shrnujici vliv sterilaiho
zahevu a nasledhpodminek skladovani na obsah AAL a senzorickoditkvazorki na
konferenci ,Chemistry and Life 2011“ v B¥n**. Ve vzorcich bylo identifikovano celkem
45 tkavych slogdenin.

Nesterilované tavené syry byly povazovany za jakstsindard kvality pro nasledna
porovnani. Jak jiz bylo zméno, jedna se o neudrzné potraviny, nicehégry si udrzely
dobrou senzorickou kvalitu dokonce 1 rok, az po ok doSlo k vyznamnému zhorSeni
(byly siln¢ zdurelé a na prvni pohled nevhodné ke konzumaci).

Sterilaéni zdhtev mél vliv na obsah prakticky vSech identifikovanyckkavych latek,

u WwtSiny doslo ke zvySeni jejich obsahu; celkovy obg#davych latek se vlivem sterilace
vyznamr (P < 0,05) zvySilRada reakci, probihajicickéfiiem taveni, fisobi i i sterilasnim

13 LOUPANCOVA, B., VITOVA, E., STOUDKOVA, H., LAZARKO/A, Z., ZEMANOVA, J.
Determination of Volatile Compounds in Processedeske by Gas Chromatography. Witamins 2006
Pardubice, 2006, p. 151.

14 VITOVA, E., LOUPANCOVA, B., DIVISOVA, R., SKLENAROVA, K., FISERA, M. Relationship
between volatile compounds content and sensoiiputids of sterilized processed ched3leemické Listy2011.
105(S18), p. 1032.
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zahevu, diky sterilaci by vSak ¢ta byt WtSina enzym inaktivovana, v Gvahu tedyiphazeji
pievazrg zmeny chemickg86,87,126,12]7 Lipidy podléhaji pedevSim oxidénim znenam,
podle dostupnosti kysliku; zaqapokladu dobrého nagimi, dobrych bariérovych vlastnosti
obalu a hermetnosti uzaveni by koncentrace kysliku v syrecklenbyt minimalni. Podle
o¢ekavani nasledkem pouzitého mlu doSlo ke ztmavnuti gSyr vzniku tuzsi textury
pravcEpodobré uvoliovanim vody a zeSbvanim protei [124-127. Intenzita Maillardovy
reakce se zvysSuje s rostouci teplotouieah a s fidavkem surovin, které obsahuji vyssi
mnoZzstvi redukujicich sachatidsuSena syrovatka), tyto produkty tedy nejsou ywnmbu
sterilovanych tavenych symrilis vhodné[119. MuazZe dojit az ke vzniku nezadouciho off-
flavouru popisovaného jako . ay“, ,piipaleny”, ,sirovy“ nebo ,karamelovy‘[86,87.
Bertrand a kol.[86,87 identifikovali jako hlavni ficiny off-flavouru maltol a furaneol.
V naSem pipact sice doslo ke zhorSeni flavouru, ale syry bylyestibdnoceny velmi ddb.

Pri nasledném skladovani dochazelo k dalSingream, nelze vSak it jednoznény trend.
Tekavé latky stale vznikaji, ale zaraveohou také podléhat Siroké Skale degéadtzh reakci
(vySe zmigna Maillardova reakce a oxidace lip)d127]. Se vziistajiciteplotou skladovani
u wtSiny identifikovanych slotenin koncentrace vzrostlaimz doslo i k vyznamnému (P <
0,05) naiistu jejich celkového obsahu; to je v souladu s&tnim autofi Schar a Bosseta
[125. Vliv doby skladovani byl opst individualni, nejpoetnjSi skupinou byly slogeniny,

u nichz doSlo cca po 16 asicich ke sniZzeni koncentrace (v této fazi doSlprikdkému
poklesu celkového obsahtkavych latek), v dalSich fazich vSak doSlo ktopnému naistu.

Zarover dosSlo khem skladovani k vyraznému zhorSeni senzorickydratiel, nejhire
byly hodnoceny syry skladované vtermostatu (40 ; °@ysoka skladovaci teplota
pravdépodobré urychluje vySe zmimé chemické zemy [126. U tchto syfi doSlo
k vyraznému zhorSeni barvy (vznik tmavsiho odstiteytury (zvySena tuhost), dokonce uz
po 6 nesicich byly hodnoceny negatiwrve WtSiné ukazatel, po 12 ndsicich pak dosSlo
k dalSimu zhorSeni, byla detekovana netypickai\a hdka chw, coz mize poukazovat na
piitomnost hekych peptidi vznikajicich degradaci bilkovii25-127. Pozdaji byly tyto syry
hodnoceny jako krupkovité, s jemnymi hrudkami, néemné na jazyku, Spatnse
rozplyvajici; to niize souviset s krystalizaci¢kterych slozek, zejména tavicich soli,
uvolréného tuku[127] nebo laktosy fidané ve formi suSené syrovéatkyl17]. Pavodrg
smetanov nazloutla barva se zZmila na naoranzadou az hrdocervenou. Celkoy byly
hodnoceny jako nevyhovujici az rggtelné. Syry uchovavané v lednici (6 °C) byly
hodnoceny nejlépe; sterilované syry si tedy udotirdu senzorickou kvalitu po celou dobu
poZzadované trvanlivosti (2 roky), ale pouze za viyoti skladovacich podminek (teplota
<6 °C). Kvalita (ijatelnost) klasickych tavenych syrje sice vysSi, zvlastv pripad
flavouru a textury, nicménjejich trvanlivost je pouzedkolik mésiail (v zavislosti na typu
syra, baleni apod.) [118,125]ii gkladovani ve stejnych podminkach si sterilovéaéené
syry udrzi fivodni kvalitu podstathdéle.

Jak vyplyva z uvedenych vysleilks aplikaci sterikéniho zalievu a s vysSi teplotou
skladovani se zvysSuje obsatkavych latek v syrech, ale z hlediska senzorickigba syry
hodnoceny fire. Vlivem vySSi teploty tedy v syrech prapddobr vznika (gipadré se
zvySuje jejich koncentracejada AAL, které negativh ovliviuji chutnost syir (furfural
(,karamelové*, ,ovocné"), aceton (,acetonové"), aal zmisobuji vySe zmigny off-flavour

[125.
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Podstatné vybrané vysledky byly zpracovany do smur publikac® uvedené
v Priloze 3 Vramci zmigné spoluprace s UTB ve Zinbyly vzorky podrobeny
komplexnimu rozboru: zakladni chemicka analyza (@bsah tuku, susiny a amoniaku, hruby
protein), doplgnd o stanoveni obsahu aminokyselin pomoci iaghtowyménné
chromatografie, proteinového profilu metodou SDS3FAa velikosti tukovych kuliek
mikroskopickou obrazovou analyzou. Mikrobiologialozbor zahrnoval stanoveni celkového
poctu mezofilnich, koliformnich, sporotvornych mikrganismi a plisni/kvasinek.
Z vysledki ziskanych na FCH VUT v B#& byly do publikace zahrnuty vysledky
senzorickeého hodnoceni, které bylo pro srovnanvgameno na obou pracovistich. VeSkeré
vysledky byly v souladu s naSintekavanim; ani po dvou letech skladovani nebyly ve
vzorcich detekovany Zzadné mikroorganismy, coZ pofje; Ze pouZzity steritmi zaltev je
dostatény pro zabezpgni pozadované trvanlivosti. Stetid zalkev a dlouhodobé
skladovani vzork, zvlast pii vyssSi teplog, vSak ngly vyznamny (P < 0,05) dopad na ostatni
sledované ukazatele; sniZzeni celkového obsahu &yselin, z¥tSovani tukovych kudek
a predevsim jiz zmiéné zhorSeni senzorické kvality vzarklyto zneny souviseji pedevsim
s Maillardovou reakci a s oxidaci liid86,87,127, k ubytku aminokyselin f¥e dochazet
také vlivem Streckerovy degradace [125]. Dobrouzeenkou kvalitu po celou dobu
pozadovaneé trvanlivosti Ize udrZzet pouze skladowdti nizkych teplotach< 6 °C).

4.1.4 Tavené syrové analogy

Problematika syrovych analbge ieSena v ramci dalsi probihajici diseniapracé®.
Hlavnim cilem je navrhnout vyrobu anaiotavenych syt s obsahem rostlinnych tiktak
aby nely dobrou senzorickou kvalitu (flavour) d@ipadré i zvySenou nuttini hodnotu.

Se stoupajici spibou a narstem ceny firodnich syl se objevil poZzadavek na vyrobu
levrejSiho a dostup$Siho produktu, tak vznikly tzv. syrové analogy iimee, substituty),
které se objevuji na trhu patkem roku 1970 [128,129F%i jejich vyrok® je ml&ny tuk
a/nebo miléna bilkovinacasténé nebo zcela nahrazena nebilkovinnou slozkou zejména
rostlinného jvodu. Krong nizSich vyrobnich nakladmohou tyto vyrobky nabizetiadu
pozitivnich nutrénich aspekt: vyssi podil nenasycenych mastnych kyselin, m&&io zadny
obsah cholesterolu, sniZzeny obsah bilkovin/fenglala redukované mnoZzstvi nasycenych
tukia a sodiku, niZSi energetickd hodnota, bezlaktosobéhacené vitaminy aj.; Zdhto
duvoda se analogy stavaji vyhledavanymi potravinami. Eaiéuplaténi v domacnostech,
restauracich, Skolnich jidelnach nebo provozovrigph ,fast-food“ jako cheeseburgery,
piidavky na pizzu, do salgtomaek, pomazanek, sendui aj. Vyhodou nize byt vyuziti
v rozvojovych zemich, kde jsou mléko a tmé vyrobky drahé a nedostatkové zbozi
[128,129].

V sowasné dob se komeiné vyraksji analogy Sirokého rozsahutippdnich (nap
Cheddar, Mozzarella aj.) i tavenych &y1.30,13]. V CR analogy tvéi asi 10 % z vyroby

* BUBELOVA, Z., TREMLOVA, B., BWNKOVA, L., POSPIECH, M., VITOVA, E., BUIKA, F. The
effect of long-term storage on the quality of dieed processed cheesdournal of Food Science and
Technology2015, 52(8), pp. 4985 — 4993.

16 SUKALOVA, K. Faktory ovliviiujici senzorickou jakost analbgavenych syir [disertani prace, Skolitel
specialista E. Vitova].
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tavenych vyrobl a jen desetiny % z vyrobyipodnich syii, ale ma je ve svém sortimentu
tada syraren (TPK, spol. s r.0., Hodonin, Pribin@ s.Ribyslav aj.).Ceska legislativa zatim
pojem ,analog“ nebo ,imitace” nezna. Jedinou zmitde nalézt ve vyhlaSce MZ 4/2008
Sb., v platném zmi, kde jereSeno nejvysSi povolené mnozstvi fosfaei do ,tavenych
syni a jejich analog* [132]. Z platné potravin&ke legislativy vSak jednozée vyplyva, ze
pokud byla gkterd ze zékladnich slozek mléka nahrazena jinonlé&eou slozkou, nesmi
byt takovyto vyrobek jiz vice oztiavan jako miény vyrobek, ani jako syr[96].
V obchodech nesmi byt nabizemigpbem, ktery by ve spabiteli vyvolaval dojem, Ze jde
o skutény mlény vyrobek[131].

Syrové analogy lze roztt na mlééné, ¢astainé mlééné aneml&né. MIécné analogy jsou
vyrobeny uzitim pouze mtéych surovin, ¢ast&éné mi&né uzitim mlénych proteir
a rostlinnych tulk a nemléné uzitim rostlinnych tuki proteini. Mlécné analogy jsou drahé
aténg se nevyrabi, stefntak nemléné kwili vyrazreé horSim senzorickym vlastnostem;
hlavnim produktem jsou tedy analoggst&né mléné. Dale Ize tyto vyrobkydit na imitace
nebo substituty; substituty maji stejnou nukri hodnotu jako odpovidajici syr, zatimco
imitace maji nutini hodnotu nizgj128,13].

Vyrobni technologie je obdobna jako u tavenychisgrvySe uvedeného vyplyva, ze se od
klasickych syit liSi predevSim ve sloZeni; do surovinové skladby mohou ZAajazeny
rostlinné oleje (soOjovy, palmovytepkovy aj.), jiné miéné proteiny (kaseiny, kaseinaty,
syrovéatkové proteiny), nentdgé (rostlinné) proteiny, ffrodni (kukdi¢ny) ¢i modifikované
Skroby. Vyhodou pouzitiéthto ingredienci je samigme nizsi cena, fidavek vSak rize
vyrazre ovlivnit senzorické vlastnosti vyrobkuigaevsim flavour a texturu. Zmy zalezi na
jednotlivych druzich ,nahrazek* a na jejichiggném mnozZzstvi.edevsim rostlinné proteiny
(soOjovy, bavinikovy, pSetiny aj.) zmsobuji typické vady textury (snizena elasticitasni
tvrdost, lepivé/mazlavé&sto aj.), slaby flavour aifpadre off-flavour [128,13]. Kromg¢ toho
se pouzivA mnoZstvifigatnych latek ovlitujicich barvu (annatto, paprika, synteticka
barviva), vaznost vody (arabska, xanthanova, g@argwyma, karagenany, alginat sodny,
pektiny aj.), pichug a zvyrasaovate chuti (NaCl, kvasnicové extrakty, extrakty z kemu
enzymo¥ modifikované syry, glutamat sodny, fkemi aj.), konzervanty (nisin, kyselina
askorbova, propionéty, sorbaty aj.), v zahthdokonce i sladicéinidla, zvlas¢ do produkit
urcenych pro dti (sacharosa, dextrosa, kukiny sirup, hydrolyzované Skroby) [131

4.1.4.1Flavour tavenych syrovych analag

PrestoZze se tyto vyrobky na trhu uZzbé vyskytuji, dosud je znamo a publikovano
minimum odbornych informaci o jejich slozeni a wastech. ¥tSina praci se zaftuje na
sledovani textury a jejich zm v disledku gidavku jinych surovin (Skrabaj.). Restoze
nej\wetsi nevyhodou syrovych anakoge jejich flavour, neni mu zatim v dostupné litefa
vénovana velka pozornost. Lze uvést prace Cunha a[89l, Drake a kol.[5]], Yalman
a kol. [52], Noronha a kol[85, Muir a kol. [133], Rouse a kol[134], které tSinou
srovnavaji flavour tavenych gyrvs. odpovidajicich analéga potvrzuji fakt, Ze flavour
analogi je malo vyrazny, popisovany jako fadni“, ,prazdny vétSinou nedosahne
klasického syra. Pouzité nerat suroviny mohou navic @gobit iizny off-flavour; nap.
kasein ,stajovy”, nevhodné rostlinné oleje ,olejwoxidovany* aj.[51]. Aby se analogy co
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nejvice blizily odpovidajicim sym, jsou v praxi pouzivanyizné gichug a zvyrasovae
chuti, v sodasné dob Ize vyrobit analog s prakticky libovolnym flavound 39,128.

V rdmci navazujici originalni studie prezentovan@redlozené praci byly analyzovany
tavené syrové analogy (susS. 40 %, tvs 50 %) s @psadenych druli tuki/oleju (kokosovy,
slun&nicovy, palmovy a mkény). Vzorky byly vyrobeny na UTB ve ZI& pro vyrobu byly
pouzity: eidamska cihla (tvs 30 %), maslo a uvederg, voda a tavici soli (Fosfa a.s.,
Breclav); tavici proces 90 °C 10 min. Tuky/oleje bywybrany jako nejasgji v praxi
pouzivané a vzhledem Kk jejich pédm¢ snadné dostupnosfil2g. Maslo se pouziva pro
vyrobu klasickych tavenych syjrtento vzorek byl tedy povazovan za standard proymani.
Senzorické kvalé a obsahuékavych slodenin v rostlinnych olejich neni¢movana velka
pozornost. Dostupné publikované prace &8imou \&nuji stanoveni obsahu mastnych kyselin
a/nebo sledovani oxidaich proces [135,136]. Vezmeme-li v Uvahu, Ze&tsina oleji je
béhem vyroby podrobena procesu deodorace, iedgokladat, Ze obsabkavych latek zde
bude velmi maly a flavour kvalitniho oleje neni kireky vnimatelny, jak potvrzuji ve své
praci nap. Villarino a kol. [137]. Nicmé#a neékteré oleje slaby flavour vykazuiji, ten je ale
velmi pravépodobr tvoren netkavymi sloweninami, napp mirné slana chtl kokosoveého
oleje [137], nebo nasladla ahe ,fialkové" aroma palmového tuku [138].

Dil¢i vysledky identifikovanych AAL v analozich byly ggentovdny na konferenci
,Chemistry and Life 2011“ vBri’. Kompletni vysledky identifikovanych AAL
v jednotlivych druzich analdga jejich srovnani byly zpracovany do publikd€euvedené
v Priloze 4 V publikaci je uvedenighled identifikovanych slaenin v analozich, zaroie
i v tucich pouzitych pro jejich vyrobu, jsou diskuény rozdily mezi jednotlivymi vzorky
a mozny pispivek pouzitych tult k celkovému profilu analdg Ve vzorcich bylo celkem
identifikovano 31 &kavych slodenin; z nich kvantitativé nejvyznamgjsi byly alkoholy
a kyseliny. Mezi vzorky byly nalezeny vyznamné (P05) rozdily v pétu i obsahu
identifikovanych slotenin; nejvysSi celkovy obsah byl nalezen v analggtokosovym
(547,3 + 9,819.g%), nejniz&i v analogu s palmovym tukem (372,0 £16).g%). Flavour
tavenych syi i analog je z velkéc¢asti determinovan flavouremiippdnich syt pouZzitych
k jejich vyroke [131]; srovnanim aromatického profilu anaipguki a eidamského syra Ize
fici, Zze ¢ast AAL prechazi do analdgz pouzitych tul; podobr jako u tavenych swr
podstatn&ast pochazi z pouzitého syrééast se prawtpodobr tvori ucinkem vysoké teploty
béhem taveni, na druhou stranu &kierych slodenin pravdpodobré doslo naopak k jejich
rozkladu nebo vykani.

VSechny vyrobené vzorky byly zaravesenzoricky hodnoceny, cilem bylo zhodnoceni
vlivu piidavku Gznych druli tuki na senzorickou kvalitu (flavour). Vysledky senzkgho
hodnoceni byly zpracovany do publikace v recenzématasopis€’. Vysledky porovnani
obsahu AAL a senzorické kvality byly prezentovany 164. Sjezdu Asociaceeskych

7 SKLENAROVA, K., VITOVA, E., DIVISOVA, R., LOUPANCOVA, B. Aoma active compounds in
several types of processed cheese analo@iesnické listy2011. 105(S18), p. 1044.

¥ VITOVA, E., LOUPANCOVA, B., SKLENAROVA, K., DIVISOVA, R., BUNKA, F. Identification of
volatile aroma compounds in processed cheese aredolgased on different types of f@hemical Papers
2012, 66(10), pp. 907 - 913.

¥ VITOVA, E., DIVISOVA, R., SJKALOVA, K., OMELKOVA, J., VESPALCOVA, M. Srovnani
senzorické kvalitydznych druli tavenych syi. Potravinarstvo 2013, 7(Sl), pp. 134-137.
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a slovenskych chemickych spam®sti v Olomoud®. V ramci pdadového testu byl jako
nejlepSi/nejfijatelngjSi  hodnocen podle ¢ekavani syr z masla, z analogvzorek

s kokosovym tukem; jako vyznakP < 0,05) nejhorSi analog se slémeovym olejem. H
hodnoceni vzhledu, barvy a lesku nebyly mezi vzatkiedany statisticky vyznamné rozdily;
vzorky byly vesmis hodnoceny jako vyborné. Texturaisyrmasla a analdgs kokosovym
a palmovym tukem byla velmi dobra, analoge slunénicového a mléného tuku dobra.
Nejvétsi rozdily byly nalezenyiphodnoceni flavouru: syry z masla a analogy s kokgm

a ml&nym tukem byly hodnoceny jako velmi dobré; vzorkysunénicovym a palmovym
tukem jako dobré nebo m&dobré, byl zde detekovan off-flavour ozoaany jako ,Zlukly*,
Lolejovity“, ,nahoikly”, ,po plastu“, ,po rybach“¢i ,dievu”. Tato zjiS¢ni podporuji

i vysledky profiloveho testu, nejtsi intenzitu off-flavouru vykazoval analog se
slune&nicovym olejem. Tento typicky off-flavour je époben tvorbou produktlipolyzy
(VMK) a/nebo oxidace lipid, z nichZz gkteré maji porrné vyraznou wni; literatura uvadi
nag. hexanal (,zelend"), heptanal (,olejovita“), (E)pdnenal (,lojovita*) aj.[72,124,12h

Z téchto slowenin byly v analozich nalezeny hexanal a heptankdlyZz ve velmi nizkych
koncentracich (0,01 — 0,Q&y.g* ve vzorcich se slugaicovym olejem). U slurimicového
oleje Ize tento vysledekcekavat; na rozdil od palmoveho tuku, ktery ma,nstgako
kokosovy, vzhledem ke sloZenit¢waha nasycenych MK), vynikajici oxigd stabilitu
[137,138]. Oxidace byla pragdodobrE ovlivnéna zakievem i tavicim proces(il25y.

Lze tedy konstatovat, Ze druh pouzitého tukuvyrob¢ analog neovliviiuje vyzname
vzhled, barvu a lesk, minovliviuje texturu, ale vyznamdnovliviiuje flavour a tedy
i pfijatelnost spakbiteli. RestoZze zadny s posuzovateherozpoznal kokosovou chu
analogy s kokosovym tukem byly hodnoceny obdglako syr s maslem, mohly by tedy byt
zajimavym zpesgenim nabidky na trhu.

4.2 Tradiéni i méné znamé bobulové ovoce

V této oblasti UCHPBT FCH VUT v Bendlouhodol spolupracuje se Zahradnickou
fakultou Mendelovy univerzity v By Vyzkumnym uUstavem Slechtitelskym a ovoigk§m
v Holovousich a &kolika soukromymi pstiteli. V ramci této spoluprace jgeSenarada
probihajicich projeki, zanéfenych na pstovani a Sleckhi vybranych druth tradicniho
(angrest, rybiz), znaméhoefny bez) i médnznamého (rakytnik, aroniefid, muchovnik aj.)
drobného bobulového ovoce. Tyto plodiny jsou vyzngm zdrojem #iznych bioaktivnich
latek, gedevSim charakteru antioxidanprosgsnych lidskému zdravi; mnohé z nich zatim
nejsou v dostatmé mfe vyuzivany. V ramci igdlozené studie jde o komplexni chemickou
a senzorickou charakterizaci Wgbovanych produkit s cilem jejich praktického vyuZziti.
Razné oditdy byly pistovany na pokusnych pozemcich Mendelovy univerzitigrné
v Zabzicich u Brna, poté ve &Sim rozsahu ve vyzkumném Ustavu v Holovousichy byl
hledany nejlepsi oddy, podminky pstovani apod. Hlavnim zamem je podptit rozvoj
jejich péstovani ve ¥tSim rozsahu a zavedeni &asky trh jakocerstvych plod pro gimy
konzum, pipadré v podolk modernich potravitdkych vyrobk. Vyzkumny tym dr. Vitové
se na spolupraci podili zejména posuzovanim sark#okivality (flavouru) vzork a obsahem
nekterych biologicky aktivnich latek.

2 SKLENAROVA, K., VITOVA, E., BUNKA, F., DIVISOVA, R. Srovnani analytické a senzdeéc
chutnosti tavenych syrovych analo@hemické listy2012. 106(6), p. 571.
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Postihnout senzorickou kvalitu ovoce je pro velkg¢ai druhi a odiad obtizné. U ovoce se
hodnoti (i) vzhled — tvar, textura, barva (barevny ton, sytost a l@svy, typtnost
odpovidajici druhu, oddé¢ nebo stupni zralosti) a velikost (poZzaduje se vyemost).
DuleZita je celistvost, zdravosterstvost, duZznatost, povrcho#gtota a suchost; (ifextura
a (ii) flavour. Vyznamnym znakem je tzv. harmoénost chuti, kdy se hodnoti vzajemny
poner jednotlivych chtiovych slozek, zejména p@mmezi sladkosti a kyselogti39.

4.2.1.1Vznik a vyvoj flavouru ovoce

Obsah vSech chemickych latel¢(\MAL) v ovoci kolisa v zavislosti na mnoha faktohe
odnida, stupg zralosti a obeahpred- a poskliztové podminky139,140Q. Flavour je tveen
obsahem AAL v kombinaci s régdavymi slozkami; chti souvisi s obsahem sachdrid
a kyselin, in¢ s obsahem AAL[73,74. Zralost je povaZzovana za ddivy faktor ovliviwujici
flavour ovoce, Bhem zrani obsah kyselin (kysela €ha nerozpustnych pektinovych latek
(pevnost plodu) klesa, naopak obsah sachdsthdka chtl), AAL a vyzivnych latek stoupa.
Ovoce by ndlo byt sklizeno ve stadiu optimalni zralosti [141].

Patet AAL se pohybuje podle druhu ovoce od 50 do 10G@khazeji se zde ve vysSich
koncentracich dasto > 30 mg.kg) [17], celkové mnoZstvi se pohybuje v rozmezi cca 7-
200 mg.kg [147). Mezi nejvyznamysi tskavé latky ovoce pét estery, alkoholy, kyseliny,
terpeny a karbonylové sléeniny, gicemZ nejétSi skupinu tvéi estery. V esterech byva
negastji vazana kyselina octova, m&ncasto mrave€i, propionova, maselna, 2-
methylpropanova aj.; z alkohblethanol. Obech maji estery ,sladké”, ,ovocné“ nebo
.Kvétinové" aromg 20,23. Z alkohoti se uplaiuji hlavre nizsi (do 18 C), vyznamnymi AAL
jsou rekteré nenasycené alifatické alkoholy, hagz)-3-hexenol, (E)-3-hexenol, (E)-2-
hexenol (tzv. ,zelené®, ,travové{R0,25.

Tyto latky jsou v ovoci produkovanygisinou jako sekundarni metabolipghem zrani,
v mensi mie potom Bhem sklizr, poskliziového zpracovani a skladovan@da vonnych
latek je v ovoci chemicky vazana a podstatddt aroma se t¥baz po rozruSeni bghk
v dasledku zrani, kdy se uvolnfiplusné enzymj25]. Tvorba je komplexni proces zahrnujici
mnohé biochemické drahy, z nich&$ina neni dosud pinobjasrna, nicmés vétSina AAL
v rostlindch pochazi z metabolisraminokyselin, membranovychipid a4 auhlovodika [141-
145. Jednoduché schéma metabolickych cest tvorby AAloci je uvedeno n@br. 2

PrestoZze lipidy jsou v ovoci zastoupeny v zanedbatalnmnozstvi[139, wétSina
nezralého ovoce produkujgdzné mastné kyseliny, které jsou vip¢hu zrani metabolizovany
v rdmcio- a p-oxidace nebo dinkem enzymu lipoxygenasy na alkoholy, aldehydytokeg,
kyseliny, estery a laktony [141].cAvychézeji ze stejnych prekur§pkazdy typ rostliny ma
svij vlastni soubor enzyi ktery, v sodinnosti s podminkami pragdi, vede kiznym
rozkladnym draham vedoucim kznym €kavym produkim [25].

Také aminokyseliny, hlawnrozwtvené a aromatické, jsou vyznamné prekursory AAL
ovoce, pedevsSim alkohdl, karbonylovych slotenin, kyselin a estérf141]. Z rozwtvenych
aminokyselin se tvd rozwtvené alkoholy, nap 2- a 3-methylbutanol (,alkoholové®,
,ovocné*) a estery[25,142-144. Z aromatickych aminokyselin se odvozuji dalSi AAL
z nichz nejvyznam#)Si je benzaldehyd (,sladké”, ,kké mandle”) a fenylacetaldehyd
(,medové®); z aromatickych esier pak fenyl-acetat (,medové”) a fenyl-propanoat
(,kvétinove*) [66,93.
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Obr. 2: Biochemické procesy vedouci ke vzniku atimiaaktivnich latek v ovoci. f#pvzato
z [145]). LOX-lipoxygenasa; HPL-peroxidasa mastniggkelin; ADH-
alkoholdehydrogenasa; AAT-alkohol acyltransfera®BC-pyruvatdekarboxylasa; THMF-3-
ketoacyl-CoA thiolasa; CCD-karoten dioxygenasa; Mi@&oterpen synthasa; TPS-terpen
synthasa.

Terpenové uhlovodiky atredevSim jejich kyslikaté derivaty tfovyznamnou slozku
aroma ténst vSech drufi ovoce. Terpeny (,ovocna“) limonem- a B-pinen, kamfen a 3-
karen a terpenové alkoholy (,sladké®, ginové®) linalool, geraniol, nerolp-terpineol
a citronellol jsou v firodk nejrozsfergjSi [20,25. Jejich hlavnim prekursorem je kyselina
mevalonova, &které z nich prawpodobrg vznikaji i jinymi cestami, nap degradaci
karotenoid [141-144.

Stanovenim AAL v iiznych typech ovoce a ovocnychias, wtSinou v kombinaci se
senzorickym hodnocenim, se zabykada autak, nejvice praci je za#eno na jablka,
pomerage a vino. Cilem autérje dokonale porozu#h zmgnam AAL v piibéhu zrani
a nasledného zpracovani ovoce, stégk je malo znamo orspEvku jednotlivych slogenin
ke flavouru. Zvla&t Zadouci pro praxi by bylo uh objektivné popsat nap ,cerstvost”,
,Zralost* piipadré ,prezralost” ovocqd142. Co se tye bobulového ovoce, a zviaddruhi
uvedenych v ramci této pracegtsina publikovanych praci sesnwje studiu jejich slozZeni
piredevS§im z hlediska obsahu bioaktivnich &un a antioxidéniho potencialu.
Problematikou jejich senzorické kvality, flavourwhsahu AAL se zabyva velmi malo studii
(viz dale). Dalsi vyzkum v této oblasti je tedymekadouci.
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4.2.2 Srstka obecna Ribes grossularid..)

Srstka obecnaR(ibes grossularid..) je k&Zny zahradni kelidové znamy jako angrest;
pati do celedi meruzalkovité Grossulariaceap Plody jsou kulaté, podlouhlé nebo
hruskovité bobule s hladkou nebo chlupatou slupkelikosti cca do 2 cm. Velikost, tvar,
barva, pevnost a flavour plodzalezi pedevSim na oddé a stupni zralosti, chuje
charakteristicky natrpkla (diky obsahtstovin), sladka a/nebo kysel&; podle barvy slupky
odridy angreStu di na kEloplodé,cervenoplodé, zelenoplodé a Zlutoplgaa].

Angrest ziskal vyznam dlouholetym Slesiitn; cilem bylo vypstovat odidy s WwtSimi
plody, odolné proti chorobam ait&lcim, a v neposledriadt bez triii. V CR angrest pét
mezi tradéné péstované, ovocriéky vyuzivané ovoce, statistiky vSak usgdeho velmi
nizkou spatebu, cca 0,3 kg na osobu za rok. | kdyZ se v poskéol® zvySuje zajem¢erstve
plody se na naSem trhu objevuji jen sporadickydylangreStu jsou vhodné prdimy
konzum i konzervarenské zpracovani. PouZivaji & mé piipraw kompoti, dZzenii nebo
marmelad, dZus vin, likéri, octa aj. P&t mezi ovoce s vysokym obsahem vidkniny (pektin),
vitamina (C, E, skupiny B aj.), mineralnich latek (Si, K)a dalSich vyzivo¥ cennych slozek
(flavonoidy, fenolové kyseliny, anthokyany istoviny). Mnohé studie dokazuji, Ze zvkast
tmavé odidy jsou bohatym zdrojem antioxidarjtL39,14Q.

4.2.2.1Senzoricka kvalita (flavour) #znych odrid angreStu

V ramci studie prezentované VeploZzené praci bylo analyzovano 17 vybranychaddr
angrestu vypstovanych \CR. Vzorky byly odebirany v ibéhu dvou let (2014—-2015). il
vysledky néreni AAL byly prezentovany na ,64. Sjezdu Asociamskych a slovenskych
chemickych spolk&osti“ v Olomouci’. Kompletni vysledky #etns senzorického hodnoceni
byly zpracovany do publikateuvedené \P¥iloze 5 Ve vzorcich bylo identifikovano celkem
52 €kavych latek, z nich kvantitati¢nnejvyznamuijSi byly alkoholy a kyseliny. Pomoci
metody PCA bylo vybrano 12 sléenin jako nejvice variabilnich, tyto byly pouzityop
vyjadieni rozdih mezi vzorky. Mezi odirdami byly nalezeny vyznamné &0,05) rozdily
v obsahu i sloZzenikavych latek, stegrtak se odidy liSily i v senzorickych parametrech.
Naproti tomu rozdily mezi roky produkce bylytginou malé, statisticky nevyznamne,
piestoze z dostupnych meteorologickych dat vyplywpé@asi v obou letech bylo min
odlisné.

Vysledky byly porovnany a diskutovany s dostupnymiormacemi, sloZzeni AAL angrestu
se v3ak wnuje minimum publikaci. Pouze Hempfling a k23] a Nikfardjam a kol[146
nedavno publikovali vysledky stanovegkavych slodenin v rekolika vybranych odrdach
angrestu a jejichifspivek k aroma plo@l V angreStu identifikovali celkem 122kavych
slowenin. Podle nich je typické aroma angreStu charakteano kombinaci ,zelené*
a ,ovocné“, gicemz zranim se zvyramje aroma ovocné. Za nositele povazuji (Z)-3-hekena
(,zelené®, ,travove") a ethyl- a/nebo methyl-estamganickych kyselin s kratkyrrettzcem,

ZLVITOVA, E., DIVISOVA, R., SKLENAROVA, K. Aromaticky profil plodi angrestu Ribes grossularia
L.). Chemické Listy2012. 106(6), p. 569.

2 \/ITOVA, E., SUKALOVA, K., MAHDALOVA, M., BUTOROVA, L., MAT EJICEK, A., KAPLAN, J.
Influence of volatile compounds on flavour of sédetcultivars of gooseberrZhemical Papers2017 (gijato
do tisku)
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piredevsim methyl-butanoat (,ovocné“, “zelené”), ethytanoat (,ananas“) a ethyl-acetat
(;ovocné®) [23,144. Pomoci vypétenych hodnot OAV bylo v prezentované publikaci
(PFiloha 5 urceno celkem 7 novych sléenin jako mozné slozky aroma analyzovanych
plodu.

V publikac?? je dale podrobh diskutovana senzorickd kvalita jednotlivych dir
vzhledem k tomu, Zeé¢hkteré odiidy jsou no¥¢ vysSlechtné, jedna se o nové a z hlediska
péstiteld i spotebiteld velmi dilezité poznatky. Harb a Strdib3] ve své praci identifikovali
pevnost plodu, vyvazenost sladké a kyselé chutbanou gitomnost off-flavouru jako hlavni
ukazatele senzorické kvality.ckteré odtidy maji sladsi, &které naopak kyselejsi churpka
chw’ je pro angrest typicka, ale ve vysSi intehntize byt vnimana jako négemna. Pro
piimy konzum lépe chutnaji plody s jemnou slupkowe pevnou texturou; konzumenti
pozaduji charakteristick&pnuti g skousnuti. Slupka se zjgéime bthem zrani, zaroveale
dochazi k mknuti plodi, které dale rknou i kBhem skladovani. V naSemipact piilis
mekka textura vyrazé negativie ovliviiovala gijatelnost plod. Je tedy nezbytné plody
sklizet v optimalni zralosti a co nejrychleji zkamzovat, pipadré zpracovat [53]. K celkové
senzorické kvalit naSich vzorl nejvice gispival vzhled, barva a celkova aha ving.

Na zaklad nasich prvnich vysledklize oznéit cervenoplodou odiidu Karat a Zlutoplody
Darek jako nejlepSi/neifatelrejSi ze senzorického hlediska, bude vSakgim provést dalsi
experimenty v pibéhu rekolika let, aby bylo mozné posuzovat stabilitu éoa variabilitu)
senzorické kvalitydchto odfid.

4.2.3 Bezéerny (Sambucus nigrda..)

Krom¢ tradiénich drulii bobulového ovoce (angrest, rybiz) se stale viggSwge zajem
o mér¢ tradiéni druhy dosud nevyuZivané vipmyslovém ndfitku. VétSinou jsou to teviny,
které se nehodi képtovani ve velkém, nap kvali obtizné sklizni, nizkym vyndsn,
nerovnondrnému zrani, kratké trvanlivosti apod. K tomuizacasto gispivat nezvykla chii
jejich plodi. Nekteré z nich vSak obsahem natrich latek znén¢ prevySuji Bzné péstovane
ovocné druhy139,140Q.

Bezc¢erny Sambucus nigrd.) paki do ¢eledi zimolezovitychCaprifoliaceag. Plody jsou
drobné, kulaté malvice velikosti cca 6 mm. Zralginraaw fialovou az¢ernou barvu, jsou
vyplnény &avnatou tma¥ cervenou duzninou slatkyselé chuti bez vyrazného aroma.

Pro své léivé &inky je jiz po staleti pouzivan v dielstvi, pro své vonné a ctavé
vlastnosti v kuchyni. Plodyerného bezu jsou cémy zejména kuli vysokému obsahu
vitamini (A, B1, B2, B3 a pedevsim C), organickych kyselin (citronova, j&bkg, Sikimova
a fumarova), sacharigd mineralnich latek (draslik, vapnik, fosfor) avihaoidi [139. Je
zpracovavan v potravitigkém pfimyslu na vyrobu t&v, dZus, sirupx aj. Pro suj vysoky
obsah anthokyanovych barviv se uziva k barveni apotéskych vyrobk, jako jsou
cukrovinky, rosoly, dZzemy, vino nebo rate vyrobky[73,74.

Poptavka pocerném bezu se neustale zvySujeilkyeho vyuZiti v potravingském,
kosmetickém a farmaceutickém upryslu. Za&ind se sjeho Sleatim, kultivaci
a pstovanim; tim lze ziskat owbty, které maji vySSi vykky, vySSi obsah Zadanych
komponent, nizSi obsah toxického sambunigrinu,ilep8zorické viastnosti gj139.
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4.2.3.1Senzoricka kvalita (flavour) #znych od¥id bezu¢erného

V ramci této studie bylo analyzovano celkem 16H#tet/ch odfid a pro srovnani i plany
bez. Cilem bylo porovnat jednotlivé vzorky a dogitrkultivary vhodné pro gstovani VCR
a eventualni praktické vyuziti. Prvni ziskané wjkle identifikovanych AAL ve vzorcich
bezu byly prezentovany na konferenci ,Chemistry arfé 2011“ v Brré 2. Kompletni
vysledky byly zpracovany do publikateuvedené Piiloze 6

Aroma bezovych pladl i kvéta je jiz pontrné dolre popsano. Bez ma obeécmysoky
obsah AAL, tiznymi autory jiz bylo v bezovych produktech ideiktivano vice nez 100
tekavych AAL, WtSina z nich jsou degradisi produkty mastnych kyselin (alifatické
alkoholy, aldehydy, estery, ketony, furany, tergdgpa derivaty kyseliny Sikimovgr3-79.
S vyuzitim GC-O Jensen a kol. [67] re#ill AAL v bezu podle charakteru jejichiwé do
6 skupin: ,bezova“, ,ketinovad“, ,ovocnd“, ,travova“, ,venkovskd“ a ,ostath Tohoto
rozckleni se viceméhdrzi a k podobnym zé&wim dochazeji i dalSi aditio nagr. Kaack a kol.
vani bezu, dopléné latkami v ,ovocné” a ,kitinové" skupirg. Tekave latky v travove*
skupire jsou dilezité pro gerstvost” produkt [67,73,74. V naSich vzorcich bylo celkem
identifikovano 102 d&kavych slodenin. Na zaklagl srovnani s jinymi autory67,73-79,
ataké vzhledem Kk jejich vysokému obsahu ve vzbrdiglo vybrano 36 slaienin jako
nejvyznamgjsich, tyto byly ve vzorcich dale sledovany a poupro vyjadeni rozditt mezi
odridami. Ve shod s ostatnimi autory byly mezi aditami nalezeny vyznamné rozdily (P <
0,05) v obsahutznych skupin i jednotlivych sl@enin; zajimavé je, Zze pamé vysoky
obsah byl nalezen ve vzorcich planého bezastpZze jeho aroma je spiSe jemné a mélo
intenzivni[73,74. Navic jednim z cil Slechéni bezu je dosahnout lepsi flavour, a tedy Ize
ocekavat i vysSi obsah AAL. Na zakkadaSich vysledk se odédy Korsor, Pregarten
a Samdal jevi jako slibné pro eventualni prakticyéziti.

Pro posouzeni cliovych a aromatickych vlastnosti jednotlivych waioyly vzorky také
senzoricky hodnoceny (vysledky nebyly zahrnuty dblikace), za timto ¢elem z nich byla
vylisovana gava. Jako standard chutnosti byla pouzita 100%epmasina (78 °C, 20-30 s)
bezova gava (Vitaminator s.r.o.), ziskani od soukromébstifele z eko- nebo integrované
produkce; tato tfva byla senzoricky posouzena skupinou exp@tibornici z praxe) jako
vyborna. Podle ¢ekavani vzorky samotné bezou&gy nebyly hodnocenyifznivé. Bez ma
zvlastni, nakysle sladkou, charakteristickoutgimysoky obsahitslovin mu dodava chiwice
¢i mérg trpkou/sviravou[73,74. Jednotlivé odrdy se pekvapiv pomerné vyrazre liSily
i z hlediska senzorické jakosti. Vzorky planého béyly podle éekavani hodnocenyuike
(nevyhovuijici), steja jako rekteré Slechiné odfidy (Albida, Aurea, Haschberg, Sambu
a Samyl), u nichz nebylaitsec nebo velmi malo znatelna charakteristicka b&ztn’ a byly
spiSe htké a trpké, v &kterych gipadech i vice nez vzorky planého bezu. Co &e tgdiad

3 VITOVA, E., VESPALCOVA, M., LOUPANCOVA, B., DIVIS&YA, R., SKLENAROVA, K.,
KORHONOVA, M. The comparison of content of aroma activempounds in samples of elderberries
(Sambucus nigrd.). Chemické Listy2011. 105(S18), s. 1031.

2 VITOVA, E., DIVISOVA, R., SIKALOVA, K., MAT EJICEK, A. Determination and quantification of
volatile compounds in fruits of selected elderbertjtivars grown in Czech Republidournal of Food and
Nutrition Research2013, 52(1), pp. 1-11.

34



slibnych z hlediska obsahu AAL (Korsor, PregarteBaandal — viz vySe) byly ohodnoceny
jako dobré nebo mérdobré. Jako nejlepsi byl vzdy hodnocen standasziriek.

4.2.3.2PFiprava funkéniho ovocného napoje na bazi bezové&gy

Vzhledem ke vZistajici popularit tzv. funkénich napaj, v ramciteSeni problematiky
bezu a jeho zpracovani bylo naSim hlavnim &ém navrhnout optimalni sloZeni bezové
gtavy (koncentratu) pro komari vyuziti. Samotna bezov&'&a je vSak istém stavu
kysela, trpka az h&a (viz vyse), pro padné vyuZziti v praxi bylo nezbytné ji smichat se
gtavou jiného druhu ovoce. Vysledna &amby nela byt ze senzorického hlediska co
nejpijatelngjsi s tim, Ze si pokud mozno zachova charaktekigtiezovy flavour a fijemnou
tmaw ¢ervenou barvu typickou préerny bez. Jako standard byla pouzita kamerziskana
koncentrovana bezovéava z Rakouska, kde s&o¢ prodava jako dopbik stravy.

Prvni diki vysledky byly prezentovany na konferenci ,Bespes’ a kontrola potravin®
v Nitre”. Kompletni vysledky pak byly zpracovany do pubtigas recenzovanégasopise®
uvedené \Piiloze 7.Publikace uvadi postup optimalizace sloZzeavg predevSim na zaklad
senzorického hodnoceni. Nejprve bylyfippaveny vzorky smichanim bezovéagy
s vybranymi druhy v (mrkvov4, jablénd, hroznova, pomera&ova, rybizovaserny rybiz).
Vzorky bezové a hroznov&&@vy byly ziskany od soukroméhe@stitele, ostatni zdiné trzni
sit. Jako nejlepSi/neijjatelngjSi byl vyhodnocen vzorek rybiz-bez a hrozny-bezh¢dem
k ptijemné sladké chuti, a v neposlediaik i piijatelné ced a snadné dostupnosti, byla
nakonec vybrana pro praktické vyuzifaga hroznova; nasledmyly pripraveny dalSi vzorky
smichanim hroznové a bezovéagy v imizném pondru (50-90 % obj. bezove). Jako
senzoricky nejlepsi (nejigatelngjSi) byl hodnocen vzorek obsahujici 60 % obj. bé&zghavy;
piesto byl zvolen pogr 70 % obj. bezovétavy, ktery byl senzoricky hodnocen také jako
velmi dobry. Je to i@devSim proto, aby kodey napoj obsahoval co nejvysSi koncentrace
biologicky innych latek, které se v bezu nachazeji. Minatrpkla chd tohoto vzorku pak
byla vylepSena ffidavkem glukosy, jako optimalni byl hodnotitelicean gidavek 8 % hm.
Pridavkem glukosy Ize korigovat i eventualni sezommény obsahu cukru ve wn které
mohou byt znéné.

Pro doplni je v publikaci zahrnuto i stanoveni a srovnabsahu AAL; eventualni
prispivek identifikovanych slotenin k flavouru ovocnychtav byl posouzen s vyuZzitim
konceptu OAV. Ve vzorcich bylo identifikovano cethe57 €kavych slodenin. Nejvyssi
obsah byl nalezen v bezovéa® (1694,4 + 16,6ug.ml*), naopak hroznovatdva néla
piekvapiw nizky obsah &hto slogenin (828,9 + 4,9ug.m[%), k jejimu flavouru fispiva
predevsim sladkost. Zajimavé je, Ze vzorky mrkevdepmeratrbez, které byly senzoricky
hodnoceny nejife, nely pomgrné vysoky obsahékavych latek. Lze tedy soudit, Ze ne
vSechny AAL gispivaji k celkovému flavouru pozitien Praktickym vysledkem této prace je

% VITOVA, E.; VESPALCOVA, M.; OMELKOVA, J.; DIVISOVA R.; SKLENAROVA, K. Obsah
aromaticky aktivnich latek vet&w z bezucerného $ambucus nigrd..). In Bezpénos’ a kontrola potravin
Nitra (SR). 2011, p. 257-260.

% VITOVA, E., SUKALOVA, K., MAHDALOVA, M., BUTOROVA, L. BABAK, L., MATEJICEK, A.
Comparison of flavour and volatile flavour compoandf mixed elderberry juicesActa Universitatis
Agriculturae et Silviculturae Mendelianae Brunengi615, 63(1), pp. 147-152.
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tedy kome&n¢ vyuzitelny sndsny ovocny napoj na bazi bezové&gy, gijemné mirg sladké
chuti s vysokym obsahem antioxid@érat dalSich zdravi pros&gnych latek obsaZzenych v bezu.

4.2.4 Rakytnik reSetldkovy Hippophae rhamnoides..)

Rakytnik teSetlakovy Kippophae rhamnoidesL.) nalezi do celedi hloSinovitych
(Eleagnaceae Jeho plody jsou nepravé peckovice, které majdol zralosti Zlutou,
oranzovou aZervenou barvu (danou vysokym obsahem karoténoaalny az vaejity tvar
a velikost cca 5 min Obsahem biologicky aktivnich latek Hatakytnik mezi nejcer#jsi
potravindské a léive rostliny. Plody jsou bohaté na vitaminy (C,Hz, B, aj.), karotenoidy,
flavonoidy, organické kyseliny, polynenasycené mastyseliny aj[88,147,148

Plody rakytniku byly vyuzivany uz v tragii tibetské, mongolské &inské medici&
| dnes ma rakytnik Siroké spektrum uptathv medicig, farmacii a kosmetice (anti-age
krémy, masky, pléové vody aj.)149; zvySuje se zdjem i o rakytnik jako o potravinlody
se mohou konzumovaterstvé nebo se z nichipravuji tizné produkty, jako nap &avy,
dzemy, kompoty, povidla, sirupy, alkoholické i nredlolické népoje, cukrovinky aj.
[148,149. V dnesSni dob se rakytnik pouziva hlagnjako vyzivovy dopligk (olej, kapsle
s olejem, tablety), v posledni dblse z&in4 vice uplatovat i v potravingstvi nap. jako
soutast rekterych funkinich nebo biopotravifb4].

4.2.4.1Senzoricka kvalita (flavour) rakytnikweSetlakového

Problematikou senzorické kvality rakytniku se dogatyvalo porérné malo studii. Plody
rakytniku maji jemné unikatni aroma nepodobné jakét jinému EZnému ovoci. Tang
a kol.[54] ve své praci ozrigdi flavour rakytnikové savy jako jahodovy, broskvovy, mango
nebo jablko, ficemz nejastji se objevoval termin jahodovy, nicmg&nento vyraz byl
spojovan se slovy "zmrazeny" a/nebo "fermentovaiyitinen a kol.[89] popisuji flavour
rakytniku jako exotického, bobulového nebo citriédoy ovoce, Li a Beveridgel4g jako
ananas nebo maracuja. €hploda rakytniku je typicky kysela, lka a trpka; mze se lisit
mezi odfidami, stejg jako jejich velikost, tvar nebo barva. Kyselostdéna pitomnosti
organickych kyselin (jabt®ma), gitomnost fenolickych slaienin vyvolava trpkou chiy
sladkost, stejnjako pongr cukr/kyseliny, je ve srovnéni s ostatnimi drutmpblového ovoce
velmi nizka[54,88,89. Také problematice stanoveni AAL v plodech raliyiind gipadnych
produktech (8ava, vino) se zatimémovalo jen mélo autér Ize uvést prac§69,89,90,150-
157.

Prvni diti vysledky nasi studie zahrnovabikave slodeniny identifikované ve vzorcich
rakytniku a popis jeho senzorickych vlastnosti dybprezentovany na konferenci
,Bezpeinog’ a kontrola potravin® v Nie 2. Vzhledem ktomu, 7e se jedna oCesku
pongrné méré znamy a malo vyuzivany druh drobného ovoce, hosimiobylo nejprve
zantieno na celkovy popis, intenzitu afijpmnost chuti a ®né. Zajimalo nas, jak
posuzovatéim vzorky chutnaji a zda by je konzumovali v syrovétavu. Cht i viné

ZTVITOVA, E., DIVISOVA, R., SKLENAROVA, K., OMELKOVA, J., ZEMANOVA, J. Obsah aromatigk
aktivnich latek v plodech rakytnikieSetlakového Hippophae rhamnoides.). In Bezpénos a kontrola
potravin Nitra (SR). 2012, pp. 262-265.
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rakytniku byla hodnocena jako celkerfijgmnda, winé stredni intenzity. Jako hlavni ctiu
kterd v rakytniku pevazuje, byla ozri@na kysela. Sladka cthibyla neznatelnd, trpka aitk@

se podileji na celkové chuti stalbDosti silre k celkovému flavouru rakytnikurigpivaji dalsi
chug, které posuzovatelé popisovali jako jahodovou,nasavou a/nebo ovocnou, coz je
v souladu s vysledky jinych autor[54,89. PredevsSim kuli jeho vyrazr kyselé chuti
posuzovatelé dopotili piipadné vyrobky z rakytnikufisladit, podob# jako Tang a kol.
[54] ve své praci. Tiitinen a ko[89] navrhuji smichat rakytnikovouw@vu s jinym ovocem,
nag. jablko nebo pomer&n

Vysledky AAL identifikovanych ve 13uznych odéidach rakytniku a jejich porovnani
byly prezentovany na konferenci ,CECE 2014, 11lttermational Interdisciplinary Meeting
on Bioanalysis* v Br ?. Kompletni vysledky byly zpracovany do publikdtevedené
v Priloze 8 Celkem bylo analyzovano 13 adrsbiranych &ghem dvou let (2012-2013). Tyto
odridy jsou zamy3leny a zkoumany pro mozrstpvani VCR. Ve vzorcich bylo celkem
identifikovano 69 ¢kavych slodenin, vysledky byly porovnany s dostupnymi publisac
[69,89,90,15 Podob# jako v praci autar Tiitinen a kol.[89] byly nalezeny vyznamné
rozdily (P < 0,05) mezi oddami. Pomoci PCA bylo vybrano 18 reprezentativisichcenin,
tyto byly ve vzorcich dale sledovany a pouzity pgadieni rozdii mezi vzorky. B
porovnani jednotlivych odd sklizenych v dznych letech vSak bylo patrné, Ze obsah
identifikovanych slotienin sice miré kolisa, na rozdil od prace Tiitinen a kf89] vSak
rozdily mezi roky séru byly shledany nevyznamné. Z hlediskéippdného praktického
vyuziti je dosazeni standardniho sloZeni a viastpdsdi velmi Zadouci.

Pro posouzeni cliovych a aromatickych vlastnosti jednotlivych wdioyly vzorky takeé
senzoricky hodnoceny (vysledky nebyly publikovanyysledky odpovidaji vySe zminym
poznatkim a byly také v souladu s jiz publikovanyfsi,89. Kromé pomeérné vyrazreé kyselé
a trpké chuti byli posuzovatelé schopni rozpozmnmidstats jemrejSi, charakteristickou chiu
ploda rakytniku, kterou popisovali jako jahodov4, anawas citrusova, jablma nebo po
tropickém ovoci. Jak uvéf Tang a kol.[54] vzhledem ke specifické chuti nejsou plody
rakytniku spatebiteli dol¥e gijimany a nejsou tedyipis vhodné k pimému konzumu; nas
dalSi vyzkum tedy siituje k jejich zpracovani na vhodny produkt, podolako v gipad
bezové §avy.

4.2.5 Temnoplodecéernoplody (Aronia melanocarpd..)

Celedi ffizovité Rosaceae Plody jsou cerrg zbarvené malvice velikosti 6-13 mm
a hmotnosti 0,5-2 g, duznina je tnddialova se sviravou, natrpklou chuti. Aronie jenatym
zdrojem polyfenolickych slaienin (polyfenolické kyseliny, prokyanidiny, anthay

a flavonoly), mineralnich latek (draslik, zinek)tamini (skupina B, C, E a K) &islovin.

BVITOVA, E., SUKALOVA, K., MAHDALOVA, M., BUTOROVA, L. Identification and quantification of
aroma compounds of Sea buckthorn berriesCHCE 2014, 11th International Interdisciplinary Mieg on
Bioanalysis Brno: Ustav analytické chemie AUR, 2014. pp. 450 - 453.

2 VITOVA, E., SUKALOVA, K., MAHDALOVA, M. BUTOROVA, L., MELIKANTOV A, M.
Comparison of selected aroma compounds in cultivhsea buckthornHippophae rhamnoidek.). Chemical
Papers 2015, 69(6), pp. 881-888.
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Plody vyuzivali v tradini medicig i jako potravinu jiz fivodni severoamedii indiani;
mnohé studie prokazuji antioxittd, protirakovinné, protimutagenni, kardioprotekfiv
hepatoprotektivni, antidiabetické a protizgtineé inky [153,154. V dnesSni dob jsou
z plodi aronie vyrabny nizné potravingké, farmaceutické (tablety, sirupy, ddip} stravy)

i kosmetické produkty. Aronie ma kyselou, trpkowtshproto je vhodyjSi ke zpracovani na
produkty, nap. &avy, dzusy, koncentraty, dzemyaje, likéry, ovocna vina aj. Diky
vysokému obsahu anthokyarse pouziva jako ifrodni potravinéské barvivo, v posledni
dokz si zisk&va oblibu jako furtki potravina nebo biopotravifa54.

4.2.6 Muchovnik olSolisty (Amelanchier alnifolia)

Muchovnik olSolisty Amelanchier alnifolia pati do celedi fizovité Rosaceae
Vzhledem k taxonomickétfbuznosti vykazuje mnohé obdobné viastnosti jakmiar Plody
jsou Favnatécervert az tmav fialové zbarvené malvice o velikosti 5-15 mm i§jgmnou
nasladlou chuti. Je dobrym zdrojem polyfenolickgbtucenin (prokyanidiny, anthokyany),
mineralnich latek (draslik, Zelezo,itik) a vitamini (A, skupina B, C a E)155,15§. | plody
muchovniku byly vyuZzivany gvodnimi domorodci v tradni medicig. Studie prokazuji
antioxidani, protirakovinné, antidiabetické a protizéivé U¢inky. A¢ u nas ter& neznamy,
nap. v Kanad jsou plody BZn¢ konzumovany ¥erstvém stavu nebo zpracovavany g
potravindské vyrobky (kolde, muffiny, suSenky, chléb, sirupy, mosty, pivonoilikéry,
dZzemy, cukrovinky aj. Podobnjako v gipact bezu i aronie, potencidlnim nebeipe
mohou byt kyanogenni glykosidy (sambunigrin, amyigdaprunasin]155,156.

4.2.6.1Flavour aronie a muchovniku

Problematikou obsahu AAL v aronii, resp. muchovngeudosud zabyvalo p@&mmé malo
studii. V gipact aronie Ize uvést prace Kraujalya kol.[68], Hirvi a Honkaner{157 nebo
Dolezal a kol.[158. Celkem uZ bylo v aronii identifikovano > 200 stenin. V gipact
muchovniku byla nalezena jedind prace autbtazza a Hodgind159, ktera se navic
zantiuje pouze na benzaldehyd jako hlavni AAL muchovniku

V ramci prezentované studie bylo analyzovagkotik odrid aronie a muchovniku. Jedna
se 0 prvni vypstované vzorky&hto plodi, k dispozici byly pouze dvodridy aronie a §
odraid muchovniku, sbiranych v letech 2011-2013. Vysjedientifikovanych ¢kavych latek
byly zpracovany do publikat®uvedené \P¥iloze 9 Cilem bylo posoudit rozdily/podobnosti
mezi aronii a muchovnikem, mezi jednotlivymi ddlami a mezi roky siu. Hlavnim
piredpokladanym za#nem do budoucna je, podblako v gipads bezu, navrh funiniho
napoje na bazi aronie pro korter vyuziti.

Aronie i muchovnik obsahuji fedevSim amygdalin, ktery je zodgowmy za
charakteristicky hiko-mandlovy flavour plodl a zarové je pravépodobré prekursorentady
AAL [158,159. Za dominantni sloZzku aroma obou diulze povazovat benzaldehyd
(,sladke®, ,haké mandle*)[68,159, vznikajici hydrolyzou amygdalin[20,25. Kraujalye

% BUTOROVA, L., VITOVA, E., POLOVKA, M. Comparison fovolatiles identified in Aronia
melanocarpaandAmelanchier alnifoliausing solid-phase microextraction coupled to dgasmatography-mass
spectrometryJournal of Food and Nutrition Researc2016, 55(1), pp. 57-68.
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a kol.[68] dale uvadi aldehydy, alkoholy a terpenoidy jakangmné pro aroma aronie, které
popisuji jako ,mandlové®, ,ovocné*, ,kyselé" a/nehpelené”. V naSich vzorcich aronie bylo
identifikovano 39, ve vzorcich muchovniku 3gkdvych slodenin; jako pevladajici
aldehydy, alkoholy, estery a kyseliny. Podtelkavani aroma profil aronie a muchovniku byl
podobny, pravépodobré diky zmirgné taxonomické ipbuznosti. Pomoci vyptenych
hodnot OAV bylo celkem 14 slganin uteno jako slozky aroma analyzovanych giod
Pomoci metody PCA bylo vybrano 24 reprezentativrilthtenin, tyto byly pouZzity pro
vyjadieni rozdit mezi vzorky. U obou plodin byly nalezeny vyznammeédily (P < 0,05)
nejen mezi odrdami, ale i mezi roky siu, coz ukazuje na vliv environmentalnich faktor
[139; nejblizSim cilem tedy bude standardizace produkce

4.3 Aromatizované potraviny, pochutiny a napoje

Spole&n¢ s ristem poptavky po atraktivnich produktech vyaneich se pjemnou
vani/chuti se neustale rondje sortiment aromatizovanych potravin (cukrovinédkoholické
i nealkoholické napoje aj.); oédhto typech produkt je vSak zpracovano velmi malo
informaci [16(]. Lze uvést nap analyzu @iznych druli ¢aju [161-163, likéra [164,163,
Zvykacich gum[166 nebo cukrovine167,168. Prace se vSakémuji stanoveni obe¢n
vSech AAL, cilem pedloZené studie je zatiit se na konkrétni vonné alergeny.

4.3.1 Stanoveni alergennich vonnych latek v aromatizovamp potravinach

Problematika alergennich AAL bylaSena v ramci dalsi diseftd pracé’. Hlavnim cilem
prace bylo vyvinout jednoduchou a rychlou rutinnétadu pro stanoveni vonnych latek
s alergennimi &inky s mozZnou aplikaci na potraviny a kosmeticknavky. Prace zahrnuje
optimalizaci a validaci pouzité metody pro simuttastanoveni konkrétnich 24 legislativou
regulovanych vonnych latek: limonen (,citrusové‘amylcinnamylalkohol (,ovocné®),
linalool (,kvétinové®), citronellol (,kwtinové®, ,citrusove®), geraniol (jize"), benzylalkohol
(,mandlow ovocné“), eugenol (jebicek”, , karafiat"), isoeugenol (,kfeni“), anyzalkohol
(,kvétinove®), cinnamylalkohol (,k¢tinove®), farnesol (,kétinové®), citral (,citronové®),
hydroxycitronellal  (,kw&tinové®), lyral (,kvétinové®), lilial (,kvétinové®), cinnamal
(,skorice®), amylcinnamal (,jasmin®), hexylcinnamal (,jasn“), benzyl-benzoat
(,hotkosladké®), benzyl-salicylat (,balzamické®, ,ovochgbenzyl-cinnamat (,balzamicke®),
methyl-2-oktynoat (,k¥tinové”), a-isomethylionon (,kétinové®), kumarin (,vanilka®).
Prehledna tabulka je uvedena v publiRaei P¥iloze 10.

Stanoveni vonnych alerg&ne zaloZzeno na jiz @&ené a pouzivané HS-SPME-GC-
FID/MS metod, bylo vSak nutné aiit a upravit kkteré parametry pro dokonalou separaci
a zisk maximalniho extrgkiho vytzku cilenych sloéenin Ehem rijatelné dlouhé doby
analyzy. Villa a kol[169 vyvinuli a publikovali metodu stanoverichto latek zaloZzenou na
pouziti HPLC. Uvadji jeji vyhody, jako jednoduchost, rychlost (dobmakyzy 40 min),
snadno dostupnou instrumentaci. Na druhou strgkiere typy vzork bylo treba extrahovat
rozpoustdlem (acetonitril), z tohoto hlediska je nami vyvia metoda Set¥si, bez pouZziti

31 DIVISOVA, R. Alergenni vonné latky v potravinachpiedntech EZného uZivani. [disertai prace,
Skolitel specialista E. Vitova]. Brno: FCH VUT vy, 2014.
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rozpoustdel. Prvni diti vysledky byly prezentovany na ,64. Sjezdu Asoeigeskych
a slovenskych chemickych spat®sti“ v Olomoucl’. Metoda byla naslednaplikovana na
vybrané vzorky aromatizovanych potravin, kosmetikyhra&ek. Byly vybrany vyrobky,
u kterych Ize pedpokladat, Ze byly aromatizovany. Celkem bylo yr@tano 82 komeng
dostupnych vzork 34 kosmetickych vyrohk(zubni pasty, ustni vody, plevé vody, krémy
a masky, balzam na rtygdké krémy a oleje, vody po holenflava kosmetika a krémy na
ruce, deodoranty a antiperspiranty, sprchové geBampony a avivazni préstky); 42
vzorki potravin (sypané a porcovar@jové smisi, Zelatinové bonbony, Zvykaci gumy
a alkoholické pipadre nealkoholické napoje); a 3 druhytskych hraéek, zakoupenych
v béZné trzni siti. Htomnost a obsah sledovanych latek ve vzorcich pgfovnan
s informacemi na obalu a giglusSnymi legislativnimi poZzadavky zaalem vyhodnoceni
moZznych negativnich¢inka na zdravi uzivatél

Podrobny postup optimalizace a validace metodylaangé vysledky analyz kosmetickych
produkti byly zpracovany do publikac€ uvedené WPiiloze 10 Z hlediska komplexnosti této
prace zde budou uvedeny a diskutovany pouze vygladilyz vzork potravin. Jak jiz bylo
zmiréno, potravinéska legislativa zatim pouziti alergennich vonnydtek nereguluje
(s vyjimkou kumarinu) [29]. Rdavek vonnych latek do potravin je na obale vyrotaSinou
shrnut pod pojem ,aroma‘ffpadré konkrétrgji ,jahodové, citronove aj. aroma“ [29]. | kdyz
se nérené vzorky, i stejného typu, pémé vyrazre liSily, z nangienych vysledi je patrné,
Ze obsah &kterych vonnych alerg@énve vzorcich je pogrné vysoky. Z divodu absence
jejich legislativniho omezeni v potravinach byla prubé piblizeni a porovnani zvolena jako
limitni koncentrace stanovena pro nesmyvatelné ktiské vyrobky (10 pug:d). Nejastji
(> 90 % vzork) byly ve vzorcich detekovany limonen a linalool.

Velké mnoZstvi alergennich AAL bylo nalezeno vereich ¢aji, obsahujicich (a na obalu
uvedenych) suSeni@sti ovoce (jablko, Sipek, citron, pomefaale také exotické plodiny goji
a papaja), byliny (medika, vousatka citronova, zazvor, zZenSenjiivie rostliny (kwty
Safranu, chrpy, pivitky, bodlaku, slungnice) a kdeni (bily acerveny pep santaloveé ikvo,
skaice). Zastoupeni vonnych alerdgehylo sledovano jak vivodni sngsi, tak ve vyluhu,
ktery spotebitel konzumuje. VSechny vzorky obsahovaly &&mesSkeré sledované vonneé
alergeny viiznych koncentracich, ve vyluhu bytginou obsah sledovanych latek vyzn&mn
nizsi (p < 0,05) nez v suché smwi. Mezi nefastji se vyskytujicimi byly: limonen,
amylcinnamylalkohol, linalool, citral, amylcinnamab-isomethylionon, benzyl-benzoat.
Koncentrace byly velmi rozdilné, pohybovaly se adirotek a? ke stovkam pg:hl
v nékterych fipadech i ktisfitm pg.mi*. VétSina z nich fesahovala stanoveny limit,
dokonce i Wajovém vyluhu.

V piipact cukrovinek a zvykacich gum bylo zastoupeni vonrigtbk podobné, v kazdém
vzorku bylo nalezeno v pméru 10 vonnych alergéns koncentracemi v jednotkach az
desitkach pg:y Z cukrovinek byly vybranyizné druhy Zelatinovych bonbénNa obale

32 DIVISOVA, R., ZEMANOVA, J., VITOVA, E., SKLENAROVA, K. Stanoveni alergennich vonnych
latek metodou mikroextrakce tuhou fazi ve spojeplymovou chromatografiiChemické Listy2012. 106(6),
s. 503.

3 DIVISOVA, R., VITOVA, E., DIVIS, P., ZEMANOVA, J. OMELKOVA, J. Validation of SPME-GC-
FID Method for Determination of Fragrance AllergensSelected Cosmetic Producfsta Chromatographica
2015, 27(3), pp. 509-523.
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téchto produki je casto kron¢ terminu ,aroma“ uvedeno pouZiti ovocnychipadre
bylinnych koncentrdt nebo extrakt; tyto sice ¥tSinou plni primaré funkci barviv, ale
nepochybg prispivaji i k flavouru a mohou byt zdrojem vonnydergeni. Ténti ve vSech
vzorcich byly identifikovany limonen, linalool, atejnnamylalkohol, methyl-2-oktynoat-
isomethylionon, benzylalkohol a benzyl-benzoat. W&§i koncentrace¢asto pesahujici
limit, byly nalezeny u limonenu, linaloolu a amylaamylalkoholu.

Z alkoholickych napdj byly analyzovany ovocné kvaSené napoje a likéry,
z nealkoholickych ochucené ovocné napoje. Takélgdie casto uvedeno pouzitiiznych,
vétSinou ovocnych t&v a/nebo koncentiat Ve vzorcich bylo nalezeno vipnéru 14
vonnych alergein na vyrobek, jejich koncentrace se pohybovaly wiklach az desitkach
ng.mit, vyjimesng ve stovkach a? tisicich. JelikoZ se jedna o ovadgbje, byly ve viech
vzorcich ot nalezeny limonen, linalool a amylcinnamylalkohol.

VSechny identifikované latky se pouzivaji do syictgtch aromat, $tSina z nich je
i ptfirozenou sogasti fiznych rostlin, pofipact ovoce. Ale vzhledem k tomu, Ze o jejich
moznych @incich na lidsky organismus po konzumaci je znaerovelmi malo, i fi takto
vysokych koncentracich se lze pouze dohadovatichjgfipadném negativnimugobeni.
Nicmére neni vylogeno, Ze v budoucnu budou tyt@inky potvrzeny a podobné limity
budou zavedeny i v potravitské legislativ.
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5 ZAVER

PredloZzena habilitani prace pedstavuje nejvyznangjsi odborné aktivity uchazky
v oblasti vyuZiti kombinace senzorické analyzy aderaich instrumentélnich metod pro
kontrolu kvality a bezpaosti potravin.

Senzoricka analyza jako¢decka analyticka metoda je dnes neodmyslitelnowésmi
vyzkumu, vyvoje a fedevSim kazdodenni praxe v potravekdch, ale i nepotravidigkych
organizacich. Pomoci ni lze vige méné podrobr charakterizovat senzorickou kvalitu
potravin. V potravingském péimyslu je dnes vedle fyzikalni, chemické a mikrobgtkée
kontroly nezastupitelnou s&asti hodnoceni kvality surovin, polotovaa hotovych vyrobik.

Vzhledem k witym nevyhodam byva v posledni dotkombinovana s vhodnymi
instrumentalnimi technikami, které&igpouZiti v potravinégké praxi zjednodusuji a urychluji
ziskani relevantnich informaci, uningfici okamzitou korekci vyroby. Veédecké praci pak
umoiuji dukladrejSi charakterizaci vlastnosti produktu, ale i psicprobihajicich Bhem
jejich vyroby, skladovani,ipkulinairském zpracovani aj.

Hlavnim objektem vyzkumu v této praci je flavoutedy je povazovan za podstatnéast
senzorické kvality potravin a je také sfatiteli nejvice sledovan. Jéeba znéat, odkud
pochazi originalni flavour jednotlivych tygpotravin a co se s ningj@ béhem zpracovani.
Pokud potravina nemacekavany flavour, rive to byt zndmka kaZzeni nebo kontaminace
ohrozujici zdravi. | zéchto spatebitelskych a komeénich divoda je treba mit spolehlivou
metodu, jak flavour stanovit. Z chemického hledigkelavour tvden gedevsim obsahem
tekavych latek. Pro jejich stanoveni byla v ramcbt@race optimalizovana a validovana
metoda HS-SPME-GC-FID/MS praizné typy potravin. Metoda vykazuje dobrou linearitu
reprodukovatelnost, je dostate citliva a vhodna pro stanoveni stopovych koncenttghto
latek v potravinich, jak bylo prokdzano aplikaci \ndrané vzorky potravin. Metoda je
jednoducha a rychla, coz umozni i jgjigadné rutinni vyuziti v praxi.

Pokud se poda porozungt chemickému sloZeni flavouru a mechanismu jehabiwo
u jednotlivych tym potravin, umozni to lepSi praktickou kontrolu,&ujici ke standardizaci
vyroby, zlepSeni flavouru a podleni vzniku off-flavouru, a v kodeém disledku vyrobu

viN s
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6 TRENDY A PERSPEKTIVA DALSIi PRACE

Autorka pisobi na UCHPBT FCH VUT v Bencca 20 let, velk&ast profesniho Zivota je
spojena s vyukou a vyzkumem v oblasti analyzy,neldyie, hygieny a bezpeosti potravin.
V dalSim obdobi by rada pokiavala v dosavadni édecko-vyzkumné linii, zaloZzené
piedevSim na senzorické analyze a jejim spojenitsimgntalnimi metodami na jedné stfran
a technologickymi postupy na steadruhé. Dosavadni nejvyznag$i dosazené vysledky
jsou shrnuty v této praci.

V ramci spoluprace s UTB ve Zlinbude na zaklad poZadavku regionélniho vyrobce
v nejblizSi dok realizovana komplexni studie z&mena na dalSi ffrodni syr
s vysokodokivanou syeninou, Moravsky bochnikReSeni této problematiky bylo jiz
zahajeno v ramci dalsi disentd pracé”. Moravsky bochnik je syr ementalského
(Svycarského) typdeského pvodu; jeho vyroba byla zavedena v prvni poléva®d. stoleti
na Morag. Technologie vyroby je podobna ementalskynisyroproti ementalu nema oka
a jeho flavour je mé&nvyrazny. V sodasné dob se vyrabi pedevsim ve tvaru hranolu, tzv.
Moravsky blok; dive byl pouzivan hlavhjako surovina pro taveni, dnes je k dostani gwitr
siti. NaSim cilem bude nalézt takové podminky vyrolby byl dosazen nutné cenny
a zarovea senzoricky atraktivni produkt. 8em vyroby modelovych s§rbude sledovana
fada fyzikalnich, chemickych, mikrobiologickych angerickych parameir nas tym se bude
opct podilet sledovanim senzorické kvality (flavourByvni vysledky byly prezentovany na
konferenci ,Chemistry and Life 2015 v B¥ri°.

Dale pokrg&uje prace na tavenych syrovych analozich. V dal&xperimentech byla
nahrazenacast (1 % hm.) tradniho tuku (masla) rostlinnymi oleji s vySSim obsahe
biologicky aktivnich latek (rybizovy, meikovy, Inény a hroznovy olej) s cilem vylepSit
nejen senzorickou, ale i nutni hodnotu kongného vyrobku. Prvni vysledky byly
prezentovany na konferenci ,CECE 2014, 11th Intéonal Interdisciplinary Meeting on
Bioanalysis* v Bris*®, naznauji dobrou pijatelnost spdebiteli, z hlediska praktického
vyuziti vS8ak bude éitou nevyhodou vy3Si cena takovychto produkt

Co se tge problematiky bobulového ovoce, i zde bude dalzkum pokrg&ovat zejména
studiem dalSich mémznamych (resp. mérvyuzivanych) druth. Posledni experimenty byly
zameteny na tzné odtidy rybizu, se stejnym cilem jako vipac angrestu (viz kap. 4.2.2),
ziskané vysledky jsourjpravovany k publikovani.

V ramci dlouhodobych kontakt byla navazana téz uUzka spoluprace s Vyzkumnym
Ustavem potraviridkym v Bratislag (Obor chemie a analyzy potravin) z&ena na
problematiku vyuziti ufitych typa IéCivych rostlin v potravingstvi. Na toto téma je

3 SYKORA, M. Zmeny senzoricky aktivnich latekshem zrani vybranych dritptirodnich syi [disertani
prace; Skolitel-specialista E. Vitova].

3 VITOVA, E., SUKALOVA, K., MAHDALOVA, M., BUTOROVA, L., MUSILOVA, L., PECINOVA, E.
Comparison of sensory quality of model Swiss cheeisie commercially obtained corresponding produiot.
Chemistry and Life 2018rno. 2015. p. 95.

% SUKALOVA, K., VITOVA, E., BUNKA, F. The influence of storage on the sensory ipaf processed
cheese analogues. BECE 2014, 11th International Interdisciplinary Mg on Bioanalysis Brno: Ustav
analytické chemie A\CR, 2014. pp. 403 - 406.
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v souasnosti feSena dalsi disettai pracé’, jejimZ cilem je komplexni charakterizace
nejvyznamgjSich, @zné¢ dostupnych I&vych rostlin pomoci modernich analytickych
a senzorickych metod. Hlavni pozornost je v tonitipgut zantrena na jejich antioxidai
vlastnosti. Ve spolupraci s praxi budou nastedtybrané komponenty aplikovany do
potravindskych produki (napoje, pé&vo); v této souvislosti jgeSena i senzoricka kvalita
(flavour) potravinovych vzork V rdmci této problematiky se uz pdia publikovat prvni
vysledky® analyz deseti vybranych, desku nejastji pouZivanych, bylin: levandule
lekarska, nEsicek lékdsky, tezalka tékovand, Salyj musSkatova, medika |ékdska,
jestabina Iék#ska, yzop lekesky, mata peprna, S@jMékarska a ostropestc mariansky.

Velmi aktudlni je v sotasné dob problematika alergeén Paiet osob alergickych na@zné
podrety je vysoky a stale se zvySuje. V navaznosti fglghozi experimenty (viz kap. 4.3.1)
bude dalsi vyzkumny sfn vénovan i sledovani obsahu alergennich AAL ve vybcany
typech aromatizovanych potravin, resp. pochutin. sgwasné dob jsou studovany
necokoladové cukrovinky se specialnimrdzem na fitomnost alergennich AAL. Na trhu je
dostupny Siroky sortiment cukrovinek &ilpuznych produkt od tuzemskych i zahrafmiich
vyrobai, vétSinou s ovocnouifchuti. Jejich kvalita tkvi hlawnv senzorické atraktiwit proto
se také f jejich vyroke pouziva Siroké spektruniiznych aditivnich latek, ndpi nékterych
kontroverznich barviv, ifjp. syntetickych aromat. V souvislosti se zvySendarmovanosti
a zvySujicimi se néroky spgebiteli se vSak dnes na trhurgvdzré objevuji nové druhy
deklarujici pouziti pouzetfsodnich barviv, pop aroma; tyto se pouzivajét&inou ve forms
raznych extraki (viz nag. bez, aronie aj.), i v nich se vS8ak mohou nachéetativré vysokeé
koncentrace alergennich AAL. Vzhledem k tomu, Zejestna o produkty konzumovaneé
piedevSim &tmi, je obzvlag Zadouci se touto problematikou zabyvat.

Veskeré uvedené vyzkumné &y budou ve vhodné forérzarazovany i do vyuky. Jak jiz
bylo uvedeno, autorkatpobi jako Skolitel-specialista 3 diseméch praci a vedéadu
diplomovych a bakaldkych praci, jejichz tematika souvisi s vySe uvegdentrendy
vyzkumné prace. Kromtoho jsou ziskané aktualni poznatkyl@zné zarazovany do vyuky
predmiti, které autorka i@dnasi (senzoricka analyza, technologie a hygietan), i do
vyucovanych praktickych iedméta (predevSim metodika v rdmci praktika ze senzorické
ataké instrumentalni a strukturni analyz¢)@ast poznatk bude rovéZ popularizovana
v ramci gednasek U3V a #fstupréna odborné wvejnosti v ramci akreditovanych kuirz
Senzorické analyzy probihajicich na FCH VUT v®&wramci CZV.

3" BURDEJOVA, L. Komplexni charakterizace ¢igych rostlin a jejich potencidl ip vyuziti v
potravingském pamyslu jako zdroje fundnich komponentdiserta&ni prace; Skolitel-specialista E. Vitdva

3 BUTOROVA, L., POLOVKA, M., PQRIZKA, J., VITOVA, E. Multi-experimental charactegtion of
selected medical plants growing in the Czech RepuBhemical Papers2017 (jijato do tisku)
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aromaticky aktivni latky
bojové davky potravin
bakterie ml&ného kvaseni
karboxen
divinylbenzen
plamenov ionizatni detektor
plynova chromatografie
hmotnost, hmotnostni
vysokodinna kapalinova chromatografie
headspace
hmotnostni spektrometrie
Odour Activity Value
Principal Component Analysis
polydimethylsiloxan
relativni sgrodatna odchylka
Solid Phase Microextraction
volné mastné kyseliny
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Solid-Phase Microextraction for Analysis
of Mould Cheese Aroma
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Abstract

VitovA E., LOoUPANCOVA B., ZEMANOVA J., SToupkova H., BREZINA P., BABAK L. (2006): Solid-phase
microextraction for analysis of mould cheese aroma. Czech J. Food Sci., 24: 268-274.

Solid-phase microextraction coupled with gas chromatography was used for the analysis of volatile aroma compounds
in Niva cheese. The extraction conditions were very mild, which minimises thermal, mechanical, or chemical modifica-
tion of the sample; the method is rapid, simple, and cheap. In total, 54 compounds were identified in Niva cheese using
this method: 3 hydrocarbons, 5 aldehydes, 11 ketones, 18 alcohols, 3 esters, 10 fatty acids, and 4 sulphur compounds.
These aroma compounds were quantified and subsequently the changes in the concentrations of them were studied
throughout the ripening period. Most of the volatile compounds identified were present at all stages of the cheese

ripening, their amounts changing significantly, however, in most cases the final concentration in the ripe cheeses was

similar to the initial concentration in the unripe cheese.

Keywords: SPME; gas chromatography; mould cheese; aroma compounds

Aroma and flavour belong among the most impor-
tant food quality criteria. They are major attributes
that influence the selection and consumption of
food. Cheese flavour results from the breakdown
of milk proteins, fat, lactose, and citrate due to en-
zymes from microorganisms, coagulants, and milk.
Many volatile compounds are potentially involved
in cheese flavour: hydrocarbons, alcohols, alde-
hydes, ketones, esters, fatty acids (FA), lactones,
sulphur- and nitrogen-containing compounds. To
analyse the cheese flavour by gas chromatography
(GC), it is necessary to extract these compounds
from their matrix. Many of them are present only
at very low concentrations and several methods
for their extraction and concentration have been
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developed: e.g. steam distillation, extraction with
organic solvents, surfactants, and supercritical
fluids, headspace techniques, dialysis, and solid-
phase extraction (CARBONELL et al. 2002; FERNAN-
DEZ-GARciA et al. 2002; QIAN et al. 2002). How-
ever, these methods have some drawbacks: they
are time-consuming, require large volumes of
samples or solvents, some volatile compounds
can be damaged or lost, etc.

The solid-phase microextraction (SPME) is a rela-
tively new sample preparation technique, based on
the partition of the analyte between the extraction
phase on the outside of a small fused-silica fibre,
and the matrix. SPME was introduced by Arthur
and Pawliszyn (PAwLISZYN 1997; KATAOKA et al.
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2000) for the extraction of organic compounds from
environmental samples, but now it has gained a
lot of interest in a broad field of analysis including
the analysis of food. Very interesting possibility
is the use of SPME in the food aroma analysis.
Many authors describe the analysis of flavour and
off-flavour of some foods, e.g. fruit, vegetables,
meat, drinks and dairy products (PERES et al. 2001;
FRANK et al. 2004; MALLIA et al. 2005).

The aim of our work was to develop a sim-
ple, rapid, and cheap method for the extraction
of the aroma compounds of cheese, based on
SPME. Mould cheese was used to evaluate our
method and the optimised method was used for
monitoring the changes throughout Niva cheese
ripening.

MATERIALS AND METHODS

Chemicals. The following chemicals were used
as standards: pentadecane, heptadecane, dimethyl
disulphide, dimethyl sulphide, dimethyl trisul-
phide, benzothiazol, phenylacetaldehyde, hexanal,
8-nonen-2-one, decan-2-one, heptadecan-1-ol,
heptadecan-2-ol, hexadecan-2-ol, myristic acid,
benzoic acid, pentadecanoic acid, palmitic acid,
phenylethyl-acetate, pentyl-benzoate (Sigma-Al-
drich, Germany), phenylethanol, ethanal, propanal,
hexanoic acid, isobutanoic acid, isopentanoic acid,
capric acid, 3-hydroxybutan-2-one, nonan-2-one,
pentan-2-one, undecan-2-one, heptan-2-on (Merck,
Germany), methanol, propan-1-ol, propan-2-ol,
butanol, pentan-1-ol, pentan-2-ol, octan-1-ol,
nonan-2-ol, 2-methylpropan-1-ol, 3-methylbu-
tan-1-ol, acetone, propan-2-one, butan-2-one,
butanoic acid, acetic acid, propionic acid, ethyl-
acetate (Lachema, CR), heptane, ethanol, hep-
tan-2-ol, dodecan-1-ol, benzaldehyde (]J.T. Baker,
the Netherlands), oct-1-en-3-ol, butan-2,3-dione
(Fluka, Switzerland). All the chemicals were of
chemically pure grade.

Samples. Niva cheese (50% dry matter, 55% fat
in dry matter) was manufactured according to the
traditional procedures in a dairy in Cesky Krum-
lov. The cheeses were sampled at 5, 15, 25, 35, 45,
and 55 days of ripening. The cheese samples were
stored at —12°C before use.

For analysis, grated cheese was placed in a vial
(4 ml), sealed by a septum-type cap and held in
a water bath. During this time, the sample was
sometimes shaken to homogenise and to increase
the transfer of the analytes to the headspace. After

the equilibration time, the SPME fibre was inserted
in a vial for the sampling process.

SPME. The SPME fibre Carboxen™ /polydimethyl-
siloxane 85 pum was purchased from Supelco (Belle-
fonte, PA, USA). The extraction was carried out
by HS-SPME mode.

Gas chromatography and mass spectrome-
try (GC-MS). Gas chromatograph TRACE™ GC
(ThermoQuest, I) equipped with flame ionization
detection and split/splitless injection port, DB-WAX
capillary column (30 m x 0.32 mm x 0.5 um; J. & W.
Scientific, Folsom, CA).

The injector — 250°C, splitless mode, the desorp-
tion time 5 min, linear purge closed for 5 min.

The oven temperature program — 40°C for 1 min,
40-200°C at 5°C/min, 200°C for 7 min. The detec-
tor 220°C. The carrier gas (N,) 0.9 ml/min.

GC-MS analyses — gas chromatograph GC 8000
(Carlo Erba, I) coupled to a MS TRIO 1000 (Fisons
Instruments, USA). The carrier gas He, the GC
column and other operating parameters were the
same as described.

The reproducibility, linearity and detection
limits. The reproducibility of the method was
determined by five replicate extractions of five
standard compounds chosen under optimal con-
ditions. The standards were added to the matrix
of the ripe cheese. The results were expressed as
relative standard deviations (RSD) of the peak
area counts.

The method of standard addition was used for
the assessment of the linearity and detection limits.
The standards at different concentrations (within
the range 0.003-20 pg/g) were added to the matrix
(ripe cheese sample).

RESULTS AND DISCUSSION

There are two possibilities of SPME extraction:
direct immersion SPME (DI-SPME), where the fibre
is exposed to the liquid sample, and headspace
SPME (HS-SPME), where the fibre is exposed to
the headspace above the sample. The HS-SPME
mode is preferred for volatile compounds because
it provides greater selectivity, sensitivity, and ra-
pidity, and an elongated fibre lifetime.

Selectivity can be altered by changing the phase
type and thickness according to the characteristics
of the analytes — volatile compounds require a thick
phase coat. Various fibres were tested and finally
Carboxen™/polydimethylsiloxane 85 pm fibre
was chosen as most suitable for the extraction of
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volatile aroma compounds as confirmed by many
authors (PERES et al. 2001; FRANK et al. 2004).

Altering the sample conditions can optimise the
extraction yield. The following parameters were
optimised: equilibration time, extraction time,
temperature, and sample weight, with the aim to
maximise the compound recovery while keep-
ing a reasonably short total analysis time. Also
desorption parameters were optimised. SPME is
an equilibrium process, hence under equilibrium
conditions precision and sensitivity are expected
to be optimal. However, it is not necessary to reach
full equilibrium, if constant extracting conditions
are maintained. The optimal SPME parameters
selected for the subsequent analyses were:

— equilibration time 30 min;

— extraction time 20 min;

— extraction temperature 35°C;

— sample amount 1 g;

— desorption temperature 250°C;

— desorption time 5 min.

The reproducibility was good, RSD of the standard
analyses were in the range of 2—11%. Detection limits
differed for the various compounds analysed, with
small volatile molecules they were higher owing to
their bad affinity to the fibre, and were in the range
0f0.003-0.2 pg/g. The linearity was also good, the
correlation coefficients were all over 0.98.

Identification of aroma compounds
in Niva cheese

The flavour of cheese originates from microbial,
enzymatic, and chemical transformations. The
breakdown of milk proteins, fat, lactose, and citrate
during ripening gives rise to a series of volatile
and non-volatile compounds which may contribute
to the cheese flavour. Several degradation types
occur simultaneously and the ultimate result will
be a very wide range of compounds. The factual
contribution of them to the flavour of cheese is
largely unknown.

Proteolysis in cheese during ripening plays an
important role in the development of texture.
However, it also contributes to the taste of cheese
by the production of peptides and free amino ac-
ids. Large peptides do not contribute directly to
the cheese taste, but can be hydrolysed to shorter
peptides that may be bitter. Free amino acids are
the final products of proteolysis. Very extensive
proteolysis occurs in blue-mould cheeses (So-
RENSEN & BENFELDT 2001).
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Lipolysis is most important for the blue cheese
flavour. Lactic acid bacteria present in starter cul-
tures are generally only weakly lipolytic, most of
the FA coming from the triglycerides degradation
by moulds. Compounds generated by lipid metabo-
lism predominate among the aroma compounds
identified in blue cheese (QIAN et al. 2002).

Niva is soft blue-veined cheese manufactured
from pasteurised cow milk. It has a crumbly tex-
ture, white to light beige interior with blue veining
and a pleasant salty, piquant flavour. It is aged at
least two months to achieve the typical appearance
and flavour. It is known that free FA, odd-carbon
chain methyl ketones, and secondary alcohols are
the major contributors to the characteristic fla-
vour of blue cheese, so the flavour development
during the cheese ripening is dependent on milk
triacylglycerols hydrolysis by Penicillium roqueforti
lipases and subsequent oxidation of FA to methyl
ketones. However, a large number of other volatile
compounds have been identified in blue cheeses
(SABLE & COTTENCEAU 1999; UR REHMAN et al.
2000; QIAN et al. 2002).

The identification of the individual compounds
in the sample is difficult, owing to their low con-
centrations in cheese and the relatively high con-
centrations of other compounds. The identification
was carried out by GC-MS and confirmed by
comparison of the retention times with those of
standard substances. The mass spectra for all the
compounds were compared with standard mass
spectra provided by the database of the equipment.
In total, 54 compounds were identified in Niva
cheese: 3 hydrocarbons, 5 aldehydes, 11 ketones,
18 alcohols, 3 esters, 10 fatty acids, and 4 sulphur
compounds.

Eleven ketones were identified in Niva cheese:
acetone, propan-2-one, butan-2-one, pentan-2-one,
butan-2,3-dione, heptan-2-one, 3-hydroxybutan-
2-one, nonan-2-one, 8-nonen-2-one, decan-2-one
and undecan-2-one. Ketones are common con-
stituents of most dairy products, which may be
reduced to secondary alcohols (CARBONELL et
al. 2002). Methyl ketones are derived from FA by
B-oxidation or from B-ketoacids and are primarily
known for their contribution to the aroma of mould
cheeses. They have typical odours (fruity, floral,
mushroom, or musty notes) and low perception
thresholds (QIAN et al. 2002). One of the most
important diketones is biacetyl (butan-2,3-dione)
with sweet buttery and vanilla aroma. It is formed
through lactose and citrate metabolism and its
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production is mainly due to the activity of lactic
acid bacteria. It can be reduced to acetoine (3-hy-
droxybutan-2-one) with buttery aroma and the
latter can be further reduced to butane-2,3-diol,
which does not have a flavour impact (CURIONI
& BosseT 2002). Biacetyl was identified as very
important to blue cheese, in which acetoine was
also detected. As mentioned previously, in mould
cheese methyl ketones are the most abundant aroma
compounds, the major ones being heptan-2-one
and nonan-2-one (CARBONELL ef al. 2002; QIAN
et al. 2002; FRANK et al. 2004).

Eighteen alcohols were identified in Niva cheese:
ethanol, propan-2-ol, propan-1-ol, 2-methylpro-
pan-1-ol, pentan-2-ol, butanol, 3-methylbutan-1-ol,
pentan-1-ol, methanol, heptan-2-ol, oct-1-en-3-ol,
octan-1-ol, nonan-2-ol, phenylethanol, dodecan-
1-ol, heptadecan-1-ol, hexadecan-2-ol and hep-
tadecan-2-ol. Primary alcohols are formed by the
proper aldehydes reduction. They impart a fruity,
nutty note to the cheese flavour, and in certain
cheeses high levels of them can cause flavour
defects. Secondary alcohols are formed by en-
zymatic reduction of the corresponding methyl
ketones. They have similar but heavier flavour
notes than methyl ketones. Ethanol comes from
lactose fermentation. It has a limited role in the
cheese aroma despite its high levels, but it con-
tributes to the formation of esters (CARBONELL et
al. 2002). 3-methylbutan-1-ol was found at high
concentrations in mould cheeses. The principal
secondary alcohols in mould ripened cheeses are
heptan-2-ol and nonan-2-ol, which correspond
to the high methyl ketone contents. They have
less influence on the cheese flavour than methyl
ketones, however, they may indirectly contribute
to it because of their ability to form esters with
FA (SABLE & COTTENCEAU 1999).

Ten FA were identified in Niva cheese: acetic,
capric, isobutanoic, propionic, isopentanoic, buta-
noic, hexanoic, myristic, benzoic, pentadecanoic,
and palmitic acids. Fatty acids are important com-
ponents of the flavour of many cheese types. They
may originate from lipolysis, a lower proportion
of short-chain FA originate from the degradation
of lactose and amino acids, and they can also be
derived from ketones, esters, and aldehydes by
oxidation (CURIONI & BosseT 2002). Long-chain
FA (> 12 carbon atoms) play a minor role in the
flavour owing to their relatively high perception
thresholds. Short and moderate-chain, even-num-
bered FA (C4-C12) have much lower perception

thresholds and characteristic notes (vinegar, sour).
Moreover, free FA also serve as precursors to me-
thyl ketones, alcohols, lactones, and esters (SABLE
etal. 1999; ViToVA et al. 2004). On the other hand,
higher concentrations of free FA can cause off-
flavours (e.g. rancid). Short-chain free FA acids
are important contributors to the characteristic
flavour of blue cheeses and were identified by
many authors at high concentrations (SABLE &
COTTENCEAU 1999; QIAN et al. 2002).

Three esters were identified in Niva cheese:
ethyl-acetate, phenylethyl-acetate and pentyl-
benzoate. Esters are common cheese volatiles.
Esterification reactions occur between short- to
medium-chain FA and alcohols. Most esters in
cheeses are described as having sweet, fruity, and
floral notes. Some of them have very low perception
thresholds and their contribution is heightened by
synergistic effect. Further, they can contribute to
the aroma of cheese by minimising the sharpness
and the bitterness imparted by FA and amines
(CurioNI & BosseT 2002). GONZALES DE LLANO
et al. (1990) found high proportions of methyl and
ethyl esters in ripe blue cheese, Q1aAN et al. (2002)
consider ethyl butanoate and ethyl hexanoate to
be important compounds contributing to the blue
cheese aroma.

Five aldehydes were identified in Niva cheese:
propanal, ethanal, hexanal, phenylacetaldehyde,
and benzaldehyde. Straight-chain aldehydes may
result from -oxidation of unsaturated FA or from
amino acids by Strecker degradation. Branched-
chain aldehydes probably originate from amino
acid degradation via enzymatic as well as non-
enzymatic, e.g. Strecker degradation, processes
(CurioNI & BosseT 2002). Aldehydes are transi-
tory compounds in cheese because they are rapidly
reduced to primary alcohols or oxidised to the
corresponding acids (CARBONELL et al. 2002). They
are characterised by green-grass or herbaceous
aroma and can be very unpleasant when their
concentrations exceed certain values. QIAN et al.
(2002) consider 2-methylpropanal and 3-methyl-
butanal to be important compounds contributing
to the blue cheese aroma.

Three hydrocarbons were identified in Niva
cheese in trace amounts: heptane, pentadecane,
and heptadecane. Hydrocarbons are secondary
products of lipid autooxidation. They do not make
a major contribution to the aroma, but may serve as
precursors to other aroma compounds (ORTIGOSA
et al. 2001). Hydrocarbons have been frequently
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reported in many cheeses, although usually at low
concentrations (CARBONELL et al. 2002).

Four sulphur compounds were identified in Niva
cheese: dimethyl sulphide, dimethyl disulphide,
dimethyl trisulphide, and benzothiazol. Sulphur
compounds originate from methionine and cysteine
degradation. These components are described as
having strong garlic, onion, or very ripe cheese
odours. Their perception thresholds are very low
and they are probably involved in the final aroma
of mould cheeses. ORTIGOSA et al. (2001) consider
them to be indispensable to achieve the charac-
teristic aroma of white mould cheese, QI1AN et al.
(2002) introduce methional and dimethyl trisulfide
as important compounds contributing to the blue
cheese aroma.

Changes of aroma compounds
during ripening of Niva cheese

SPME-GC procedure was also used to study the
volatile compounds evolution during the ripening
of Niva cheese, the method of standard addition
was chosen for quantification, the standards were
added to grated cheese in a vial.

As mentioned before, cheese ripening includes
microbiological and enzymatic processes contrib-
uting to the unique flavour and textural charac-
teristics. Knowledge of these changes could allow
standardisation of the cheese manufacturing and
a better control of the process. But only in a few
kinds of cheese have these changes been described
in depth. In the case of Niva cheese, most of the
volatile compounds identified were present at
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Ripening time (days)
Figure 1. Changes of ketones during ripening of Niva

cheese
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all stages of the cheese ripening, however, their
amounts changed significantly. The changes of the
most important and most abundant compounds
chosen are graphically expressed in Figures 1-4.
Each value represents the mean of three replicate
determinations, RSD was in all cases to 10%. Ke-
tones, alcohols, and FA were quantitatively the
most important compounds present.

The changes of ketones in Niva cheese are pre-
sented in Figure 1. As can be seen, their concen-
trations increased during ripening with maximum
after about 40 days. Only acetoine was present at
a high concentration in unripe cheese and then
its amount sharply decreased. The increase in the
ketones concentrations during ripening is charac-
teristic for many kinds of cheese as confirmed by
many authors, this fact being linked to lipolysis
(CARBONELL et al. 2002).

Ethanol and pentan-2-ol were the most abundant
alcohols in Niva cheese. GONZALES DE LLANO et al.
(1990) describe the evolution of methyl ketones and
2-alkanols in blue cheese as parallel: the contents of
both increased during the first part of the ripening
and then decreased after reaching their maximum
after 60 days. Also in other types of cheeses, alco-
hols are quantitatively the main chemical family
and their contents increase significantly, but at
different rates during ripening (CARBONELL et
al. 2002). In our case, no significant increase was
found in alcohols concentrations in Niva cheese
(Figure 2), with the exception of ethanol.

To changes of short-chain fatty acids in Niva
cheese are presented in Figure 3. No significant
increase in their amount was found (except acetic
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Figure 2. Changes of alcohols during ripening of Niva
cheese
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acid), although some authors noticed an increase
in the concentrations of volatile FA during the
ripening of various kinds of cheese (MULET et al.
1999; ViToVaA et al. 2004).

As reported by some authors, the concentra-
tions of esters can decrease or increase during
the ripening of various kinds of cheese (MULET
et al. 1999; CARBONELL et al. 2002). GONZALES
DE LLANO et al. (1990) describe the evolution of
esters in blue cheese as similar to those of ketones
and alkanols. The formation of them was slower,
attaining the maximum after 180 days (end of
ripening). Three esters identified in Niva cheese
reached maximum concentrations (only about
0.1 pg/g) in about 40 days of ripening.

The contents of aldehydes mostly increase dur-
ing the ripening of various cheeses (CARBONELL et
al. 2002). In the case of Niva cheese, the contents
of the aldehydes identified reached maximum
in about 40 days, the ethanal content decreased
during ripening. The maximum concentrations of
them were in the range of 0.4-0.8 pg/g.

The contents of sulphur compounds identified in
Niva cheese decreased during ripening, dimethyl
sulphide was present in the highest concentration
(Figure 4).

To summarise, the analytical method based on
SPME combined with GC is a simple and rapid
method for the analysis of the volatile compounds
in cheese. It minimises thermal, mechanical, and
chemical modifications of the matrix, it is con-
sequently suitable for the characterisation of the
cheese aroma, but not only cheese as it can be
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Figure 4. Changes of sulphur compounds during ripening
of Niva cheese

applied to various foods. Some important aroma
compounds in Niva cheese were identified and
quantified using this method. Although impor-
tant changes of them took place during ripening,
in most cases, the final concentrations in ripe
cheeses were similar to the initial concentrations
in the unripe cheese.

List of symbols

FA — fatty acid

GC — gas chromatography

GC-MS - gas chromatography-mass spectrometry
SPME — solid-phase microextraction

DI-SPME - direct immersion SPME
HS-SPME - headspace SPME

RSD — relative standard deviation
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Application of SPME-GC method for analysis
of the aroma of white surface mould cheeses

EVA VITOVA - BLANKA LOUPANCOVA - HANA STOUDKOVA - JANA ZEMANOVA

Summary

Solid-phase microextraction coupled to gas chromatography (SPME-GC) was used for the analysis of volatile aroma
compounds in cheeses which had been ripened with a white surface mould Penicillium camemberti. These cheeses are
of a characteristic appearance, taste and aroma due to the presence of sensory-active compounds formed during the
ripening. The aim of this work was to compare aroma profiles of several types of these cheeses produced in Czech
Republic and to follow changes of the aroma profile during the ripening. The method was simple and fast, extraction
conditions affected minimally the thermal, mechanical or chemical changes of the samples. In total, 32 compounds were
identified in the samples using this method, namely, 1 hydrocarbon, 3 aldehydes, 7 ketones, 11 alcohols, 2 esters, 5 fatty
acids, 2 sulphur compounds and 1 nitrogen compound. As found, their proportion varied during ripening, but there was
no significant increase in their content during experiments. Aroma profiles of the tested cheeses were similar in spite

of the differences in the production technologies.

Keywords
aroma; mould cheese; SPME-GC

White surface mould cheeses are covered by
a coating of white mycelia of the mould Penicil-
lium camemberti or closely related Penicillium ca-
seicolum. The presence of moulds gives them char-
acteristic appearance, taste and aroma. Especially
in the case of traditional cheeses, they are charac-
terized by more complex maturation, because of
the diversity of the microbial flora present and the
extent of the enzymatic changes that occur. A typ-
ical example of surface mould ripened cheeses is
Camembert, originated from France. Traditional
Camembert is made from raw milk; the other sur-
face mould cheeses are manufactured from raw or
pasteurized milk. Many types, called for example
Hermelin, Kamadet, Premium or Plesnivec, are
made in the Czech Republic. They are produced
from pasteurized milk using starter culture con-
sisting of thermophilic streptococci or a mixture
of streptococci and lactococci, and mould cultures.
In order to obtain a more aromatic product, se-
lected strains of yeasts, corynebacteria and yeast-
like mould Geotrichum candidum can be added
to milk.

The flavour of cheese originates from micro-
bial, enzymatic and chemical transformations.
The breakdown of milk proteins, fat, lactose and

citrate during ripening gives rise to aseries of
volatile or non-volatile compounds: hydrocarbons,
alcohols, aldehydes, ketones, esters, fatty acids
(FA), lactones, sulphur- and nitrogen-containing
compounds [1-3]. All of them may contribute to
cheese aroma, but the exact contribution is largely
unknown. Moulds have a much greater enzymatic
potential than bacteria, consequently, the ma-
jor processes of maturation are more marked in
mould-ripened cheeses than in other types [4].

Lactose decomposition is caused primarily
by lactic acid bacteria enzymes [5]. In the case of
white surface mould cheeses, the surface fungal
flora uses created lactic acid for its growth. There
is, as aresult, a marked increase in the external
pH and an internal migration of lactate towards
the surface of the cheese. These drastic pH chang-
es have a marked effect on the maturation proc-
ess, indicated by the development on the surface
of aerobic and acid-sensitive flora, consisting of
corynebacteria and micrococci. This flora contrib-
utes to the development of the final organoleptic
properties and cannot develop without an increase
in the surface pH [4].

Lipolysis is most important for blue cheese fla-
vour. Maturation of white surface mould cheeses
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is shorter and the degree of lipolysis is also more
restricted, reaching 3—6 % and sometimes 6-10 %
in the well matured traditional products. It should
be stressed that these high levels of free FA do not
give rise to a rancid taste as they are in a dissociat-
ed form when the pH of the curd has increased [4].
Long-chain FA (> 12 carbon atoms) play a minor
role in the flavour owing to their relatively high
perception thresholds. Short and moderate chain
length, even numbered FA (C4-C12) have much
lower perception thresholds and characteristic
notes (vinegar, sour). However, free FA are not
only aroma compounds by themselves, but also
serve as precursors of methyl ketones, alcohols,
lactones and esters [6].

Ketones are common constituents of most dairy
products, but they are intermediate compounds,
which may be reduced to secondary alcohols [7].
Methyl ketones are derived from FA by B-oxida-
tion or from B-ketoacids and are primarily known
for their contribution to the aroma of mould
cheeses [8]. They have typical odours (fruity, flo-
ral, mushroom or musty notes) and low perception
thresholds [5, 8].

Esterification of FA with primary alcohols oc-
curs by an enzymatic or a chemical pathway [9].
The microorganisms involved in ester formation
are probably mainly yeasts, but some lactic acid
bacteria can be responsible [7]. Most esters in
cheeses are described as having sweet, fruity and
floral notes. Some of them have a very low percep-
tion threshold and their contribution is heightened
by synergistic effects. Further, they can contribute
to the aroma of cheese by minimizing the sharp-
ness and the bitterness imparted by FA and amines
[6, 8].

Lipases in cheese originate from milk (in the
case of cheese made from raw milk), rennet and
microflora. Lactic acid bacteria present in starter
cultures are generally only weakly lipolytic, most
of the FA come from the triglycerides degradation
by moulds [6].

Proteolysis in cheese during ripening contrib-
utes to the taste of cheese by the production of
peptides and free amino acids. Large peptides
do not contribute directly to cheese taste, but can
be hydrolysed by proteinases to shorter peptides
that may be bitter [10]. Free amino acids are the
final products of proteolysis. Catabolism of free
amino acids is a major process for aroma develop-
ment. It can result in a number of compounds, all
of which may contribute to cheese flavour. Prote-
olysis in cheese is catalysed by enzymes from co-
agulant, milk, microflora and by exogenous protei-
nases or peptidases [10].

The study of substances creating food aroma is

nowadays of great interest in quality assessment.
Several methods for extraction and concentration
of them have been developed: e.g. steam distilla-
tion, extraction with organic solvents, surfactants
and supercritical fluids, headspace techniques, di-
alysis and solid-phase extraction. However, these
methods have certain drawbacks [5, 9]. The solid-
phase microextraction (SPME) is a relatively new
sample preparation technique that can eliminate
some of them. This technique has been introduced
by ARTHUR and PAWLISZYN [11, 12] for the extrac-
tion of organic compounds from environmental
samples, but has now gained alot of interest in
a broad field of analysis including food. Many au-
thors describe analysis of flavour and off-flavour
of some food, e.g. fruit [13], vegetables, meat [12],
drinks [14, 15] and also dairy products [16-21].

The aim of this work was to compare aroma
profile of several types of white surface mould
cheeses produced in Czech Republic and to fol-
low their changes during ripening. Volatile aroma
compounds of cheeses were isolated using SPME
and analysed by gas chromatography (GC).

MATERIALS AND METHODS

Chemicals

The following chemicals were used as stand-
ards: pentadecane, heptadecane, dimethyl disul-
phide, dimethyl sulphide, dimethyl trisulphide,
benzothiazol, phenylacetaldehyde, hexanal, 8-non-
en-2-one, decan-2-one, heptadecan-1-ol, hepta-
decan-2-ol, hexadecan-2-ol, myristic acid, benzoic
acid, pentadecanoic acid, palmitic acid, phenyle-
thyl-acetate, pentyl-benzoate (Sigma-Aldrich,
Deisenhofen, Germany), phenylethanol, ethanal,
propanal, hexanoic acid, isobutanoic acid, isopen-
tanoic acid, capric acid, 3-hydroxybutan-2-one, no-
nan-2-one, pentan-2-one, undecan-2-one, heptan-
2-on (Merck, Darmstadt, Germany), methanol,
propan-1-ol, propan-2-ol, butanol, pentan-1-ol,
pentan-2-ol, octan-1-ol, nonan-2-ol, 2-methylpro-
pan-1-ol, 3-methylbutan-1-o0l, acetone, propan-2-
one, butan-2-one, butanoic acid, acetic acid, pro-
panoic acid, ethyl-acetate (Lachema, Brno, Czech
Republic), heptane, ethanol, heptan-2-ol, do-
decan-1-ol, benzaldehyde (J. T. Baker, Deventer,
Netherlands), oct-1-en-3-ol, butan-2,3-dione (Flu-
ka, Buchs, Switzerland). All the chemicals were of
chemically pure grade.

Samples

Three types of white surface mould cheeses
were tested in this work: Hermelin is the medium
fat cheese (dry matter 47-51%, fat in dry matter
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50-54%), weight 120 g, cylindrical form. Block
Hermelin is fatty cheese (dry matter 50-54%, fat in
dry matter 60-64% ), weight 1 kg, cylindrical form.
Premium is fatty cheese (dry matter 51-55%), fat in
dry matter 60-64%), weight 125 g, oval form.

All of them were produced by Pribina,
Pribyslav, Czech Republic. Cheeses were sampled
and analysed for volatile compounds after 5, 15,
25, 35, 45 and 55 days of ripening.

SPME-GC analysis

For analysis the grated cheese (1 g) was placed
in avial (4 ml), sealed by a septum-type cap and
the vial kept in a water bath. During this time, the
sample was sometimes shaken to homogenize and
to increase the transfer of the analytes to the head-
space. After an equilibration time (30 min), the
SPME fibre was inserted in a vial for the sampling
process. The fibre CarboxenT™/polydimethylsi-
loxane 85um was purchased from Supelco (Belle-
fonte, Pennsylvania, USA). The extraction of vola-
tile aroma compounds was carried out by exposure
to the headspace of the sample - 20 min 35 °C.

GC conditions: Gas chromatograph TRACET™
GC (ThermoQuest Italia, Milan, Italy) equipped
with flame ionization detection (FID) and split/
splitless injection port, DB-WAX capillary column
(30m x 0.32mm x 0.5um; J&W Scientific, Fol-
som, California, USA). The injector - 250 °C, split-
less mode, the desorption time 5 min, linear purge
closed for 5 min. The detector - 220 °C. The carrier
gas (N2) 0.9 ml.min-l. The oven temperature pro-
gram: 40 °C 1 min, 2 °C.min-! to 120 °C, 5 °C.min-!
to 200 °C, 5 min.

Gas chromatography and mass spectrometry
(GC-MS)

Gas chromatograph GC 8000 (Carlo Erba,
Milan, Italy) coupled to a MS TRIO 1000 (Fisons
Instruments, Valencia, California, USA). The ion-
izer temperature setting was at 150 °C, using elec-
tron impact (EI) mode, with electron energy at
70 eV. The carrier gas was He with a head pressure
150 kPa, the GC column and other operating pa-
rameters were the same as described.

RESULTS AND DISCUSSION

Identification of aroma compounds in cheeses
The identification of the individual compounds
in sample is rather difficult, owing to their low
concentrations in cheese and the relatively high
concentrations of other compounds. Identification
was carried out by GC-MS and confirmed by com-
parison of the retention times with those of stand-
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ard substances. The mass spectra for all the com-
pounds were compared with standard mass spectra
provided by the database of the equipment.

Seven ketones were identified in surface mould
cheeses tested: propanone, butan-2-one, pentan-
2-one, nonan-2-one, undecan-2-one, butan-2,3-di-
one, 3-hydroxybutan-2-one.

One of the most important diketones is biacetyl
(butan-2,3-dione) with its sweet buttery and vanil-
la aroma. This component is formed from lactose
and citrate metabolism and its production is main-
ly due to the activity of lactic acid bacteria. It can
be reduced to acetoine (3-hydroxybutan-2-one)
with buttery aroma and the latter can be further
reduced to butane-2,3-diol, which does not have
a flavour impact [8]. In mould cheese methyl ke-
tones are very important aroma compounds, the
major are heptan-2-one and nonan-2-one [5, 16].

In total eleven alcohols were identified in
cheeses tested: methanol, ethanol, propan-1-ol,
propan-2-ol, 2-methylpropanol, butanol, pentan-
2-ol, heptan-2-ol, octan-1-ol, oct-1-en-3-ol, phe-
nylethanol. Primary alcohols are formed by the
reduction of the corresponding aldehydes. They
impart a fruity, nutty note to the cheese flavour,
but in certain cheeses, high levels of these alcohols
could be responsible for flavour defects. Ethanol
comes from lactose fermentation. It has a limited
role in the cheese aroma despite its high levels, but
it contributes to the formation of esters [7]. Second-
ary alcohols are formed by enzymatic reduction of
the corresponding methyl ketones. They have sim-
ilar but heavier flavour notes than methyl ketones.
3-Methylbutan-1-ol is present at high concentra-
tion in mould cheeses. The principal secondary
alcohols in mould ripened cheeses are heptan-2-ol
and nonan-2-ol. These alcohols correspond to the
high methyl ketone contents of the same cheeses.
They have less influence on cheese flavour than
methyl ketones, however, they may contribute in-
directly because of their ability to form esters with
FA [6].

Five FA were identified in the cheeses tested,
namely ethanoic acid, butanoic acid, 2-methylpro-
panoic acid, hexanoic acid and 3-methylbutanoic
acid. Fatty acids are important components of the
flavour of many cheese types. They may originate
from lipolysis, a lower proportion of short-chain
FA originate from the degradation of lactose and
amino acids and they can also be derived from ke-
tones, esters and aldehydes by oxidation [8].

Two esters were identified in the cheeses test-
ed, namely ethyl-acetate and phenylethyl-acetate.
Esters are common cheese volatiles. Esterification
reactions occur between short- to medium-chain
FA and primary and secondary alcohols [8, 22].
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Fig. 1. Typical chromatograms of the most significant aroma compounds identified in cheeses.
A - Block Hermelin, B - Hermelin, C - Premium. MBA — methylbutanoic acid.

Three aldehydes were identified in the cheeses
tested: ethanal, propanal, and phenylacetaldehyde.
Straight-chain aldehydes may result from B-oxida-
tion of unsaturated FA or from amino acids by the
Strecker degradation. This reaction is simple and
can occur without enzymatic catalysis during ripen-
ing. Branched-chain aldehydes probably originate
from amino acid degradation via enzymatic as well
as non-enzymatic, e.g. Strecker degradation, proc-

esses [8, 9]. Aldehydes are transitory compounds
in cheese because they are rapidly reduced to pri-
mary alcohols or oxidised to the corresponding
acids [7]. They are characterized by green-grass
or herbaceous aroma and can be very unpleasant
when their concentrations exceed certain value.
One hydrocarbon was identified in cheeses
tested: heptane. Hydrocarbons are secondary
products of lipid autooxidation. They do not make
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a major contribution to aroma, but may serve as
precursors for the formation of other aroma com-
pounds [23]. Hydrocarbons have been frequently
reported in many cheeses, although usually at low
concentrations [7].

Two sulphur compounds were identified in
cheeses tested, namely dimethyl disulphide and-
dimethyl trisulphide. Sulphur compounds originate
from methionine and cysteine degradation. These
components are described as having strong garlic,
onion or very ripe cheese odours. Their perception
thresholds are very low and they are probably in-
volved in the final aroma of mould cheeses [8].

Ammonia was the only nitrogen compound
identified in the tested cheeses. Nitrogen com-
pounds (N compounds) come from amino acids.

Typical chromatograms of most significant aro-
ma compounds identified in cheeses are presented
in Fig. 1.

Comparison of aroma profiles of ripe cheeses

SPME-GC procedure with FID detection was
used for quantification of aroma compounds,
the method of standard addition was chosen,
the standards were added to the grated cheese
in avial. The reproducibility was good (RSD in
range 2-11%). Detection limits were in the range
of 0.003-0.2 ug.g'l. The linearity was tested within
the range of 0.003-30 ug.g’1, the correlation coef-
ficients were all over 0.99.

The aroma compounds of three different types
of white surface mould cheeses produced in the
Czech Republic were compared, namely Herme-
lin, Premium and block Hermelin. These cheeses
differ in their size, shape and composition. Pro-
duction technology is rather different, mainly used
microbial cultures.

Comparison of these cheeses reveals differ-
ences in the content of aroma compounds. They
can be ascribed primarily to the differences in the
production processes, e.g. different starter cul-
tures are used, and also to variously long ripening
time. Chemical composition of cheeses, first of all
the fat content, also significantly influences final
aroma. The comparison of aroma profiles of ripe
Hermelin, Premium and block Hermelin cheeses
is graphically presented in Fig. 2.

The highest concentrations of ketones were
found in block Hermelin. Propanone was quan-
titatively the most important ketone in all three
cheese types, the other ketones identified were
present only in trace amounts. The highest con-
centrations of alcohols were also found in block
Hermelin. Ethanol was found in the significantly
high amounts in all three cheese types followed
by propan-2-ol. The other alcohols identified were
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present only in trace amounts. The highest concen-
trations of FA were also found in block Hermelin.
Butanoic and ethanoic acids were the most signifi-
cant acids in all cheese types, with the exception of
Hermelin, which does not contain ethanoic acid at
all. The amount of esters was similar in all cheese
types, they were present only in trace amounts.
The by far highest concentration of aldehydes was
found in Hermelin; they were present only in trace
amounts in Premium.

KARAHADIAN et al. [24] suggest that the high
concentrations of secondary alcohols along with
methyl ketones contribute to the flavour of the
mould surface ripened cheese. The concentration
of short chain free FA in Brie cheese indicates
that these compounds could contribute to the fla-
vour of mould surface ripened cheeses, although,
the elevated pH (about 6.8 to 7.2) of well ripened
cheese would cause a significant suppression of
their flavours.

SABLE et al. [6] introduce the homologous se-
ries of odd-chain methyl ketones, from C3 to C15,
as some of the most important compounds of
white mould ripened cheese. Among volatile FA,
the ethanoic, butanoic, 3-methylbutanoic and oc-
tanoic acids are the most potent odorants of Cam-
embert cheese. Oct-1-en-3-ol, 2-phenylethanol and
2-phenylethyl acetate were quantitatively impor-
tant in Camembert type cheese. These molecules
together with sulphur compounds and probably
lactones are reported as the key aroma substances
in Camembert cheese. Sulphur containing compo-
nents are considered indispensable to achieve the
characteristic aroma of Camembert cheese [23].
Coryneform bacteria, especially Brevibacterium
linens, are probably the key producers of sulphur
compounds in cheeses. This explains the forma-
tion of significant concentrations of them in white
mould cheese. Methanethiol appeared to be one of

B Hermelin B Block Hermelin O Premium

- - N N w
o [$)] o [&)] o
T T T T

Concentration [ug.g-']

[$)]
T

N compoundS  g\denydes estefS ¢y acids eton®s gjeonals

Fig. 2. Comparison of aroma profiles of three tested
white surface mould cheeses.
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the characteristic flavour compounds in soft white
mould cheeses. Methional, dimethyl sulphide and
methanethiol were also detected in significant
quantities in Camembert cheese [6].

Oct-1-en-3-o0l, in combination with oct-1-en-
3-on, gives rise to a characteristic mushroom-like
sensation of surface mould ripened cheese. Their
presence might in part mask the effect of methyl
ketones, also present in surface mould ripened
cheeses. Sulphur compounds are key odorants of
the sulphurous, garlic note in the Camembert. Bu-
tan-2,3-dione and d-decalactone cause the buttery
note. The pungent and sweaty character is mainly
caused by ethanoic and butanoic acids [4].

The amount of N compounds, especially am-
monia, was smaller, and similar in all three cheese
types. Conversely, ammonia reaches high concen-
trations in the case of traditional well matured sur-
face mould cheeses. This extensive degradation of
protein is, in the main, due to the high proteolytic
activity of Penicillium [4].

To summarize, FA, alcohols and aldehydes were
quantitatively the most important compounds in
cheeses tested. Block Hermelin contained the
highest amounts of FA and alcohols, Hermelin
contained significantly high concentrations of alde-
hydes and alcohols. Generally the highest amount
of volatile aroma compounds was found in block
Hermelin (as can be seen in figure 2), however, the
difference from other cheeses is not really signifi-
cant. Consequently it is possible to say, that none
of cheeses investigated have stronger aroma than
the others. In spite of the differences in producing
technology, aroma profile (and flavour) of these
cheeses is similar.

Changes of aroma compounds
identified during ripening of cheeses

As mentioned before, cheese ripening includes
microbiological and enzymatic processes contrib-
uting to the unique flavour and textural charac-
teristics. Only for a few kinds of cheese have these
changes been described in depth. In the case of
three tested surface mould cheeses most of the
identified volatile compounds were present in all
stages of cheese ripening, however their relative
amount changed significantly.

The concentration of ketones underwent during
ripening similar changes in all cheese types tested
with the maximum at about 10 days. Many authors
describe the increase in the ketones concentra-
tion during ripening of various cheeses which is
linked to lipolysis [7]. Alcohols are quantitatively
the main chemical family in various cheese types
and their concentration during ripening increases
significantly although at different rates [7]. In our

case no significant increase in alcohols concentra-
tion was found, their content did not change sig-
nificantly. Only ethanol was present at very high
concentration at the beginning of the ripening and
then decreased sharply. Changes in the concentra-
tion of short-chain fatty acids were similar in all
cheeses tested. Some authors note the increase
in concentration of volatile FA during ripening
of various kinds of cheeses [6, 16]; in our case FA
reached maximum at about 20-30 days of ripening.
Only ethanoic acid was present in the Premium
cheese at highest concentration at about 10 ripen-
ing days and then decreased sharply. As reported
by some authors, in the various kinds of cheese the
concentration of esters can decrease or increase
during ripening [25]. The esters in cheeses tested
reached maximum at about 20-30 days of ripening.
Aldehydes mostly increase during ripening of vari-
ous cheeses [25]. They were not present in the Pre-
mium cheese at all or only in trace amounts, whilst
in other two cheeses they appeared at the end of
ripening period at relatively high concentrations.
Sulphur compounds identified in cheeses tested
were present only in trace amounts, although sul-
phur containing components are considered indis-
pensable for achieving the characteristic aroma of
Camembert cheese and were found in significant
concentrations in white mould cheeses [23]. Am-
monia was identified in cheeses and its concentra-
tion almost did not change during ripening.

CONCLUSIONS

Some important aroma compounds of white
surface mould cheeses produced in the Czech Re-
public were identified and quantified using SPME
coupled with GC. This method is simple and
fast, minimizes thermal, mechanical, and chemi-
cal modifications of the sample. Consequently, it
is suitable for the characterization of the cheese
aroma.

Important changes of identified aroma com-
pounds took place during ripening, but surpris-
ingly no significant increase in concentration was
found.

Fatty acids, alcohols and aldehydes were quan-
titatively the most important compounds in chees-
es tested. The block Hermelin cheese contained
the highest amounts of FA and alcohols, while
Hermelin brand contained significantly higher
concentrations of aldehydes and alcohols. Gen-
erally the highest, but not significantly higher,
amount of volatile aroma compounds was found
in block Hermelin. Consequently, it is possible to
say, that none of the investigated brands of cheese
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has stronger aroma than others. In spite of the dif-
ferences in the production technology, aroma (and
flavour) of these cheeses remain similar, as can
also be noticed during consumption.
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Abstract The aim of this work is to evaluate the effect three
different storage temperatures (6, 23 and 40 °C) on the steril-
ized processed cheese quality during 24-month storage.
Sterilized processed cheese (SPC) is a product with extended
shelf life (up to 2 years). The samples of SPC were subjected
to basic chemical analyses, i.e. pH-values, dry matter, fat,
crude protein and ammonia content, and microbiological anal-
yses, i.e. total number of microorganisms, number of coli-
forms, colony forming units of yeasts and/or moulds and
spore-forming microorganisms. Furthermore, amino acid con-
tent (ion-exchange chromatography), protein profile (SDS-
PAGE) and fat globules size (image analysis of microscopic
technique) were monitored and sensory analysis (scale test
and pair comparative test) was implemented, too. Increasing
storage temperature and length evoked decrease of total amino
acid content and protein nutrition value, increase of ammonia
amount, protein changes, enlargement of fat globule size and
deterioration of sensory properties of SPC. All the changes
grew expressive with increasing storage temperature and time.
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Introduction

Sterilized processed cheese (SPC) represents a special group
of processed cheese whose durability is prolonged by
thermosterilization to minimally 24 months and which can
be used in common life when refrigerator device is not avail-
able (Burka et al. 2004). Originally, SPC was designed to be
used in so-called combat rations, e.g. in armies of USA,
Germany or the Czech Republic (STANAG 2937) and also
to ensure boarding of the Integrated Rescue System bodies.
SPC is a product that can be world-widely used. In the area of
Middle Europe, SPC could be stored under ambient tempera-
ture (approx. 20-25 °C). Recently, these products are sold to
Africa and/or Asia where storing under higher temperatures
(approx. above 30 °C) could be expected. Unfortunately, there
is a lack of information about changing of quality of SPC in
literature available.

Processed cheese is produced by blending cheese in the
presence of emulsifying salts and other dairy and non-dairy
ingredients followed by heating and continuous mixing to
form a homogenous product. Since processed cheese is not
sterile, thermosterilization could be used to prolong product
durability. Primarily, thermosterilization is necessary to guar-
antee microbiological quality and enzyme stability of the
product. Nevertheless, even sterilized food is not completely
stable and its long-term storage is connected with significant
physico-chemical development, especially at elevated temper-
atures (Gliguem and Birlouez-Aragon 2005). Reactions pro-
ceeding during the storage affect all the basic components of
processed cheese — proteins, fat and lactose. Maillard reaction
complex (MR) ranks among the most important reactions
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including both proteins (amino compounds) and carbonyl
compounds (e.g. lactose). MR causes nutritional quality dete-
rioration; primarily in consequence of essential amino acid
degradation and digestibility reduction (Pizzoferrato et al.
1998). Brown pigments formation, namely darkening, and
also consistency affection are regarded considerable phenom-
ena accompanying MR in processed cheese and generally
foodstuffs (Kristensen et al. 2001). The extent of non-
enzymatic browning during storage advances due to rising
amount of reducing saccharides, especially lactose, due to
higher storage temperature and due to increasing origination
of oxidizing lipids (Gaucher et al. 2008; Kristensen et al.
2001; Schér and Bosset 2002). Strecker degradation giving
rise to ammonia — marker of this reaction, racemization and
oxidative reaction leading to nonutilizable products creation
(Adamiec et al. 2001) are considered the most common de-
structive reactions of amino acids. Other compounds partici-
pating in processed cheese storage reactions are lipids that
undergo oxidation resulting in release of volatile carbonyl
compounds causing off-flavours. Oxidation process is mostly
related to higher storage temperature (Kristensen and Skibsted
1999).

Many studies dealing with the changes during storage of
UHT milk have been published over the recent years.
According to these papers, mainly proteolysis, protein cross-
linking, colour changes and volatile components formation
occur during the storage of UHT milk at both ambient and
elevated temperatures (Al-Saadi and Deeth 2008; Enright
et al. 1999; Valero et al. 2001). Similar reactions could be
expected in SPC, especially at elevated temperatures. Besides
the above mentioned chemical or physico-chemical reactions
which can take place during the storage, enzymatic reaction
can occur, too. Haki and Rakshit (2003) stated that some
thermostable enzymes could remain active at elevated tem-
perature such as 100200 °C held a few seconds. Studies that
have dealt with the effect of storage at higher temperature on
solid dairy products are published very rarely.

The aim of this work is to evaluate the effect of three
different storage temperatures (6, 23 and 40 °C) on the steril-
ized processed cheese quality, particularly on the amino acid
content, fat globules size, protein profile and sensory proper-
ties, during 24-month storage. The results of our study could
be used for the estimation of processed cheese quality chang-
ing under different conditions and contribute to improvement
of product quality for consumers.

Materials and methods
All of the analyses were performed in half-year intervals, i.e.
in months 0, 6, 12, 18 and 24 after production, except for

amino acid content determination (months 0, 12 and 24) and
SDS-PAGE analysis (month 24).

@ Springer

Samples of sterilized processed cheese

Storage experiment monitored SPC with 38 % w/w dry
matter and 45 % w/w fat in dry matter, which was
produced by Madeta, Inc., the Czech Republic. A mixture
of a Dutch-type cheese with 55 % w/w dry matter and
45 % w/w fat in dry matter, butter, water, emulsifying
salts (JOHA, Benckiser-Knapsack, Ladenburg, Germany)
and whey powder (0.5 % w/w) was used for the processed
cheese manufacturing.

Melting was accomplished at 92 °C using a Stephan TC/
SK 400 batch-type industrial dairy plant equipment (Stephan
Machinery, Hameln, Germany) and the product was packed
into the laminated aluminium containers with seal lids.
Processed cheese was sterilized in a Lubeca LW 5013 batch-
type industrial autoclave (Lubeca Maschinenbau Scholz,
Coesfeld, Germany) at 117 °C for 20 min. The products were
cooled to 25 °C and divided into 3 parts after the sterilization.
First part was stored for 2 years in a refrigerator at 6+2 °C
(SR), second part at ambient temperature (23+2 °C, SA)
and third part in a thermostat (40+2 °C, ST). Processed
cheese manufacturing was accomplished twice for statistical
purposes.

Basic chemical analyses

The samples of SPC were characterized by determining their
pH, dry matter, ash, fat and crude protein content. Values of
pH were measured using a pH meter with glass electrode
(GRYF 209S, Havlickuv Brod, the Czech Republic). Dry
matter content was determined by gravimetric method
according to the ISO Standard No. 5534 (2004). Ash
content was detected after burning a sample in a muffle
furnace at 550 °C for 5 h. Fat content was determined
according to the van Gulik acid butyrometer method
(Dimitreli and Thomareis 2007) and crude protein content
was assessed according to the Kjeldahl method using
factor 6.38 (Dimitreli and Thomareis 2007).

Microbiological analyses

Microbiological quality of SPC was controlled by assessment
of'the total number of microorganisms (CFU) according to the
ISO Standard No. 4833 (2003), the number of coliforms
according to the ISO Standard No. 4832 (2006), the colony
forming units of yeasts and/or moulds according to the
ISO Standard No. 6611 (2004) and spore-forming micro-
organisms according to Harrigan (1998). Further, a ther-
mostat test was accomplished at 37+1 °C for 10 days
(Harrigan 1998). All media used for cultivation were
obtained from HiMedia (Bombay, India).
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Amino acid, ammonia, protein profile and fat globule size
analyses

Total amino acid content (both free and bound) was assessed
using ion-exchange liquid chromatography (IEC) as described
by Burika et al. (2009). Ammonia amount was provided by
microdiffusive Conway method (Burka et al. 2004). Protein
profile was identified by SDS-PAGE (Lazarkova et al. 2011).
Fat globule size was assigned using image analysis of micro-
scopic technique as described by Tremlova et al. (2006).

Sensory analysis

Sensory evaluation was accomplished using scale and pair
comparative tests. A seven-point hedonic scale (1 — excellent,
4 — good, 7 — unacceptable) with the characterisation of
each point was used for the assessment of appearance and
colour, gloss, consistency, flavour and for overall evalua-
tion. Moreover, three pair comparative tests were employed
to confront firmness, shade and preference of the monitored
cheese. Sensory panel consisted of 24 employees from the
Faculty of Technology, Tomas Bata University in Zlin,
trained according to the ISO Standard No. 8586 (2012).

Statistical analysis

Results of basic chemical analyses (dry matter, ash, fat and
crude protein content and pH values), fat globule size analysis
and determination of ammonia and amino acid content were
statistically evaluated using a parametrical test comparing
mean values of two independent assortments (Student z-test).
The data from SDS-PAGE were subjected to cluster analysis
using Euclidean distance measure and linking method based
on average between groups. Results of sensory analysis were
estimated by the Wilcoxon test and the test of binomial dis-
tribution parameter. The Unistat 5.5 software (Unistat Ltd.,
London, UK) was used for statistical evaluation. The level of
significance was set at 95 %.

Results and discussion
Microbiological and basic chemical analyses

Microbiological analyses did not show presence of any
monitored microorganism, even in thermostat test; hereby
we can conclude that applied sterilizing process (117 °C,
20 min) was sufficient for inactivation of microflora and
that SPC samples remained sterile even after 2-year storage.
This finding agrees with published information on com-
bined effect of temperature and time of sterilization at
110-135 °C for 5-30 min (Mafart et al. 2001).

Basic chemical analyses confirmed expectation that SPC
did not show any significant differences (P>0.05) in dry
matter (35.70-37.59 % w/w), ash (3.86-4.32 % w/w), fat
(17.0-18.0 % w/w) and crude protein (15.03-17.43 % w/w)
content within the whole storage. Therefore, these parameters
were not affected either by temperature or by length of
storage. The pH-values of SPC declined (P<0.05) gradually
during storage; total decrease was about 0.2—0.3. The
highest rate and extent of pH decline during the storage
was demonstrated by ST, followed by SA and SR. This
pH-values reduction can be attributed to formation of acids
in MR, dephosphorylation of caseins, protein-protein reac-
tions resulting in proton release, breakdown of lactose and
changes in the calcium-phosphorus equilibrium (Al-Saadi
and Deeth 2008; Gaucher et al. 2008). The drop of pH
during storage of UHT milk at 40 °C was observed also
by Gaucher et al. (2008).

Amino acid and ammonia content analyses

Results of amino acid analysis are presented in Table 1.
Storage length influenced decrease of glutamic acid, tyrosine
and histidine content. Threonine, lysine, arginine and methi-
onine showed lower concentrations during storage at 23 and
40 °C, serine and proline only at 40 °C and cysteine at 23 °C
(P<0.05). The decline of phenylalanine and asparagic acid
amount was observed only after 1-year storage. On the
contrary, alanine, isoleucine and leucine did not reduce
their content by 24 months (P>0.05). Higher storage
temperature affected adversely glutamic acid, tyrosine, ar-
ginine and methionine levels. Concentration of asparagic
acid, serine, proline, valine and isoleucine dropped only at
the highest storage temperature. In the case of threonine,
leucine, phenylalanine, histidine and lysine content fall
caused by temperature was detected after 2 years of stor-
age (P<0.05). Glutamic acid (together with glutamine),
proline, leucine and lysine ranked among the most abun-
dant amino acids.

Concerning evaluation of total amino acid content (data not
shown), definite decrease caused by both storage temperature
and length can be concluded. While the amino acid decrement
during the storage in refrigerator (SR) reached 2 % after 1-year
and 4.5 % after 2-year storage, it grew to 7.5 % and almost to
12 % in the case of the thermostat treated samples (ST).

Further, essential amino acid indexes (EAAI) were calcu-
lated (data not shown). They exhibited slight decline owing to
both storage temperature and length. During 24-month storage
EAAI dropped by 4, 6 and 12 % in SR, SA and ST, respec-
tively. This implies some, though not very considerable, pro-
tein nutrition value decrease.

Results of ammonia content determination are shown in
Fig. 1. During the 24-month storage at 23 and 40 °C, the
ammonia content rise occurred (P<0.05). Ammonia amount
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Table 1 Amino acid content (g/16gN) in sterilized processed cheese depending on temperature and length of storage

Amino acid Storage temperature (°C) Storage length (months)
0 12 24
Asparagic acid 6 6,25+0,249* 6,02+0,319°A 5,92+0,216°A
23 6,25+0,249* 6,00+0,130°A 5,94+0,298°A
40 6,25+0,249* 5,75+0,142°B 5,65+0,354°B
Threonine 6 3,19+0,144% 3,18+0,204°A 3,12+0,061°A
23 3,19+0,144% 3,06+0,139°B 2,94+0,086°B
40 3,19+0,144% 3,10+0,080°B 2,67+0,119°C
Serine 6 4,72+0211% 4,73+0,280°A 4,54+0,175°A
23 4,72+0211* 4,52+0,201°B 4,46+0,198°A
40 4,72+0211% 4,53+0,173°B 3,82+0,117°B
Glutamic acid 6 19,88+0,979° 19,05+0,638°A 18,54+0,355°A
23 19,88+0,979° 18,27+0,441°B 17,95+0,274°B
40 19,88+0,979° 17,23+0,342°C 17,08+0,223°C
Proline 6 9,72+0,376% 9,54+0,352*°A 9,46+0,301°A
23 9,72+0,376% 9,50+0,301°A 9,38+0,215°A
40 9,72+0,376° 9,22+0,224°B 9,02+0,359°B
Glycine 6 1,57+0,052%° 1,58+0,034°A 1,54+0,023°A
23 1,57+0,052%° 1,59+0,033°A 1,56+0,015°A
40 1,57+0,052° 1,51+0,020°B 1,55+0,039*°A
Alanine 6 2,37+0,074° 2,43+0,141°A 2,26+0,067°A
23 2,37+0,074° 2,32+0,082°B 2,26+0,045°A
40 2,37+0,074° 2,39+0,035°A 2,19+0,064°B
Valine 6 5,62+0,143* 546+0,111°A 5,43+0,063°A
23 5,62+0,143% 5,51+0,154°A 5,40+0,154°A
40 5,62+0,143% 5,39+0,118°B 5,19+0,153°B
Izoleucine 6 4,114£0,085" 4,12+0,083°A 3,96+0,099°A
23 4,11+0,085 4,10+0,126°A,B 3,94+0,151°A
40 4,11+0,085 4,07+0,073°B 3,78+0,124°B
Leucine 6 8,18+0,108" 8,20+0,342°A 7,99+0,173°A
23 8,18+0,108" 8,14+0,391°A 7,89+0,104°B
40 8,18+0,108" 8,09+0,366°A 7,72+0,219°C
Tyrozine 6 5,07+0,059* 4,95+0,117°A 4,82+0,121°A
23 5,07+0,059* 4,82+0,113°B 4,72+0,140°B
40 5,07+0,059* 4,75+0,094°C 4,51+0,168°C
Phenylalanine 6 4,49+0,051° 430+0,270°A 4,28+0,108°A
23 4,49+0,051° 422+0,124°A 4,19+0,132°B
40 4,49+0,051° 4,06+0,318°B 3,95+0,073°C
Histidine 6 2,75+0,067° 2,66+0,137°A 2,52+0,037°A
23 2,75+0,067° 2,69+0,098°A 2,43+0,032°B
40 2,75+0,067° 2,43+0,100°B 2,10+0,047°C
Lyzine 6 6,750,144 6,70+0,180°A 6,52+0,104°A
23 6,75+0,144% 6,64+0,117°A 6,45+0,066°B
40 6,75+0,144% 6,00+0,097°B 5,89+0,053°C
Arginine 6 3,65+0,066 3,54+0,202°A 3,48+0,147°A
23 3,65+0,066" 3,37+0,120°B 3,27+0,096°B
40 3,65+0,066" 3,21+0,105°C 3,08+0,114°C
Cysteine 6 0,43+0,015° 0,39+0,023°A 0,37+0,027°A
23 0,43+0,015° 0,39+0,016°A 0,36+0,031°A
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Table 1 (continued)
Amino acid Storage temperature (°C) Storage length (months)
0 12 24
40 0,43+0,015° 0,36+0,027°A 0,33+0,048°A
Methionine 6 3,16+0,037* 3,11+0,128*°A 3,06+0,067°A
23 3,16+0,037% 2,99+0,057°B 2,84+0,109°B
40 3,16+0,037% 2,92+0,132°C 2,61+0,115°C

Amino acid content is presented as mean+SD (n=20). Means within a row (effect of storage length) with the same superscript do not differ (P>0.05).
Means within a column (effect of storage temperature) with various capital letters differ (P<0.05)

increased more than double in the case of samples stored in
thermostat (ST). There was no definite growing trend in
ammonia concentration in cheese stored in refrigerator (SR).
Storage temperature affected ammonia amount in SPC even
more markedly. Ammonia concentration increase (P<0.05)
caused by rising temperature was observed in all samples.
Growth of ammonia levels by three quarters (compared to
SR) was determined after 2-year storage of ST. Increase of
ammonia content is related to the above described amino acid
detriment during SPC storage since ammonia is one of the
amino acid degradation products (Efigénia et al. 1997). This
rise could be particularly attributed to Maillard reaction com-
plex and further reactions mentioned in the “Introduction”
chapter (Adamiec et al. 2001; Pizzoferrato et al. 1998).

SDS-PAGE analysis

Dendrogram of SPC stored for 24 months is depicted in
Fig. 2 (based on cluster analysis described in the part

Fig. 1 Ammonia content (mg/kg) 1000,00

in sterilized processed cheese

depending on temperature and 900,00
length of storage. The values are the
means with the standard errors of 800,00
the means, shown by vertical bars.
Samples of sterilized processed 700,00
cheese were stored at 6 °C (SR), 5
23 °C (SA) and 40 °C (ST) and é 600,00
analysed immediately after g
production (0) and further in half- g 500,00
year intervals (6, 12, 18 and 24) § ’
é 400,00
Z
300,00
200,00
100,00

0,00

SO SA6

STé

“Statistical analysis”). Seventeen proteins with molecular
weight in the range 3.7-28.0 kDa were determined in SR
(the electrophoregram was not shown). Thirteen proteins
(3.9-28.2 kDa) were detected in SA whose protein profiles
were relatively analogous to those of cheese stored in
refrigerator (see similar clusters of SA and SR in Fig. 2).
The samples of SPC stored in thermostat (ST) at stressed
temperature mostly degraded. This statement is supported
with finding a low number of proteins (5 proteins with
molecular weight 9.6-28.6 kDa). The diversity of protein
profile of ST is confirmed with totally different cluster
compared to other clusters of SPC (see Fig. 2). These
results are in good agreement with those of Al-Saadi and
Deeth (2008) who observed that the electrophoretic pat-
terns of UHT milk samples stored at 5 and 20 °C were
different from those stored at 37 and 45 °C. Proteolytic
reactions of proteins were more extensive with rising
storage temperature which also corresponds with findings
of Al-Saadi and Deeth (2008) who stated that changes in

SR12 SAl2 STI2

SR18 SAI8 STI8

SR24 SA24 ST24

Temperature and length of storage
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Fig. 2 Dendrogram of protein 50
profile results of sterilized
processed cheese based on cluster
analysis of electrophoregram 40F
originated using SDS-PAGE
analysis. Samples of sterilized 2 30l
processed cheese were stored at ‘é
6 °C (SR), 23 °C (SA) and A
40 °C (ST) and analysed after 8 ol
24 months. The distance
(y-axis) is dimensionless

10}

0

|

SR24

electrophoretic patterns of the UHT milk increased with
storage temperature and time.

Fat globule size analysis

Results of image analysis expressed as rel. % of fat globule
size distribution are shown in Fig. 3; it is evident that fat
globules smaller than 100 pum? and bigger than 5,000 pm?
occurred rarely in SPC (0.2—4.7 rel.%). The most abundant fat
globule size in SPC was in the range 500—1,000 pum? (44.4—
57.1 rel.%). Rising amount of fat globule size in the interval
1,000-5,000 um? (9.1, 11.5, 16.4 and 23.0 rel.% in SO, SR6,
SS6 and ST6, respectively) was observed with increasing

80% -
70% A
60% -

50% -

40% -

SA24 ST24

Temperature and length of storage

storage temperature during the first 6 months of storage
(P<0.05). After 1 year of storage both SR and SA showed
similar fat globule size (P>0.05), whereas ST displayed big-
ger fat globules (P<0.05). Starting with 18th storage month
no marked changes in fat globule size were detected (P>0.05).

Fat globule interior consists of triacylglycerols while milk
fat globule membrane (MFGM) is composed of a complex
mixture of proteins, glycoproteins, enzymes, phospholipids,
cholesterol and other minor components. MFGM acts as a
natural emulsifying agent preventing the coalescence of fat
globules. However, it was stated that MFGM could be rup-
tured during thermal and mechanical treatment hereby
resulting in aggregation and fusing of fat globules, thus

)

| > 10000 pm?*

0 5000 - 10000 um*
1000 - 5000 um*
8 500 - 1000 um?
100 - 500 pm?

g <100 pm?

Fat globule size distribution (rel. %)

30% +F

20% -

10% -

0% -

SO SR6  SA6  ST6

SR12  SA12 ST12

SR18 SA1S8

ST18 SR24 SA24 ST24

Temperature and length of storage

Fig.3 Fat globule size distribution (rel. %) of sterilized processed cheese
depending on temperature and length of storage. Samples of sterilized
processed cheese were stored at 6 °C (SR), 23 °C (SA) and 40 °C (ST)
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causing enlargement of fat globule size (Impoco et al. 2012).
Similar clustering of fat globules caused by MFGM compo-
sition changes was described during storage of UHT milk at
30 °C for 1 year (Yamuchi et al. 1982). These findings are in
good agreement with observed increase of fat globule size in
SPC stored in thermostat in our study.

Sensory analysis

Results of sensory analysis of SPC with the use of a seven-
point hedonic scale are presented in Table 2. All of the
descriptors, namely appearance and colour, gloss, consistency,
flavour and overall evaluation of SR did not deteriorate sig-
nificantly (P>0.05) until the 2nd year of storage. However,
even after 2 years, these samples were evaluated as “good” or
better. In the samples SA quality impairment was noticed
already after 6 months of storage (P<0.05), whereas after
12th month of storage no quality deterioration of most
descriptors was detected (P>0.05); samples were assessed
as “good” or “less good”. Most extensive changes were
registered in ST during storage. Even after 6 months, these
samples showed “unsatisfactory” level of most sensory
descriptors. Further quality decline occurred after 12 months
of storage; samples were evaluated as “unacceptable”.
Hence, sensory analysis of ST samples was terminated after
12-month storage.

Storage temperature significantly affected sensory quality
of SPC. With rising temperature, most descriptors showed
quality impairment (P<0.05) which is illustrated by pair com-
parative test results. It was found out that samples stored at
lower temperature were preferred and samples stored at higher

temperature were evaluated as darker in all cases (P<0.05).
Presumably, darkening of the samples induced downgrade in
appearance and colour descriptors. Colour changes of SPC
can be supposedly attributed to reactions of nitrogen com-
pounds, especially MR, whose intensive development is, inter
alia, caused by use of whey powder in processed cheese
production (Kristensen et al. 2001; Pizzoferrato et al. 1998;
Schir and Bosset 2002). Browning of UHT milk stored at 37,
45 and 40 °C was reported by Al-Saadi and Deeth (2008) and
Gaucher et al. (2008), respectively. Furthermore, flavour of
processed cheese was significantly influenced. Storage length
exerted slight impact only on samples stored at 23 and 40 °C.
Contrary to the above, storage temperature influenced flavour
deterioration much more markedly. Decreased sensory accept-
ability of UHT milk stored at ambient temperature was ob-
served by Enright et al. (1999) and Valero et al. (2001).
According to Gaucheron et al. (1999) there is a connection
between MR and colour and flavour changes. Evaluation of
processed cheese consistency (firmness) brought rather am-
biguous results. All samples kept at higher temperature were
described as tougher after 6 months (P<0.05). After
12 months, samples stored at 40 °C were still tougher
(P<0.05) than SR and SA samples. However, firmness of
cheeses stored at 6 and 23 °C did not differ significantly when
compared (P>0.05). Initial increase in firmness of cheese
stored at higher temperature could be likely evoked by subse-
quent protein cross-linking developed due to hydrolysis of
emulsifying salts and successive release of calcium ions
(Schir and Bosset 2002). Incidence of two phenomena can
be probably expected in longer time horizon. First, new pro-
tein bonds are formed (e.g. due to the above mentioned cross-

Table 2 Results of sensory anal-

ysis of sterilized processed cheese Descriptor Storage temperature Storage length (months)
depending on temperature and (°C)
length of storage 0 6 12 18 24
Appearance and colour 6 3? 3°A 3°A 4°A 4°A
23 3 4°B 5°B 5°B 5°B
40 3 6°C 6°C ND ND
Gloss 6 3 3°A VRN 4°A 4°A
23 3 4B 5°B 5°B 5°B
40 3 5°C 6°C ND ND
Consistency 6 3? 3°A 4°A 4°A 4°A
23 3 4B 4°A 4°A 4°A
Results of sensory analysis are 40 3 5°C 6B ND ND
presented as medians. Medians Flavour 6 3 3°A 3°A 4°A 4°A
within a row (effect of storage 23 38 4°B 5°B 5°B 5°B
length) with the same superscript a b c
do iot)differ (P>0.05). I\BIediang . 40 3a 6bC 7bC NCD NCD
within a column (effect of storage Overall evaluation 6 3 3°A 3°A 4°A 4°A
temperature) with various capital 23 3? 4*B 5B 5B 5B
letters differ (P<0.05). ND not 40 3a 6°C 7°C ND ND

determined
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linking) leading to firmness enhancement. On the other hand,
protein hydrolysis, e.g. owing to activity of residual thermo-
stable proteases, can occur. Providing that this process pre-
vails over new bond formation, either at higher temperature or
sooner than at lower temperature, firmness decline can be
observed. Likewise, protein degradation hypothesis is sup-
ported by deterioration of SPC flavour during storage and
corresponds with the findings of Bunka et al. (2008).
Declined sensory quality of SPC stored at elevated tempera-
ture corresponds with observed increase of ammonia content
and protein changes.

Conclusion

The effect of storage temperature and length on processed
cheese quality was monitored in this study. Storage conditions
exerted impact on protein changes in SPC. Amino acid con-
tent declined only moderately due to both storage temperature
and length. Nevertheless, storage length showed slightly
greater influence than temperature, which was considerable
only in the case of thermostat storage. Hence, storage partic-
ipated in protein nutrition value decrease, especially in cheese
stored at the highest temperature for 24 months. Nutrition
value of SPC remained satisfactory during storage though.
Protein changes were also proved by protein profile analysis
using SDS-PAGE. Besides protein profile, fat globule size
was also affected by storage temperature and length.
Destructive protein reactions reflected adversely in organ-
oleptic quality of SPC, particularly colour and flavour.
Storage at 40 °C emerged to be entirely improper, since
all the monitored descriptors deteriorated significantly.
Refrigerator storage appears to be the most suitable method
for long-term storage of SPC; nevertheless, acceptable prod-
ucts were obtained also during storage at ambient temperature
even if slight quality decline can be expected compared to
storage at 6 °C.
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The simple and rapid solid-phase micro-extraction method using gas chromatography was used
for the identification and quantification of volatile aroma compounds in various types of processed
cheese analogues produced from different types of fat (butter, butter oil, coconut oil, palm oil, and
sunflower oil). In total, 31 organic compounds belonging to five chemical groups were identified,
with the alcohols and fatty acids quantitatively predominant. The contents of the aroma compounds
(the so-called aroma profiles) of the analogues and corresponding fats used as raw materials were
compared. Significant differences (p < 0.05) were found between samples. The highest total content
of aroma compounds was found in coconut oil analogue ((547.30 + 9.82) mg kg™ '), the lowest in
palm oil analogue ((372.01 4 16.16) mg kg™ '). The concentrations of aroma compounds in fats were
substantially lower (p < 0.05) than in analogues. Hence, the largest number of aroma analogues
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came from Edam cheese used for production as a protein source.
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Introduction

Cheese analogues are cheese-like products which
partly or wholly substitute for or resemble cheese,
and in which milk fat, milk protein, or both are par-
tially or wholly replaced by non-milk-based compo-
nents, principally of vegetable origin (Guinee et al.,
2004). They were introduced onto the US market in
the early 1970s. These products have numerous appli-
cations: frozen pizza toppings, slices in beef-burgers,
and an ingredient in salads, sandwiches, cheese sauces,
cheese dips, and ready-prepared meals (Bachmann,
2001; Guinee et al., 2004). The designation and la-
belling of analogues should clearly distinguish them
from cheese. However, outside the USA, there is lit-
tle specific legislation covering cheese analogues. Few,
if any, standards relating to permitted ingredients or
manufacturing procedures exist for cheese analogues
(Guinee et al., 2004).

*Corresponding author, e-mail: evavitova@post.cz

Cheese analogues are manufactured by blending
various edible oils/fats (e.g. soya, peanut, palm, co-
conut, corn, rapeseed, cotton seed oils, and their hy-
drogenated equivalents) and proteins (e.g. casein, soy
protein) with other ingredients and water (Guinee
et al., 2004; Kapoor & Metzger, 2008). Their main
advantages are low cost, consistent quality, durabil-
ity, and possible nutritional advantages over the orig-
inal cheese. For example, analogues containing re-
duced levels of sodium or saturated fats are tested;
however, these reductions can alter the appearance,
texture, flavour, melting properties, and other at-
tributes (Bachmann, 2001). The most important neg-
ative property of an analogue is its flavour, which is
bland and not comparable to the flavour of real cheese,
so the use of some flavour system is also very im-
portant (Kilcawley et al., 1998). These flavoured ana-
logues are very similar and difficult to distinguish from
natural cheese (Bachmann, 2001).

Presented at the 5th Meeting on Chemistry & Life 2011, Brno, 14-16 September 2011.
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The effects of various ingredients, processing con-
ditions, and storage temperature on the quality of ana-
logues have been extensively reported; however, most
reports have focused on texture and cooking charac-
teristics (e.g. Tamime et al., 1999; Lobato-Calleros et
al., 2008; Mounsey & O’Riordan, 2008; Noronha et al.,
2008c¢), and only a few deal with the flavour of ana-
logues (e.g. Muir et al., 1999; Noronha et al., 2008a,
2008b; Cunha et al., 2010). All these authors evalu-
ated flavour in terms of palatability from the perspec-
tive of consumers and their demand for a pleasant
flavour. Another approach to characterising flavour
can be by monitoring the volatile aroma compounds.
No data have yet been published on the content of
aroma compounds in cheese analogues; we can assume,
however, that their composition is derived from aroma
compounds present in the raw materials used in their
production, i.e. the source of (milk) proteins (natural
Edam cheese in our case) and various types of veg-
etable fats. We can also use the aroma profile of tra-
ditional processed cheese for comparison, because the
composition, raw materials, and production process
are very similar to the processed analogues. Moreover,
very little research has been conducted into the flavour
of processed cheeses. Only Sunesen et al. (2002) in
their work compared the content of aroma compounds
in eleven types of processed cheeses, where ketones and
aldehydes predominated.

The flavour volatiles and their formation in Gouda
(i.e. Edam) cheese have been clearly described by
many authors (McSweeney & Sousa, 2000; Sunesen et
al., 2002; Liu et al., 2004; McSweeney, 2004; Alewijn
et al., 2005, 2007; Van Leuven et al., 2008; Vitova
et al., 2011). The aroma compounds in Edam cheese
are derived from three main precursors: lipids, lac-
tose, and proteins, all formed in the maturing of
cheese (McSweeney & Sousa, 2000; Sunesen et al.,
2002; McSweeney, 2004). Free fatty acids, 2-methyl
ketones, d-lactones and v-lactones, saturated and un-
saturated aldehydes, and ethyl esters are fat-derived
flavour volatiles (Van Leuven et al., 2008). Methio-
nine, the aromatic, and the branched-chain amino
acids are the precursors for sulphur components, aro-
matic and branched-chain aldehydes and alcohols, and
for branched-chain volatile acids and alcohols. Lac-
tose, lactate, and citrate contribute to the formation
of ethanol, acetate, butan-2,3-dione, and its reduc-
tion products 3-hydroxybutan-2-one and butane-2,3-
diol (Van Leuven et al., 2008).

The composition of volatile compounds in butter
and butter oil has been studied by many authors and a
number of articles on butter aroma are available (e.g.
Adahchour et al., 1999, 2005; Peterson & Reineccius,
2003; Mallia et al., 2008). The characteristic impact
odour compounds of butter primarily originate from
the cream used to make it. Mallia et al. (2008), in
accordance with other authors, consider lactones, ke-
tones, and aldehydes as the key aroma compounds of

sweet cream butter. Several others have been found
as odour-active by Peterson & Reineccius (2003); lac-
tones have been definitively associated with butter
aroma and are considered to be key character impact
compounds.

However, very little information is available on the
aroma composition of vegetable fats. Villarino et al.
(2007) evaluated the flavour of coconut oil in respect
of palatability. In lipids, the majority of volatile com-
pounds result from lipid oxidation reactions, so sev-
eral authors studied auto-oxidation and related oxi-
dised volatile compounds in vegetable oils (Keszler et
al., 1998; van Ruth & Roozen, 2000; van Ruth et al.,
2000; Doleschall et al., 2001, 2003).

The aim of this work was to identify and quantify
volatile aroma compounds in processed cheese ana-
logues with different type of fat. Aroma compounds as
a substantial component of flavour were assessed us-
ing gas chromatography-mass spectrometry (GC-MS)
with solid-phase micro-extraction (SPME).

Experimental

Processed cheese analogues with different type of
fat (butter, butter oil, coconut oil, palm oil, sunflower
oil) were analysed in this work. Raw material used
in the production of model cheese analogues: Edam
cheese (30 % fat in dry matter), commercial emulsi-
fying salt (sodium salts of phosphates and polyphos-
phates; Fosfa, Czech Republic), water, butter (82 %
fat), and various types of fats (100 % fat). The de-
clared values of analogues were 40 mass % of dry
matter, 50 mass % of fat in dry matter. The pre-
cise amount of raw materials for individual types
of processed cheese analogues is shown in Table 1.
Raw materials were cut into pieces, transferred into a
blender (model: Vorwerk Thermomix, Vorwerk, Ger-
many), premixed with emulsifying salt at high agita-
tion followed by the addition of water; the mixture
was heated up to 90°C under constant steady agita-
tion; total melting time was 10 min. (from beginning
to end of heating ). The hot melt was poured into plas-
tic cups with sealable aluminium lids (100 g), cooled
and stored at (6 &+ 2)°C until analysis. Three batches
of each analogue type were melted and each sample
analysed three times. For assessment of volatile aroma
compounds, 1 g of sample was placed into a vial for
SPME extraction.

SPME extractions were carried out using Car-
boxen™ /Poly(dimethylsiloxane) fibre (CAR/PDMS)
85 um (Supelco, USA) under the following conditions:
extraction temperature of 35 °C, equilibrium time of 30
min, extraction time of 20 min, desorption tempera-
ture of 250°C, desorption time of 5 min. The following
conditions were used for gas chromatographic analy-
sis using a gas chromatograph TRACE™ GC (Ther-
moQuest, Italy) with a capillary column DB®-WAX
(30 m x 0.32 mm x 0.5um): injector temperature of
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Table 1. Raw materials for production of model processed cheese analogues with different types of fat

Type of processed cheese analogue/g

Raw material

Butter Butter oil Coconut oil Palm oil Sunflower oil
Edam cheese 400 400 400 400 400
Fat 120 101 101 100 98
Emulsifying salt 19 19 19 19 19
Water 250 260 260 260 270
Total amount 789 780 780 779 787

250°C, split-less desorption of 5 min, carrier gas N,
flow-rate of 0.9 mL min~—!, flame ionisation detector
(FID) set at 220°C, Hj inlet of 35 mL min~!, air in-
let of 350 mL min—!, make up Ny of 30 mL min~!.
The oven ramp temperature was 40°C for 1 min, then
it was increased up to 200°C at a rate of 5°C min~—!
and maintained at 200°C for 7 min. GC-MS analyses
were performed on a GC 8000 (Carlo Erba, Italy) with
MS TRIO 1000 (Fisons Instruments, USA). Helium
was used as a carrier gas. GC column and conditions
were as described above. The validation and valida-
tion parameters of the SPME-GC-MS method were
published previously. The reproducibility was verified
by repeated extraction (number of experiment, n = 5)
of the standard mixtures (relative standard deviation
< 10 %), detection limits were in a range of 0.01-
0.50 mg kg~!. Linearity was tested within the range
of 0.01-200 mg kg~!; correlation coefficients were all
above 0.99 (Vitova et al., 2006, 2007).

The following chemicals were used as standards:
pentanal, heptanal, hexanal, propan-2-one, nonan-2-
one, decan-2-one, undecan-2-one, dodecan-2-one, 2-
phenylacetaldehyde, benzaldehyde, 2-methylbutan-1-
ol (all from Sigma—Aldrich, Germany). Acetic acid,
propanoic acid, butanoic acid, octanoic acid, decanoic
acid, 2-hydroxypropanoic acid, 2-methylpropanoic
acid, 3-methylbutanoic acid, propanal, octanal, nona-
nal, acetaldehyde, methyl acetate, ethyl acetate, ethyl
butanoate, ethyl hexanoate, ethyl octanoate, ethyl
decanoate, butyl acetate, propyl acetate, ethanol,
propan-1-ol, propan-2-ol, butan-1-ol, butan-2-ol, pen-
tan-1-ol, pentan-2-ol, hexan-1-ol, heptan-2-ol, octan-
1-ol, octan-2-ol, nonan-2-ol, decan-1-ol, 2-methyl-
propan-1-ol; 3-methylbutan-1-ol, phenylmethanol, 2-
phenylethanol, pentan-2-one, heptan-2-one, tridecan-
2-one, 4-methylpentan-2-one, 3-hydroxybutan-2-one,
butan-2,3-dione (all from Merck, Germany). Metha-
nol, butan-2-one, 2-methylpropan-2-ol (all from La-
chema, Czech Republic). Oct-1-en-3-ol, 3-methylbu-
tan-1-al (both from Fluka, Switzerland). All the chem-
icals were of chemically pure grade.

All results were statistically processed using para-
metric one-way analysis of variance (ANOVA) and
subsequently by Duncan test; the results are expressed
as mean + standard deviation (n = 9). MS Excel 2003
(Microsoft, USA) and statistical software Unistat, ver-
sion. 5.5 (Unistat, United Kingdom) were used.

Results and discussion
SPME/GC-MS analysis of aroma compounds

SPME was used for the extraction of volatile aroma
compounds from cheese or fat samples. The extracted
aroma compounds were identified by GC-MS, con-
firmed using retention times of standards, and quanti-
fied using standards by GC-FID. The SPME method
is simple, rapid, and very gentle towards the sam-
ple matrix; it is especially suitable for the extrac-
tion of volatile and semi-volatile organic compounds
(Kataoka et al., 2000; Wardencki et al., 2004). Many
authors have used it for the assessment of volatile com-
pounds in various cheese types (Péres et al., 2001; Zi-
ino et al., 2005; Andic et al., 2011; Delgado et al.,
2011; Majcher et al., 2011).

In total, 31 different organic compounds belong-
ing to five chemical groups were identified in the fat
and cheese analogue samples: 10 alcohols, 8 aldehy-
des, 6 ketones, 3 fatty acids, and 4 esters. Quanti-
tatively, alcohols and fatty acids were the most im-
portant groups. The aroma compounds identified and
quantified in samples of cheese analogues are given in
Table 2.

In total, 23 aroma compounds were identified
in Edam cheese of which ethanol ((195.86 + 2.66)
mg kg~!), 2-methylpropan-1-ol ((3.32 =+ 0.04)
mg kg '), 2-methylbutan-1-ol ((2.59 + 0.01) mg
kg~1), 3-methylbutan-1-ol ((4.36 £ 0.15) mg kg™ 1),
acetaldehyde ((61.13 & 4.18) mg kg 1), benzaldehyde
((6.11 £ 0.12) mg kg 1), propan-2-one ((72.44 + 0.37)
mg kg~ '), 3-hydroxybutan-2-one ((13.98 + 0.12)
mg kg~1), butan-2,3-dione ((3.62 + 0.08) mg kg~ 1),
and acetic acid ((41.30 £ 0.61) mg kg~!) were quanti-
tatively the most important. All these compounds are
regarded as important flavour components of Edam
type cheese (Alewijn et al., 2007; Van Leuven et al.,
2008).

In total, 18 and 17 aroma compounds were iden-
tified in butter and butter analogue, respectively.
Quantitatively, the most important were ethanol
((5.96 £+ 1.39) mg kg~ !), butan-1-ol ((1.71 £ 0.02)
mg kg1), butan-2-ol ((1.15 & 0.04) mg kg~!), hex-
anal ((1.29 £ 0.15) mg kg~ 1), acetaldehyde ((5.48 +
0.13) mg kg~'), propan-2-one ((31.23 + 0.28) mg
kg~1), butan-2,3-dione ((6.61 £ 0.09) mg kg~ 1),
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Table 2. Volatile aroma compounds identified in processed cheese analogues produced with different types of fat

Aroma compounds

Aroma compound content per kg of cheese/mg

Coconut oil

Palm oil

Sunflower oil

Butter Butter oil
Ethanol (258.47 & 12.08)®  (221.12 + 0.20)
Butan-1-ol (0.20 + 0.01)“ (0.31 £ 0.04)
Butan-2-ol (16.72 £ 0.36)* (1.98 £ 0.03)®
Pentan-1-ol (2.31 £ 0.11)® (1.49 £ 1.06)®
Hexan-1-ol nd (0.01 £ 0.01)“
Octan-1-o0l (0.02 £ 0.01)* (0.02 £ 0.01)*
Decan-1-ol (0.01 £ 0.01) (0.01 £ 0.01)®
3-Methylbutan-1-ol (0.43 + 0.05) (0.12 & 0.01)>
In total: alcohols 278.16 £+ 12.09 225.06 £+ 1.08
Acetaldehyde (82.89 £ 4.18)° (86.11 £ 8.15)°
Propanal nd nd
Pentanal nd (0.02 £ 0.01)*
Hexanal nd (0.01 £ 0.01)®
Heptanal (0.01 + 0.01)“ (0.01 £ 0.01)“
Octanal nd (0.01 £ 0.01)*
Benzaldehyde nd (0.01 £ 0.01)®
2-Phenylacetaldehyde (0.11 + 0.01)“ (0.08 £+ 0.01)“
In total: aldehydes (83.01 + 4.18) 86.25 £ 8.15
Propan-2-one (14.23 + 1.40)® (10.61 + 1.03)°
Butan-2-one (0.10 + 0.01)“ (0.07 £ 0.01)“
Heptan-2-one nd nd
Undecan-2-one (0.05 + 0.01)%:¢ (0.09 + 0.01)“
4-Methylpentan-2-one (0.11 + 0.02)“ nd
3-Hydroxybutanone (0.14 + 0.01)“ (0.20 £ 0.03)
In total: ketones 14.63 £+ 1.40 10.97 + 1.03

Acetic acid

(98.96 + 8.78)¢

(146.11 + 2.43)°

Butanoic acid (1.24 £ 0.28) nd

In total: fatty acids 100.20 + 8.78 146.11 £ 2.43
Ethyl butanoate nd (0.01 £ 0.01)“
Ethyl decanoate nd (0.01 £ 0.01)*
Butyl acetate nd nd

In total: esters nd 0.02 + 0.01
In total 476.00 + 15.58 468.41 + 8.63

(227.42 £ 3.77

b

(198.49 + 15.05)°

)
(0.23 £ 0.01)® (0.32 £ 0.04)° (0.28 £ 0.01)@
(131.08 & 2.34)° nd nd

(1.74 + 0.08)¢ nd (2.57 + 0.81)@

nd nd (0.01 £ 0.01)@
(0.02 + 0.01)@ (0.02 + 0.01)@ (0.02 + 0.01)@
(0.02 + 0.01)@ (0.01 + 0.01)@ (0.01 + 0.01)@
(0.42 + 0.13)@ (0.03 & 0.01)° (0.67 £ 0.06)°

(240.58 + 17.58)¢

360.93 + 4.44 198.87 + 15.05 244.14 + 17.60
(33.95 £ 8.32)° (21.01 + 2.50)¢ (6.42 + 1.33)4
nd nd (2.86 & 0.29)®
nd nd nd
nd (0.01 + 0.01)* (0.02 £ 0.01)®
(0.01 % 0.01)® (0.01 % 0.01)® (0.01 £ 0.01)®
nd (0.02 £ 0.01)® 0.01 4 0.01)®
nd nd (0.01 + 0.01)*
(0.07 % 0.01)® (0.08 + 0.01)® (0.09 £ 0.01)®
34.03 & 8.32 21.13 & 2.50 9.42 + 1.36
nd (4.39 £ 1.07)4 (6.69 £ 0.31)¢
(0.16 £ 0.01)® (0.06 £ 0.01)*:® (0.12 £ 0.01)*®
nd nd (0.01 + 0.01)®
(0.07 £ 0.01)b: (0.08 £ 0.01):b (0.08 £ 0.01):b
(0.17 4 0.01)® (0.11 % 0.02)® (0.21 £ 0.02)®
(0.25 £ 0.01)® (0.24 £ 0.01)® (0.18 + 0.01)®
0.65 + 0.02 4.88 + 1.07 7.29 + 0.31

(151.68 & 2.75):¢

(146.98 + 5.21)°

nd nd (2.22 £+ 0.21)°
151.68 + 2.75 146.98 + 5.21 164.15 & 6.74
nd (0.14 + 0.01)° (0.21 + 0.04)°
(0.01 £ 0.01)® (0.01 £ 0.01)® nd
nd nd (0.01 + 0.01)®
0.01 + 0.01 0.15 + 0.01 0.22 + 0.05
547.30 + 9.82 372.01 £ 16.16 425.22 + 18.90

(161.93 + 6.74)%¢

The results are expressed as mean + SD (n = 9). Different letters in the same row indicate significant statistical differences (p <

0.05). nd — not detected.

acetic acid ((3.70 £ 0.09) mg kg~!), and butanoic
acid ((2.92 £+ 0.12) mg kg™!) in butter. Sweet
cream butter, derived from unfermented cream, was
used in this work, so the aroma compounds iden-
tified are in accordance with the findings of other
authors (Peterson & Reineccius, 2003; Mallia et
al., 2008). Ethanol ((258.47 4 12.08) mg kg™ 1),
butan-2-ol ((16.72 £ 0.36) mg kg~ !), pentan-1-ol
((2.31 £ 0.11) mg kg~ !), acetaldehyde ((82.89 + 4.18)
mg kg~1!), propan-2-one ((14.23 4 1.40) mg kg™ 1),
acetic acid ((98.96 + 8.78) mg kg~ !), and butanoic
acid ((1.24 4+ 0.28) mg kg ') were quantified in butter
analogue. The total content of aroma compounds was
(45.19 + 1.43) mg kg ! and (476.00 + 15.58) mg kg !
in butter and butter analogue, respectively.

In total, 18 and 22 aroma compounds were identi-
fied in butter oil and butter oil analogue, respectively.
Quantitatively, the most important were: ethanol
((22.09 £ 1.79) mg kg~ 1), pentan-1-ol ((1.66 4 0.01)
mg kg~1), butan-2,3-dione ((1.22 + 0.03) mg kg1),
acetic acid ((21.22 £+ 0.96) mg kg~!), propanoic

acid ((1.74 £ 0.03) mg kg=1), and butanoic acid
((1.14 £ 0.03) mg kg ') in butter oil, which is
in accordance with the observations by Mallia et
al. (2008). Ethanol ((221.12 + 0.20) mg kg 1),
butan-2-ol ((1.98 £ 0.03) mg kg~!), pentan-1-ol
((1.49 & 1.06) mg kg 1), acetaldehyde ((86.11 + 8.15)
mg kg~ !), propan-2-one ((10.61 £ 1.03) mg kg~ 1),
and acetic acid ((146.11 + 2.43) mg kg~!) were quan-
tified in butter oil analogue. The total content of
aroma compounds was (47.66 + 2.03) mg kg~! and
(468.41 + 8.63) mg kg~! in butter oil and butter oil
analogue, respectively.

In total, 13 and 16 aroma compounds were iden-
tified in coconut oil and coconut oil analogue, re-
spectively. Quantitatively, the most important were
ethanol ((35.97 £+ 0.92) mg kg~ !) and acetic acid
((10.73 £ 0.91) mg kg~!) in coconut oil and ethanol
((227.42 £ 3.77) mg kg~ 1), butan-2-ol ((131.08 = 2.34)
mg kg~1), pentan-1-ol ((1.74 + 0.08) mg kg™ 1), ac-
etaldehyde ((33.95 £ 8.32) mg kg '), and acetic
acid ((151.68 + 2.75) mg kg~!) in coconut oil ana-
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Fig. 1. Comparison of total content of aroma compounds in fats (a) and analogues (b). CA — cheese analogue.

logue. The total content of aroma compounds was
(48.31 £ 1.29) mg kg ! and (547.30 + 9.82) mg kg !
in coconut oil and coconut oil analogue, respectively.

In total, 19 and 18 aroma compounds were identi-
fied in palm oil and palm oil analogue, respectively.
Quantitatively, the most important were ethanol
((28.78 £ 1.61) mg kg~1), pentan-1-ol ((1.24 £ 0.04)
mg kg~ 1), 2-methylbutan-1-ol ((3.38 4+ 0.07) mg kg 1),
acetic acid ((13.99 + 0.78) mg kg~!), and propanoic
acid ((11.52 + 0.18) mg kg~!) in palm oil and
ethanol ((198.49 + 15.05) mg kg~ '), acetaldehyde
((21.01 £ 2.50) mg kg~ !), propan-2-one ((4.39 £ 1.07)
mg kg~ 1), and acetic acid ((146.98 & 5.21) mg kg~ 1)
in palm oil analogue. The total content of aroma com-
pounds was (61.11 + 1.80) mg kg~ ! and (372.01 +
16.16) mg kg~! in palm oil and palm oil analogue,
respectively.

In total, 19 and 24 aroma compounds were
identified in sunflower oil and sunflower oil ana-
logue, respectively. Quantitatively, the most impor-
tant were ethanol ((56.17 + 4.85) mg kg~1), propan-
2-ol ((75.63 £ 7.09) mg kg~ 1), acetic acid ((23.08 +
1.33) mg kg=1), and propanoic acid ((2.17 + 0.08)
mg kg !) in sunflower oil and ethanol ((240.58 =+
17.58) mg kg 1), pentan-1-ol ((2.57 + 0.81) mg kg~!),
acetaldehyde ((6.42 + 1.33) mg kg~ !), propanal
((2.86 + 0.29) mg kg~!), propan-2-one ((6.69 & 0.31)
mg kg1), acetic acid ((161.93 4 6.74) mg kg~ '), and
butanoic acid ((2.22 & 0.21) mg kg—1) in sunflower oil
analogue. The total content of aroma compounds was
(158.66 & 8.69) mg kg ! and (425.22 4 18.90) mg kg !
in sunflower oil and sunflower oil analogue, respec-
tively. Concentrations of other individual compounds
identified in samples did not exceed 1 mg kg™

Comparison of aroma profiles of samples

The contents of volatile aroma compounds in dif-

ferent types of fats and corresponding analogues are
compared in Fig. 1 which expresses: i) the differences
between the aroma profiles of various fats; ii) the dif-
ferences between the aroma profiles of various ana-
logues; iii) the differences between aroma profiles of
fats and the corresponding analogues; iv) the proba-
ble contribution of Edam cheese to the aroma profile
of analogues.

The highest content of aroma compounds (p <
0.05) was determined in sunflower oil ((158.66 + 8.69)
mg kg=1). A significantly (p < 0.05) high concen-
tration of ethanol ((56.17 4 4.85) mg kg~!) and
propan-2-ol ((75.63 + 7.09) mg kg~!) contributed
to this. Significantly (p < 0.05) high concentrations
of acetaldehyde ((5.48 + 0.13) mg kg~!), propan-
2-one ((31.23 + 0.28) mg kg~ !), and butan-2,3-
dione ((6.61 £ 0.09) mg kg~!) were found in but-
ter. These compounds are regarded as important com-
ponents of butter aroma (Peterson & Reineccius,
2003; Mallia et al., 2008). The highest total content
of aroma compounds in analogues was found in co-
conut oil analogue ((547.30 4 9.82) mg kg!); sig-
nificantly (p < 0.05) high concentrations of ethanol
((227.42 £ 3.77) mg kg 1), butan-2-ol ((131.08 & 2.34)
mg kg~ 1), and acetic acid ((151.68 & 2.75) mg kg™!)
contribute to this fact. The lowest content of aroma
compounds was in palm oil analogue ((372.01 £ 16.16)
mg kg™1).

Comparing the content of aroma compounds in fats
with the corresponding analogues (Fig. 1), the ana-
logues contain substantially higher concentrations of
aroma compounds (p < 0.05). Villarino et al. (2007)
found no perceptible aroma in coconut oil, so we as-
sumed a generally rather low content of aroma com-
pounds in fats. Taking into consideration the compo-
sition of the raw materials, we can conclude that the
majority of aroma compounds identified in analogues
could originate from Edam cheese, which contained
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(379.62 & 5.01) mg kg~! of aroma compounds in to-
tal. In particular, alcohols and aldehydes were present
in substantially (p < 0.05) low concentrations in
fats compared with analogues. The significantly (p <
0.05) high concentrations of ethanol ((195.86 + 2.66)
mg kg~!), acetaldehyde ((61.13 + 4.18) mg kg~ !), and
acetic acid ((41.30 £ 0.61) mg kg~!) found in Edam
cheese are probably transferred to analogues.

However, the content of fatty acids in analogues
was significantly (p < 0.05) higher than in fats as
well as in Edam, so some lipolysis can occur in the
production of analogues as a consequence of heating.
Liberated fatty acids are then the precursors of other
compounds, alcohols and aldehydes among others (Liu
et al., 2004; Alewijn et al., 2007).

The relatively high concentrations of ketones (es-
pecially propan-2-one) present in Edam cheese are ab-
sent in analogues, so they are probably decomposed
or reduced to alcohols during heating (McSweeney &
Sousa, 2000; McSweeney, 2004). The contribution of
esters to the aroma of analogues appears to be negli-
gible.
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Abstract The flavour of seventeen red, yellow and green
varieties of gooseberry (Ribes grossularia L.) was inves-
tigated in this study during two consequent years
(2014-2015). Taste, odour, flavour descriptors (sweet,
acid/sour, astringent) and off-flavour, together with
appearance, colour, texture (firmness, crispiness) and
overall acceptability were evaluated sensorially using line
scale. Related volatile compounds were assessed by solid-
phase microextraction coupled to gas chromatography—
mass spectrometry. The significant differences (p < 0.05)
in volatile compounds as well as in sensory properties were
found between varieties. The differences between produc-
tion years were small or not significant. Sensorially no
obvious preference was found between red, yellow and/or
green varieties. Red ‘Karat’ and yellow ‘Darek’ were
considered to be the most acceptable with well evaluated
all sensory properties. In total, 52 volatile compounds were
identified in samples: 19 alcohols, 12 aldehydes, 8 ketones,
11 esters and 2 acids with quantitatively predominating
alcohols and acids. (Z)-3-hexen-1-o0l, (Z)-3-hexenal, hep-
tan-2-one, methyl butanoate, ethyl butanoate, methyl
acetate, ethyl acetate, ethanol and ethanal (with odour
activity values >1) are considered to contribute to flavour/
acceptability of gooseberry samples.
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Introduction

Gooseberries (Ribes grossularia L.) are berry-bearing
deciduous shrubs, belonging to the genus Ribes L. Fruits
are round, oval or pear shaped berries, with smooth or hairy
skin, small to large sized (max about 2 cm) (Girard and
Sinha 2006). Colour varies widely, fruits may be green,
white, yellow, or shades of red from pink to purple to
almost black. Their flavour is characteristic, mildly
astringent, sweet and/or acidic (Harb and Streif 2004); size
and shape, colour, firmness, taste and aroma of fruits
depend mainly on variety and degree of maturity. Goose-
berry fruits are rich in fibre, vitamins (C, E, B complex),
minerals and many other nutritious components (flavo-
noids, phenolic acids, anthocyanins and tannins) (Heiberg
and Maage 2003), albeit scarce information is available
about compositional data on gooseberries (Maage 2002).
Most of studies published deals with the measuring of
phenolic compounds and antioxidant activity, e.g., Filip-
iak-Szok et al. (2012) and Chiang et al. (2013).

Although gooseberries are still considered a minor berry
fruit, there is increasing interest of growers, processors and
consumers, owing to their natural antioxidant activity
(Kaplanova et al. 2016). Both immature (for preservation)
and ripe (for direct consumption) gooseberries are practi-
cally used. Green gooseberries are firm and tart; they are
used for production of wide range of various processed
products, such as compotes, jams, juices, wines, liqueurs
and/or vinegar; when fully mature, they are soft and several
cultivars quite sweet (Harb and Streif 2004; Girard and

@ Springer


http://orcid.org/0000-0002-5508-8068
http://crossmark.crossref.org/dialog/?doi=10.1007/s11696-017-0184-x&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s11696-017-0184-x&amp;domain=pdf

Chem. Pap.

Sinha 2006). So the practical use depends significantly on
sensory quality. Ideally, fruit for direct consumption should
be firm, bright, large, with the proper cultivar-specific
colour, and free of decay, mechanical or insect injury. A
long shelf-life with retention of both firmness and flavour is
also desirable for the fruit market (Harb and Streif 2004;
Girard and Sinha 20006).

This work is focused on aroma compounds, i.e., volatile
compounds contributing to taste and aroma (flavour); most
of them arise during fruit ripening (Harb and Streif 2004).
The composition of aroma compounds of gooseberries and
their contribution to aroma have not been comprehensively
described so far; only Hempfling et al. (2013) and Nik-
fardjam et al. (2013) published recently results of volatile
compounds in several gooseberry varieties, where they
identified 122 and 27 volatiles, respectively. (Z)-3-hexenal,
(E)-2-hexenal and methyl butanoate quantitatively pre-
dominated; other compounds occurred in relatively low
concentrations. The above-mentioned aldehydes and esters,
especially butanoates with predominating methyl esters,
were considered to be characteristic for volatile profile of
gooseberry (Hempfling et al. 2013), Nikfardjam et al.
(2013) also identified (Z)-3-hexenal and ethyl acetate as
responsible for gooseberry aroma. Harb and Streif (2004)
evaluated sensory quality and acceptability of gooseberries
depending on storage conditions. Firmness, sweetness/
acidity balance and possible off-flavour were identified as
the determining criteria of sensory quality of gooseberries.

Characterization of aroma profile of a fruits is now of
great importance, since it enables to optimize and/or
improve the quality of products. The objectives of the
present study were (1) to identify and quantify volatile
constituents in several varieties of gooseberry, (2) to
evaluate flavour using sensory analysis, (3) to demonstrate
the differences among samples, and (4) to investigate the
contributions of compounds to the sensory quality and
overall acceptability of samples. Volatile compounds were
extracted by solid-phase microextraction (SPME), identi-
fied by gas chromatography—mass spectrometry (GC-MS)
and quantified using gas chromatography with flame ion-
ization detector (GC-FID). The descriptive sensory profil-
ing was used for sensory analyses.

Experimental

Chemicals

All chemicals used as reference standards (listed in chap-
ter Results and discussion) were of analytical grade purity;
pentanal, hexanal, heptanal, (Z)-2-octenal, nonan-2-one,

undecan-2-one, phenylacetaldehyde, benzaldehyde,
3-methylbutan-1-o0l, (Z)-3-hexen-1-ol, and 1-octen-3-ol

@ Springer

(Sigma-Aldrich, St. Louis, USA), and the remaining
compounds were from Merck (Darmstadt, Germany).

Gooseberry samples

In total, 17 gooseberry varieties were analysed; 8 red-
fruiting: ‘Alan’ (Al), ‘Hinnonmaki Rot’ (HR), ‘Karat’
(Kar), ‘Karmen’ (Ka), ‘Krasnoslawjanskij’ (Kr), ‘Re-
marka’ (Re), ‘Rolonda’ (Rol), ‘Tamara’ (Ta); 6 yellow-
fruiting: ‘Citronovy obfi’ (CO), ‘Darek’ (Da), ‘Invicta’
(In), ‘Rodnik’ (Rod), “Zlaty fik’ (ZF), ‘Zebin’ (Ze); 3
green-fruiting: ‘Mucurines’ (Mu), ‘Prima’ (Pr), ‘Rixanta’
(Rix). The varieties were grown in Research and Breeding
Institute of Pomology Ltd. (Holovousy, Czech Republic).

The varieties were grown in the experimental orchard of
the Research and Breeding Institute of Pomology Ltd.,
Holovousy. It has clay soil; the exact location of the
orchard is: latitude 50°22'29”, longitude 15°34'38", alti-
tude 320 m. The mean temperature and precipitation in this
area were 11.41 °C and 607 mm for 2014, while 11.28 °C
and 569 mm for 2015, respectively.

The berries were handpicked in their full ripeness
(evaluated based on colour and firm texture), during the
seasons 2014-2015, immediately stored in the refrigerator
at 5 °C and sensorially evaluated fresh within 2 days; all
chemical analyses were performed within 7 days.

SPME-GC-FID/MS conditions

For analysis, 1 g of manually homogenized berries was
placed into vial for SPME extraction; three samples of
every cultivar were taken; every sample was analysed three
times (number of repetitions, n = 9).

SPME extractions were carried out using Carboxen/
Poly(dimethylsiloxane) (CAR/PDMS) fibre 85 pm (Su-
pelco, Bellefonte, Pensylvania, USA) under the following
conditions: extraction temperature 35 °C; equilibrium time
30 min; extraction time 20 min; desorption temperature
250 °C; desorption time 10 min.

Gas chromatograph TRACE GC (ThermoQuest, Milan,
Italy) with capillary column DB-WAX
(B30 m x 0.32 mm x 0.5 um; J. & W. Scientific, Santa
Clara, California, USA) was used for GC-FID analyses
under the following conditions: injector temperature
250 °C; split-less desorption 5 min; carrier gas N,, flow
rate 0.9 mL minfl; flame ionization detector, temperature
220 °C; H, inlet 35 mL min~'; air inlet 350 mL min~';
make up N, 30 mL min~'. The oven ramp temperature
was 40 °C for 1 min, then it was increased up to 200 °C at
a rate of 5 °C min~' and maintained at 200 °C for 7 min.

GC-MS analyses were performed on a gas chro-
matograph HP 6890 with an MS detector 5973 N and the
Mass Spectral Library NIST 98 (Agilent, Santa Clara,
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California, USA); capillary column ZB-5Sil MS
(B0 m x 0.25 mm x 0.25 um; Phenomenex, Torrance,
California, USA) was wused with carrier gas He
0.9 mL min~' and the oven temperature 50-250 °C at
3 °C min~". Other GC conditions were the same as descri-
bed above. MS was operated in electron ionization (EI)
mode at 70 eV with a scan range of m/z from 30 to 370.

The standard addition method was used for quantifica-
tion of analytes to control the influence of the sample
matrix. The standards were divided into groups consisting
of five chemicals; these standard mixtures were gradually
added directly into the sample and analysed in the same
manner as the samples. Five content levels, in the range of
0.001-70 mg kg~'  (different for various standards,
according to their content in the samples), for ethanol in the
range of 0.01-220 mg kg~ ' (due to its high content in the
samples), were used to establish the calibration curves.
Validation and the validation parameters of the used
method were identical as previously described by Vitova
et al. (2013, 2015). The repeatability was verified by
repeated extractions (n =5) of the above-mentioned
standard mixtures (relative standard deviations <10%),
detection and quantification limits were in the range of
0.001-0.50 mg kg™~ '. Linearity was tested within the range
of 0-220 mg kg™ '; correlation coefficients were all above
0.99.

Sensory analyses

The test panel consisted of 22 persons in both years (16
women and 6 men), selected from students and staff of the
Department of Food Chemistry and Biotechnology, who
were trained (including sensory profiling) for 3 months.

About 20 g of the samples was served in 50 ml glass
covered containers, marked with 4-digit codes, in random
order. Fresh water was provided to rinse mouth between
samples.

The sensory attributes were evaluated using unstruc-
tured 100 mm line scale (0-100%), anchored from each
end to identify the direction. The list of attributes com-
prised appearance, taste, odour and texture (ranging from
unacceptable to excellent), colour (from atypical to typical,
characteristic for red/yellow/green variety), three flavour
characteristics (sweet, acid/sour, astringent, from weak to
very strong), off-flavour (from imperceptible to very
strong), two mouthfeel attributes encompassing firmness
(from soft to firm) and crispiness (not crispy to very
crispy), and overall acceptability (from unacceptable to
delicious). These descriptors were determined in prelimi-
nary evaluations by panel of 3 experts (ISO 13299:2016),
inspired by Harb and Streif (2004). Assessors were also
asked to add comments for description of possible off-
flavour.

Statistical evaluation

The results of instrumental analyses were treated using
parametric one-way analysis of variance (ANOVA) fol-
lowed by Duncan’s test; they are expressed as mean =+ s-
tandard deviation (n = 9). The results of sensory analyses
were statistically evaluated by means of Kruskal-Wallis
test followed by Nemenyi multiple comparison test; they
are expressed as mean =+ standard deviation (number of
assessors n = 22).

Due to high number of experimental characteristics, the
entire experimental dataset was processed by principal
component analysis (PCA) to confirm differences among
samples. A probability value of p < 0.05 was accepted for
statistically significantly different results. All analyses
were performed using Microsoft Excel 2010 (Microsoft,
Redmond, Washington, USA) and Statistica 12 (StatSoft,
Tulsa, Oklahoma, USA).

Results and discussion

SPME-GC-FID/MS assessment of volatile
compounds

It is generally known that the content of volatiles and their
contribution to flavour is an important characteristic of
fruits (Girard and Sinha 2006). However, only two above,
mentioned works (Hempfling et al. 2013; Nikfardjam et al.
2013) deal with the problematic of the volatiles in goose-
berries. The main intention of this work was to identify and
quantify volatiles in selected red/yellow/green gooseberry
varieties grown in two consequent years (2014-2015), to
compare their volatile profiles as well as the sensory
characteristics and try to investigate which compounds
could influence flavour. Simple and fast SPME as alter-
native to other long-lasting and/or expensive extraction
methods was applied for assessment of volatile com-
pounds; it has been previously successfully used by many
authors to measure the volatiles of various foods (e.g.,
Serrano et al. 2009; Antalick et al. 2010; Panighel and
Flamini 2014). Its limitations in quantification ability were
mastered by in-depth quantifying process and keeping
constant as many experimental conditions as possible.

In total, 52 volatile compounds were identified and
quantified in gooseberry samples in this study; among them
19 alcohols: benzylalcohol, ethanol, propan-1-ol, propan-2-
ol, butan-1-ol, butan-2-ol, pentan-1-ol, pentan-2-ol, hexan-
1-ol, heptan-1-ol, heptan-2-ol, octan-1-ol, octan-2-ol,
nonan-2-ol, decan-1-ol, (Z)-3-hexen-1-ol, 2-methylpropan-

1-ol, 3-methylbutan-1-ol, 1-octen-3-ol; 12 aldehydes:
phenylacetaldehyde, benzaldehyde, ethanal, propanal,
pentanal, hexanal, heptanal, octanal, nonanal, (E)-2-
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Fig. 1 Chromatograms of
volatile compounds identified in
two selected cultivars; ;
.. 60.72+
a ‘Karat’—red-fruiting;
b ‘Darek’—yellow-fruiting.
Peak numbering: / ethanal, 2
propan-2-one, 3 methyl acetate,
4 ethyl acetate, 5 butan-2-one, 6
ethanol, 7 pentanal, 8 ethyl
butanoate, 9 butan-2-ol, 10
propan-1-ol, /1 hexanal, /2
2-methylpropan-1-ol, /3 butan-
1-ol, 14 heptan-2-one, 15
heptanal, /6 3-methylbutan-1-
ol, 17 (Z)-2-hexenal, /8 ethyl
hexanoate, /9 pentan-1-ol, 20
octanal, 2/ 3-hydroxybutan-2-
one, 22 heptan-2-ol, 23 ethyl |
heptanoate, 24 hexan-1-ol, 25 |
nonanal, 26 1-octen-3-ol, 27 L.)
acetic acid, 28 nonan-2-ol, 29 287

SignalmV

d1H

“w

J
1

e

=

a

benzaldehyde, 30 octan-1-ol, 31 346
ethyl decanoate, 32
3-methylbutanoic acid

/

L4852

SignalmV
- ~

ATAL

2007} N\

LU

30

11 12 13
N\

R X 3

hexenal, (Z)-3-hexenal, (2)-2-octenal; 8 ketones: propan-2-
one, butan-2-one, heptan-2-one, nonan-2-one, decan-2-one,
undecan-2-one, 3-hydroxybutan-2-one, tridecan-2-one; 11
esters: methyl acetate, methyl butanoate, ethyl acetate,
propyl acetate, butyl acetate, ethyl propanoate, ethyl
butanoate, ethyl pentanoate, ethyl hexanoate, ethyl hep-
tanoate, ethyl decanoate; 2 acids: acetic and 3-methylbu-
tanoic. Example of chromatograms of compounds
identified in selected gooseberry varieties (red ‘Karat’ and
yellow ‘Darek’ as sensorially the most acceptable, har-
vested in 2014) is given in Fig. 1.

Alcohols  ethanol  (9.0-228.6 mg kg™'), butan-2-ol
(1.2-4.7 mg kg™ h, 2-methylpropan-1-ol
(0.01-3.1 mg kg™ h, 3-methylbutan-1-ol
(0.5-7.0 mg kg™ "), octan-1-ol (0.01-7.1 mg kg™ "), acetic
(0.01-33.4 mg kg™ ") and 3-methylbutanoic
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(3.1-95.4 mg kg™ ") acids, in other chemical groups alde-
hydes  ethanal  (1.1-6.4 mg kg™"), (E)-2-hexenal
(0.5-3.1 mg kg_l), (Z)-2-octenal  (1.3-1.9 mg kg_l),
ketones butan-2-one (0.3-2.3 mg kg™"), esters ethyl acet-
ate  (0.04-7.9 mgkg™') and methyl acetate (0.05-
14.4 mg kg~") were present in high concentrations

>2 mg kg~'. The content of other compounds identified

did not exceed 1 mg kg™

Comparison of volatiles in red, yellow and green
fruiting varieties

To investigate the variability of volatile compounds in
samples, two picking years for each cultivar were com-
pared; then, the single cultivars were mutually compared,
separately in 2014 and 2015. Similar to Hempfling et al.
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Fig. 2 Distribution of chemical
groups of volatile compounds in
gooseberry cultivars harvested
in 2014. For sample labelling,
see chapter Gooseberry samples
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(2013) and Nikfardjam et al. (2013), significant differences
(p < 0.05) were found between samples in the total content
of compounds identified, as well as in the single chemical
groups of compounds. The total content of compounds
ranged from 21.9 mg kg~' (‘Remarka’) to 263.4 mg kg™'
(‘Alan’) in red-fruiting, from 17.4 mg kg~' (‘Zlaty fik’) to
139.2 mg kg_1 (‘Invicta’) in yellow-fruiting, and from
37.9 mg kg~' (‘Mucurines’) to 202.9 mg kg~' (‘Rixanta’)
in green-fruiting varieties.

In contrast to Hempfling et al. (2013) and Nikfardjam
et al. (2013), who found aldehydes and esters as domi-
nating, alcohols and acids were quantitatively the most
important in this study. Alcohols created 22-90% (w/w),
52-88% (w/w) and 49-93% (w/w), acids 1-62% (w/w),
1-28% (w/w) and 2-46% (w/w) in red/yellow/green
fruiting varieties, respectively. Esters (1-36% w/w), alde-
hydes (1-18% w/w) and ketones (1-5% w/w) were mostly
present at low quantity.

For illustrative purposes, the comparison of total content
of single chemical groups of compounds identified in
varieties from 2014 is shown in Fig. 2. As can be seen,
content of alcohols predominate in most cultivars, and the
content of ketones is very low in all varieties. The content
of other groups is very variable. Generally, red-fruiting
varieties had higher content of acids and esters, whilst
yellow and green ones of aldehydes. Overall the compo-
sition of varieties was similar in both years, as confirmed
by PCA analysis (see Fig. 3).

If we mutually compare single varieties within red-
fruiting, ‘Alan’ contained significantly (p < 0.05) the
highest total content of compounds owing to the especially
high content of alcohols, namely ethanol, butan-2-ol and
octan-1-ol. Conversely, ‘Remarka’ and ‘Tamara’ had the
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Fig. 3 PCA score plot of 17 gooseberry varieties harvested in
2014-2015; for sample labelling, see chapter Gooseberry samples

lowest, mainly because of low content of acids. In the case
of yellow fruiting, ‘Invicta’ had the highest total content,
caused by the high content of alcohols (ethanol, butan-2-ol,
2-methylpropan-1-ol and 3-methylbutan-1-ol) and acids (3-
methylbutanoic); on the other hand, ‘Rodnik’ and ‘Zlaty
fik’ had the lowest, which was caused by low content of
alcohols and nearly absence of acids. Interestingly, ‘Rod-
nik’ contained quite high content of esters, comparable to
red varieties. In the case of green fruiting, ‘Rixanta’ had the
highest total content owing to the especially high content of
acids (3-methylbutanoic); conversely, ‘Mucurines’ has
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very low quantity of alcohols causing the lowest total
content of compounds. The observed differences probably
followed from many factors. According to the Girard and
Sinha (2006), the content of fruit constituents could be
influenced not only by cultivar, but also by environmental
conditions as, e.g., climate, habitat, diseases and pest
exposure. Provided that the storage and processing of
samples were identical, in our case the differences between
years of production (2014 vs. 2015) could be probably
caused by the different climatic conditions in these years
(see chapter Gooseberry samples).

To determine the statistically significant markers for
characterization and differentiation of samples (red vs.
yellow vs. green cultivars, and 2014 vs. 2015), PCA was
performed using average concentrations of all volatile
compounds identified in all 17 gooseberry varieties,
representing the data matrix 34 x 52 (for 34 samples
and 52 variables-compounds). The cumulative contribu-
tion of variance of the first four PCs was 54.3%. The
first two components explain 34.8% of total variability,
where PC1 (22.8%) rather explains the variance between
cultivars (red/yellow/green varieties), whereas the PC2
(12.0%) explains the variability within cultivars during
2 years.

Although significant differences (p < 0.05) in contents
of volatile compounds were found between cultivars, the
differentiation of samples is ambiguous and unsatisfactory.
As follows from score plot (Fig. 3), there is apparent
cluster of samples laying very close together in the left part
of the plot, correlating negatively with PC1. This cluster
includes most of yellow- and green-fruiting varieties,
which thus were judged to be similar in contents of com-
pounds identified. Only yellow-fruiting ‘Invicta’ is placed
separately (both years) in right lower part, closer to red
varieties and being especially rich in ethanol (104.4 and
74.6 mg kg™, 2-methylpropan-1-ol 2.9 and
1.6 mg kg™'), 3-methylbutan-1-0l (6.9 and 7.0 mg kg™ ")
and 3-methylbutanoic acid (16.5 and 37.3 mgkg™").
Values in parenthesis are mean content in 2014 and 2015,
respectively. With regard to the red-fruiting varieties, four
of them (‘Alan’, ‘Hinnonmaki Rot’, ‘Karmen’ and
‘Rolonda’) are well separated; they lay in the right part of
the graph correlating positively with PC1 and creating the
second cluster. The others (‘Karat’, ‘Krasnoslawjanskij’,
‘Remarka’ and ‘Tamara’) were rather different and more
similar to yellow/green varieties, being placed close, even
mixed with them. It is probably caused by very low amount
(<0.08 mg kg™") of benzylalcohol, (E)-2-hexenal, propa-
nal and acetic acid; in contrast to other red varieties, octan-
1-ol, propan-1-ol and 3-methylbutan-1-ol were not detected
in these varieties. We can consider that there could be
possible to distinguish red from yellow/green varieties
based on composition of compounds identified. Green- and
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yellow-fruiting varieties are not easy distinguishable in
such way. Most of the varieties placed in right part of the
plot showed detectable off-flavour, as mentioned later. On
the other hand, the small (less significant) differences
between picking years (2014 vs. 2015) are visible in the
plot (Fig. 3); both years lay close to each other in most
cultivars. This fact is especially clear in yellow/green
varieties; in the case of red ones significant differences
(p < 0.05) were found.

If we consider three significant PCs, the PC1 was highly
correlated with benzylalcohol (0.89), propyl acetate (0.89),
benzaldehyde (0.79), hexan-1-ol (0.72), propanal (0.66),
3-hydroxybutan-2-one (0.62), ethyl acetate (0.61); the PC2
was correlated with ethyl acetate (0.68), 3-hydroxybutan-2-
one (0.65), 3-methylbutan-1-ol (—0.70), pentan-1-ol
(—0,70); PC3 with acetic acid (0.74), propan-1-ol (0.73)
and methyl acetate (0.69). The content of these 12 com-
pounds is probably the most variable in samples and they
could be considered to be the most important for differ-
entiation between samples. The comparison of these
selected volatiles (using ANOVA) in all varieties is given
in Table 1.

Alcohols hexan-1-ol and pentan-1-ol were identified
nearly in all varieties, mostly in quite low quantities
(<50 ug kg~'). Benzylalcohol and propan-1-ol were
detected only in red varieties, with the exception of yellow
‘Invicta’, where about 400 pg kg™"' of benzylalcohol was
found in both years. The content of benzylalcohol ranged
from 323 pgkg™' in ‘Karat’ to 694.4 ugkg ' in
‘Rolonda’. Propan-1-ol was found in ‘Alan’, ‘Remarka’
and ‘Tamara’ at low concentrations about 5-8 g kg~' and
‘Karmen’ at >100 pg kg~ '. 3-methylbutan-1-ol was iden-
tified only in five varieties: ‘Rolonda’ and ‘Invicta’ (about
2-7 ug kg~'), ‘Hinnonmaki Rot’, ‘Citronovy obfi’ and
‘Mucurines’ (>480 pg kg™"). With regard to the aldehy-
des, benzaldehyde was identified in most varieties in range
3-60 pg kg™'; propanal was present only in several vari-
eties; its content was very variable (about 2-700 pg kg™").
Also, 3-hydroxybutan-2-one was present in most varieties
(about 2-60 pg kg~"), which was significantly higher in
red ‘Alan’ (>100 pg kg~ '). Esters methyl and ethyl acetate
were present in all varieties, and their amounts were vari-
able (2-1700 ug kg™'); conversely, propyl acetate was
present only in several varieties at very low quantity
(2-15 pg kg™ "). Acetic acid was detected only in several
varieties; significantly highest amount was in red ‘Rolonda
and ‘Karmen’ (7-33 mgkg '), the others about
10-20 pg kg™ .

Another PCA was performed with these 12 compounds
(data matrix 34 x 12), which resulted in three significant
PCs accounting for 45.2, 21.0 and 17.2% of variance,
respectively, which express satisfactory 83.4% of total
variability. PCA score plot for the first two components
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Table 1 Comparison of selected volatile compounds identified in gooseberry varieties

(@
Gooseberry Picking Volatile compounds content/p1g kgf'
varieties year
Benzylalcohol Propan-1-ol Hexan-1-ol 3-methylbutan-1-  Pentan-1-ol Benzaldehyde
ol
Red-fruiting
Alan 14 387.3 + 15.4A% 4.9 £ 0.3A* 66.2 + 2.7A* nd* 1.3 £ 0.1A" 412 £ 22A%
15 407.9 + 17.2A, 5.5 + 0.2A, 14.6 + 1.1B, nd, 1.9 £ 0.1A,y 102 £ 0.7Byq
Hinnonmaki Rot 14 503.1 & 24.4AP nd® 423 £ 1.8A°  806.3 & 18.9A° 3.8+ 03A° 613 + 43A°
15 543.3 + 27.3A, nd. 1.2 £ 0.1B, 989.7 + 21.5Aps 1.7 £0.1B,y 24.4 + 1.0B,
Karat 14 545 £ 27A°  nd° nd" nd® nd" 123 £ 0.8A¢
15 323 + 1.5B, nd, ndy nd, nd, 8.9 + 0.5A4
Karmen 14 515.6 = 23.7A° 168.2 &+ 12.0A® 66.4 &+ 2.8A" nd* 1.6 £ 0.1A°  61.1 £3.7A°
15 535.8 + 19.8A, 112.2 £ 9.3A, 109 £ 8.8B,y nd, 1.4 £ 0.1A, 142 + 0.8By,
Krasnoslawjanskij 14 86.2 £ 3.5A°  nd° 6.6 + 0.3AY  nd* nd" nd®
15 43.5 + 1.6B. nd,. 9.0 £+ 0.7B4 nd, nd. nd;
Remarka 14 97.9 + 3.8A¢ 4.9 + 0.2A* 8.6 + 0.4A°Y  nd® 1.5 £ 0.1A* nd®
15 83.4 £+ 2.4B, 6.5 + 0.2A, 8.1+ 02A4 nd, 1.4 £ 0.1A, nd;
Rolonda 14 624.6 + 45.4A° nd° 57.1 £ 2.6A* 1.9 % 0.1*A° 48.1 &£ 2.9A% 475 £ 27A?
15 694.4 + 34.8A; nd. 9.6 + 0.5B4 2.4 £+ 0.2%B, 342 £ 1.1A, 8.4 £ 0.8By
Tamara 14 nd" 7.4 £ 0.7A* 11.2 £ 1.0A° nd* 12 £0.1A* 3.1 + 0.2Af
15 nd. 8.1 + 0.6A, 11.8 £ 0.7A,4 nd, 1.3 £0.1A, 45+02A,
Yellow-fruiting
Citronovy obii 14 nd" nd® 11.0 + 0.8A°  487.6 & 25.6A° 1.3 £ 0.1A" 7.2+ 04A°
15 nd, nd, 9.7 £ 0.8A4 593.5 £+ 23.0A4 1.7 £ 0.1A, 8.7 £ 0.6A;
Darek 14 nd" nd® nd" nd® nd" 9.2 + 0.4A%
15 nd, nd, ndy nd, nd, 6.0 £ 0.2B¢,
Invicta 14 408.2 + 23.4A* nd° 535 £ 34A° 6.9 £ 0.3*AY 39.2 £ 1.7A° 219 £+ 2.8A°
15 418.0 £+ 30.2A, nd. 139 £ 09B, 7.0 £ 0.3*A, 52.5 £3.7B. 6.7 + 0.4B;
Rodnik 14 nd* nd° 9.9 £ 0.6A°  nd* nd" 43 £ 0.3A"
15 nd, nd, 8.6 £ 0.4A4 nd, nd, 6.3 = 0.4Ag,
Zlaty fik 14 nd" nd® nd" nd® 12 4+ 0.1A* 6.9 & 04A°f
15 nd. nd, ndy¢ nd, 1.7 £ 0.1A, 17.2 £ 0.9B,
Zebin 14 nd" nd* 13.0 + 0.8A°" nd* 1.5 £+ 0.1A* 250 + 1.9A°
15 nd. nd, 153 £ 1.2A, nd, 1.3 £ 0.1A, 19.6 £ 1.2Ay,
Green-fruiting
Mucurines 14 nd" nd° 17.8 + 1.3A"  1652.7 & 132.5A° nd" 12.1 + 1.0A¢
15 nd, nd, 147 £ 09A, 1252.7 £ 109.9B, nd. 8.7 £ 0.6B,¢
Prima 14 nd" nd° nd" nd* 1.8 £ 0.1A° 8.4 + 0.6A
15 nd, nd, nd¢ nd, 24 £02A; 57 £ 024
Rixanta 14 nd" nd® 23.6 + 1.6A% nd* 1.5 £ 0.1A* 123 + 0.8A°
15 nd, nd, 254 + 1.5A. nd, 1.9 £ 0.1A, 229 £+ 09B,
)
Gooseberry Picking  Volatile compounds content/pg kg™
varieties year - -
Propanal 3- Methyl acetate Ethyl acetate Propyl Acetic acid
hydroxybutan- acetate
2-one
Red-fruiting
Alan 14 nd® 197.1 £ 9.4A* 6.2 + 0.3*A™ 7.9 £ 0.5%*A*  14.8 £ 1.2A* nd°
15 ndg 99.4 + 3.1B, 1.9 £ 0.1*B, 44 £03*B, 9.6 £04B, nd,
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Table 1 continued

(b)
Gooseberry Picking  Volatile compounds content/pg kg~
varieties year - -
Propanal 3- Methyl acetate Ethyl acetate Propyl Acetic acid
hydroxybutan- acetate
2-one
Hinnonmaki Rot 14 396.6 £ 19.8A% 57.9 + 2.6A" 10.4 + 0.6*A° 2.0 £02*A" 69 £ 02A° 10.8 + 0.1A?
15 236.1 + 11.3B, 16.4 &+ 1.0B, 9.5 £ 0.4*A, 124+ 0.1*B, 9.1+ 0.5A, 169 + 0.1A,
Karat 14 1.8 £ 0.1A° 38.6 + 2.5A° 5.1+ 02*%AY 13745 £ 747A% 12 £ 0.1A° nd®
15 1.6 £ 0.1A, 18.6 + 1.3B, 49 +£02%Ay  1797.1 £ 1034B;, 1.9 £ 0.1A, nd,
Karmen 14 396.8 4+ 28.6A" 214 + 2.6A° 11.5 + 0.6*A® 14487 + 945A% 8.8 & 0.4A? 333 £ 1.0*A°
15 694.3 + 41.1By 452 + 2.8B, 144 4+ 0.7*B,  1296.1 + 98.1A, 7.4 + 04A, 26.1 + 0.9%A,
Krasnoslawjanskij 14 nd® 19.5 + 1.1A¢ 3.1 £ 0.2%A° 281.8 + 18.4A° nd' nd®
15 ndy 8.6 + 0.9A4 3.2 + 0.2%A; 238.1 4+ 20.5A, nd; nd,
Remarka 14 nd® nd® 286.4 £ 13.6A° 364 4+ 5.6A"  nd 14.6 + 0.1A7
15 ndy nd, 243.6 £ 12.3A, 498 + 39A.  nds 21.8 + 0.1A,
Rolonda 14 114.8 + 7.6A° nd® 1270.0 + 93.2Af 577.5 + 31.3A"  10.0 £ 0.8AY 7.1 & 0.2*A¢
15 2525 + 12.8B, nd,. 1602.2 + 124.1B,.  80.8 £ 6.9B,; 8.4 £ 0.5A, 8.1 £ 0.3%A4
Tamara 14 nd® 23 £ 0.1Af 592.8 4 21.9A° 105.8 &+ 8.7A°  ndf nd®
15 ndy 2.8 £+ 0.1A¢ 659.2 £ 21.6Ag, 1305 £ 12.1A¢  nd; nd,
Yellow-fruiting
Citronovy obf{ 14 1.5+ 0.1A° 2.1 £ 0.1Af 3.7 £ 0.2%A° 1932 4 13.8A° 1.9 4 0.1A° 184 + 0.1A?
15 1.8 & 0.1A, 2.9 + 0.1A¢ 3.54 + 0.2%A¢ 1693 &+ 12.6A; 1.8+ 0.1A, 12.8 + 0.1A,
Darek 14 nd® nd® 1674.8 £ 103.6A" 1029 £ 8.6A° 1.5+ 0.1A° 15.9 & 0.1A?
15 nds nd, 1425.6 + 94.8A,. 1302 £ 10.6As 1.4 £ 0.1A, 21.8 + 0.1A,
Invicta 14 327.1 £ 17.2A% 17.1 + 0.9A8 53.3 + 3.9A8 1313 &+ 92A° 4.7 £+ 0.3A° nd®
15 4145 £ 21.7A, 127 £ 0.9A4 809.1 £ 34.7B,, 8342 £ 189B, 3.6 £ 02A;, nd,
Rodnik 14 nd® nd® 7.4 £ 0.4%A* 629.3 + 23.6A"  ndf 21.6 &+ 0.1A*
15 ndg nd, 7.5 £ 0.4%A, 652.9 £ 31.7A,  nds 21.5 4 0.1A,
Zlaty fik 14 nd® 2.2 4 0.1A" 250.7 + 19.9A° 37.7 £ 34A"  nd nd®
15 nd; 23 + 0.1A¢ 225.0 + 21.24, 463 + 57A,  ndg nd,
Zebin 14 1.5 4 0.1A° 2.5+ 0.1Af 616.3 £ 26.8A° 208.1 + 14.7A° 1.6 £ 0.1A°  21.9 + 0.1A*
15 1.6 + 0.1A, 22 + 0.1A¢ 601.6 £ 18.9A,, 1922 + 123A; 14 £0.1A, 222+ 0.1A;
Green-fruiting
Mucurines 14 nd® 2.7 + 0.1Af 12473 + 100.9AT  218.8 + 16.3A° nd" nd®
15 nd; 3.5+ 0.1A¢ 1437.6 + 98.6A,.  231.8 £ 193A; nds nd,
Prima 14 nd® nd® 1522 + 10.4A° 123.5 + 9.5A° 1.8 4+ 0.1A° 15.6 + 0.1A?
15 nds nd, 185.2 & 9.8A, 1123 + 7.6As 1.6 £ 0.1A,  17.5 + 0.1A,
Rixanta 14 1.5+ 0.1A° 37.8 + 2.6A° 540.3 + 18.9A° 911.5 + 147A" 4.1 4+ 02A° nd®
15 1.2 4 0.1A, 29.8 + 2.7A, 524.0 £21.3A,, 9438 £326A, 59+ 03A. nd,

Values identified by an asterisk (*) mean content in mg kg™ '; the results are expressed as the mean + standard deviation

(n = 9); different

capital letters in the same column indicate significant differences (p < 0.05) between the picking years (2014-2015) within the same cultivar;
different small letters in superscript/subscript in the same column indicate significant differences (p < 0.05) between the cultivars in 2014/2015,

respectively
nd not detected

(not presented) is very similar to previous one (see Fig. 3);
two apparent clusters are distinguished here. First one,
correlating negatively with PCl1, includes yellow/green
varieties, indicating their great similarity in composition of
compounds identified. The second cluster is placed in

@ Springer

the right part of the graph correlating positively with PC1.
It includes most of the red varieties. The special position of
yellow fruiting ‘Invicta’ was confirmed here, as it has the
highest total content of all compounds identified.
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Comparison of sensory characteristics in red, yellow
and green fruiting varieties

Another partial aim of this study was to evaluate sensory
quality of samples using descriptive sensory methods. The
list of evaluated attributes comprised appearance and col-
our, texture supplemented with two mouthfeel attributes
(firmness and crispiness), taste and odour with three flavour
characteristics (sweet, acid/sour, astringent), possible off-
flavour and overall acceptability. The results are summa-
rized in Table 2. As in the case of volatile compounds in
samples, two picking years for each cultivar were com-
pared; then, the single cultivars were mutually compared,
separately in 2014 and 2015. The similarities/differences of
red vs. yellow vs. green varieties were also judged.

Appearance and colour are significant sensory properties
creating the first impression of fruits. As mentioned before,
the size, shape and colour of gooseberries depend mainly
on variety (Girard and Sinha 2006); the larger fruits are
preferred (Harb and Streif 2004). Appearance was evalu-
ated taking into consideration mainly size and shape; large
fruits of regular oval shape, with bright surface without
injury and smooth skin with/without fine hairs, were con-
sidered as excellent. The colour of pulp is often identical
with the skin, it becomes more intense during ripening and
fruits reach their typical colour in full ripeness. Colour of
samples was difficult to compare owing to three types of
varieties evaluated; moreover, colour intensity was not
uniform even in the same sample, as it is influenced by the
location of the fruit in a shrub (Girard and Sinha 2006). For
these reasons, colour was evaluated separately, from the
hedonic point of view, using scale from atypical to typical
for a given variety. Characteristic, intense, homogeneous
colour was considered as excellent. While in the case of
yellow and green varieties, pale colour is well evaluated; in
red ones, the darker is better (Harb and Streif 2004).

In the case of red varieties, ‘Karat’ was evaluated as
having the best appearance (94.4; 66.8%) as well as the
colour (90.2; 71.4%). Values in parenthesis are mean
evaluations in 2014 and 2015, respectively. This variety
should have large, less usual pear shaped fruits; its colour
varies from pink to red to purple (Hanc et al. 2013). In our
case, the fruits were large with deep red colour, which was
probably the reason of excellent evaluation. Conversely,
red ‘Karmen’ was evaluated as having the worst (less
good) appearance (28.5; 47.5%) and colour (39.1; 61.1%).
This variety should have medium size and oval shape
(Hanc et al. 2013). In our case, the fruits were large and
oval; however, pale red colour was probably the reason of
bad evaluation. In the case of yellow varieties, ‘Darek’
(77.7; 69.2%) and ‘Rodnik’ (77.7; 71.4%) were evaluated
as the best in appearance as well as in colour (‘Darek’ 71.5;
64.3%, ‘Rodnik’ 73.2; 70.2%). Both these varieties have

large fruits; ‘Darek’ is round shaped, yellow-green and
‘Rodnik’ of oval shape and deep yellow in full ripeness
(Han¢ et al. 2013). Conversely, ‘Zebin’ had the worst
appearance (35.3; 28.5%), although it had very large fruits.
Intense hairy skin was probably the cause of bad evalua-
tion. The colour was yellow-green, evaluated as less good
(38.9; 27.2%). The colour and appearance of ‘Zebin’ were
the worst of all varieties. Appearance and colour of all
three green varieties were evaluated similarly as good/very
good (in range 50.4-83.3%), although only ‘Mucurines’
should have bright green colour. The other two varieties
are ranked to specific group of yellow-green varieties
according to their rather yellow-green colour (Girard and
Sinha 2006; Hanc¢ et al. 2013). However, in our case all
three varieties were of medium size, yellow-green colour,
with smooth skin practically without hairs. The difference
in colour between green ‘Mucurines’ and other two ones
was hardly perceptible and insignificant.

The texture of gooseberries depends mainly on variety.
The pulp is soft in full ripeness; however, the texture is also
related to skin firmness, which influences the overall
firmness and crispiness of fruit. The skin becomes softer
during ripening, which determines the use; fruits with
softer skin are suitable for direct consumption; those with
firmer skin are preferred for processing (Girard and Sinha
2006). The softening during storage was also observed by
Harb and Streif (2004), which put emphasis on quickness
of processing.

The texture was evaluated owing to the suitability for
direct consumption, putting stress on soft pulp and firm
skin, which keeps desirable crispiness. In red varieties
texture of ‘Karat’ (86.1; 59.2%), ‘Rolonda’ (75.0; 71.4%)
and ‘Tamara’ (72.2; 69.7%) were evaluated as very good,
which was in accordance with the good evaluation of
firmness and crispiness. In yellow varieties, ‘Darek’ (77.7;
71.4%) and ‘Rodnik’ (72.2; 71.4%) were best evaluated
with firm and crispy fruits. Conversely, red ‘Karmen’
(28.5; 52.2%) and yellow ‘Invicta’ (57.1; 43.1%) and
‘Zebin’ (51.9; 42.8%) were evaluated as the worst; the
fruits were too soft with no crispiness. In green varieties,
‘Prima’ had the best texture (66.6; 61.5%) with good
firmness and crispiness; conversely, ‘Rixanta’ was evalu-
ated very badly (38.8; 28.5%), the worst of all varieties.
Also, its fruits were too soft. As can be seen, very soft
texture is negatively perceived by assessors; too soft fruits
were evaluated as unsatisfactory. That is in accordance
with Harb and Streif (2004), who identified the fruit firm-
ness as one of the main indicators of gooseberry quality.

The main attention was paid to taste and aroma (flavour)
owing to the intended comparison with the volatile com-
pounds identified. If we consider fully ripe fruits, provided
that all samples were harvested and stored in the same way,
these characteristics depend mainly on variety (Girard and
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Table 2 Comparison of sensory characteristics of gooseberry varieties

(a)

Gooseberry varieties

Picking year

Sensory characteristics/%

Appearance Colour Texture Mouthfeel Overall acceptability
Firmness Crispiness
Red-fruiting
Alan 14 722 453" 684 +56° 694444 694 +47°  644+57° 507 +4.1°
15 688 +55, 738+54, 571435, 675+51, 537+31, 534+42,
Hinnonmaki Rot 14 80.5 452" 8454+ 47° 694 +£54% 694 +53" 483 +£35° 428 +35%
15 571 £ 244 594 +32, 571442, 571454, 694+56, 385+27,
Karat 14 944 +62° 902+74> 86.1+62° 861+72° 803+71% 762+58°
15 668 + 47, 714+68, 5924+48, 651+46, 645+47, 771454,
Karmen 14 285+ 1.8 391 £28 2854+ 1.7° 571 +44% 428422 2854 12°
15 475 +21, 61.1+51, 522431, 645+51, 591436, 324+ 1.6,
Krasnoslawjanskij 14 62.6 +£ 3.1 683 +32° 61.1 453 668+52° 61.1+40° 3794 1.9°
15 571 + 47, 67.8+53, 6424+49, 714+58, 428+27, 285+ 17,
Remarka 14 500+32% 574 +28  638+47° 638+£57° 683+58° 648 +43°
15 704 £ 54, 632+47, 554432, Tl4+52, 428+3.1, 57.1+54,
Rolonda 14 555+ 46%° 602 +£35  750451° 750 £63° 591 +47° 428 4 3.5%
15 694 +51, 775+57, Tl4+48, 8.7+71, 7Tl4+52. 51.1+38,
Tamara 14 555+ 374 579436 7224+ 52% 775+52% 732 4+63¢ 397 +25°
15 502434, 538+£32, 697444, 699 +46, 754+58  38.6+30,
Yellow-fruiting
Citronovy obi{ 14 444 £24% 427424 66.6+56%  651+56° 666+ 57 332421°
15 465 £ 3.6, 444426, 603+48, T13+54, 628451, 362+ 1.7,
Darek 14 777 +£58 7154570 777458 793+ 67 742 +£ 699 744 £ 54°
15 692 +53, 643 +43, T14+43, 705461, 708450, 71.6+59,
Invicta 14 66.6 + 4.6 695+ 56" 571 4+22% 428+20° 41.6+38" 428+ 3.7
15 428 +£3.8, 495437, 431426, 416433, 571 +44,y 437431y
Rodnik 14 777 £57° 732458 722451 741+ 62" 768 £62 687 +5.8°
15 714 +42, 702+58, 714452, Tl4+52, 698+55,. 57.1+44,
Zlaty fik 14 444 £27° 474 +£29° 66.6+ 53" 692+ 46" 635+ 46 403 +32°
15 48.1 £ 3.6y 432 +37, 67.9+40, 543+47. 59.0+51,4 363+ 2.9,
Zebin 14 353 +£22° 3894+24° 519439 506+50° 61.9+£51° 481 +42°
15 285 +21, 272+ 18, 428435, 571+£52. 571 +44y 428+ 3.6,
Green-fruiting
Mucurines 14 833 +£53" 784+53"% 5554379 533+£39¢ 575445  695+5.1°
15 528 + 4.1, 504+42, 428435 467 +41., 485+37y 428 +27,
Prima 14 61.1 £52™ 673 +£3.1° 666+ 54" 694 +56" 655+£56° 652+53°
15 569 + 39, 599 +£37, 61.5+42, 625+53, 671.7+49, 574434,
Rixanta 14 66.6 + 4.6  69.6 £56° 3884+ 1.7° 426+28 484 +38° 490+ 43"
15 428+31, 448+29, 285+17y 571454, 434+£32, 428+ 3.5,
(b)
Gooseberry varieties Picking year Sensory characteristics/%
Taste Odour Flavour Off-flavour
Sweet Acid/sour Astringent
Red-fruiting
Alan 14 58.3 £ 5.3 493 +43% 571 +44 714+52° 42.8 4+ 3.5° 142 4+ 0.8
15 437 £+ 3.1, 428 4+ 3.7, 622458, 521 +45, 285+ 1.7, 28.5 4+ 0.7
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Table 2 continued

(b)

Gooseberry varieties

Picking year

Sensory characteristics/%

Taste Odour Flavour Off-flavour
Sweet Acid/sour Astringent
Hinnonmaki Rot 14 50.0 + 4.4° 57.1 + 4.4° 62.6 + 5.3 51.6 + 3.4° 345+ 229 314412
15 28.5 + 1.7, 428 +32, 643 + 47, 621 £42, 704 +52, 28.5 + 0.7
Karat 14 68.8 + 5.9° 483 £38% 732 +59% 336+ 27 38.1 £+ 2.6 nd
15 57.1 + 4.4, 428 + 3.7, 724 + 6.2, 42.8 + 3.1, 457 £ 4.14 nd
Karmen 14 33.8 + 2.6° 428 £34* 657 +5.1° 428 £35 285+ 1.7¢ nd
15 555 + 5.2, 49.7 + 3.5, 70.3 + 4.9, 39.4 + 2.6, 33.0 + 2.2, nd
Krasnoslawjanskij 14 444 £ 43 318 £29° 73.6 £ 58% 418 £37° 351 +24 213412
15 285 + 1.7, 42.8 + 3.0, 62.8 + 50,  47.1 44, 428+ 35, 448 +35
Remarka 14 50.2 + 3.8 592 +5.1° 542 + 399 446 + 42° 383 +24° nd
15 57.1 + 4.6, 64.8 + 5.7, 69.1 £ 5.4, 57.1 & 5.4, 285+ 1.7, nd
Rolonda 14 444 £35%° 285 +24° 674 + 6.2° 53.1 + 4.1° 28.5 + 1.3¢ 18.1 £ 0.4
15 42.8 + 35, 471 4+ 32, 57.1 & 4.4, 62.8 + 57, 428 £38,4 1424038
Tamara 14 315 £ 1.9 37.6 £ 2.7° 29.8 4 1.9 446 +33% 438 £37° nd
15 30.9 + 2.7, 41.0 £ 3.6, 27.5 + 1.8, 40.9 + 3.2, 475 + 344 nd
Yellow-fruiting
Citronovy obi{ 14 37.1 +2.4° 422 +38%° 344 +26° 72.4 + 6.3 69.3 + 5.6° nd
15 33.5 4+ 2.5, 38.1 + 2.9, 30.2 + 2.7, 66.8 £+ 5.9, 64.7 + 5.7, nd
Darek 14 55.5 + 3.6 58.7 + 4.6° 585+ 439 3324+ 25° 28.6 + 1.6¢ nd
15 61.5 + 4.7, 674 + 5.9, 64.0 +£ 52,  31.8 + 2.0, 36.5 + 2.7, nd
Invicta 14 428 +£3.1* 285+ 1.7° 794 + 6.5° 57.1 + 4.8° 28.5 + 2.1¢ 142 £ 0.8
15 47.1 £ 3.4,.  41.6 + 3.6, 714 + 5.8, 42.8 + 3.2, 31.2 + 1.8, 169 + 1.2
Rodnik 14 50.3 + 4.2° 550 £ 4.5® 613 +£479 575+ 49° 532 + 4.6° nd
15 42.8 + 35, 57.1 + 54,  42.8 +3.54 714 £ 5.1, 52.8 + 4.5, nd
Zlaty fik 14 352 4+ 2.8° 38.6 + 2.7° 342 4 2.8° 58.6 & 4.6° 534 4 4.9° nd
15 39.6 £ 27,  37.1+28, 389+ 27,4 544 +50, 54.8 + 4.1y nd
Zebin 14 463 £ 3.6 502 +3.6™ 6124559 441 4+£31% 463 4+42° nd
15 428 + 35, 434 432, 57.1 & 5.4, 42.8 4+ 3.7, 285+ 1.7, nd
Green-fruiting
Mucurines 14 50.6 + 3.8° 624 + 5.5° 592 + 489 276+ 12° 312+ 1.8¢ nd
15 46.7 + 3.1, 57.1 £ 54,5  42.8 £3.74 57.1 + 4.0, 428 +354 nd
Prima 14 377 + 1.8° 477 £37° 254+ 1.9° 75.9 + 5.8 65.5 + 5.1° nd
15 462 +27,. 385+ 23, 314 + 2.6, 68.4 + 5.7, 60.1 + 5.2, nd
Rixanta 14 39.0 + 2.8° 456 £ 3.8  79.8 + 6.4° 35.5 + 2.5¢ 386 +£24 172406
15 57.1 + 4.4, 428 + 3.5, 714 + 52, 57.1 £5.2, 28.5 + 1.7, 142 £ 0.8

The results are expressed as mean =+ standard deviation (n = 22). Different small letters in superscript/subscript in the same column indicate

significant differences (p < 0.05) between the cultivars in 2014/2015, respectively

nd not detected

Sinha 2006); the taste of gooseberries is characteristic
mildly astringent because of tannins, sweet and/or acidic
depending on the variety (Harb and Streif 2004). Charac-
teristic, pleasant gooseberry taste/aroma without any off-
flavour was considered as excellent. Because the taste of
gooseberries could be either sweeter or more acidic (Harb
and Streif 2004), the intensity of these descriptors were

evaluated separately, similarly to astringency, which is
characteristic for gooseberries, but in strong intensity could
be unpleasant.

Red ‘Karat’ (68.8; 57.1%) had the best taste in both
years. This variety should have sweet—sour taste (Hanc
et al. 2013); in our case it was rather sweet (73.2;
72.4%) and the acidity was low (33.6; 42.8%). ‘Tamara’
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(31.5; 30.9%) had the worst taste with low sweetness
(29.8; 27.5%) and higher astringency (43.8; 47.5%). No
mention was found in the literature about typical taste of
this variety. The odour of ‘Remarka’ (59.2; 64.8%) was
best evaluated in both years; its odour used to be
described as very aromatic (Han¢ et al. 2013); con-
versely, ‘Rolonda’ had the worst odour (28.5; 47.1%)
probably because of off-flavour. Between yellow vari-
eties, ‘Darek’ had the best taste (55.5; 61.5%) as well as
the odour (58.7; 67.4%) in both years. This variety
should have sweet—sour taste (HanC et al. 2013); in our
case, it was rather sweet (58.5; 64.0%) with low acidity
(33.2%; 31.8%). ‘Citronovy obfi’ had the worst taste
(37.1; 33.5%). This variety should also have sweet—sour
taste (Hanc et al. 2013); however, in our case it was very
acid (72.4; 66.8%) and astringent (69.3; 64.7%).
Although ‘Invicta’ was quite sweet (79.4; 71.4%), its
taste (42.8; 47.1%) and odour (28.5; 41.6%) were not
well evaluated probably because of off-flavour. The taste
of this variety is often described as sweet, but bland
(Han¢ et al. 2013). In the case of green varieties, ‘Mu-
curines’ could be labelled as having the best taste (50.6;
46.7%) and odour (62.4; 57.1%). According to the
Nikfardjam et al. (2013), this variety showed strong
grassy aroma, in accordance with (Hanc¢ et al. 2013); its
taste was mildly sweet (59.2; 42.8%) and sour (27.6;
57.1%). The evaluation of other two green varieties was
worse; ‘Prima’ was found to be very acid (75.9; 68.4%)
and astringent (65.5; 60.1%), while ‘Rixanta’ had off-
flavour, although it was very sweet (79.8; 71.4%). As
mentioned before, these two varieties do not have typical
green colour, which could also influence evaluation of
taste and aroma (Girard and Sinha 2006; Han¢ et al.
2013).

The mild but obvious off-flavour was detected in red
‘Alan’ (14.2; 28.5%), ‘Hinnonmaki Rot’ (31.4; 28.5%),
‘Krasnoslawjanskij’ (21.3; 44.8%) and ‘Rolonda’ (18.1;
14.2%), yellow ’Invicta’ (14.2; 16.9%) and green ‘Rixanta’
(17.2; 14.2%) varieties in both years, described as fer-
mented, slightly bitter and/or acid. Although the samples
were cold stored for a very short time, this fact is probably
related to initiating fermentation process (Harb and Streif
2004) and seems to be connected with the high ethanol
content. Nikfardjam et al. (2013) relate the possible over-
ripe off-flavour to the ratio between (Z)-3-hexenal and
ethyl acetate, while the pentan-2-one and heptan-2-one
content are connected with the musty off-flavour; these
defects were not detected in this study. As expected, the
presence of off-flavour, although mild, negatively influ-
enced the evaluation of taste and aroma. That is in accor-
dance with Harb and Streif (2004), who identified the
possible off-flavour as one of the main indicators of
gooseberry quality.
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Finally, the overall acceptability was evaluated taking
into consideration all evaluated properties. Red ‘Karat’
(76.2; 77.1%) and yellow ‘Darek’ (74.4; 71.6%) could be
labelled as the best of all varieties. They were well
evaluated in both years with very good all of evaluated
sensory properties. On the other hand, red ‘Karmen’ was
concluded to be the least acceptable (28.5; 32.4%) as
evaluated very badly in all characteristics. Contrary to
Hempfling et al. (2013) who considered red fruiting
varieties as the most interesting for commercial purposes,
because they were the most preferred by consumers, no
obvious preference was found between red, yellow and
green types in this study.

The results of sensory evaluations were tested by PCA
to investigate which sensory descriptors correlate to each
other and which of them contribute to overall sensory
quality and acceptability of samples. PCA was per-
formed using average ratings of all sensory characteris-
tics in all 17 gooseberry varieties in both years (data
matrix 34 x 12). Three PCs were derived accounting for
34.0, 25.8 and 14.4% of the variance, respectively,
which cumulatively explained satisfactory 74.2% of the
total variability. The PC1 was highly correlated with
appearance (—0.87), colour (—0.80), taste (—0.66), tex-
ture (—0.68), firmness (—0.60) and overall acceptability
(—0.84). The PC2 was associated with sweet (0.87) and
astringent (—0.84) tastes and crispiness (—0.65). As
expected texture, firmness and crispiness highly correlate
to each other, as well as the colour vs. appearance and
taste vs. odour. Sweetness correlates negatively with
acid and astringent tastes; sweeter and more astringent/
acid samples are well divided along the PC2. The overall
acceptability strongly correlates with PC1; the appear-
ance, colour, taste and odour contribute the most to the
overall acceptability. Harb and Streif (2004) identified
the fruit firmness, sweet-acid taste balance and the
possible off-flavour as the main indicators of sensory
quality of gooseberries. In this study, PCA did not
confirm the significance of texture and off-flavour in
acceptability of gooseberries. However, it confirmed the
importance of sweet/acid taste, as assessors preferred
sweeter, less acidic gooseberries. Off-flavour was
detected only in a few samples in low intensity and
probably does not influence significantly acceptability of
samples.

Although ANOVA indicates significant differences
between varieties, there is no clear differentiation of sam-
ples according to the red/yellow/green varieties. PC1 cor-
relates with the overall acceptability, PCA such confirmed
red ‘Karat’ and yellow ‘Darek’ as the most acceptable va-
rieties. The differences between years of production (2014
vs. 2015) were mostly small or not significant, as con-
firmed by ANOVA analysis.
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The contributions of compounds identified
to the sensory quality of samples

To better estimate which compounds could contribute to
flavour/acceptability of samples, the PCA was performed
using the instrumental and sensory data of 17 gooseberry
varieties in both years (data matrix 34 x 64), and odour
activity values (OAVs) were calculated by dividing con-
tents of given compound in the sample by its odour
threshold acquired from the literature (Jensen et al. 2000;
Belitz et al. 2009; Sanchez-Palomo et al. 2010; Hempfling
et al. 2013; Nikfardjam et al. 2013; Sadecka et al. 2014).
Nikfardjam et al. (2013) identified in gooseberries 17
compounds as aroma active; similarly, Hempfling et al.
(2013) identified 10 compounds with OAVs >1. Hempfling
et al. (2013) characterize the typical gooseberry aroma as
combination of green and fruity notes, where fruity aroma
becomes stronger during ripening. (Z)-3-hexenal and short
chain ethyl and/or methyl esters, especially methyl and
ethyl butanoate, are considered as the carriers of this
aroma. Nikfardjam et al. (2013) also identified (Z)-3-hex-
enal and ethyl acetate as responsible for the aroma of
gooseberries. In accordance with these studies (Z)-3-hexen-
1-ol (OAVs 1-3; geranium), l-octen-3-ol (OAVs 6-14;
mushroom-like), (Z)-3-hexenal (OAVs 794-5168; grassy),
hexanal (OAVs 1-2; grassy, citrus-like), heptan-2-one
(OAVs 1-2; fruity, sharp, herbaceous), methyl butanoate
(OAVs 1-11; fruity, green), ethyl butanoate (OAVs 6-199;
fruity, pineapple-like), methyl acetate (OAVs 1-8; fragrant,
fruity) and ethyl acetate (OAVs 13-1589; fruity, pear like)
were recognized as aroma active in this study. Their aroma
description is in parenthesis. Moreover, another 7 com-
pounds were proposed as possible contributors to goose-
berry aroma as their OAVs were >1: ethanol (OAVs 1-2;
alcoholic), octan-1-ol (OAVs 20-65; citrus, spicy, herba-
ceous), 3-methylbutan-1-ol (OAVs 1-2; burnt, alcohol),
ethanal (OAVs 162-912; fruity, pungent), propanal (OAVs
1-5; fruity, pungent), acetic acid (OAVs 150-477; fruity-
sour, vinegar) and 3-methylbutanoic acid (OAVs 95-2738;
sweet, acid, rancid).

According to the PCA, between these compounds (Z)-3-
hexen-1-ol, (Z)-3-hexenal, heptan-2-one, methyl butanoate,
ethyl butanoate, methyl acetate, ethyl acetate, ethanol and
ethanal correlate positively with flavour/acceptability of
samples. As in Nikfardjam et al. (2013), (£)-3-hexenal and
ethyl acetate had the highest OAVs with the grassy and
fruity aroma, respectively, while 1-octen-3-ol, hexanal,
octan-1-ol, 3-methylbutan-1-0l, propanal, acetic and
3-methylbutanoic acid could negatively influence the fla-
vour, as they correlate negatively with flavour/acceptability
of samples. 3-methylbutanoic acid with its rancid aroma
had the highest OAV.

Conclusions

Only a few studies on the volatile/aroma compounds of
gooseberry have been published so far, as well as on their
connection with the flavour of these fruits. This work is a
complex study focused on selected varieties intended to be
grown in the Czech Republic. The combination of the
instrumental assessment of volatile compounds and sensory
evaluation with the great emphasis on flavour was used for
characterization of samples. In total, 52 volatile com-
pounds were identified and quantified, with quantitatively
predominating alcohols and acids. Based on PCA and
calculation of OAVs, 9 of them were supposed to con-
tribute to flavour of samples as having the OAVs >1 and
correlating positively with sensory evaluation of flavour.
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Determination and quantification of volatile compounds
in fruits of selected elderberry cultivars grown in Czech Republic

EVA VITOVA - RADKA DIVISOVA - KATERINA SUKALOVA - ALES MATEJICEK

Summary

The aim of this work was to identify and quantify the volatile aroma compounds in fruits of several elderberry cultivars
and to find a cultivar with the highest content of them. Wild elder and sixteen cultivars of elderberries were analysed.
Aroma compounds were extracted by solid phase microextraction, identified by gas chromatography-mass spectro-
metry and quantified by gas chromatography. In total, 102 volatile compounds were identified in all elderberry samples,
among them 38 alcohols, 16 aldehydes, 10 ketones, 19 esters, 4 heterocycles, 6 hydrocarbons and 9 acids. Alcohols,
aldehydes and esters were the most abundant, while significantly (P < 0.05) lower contents of heterocycles and hydro-
carbons were found. Based on the literature, 36 compounds known as significant components of elderberry aroma,
were chosen as markers of differences among cultivars. Owing to the highest total content of the selected compounds,
cultivars Korsor (77.89 + 3.57) mgkgl, Pregarten (43.20 = 7.14) mg-kg! and Samdal (67.85 + 8.22) mg-kg! were

recommended for practical use.

Keywords

elderberry; aroma compounds; solid-phase microextraction; gas chromatography; gas chromatography-mass spectro-

metry

Black elder (Sambucus nigra L.) is a plant with
miscellaneous use due to its therapeutic effects in
medicine, for its aroma and taste in the kitchen.
It grows wild in several countries of Europe. Wild
elderberry fruits and flowers are used mainly for
the home-made production of marmalades, juices,
syrups, teas, liqueurs and wines. Fruits are known
by high contents of anthocyanin pigments and they
are used for industrial production of natural color-
ants for various types of food products [1]. Czech
food industry uses mainly imported frozen elder-
berries as a fruit component of yoghurts. How-
ever, elderberry contains many health-promoting
substances [2-4], so its consumption is highly ad-
visable. Novel food products based on elderberry,
with a high antioxidative potential, could enrich
the Czech consumer market.

Current research focuses on cultivated varie-
ties, which offer higher yields, higher contents of
valuable compounds, lower content of toxic sam-

bunigrin, better sensory properties and other ad-
vantages compared to the wild plant. Elderberry
is cultivated in some European countries, e.g.
Austria, Denmark, Germany, Hungary. Several
cultivars are grown in Slovakia in a small extent.
The production of cultivated elderberries in Czech
Republic is only at the beginning. No new varieties
were bred in Czech region, but various foreign cul-
tivars are tested for breeding here. The informa-
tion about them is very scarce.

Successful commercialization of elderberry
fruits depends on their sensory properties, in par-
ticular good taste and aroma, which are strongly
associated with the content of volatile aroma-
active substances [5]. The aroma of elderberry
flowers [6-10] and fruits of elderberries [5, 11-13]
were characterized by several authors, albeit not
many articles were published. More than 100 vola-
tiles were identified. Using GC-olfactometry,
JENSEN et al. [12] divided the aroma compounds
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of elderberries into six odour classes: elderberry,
flowery, fruity, grassy, agrestic and miscellaneous.
Most of other authors adhered to this classifica-
tion and came to similar conclusions [5, 13].

The aim of this work was to identify and quan-
tify the volatile aroma compounds in fruits of
several elderberry cultivars tentatively grown in
Czech Republic. The volatile compounds identi-
fied were then compared in order to recommend
the cultivars that would be suitable for growing
in the Czech region on a large scale and would
be suitable for following practical use. Aroma
compounds were assessed by gas chromatography
with flame ionization detector (GC-FID) and gas
chromatography-mass spectrometry (GC-MS).
Solid phase microextraction (SPME) as a modern
sample preparation technique, saving prepara-
tion time, solvent needs and disposal costs, was
used for their extraction. In headspace mode, the
method is in particular suitable for the extraction
of volatile and semi-volatile organic compounds
[14] and was used by many authors to analyse vola-
tile aroma compounds of food samples (reviewed
by KATAOKA et al. [14]), including various fruits
such as raspberries, apricots, plums, pineapples
and others [15-23].

MATERIALS AND METHODS

Samples

Wild elder and sixteen cultivars of elderber-
ries (grown by Research and Breeding Institute
of Pomology, Holovousy, Czech Republic) were
used for analysis: Albida, Alleso, Aurea, Bohatka,
Dana, Haschberg, Korsor, Mammut, Pregarten,
Riese aus VoBloch, Sambo, Sampo, Sambu, Sam-
dal, Samyl and Weihenstephan.

The berries were picked in September 2011,
frozen immediately after picking and stored in
a freezer before processing. For analysis, 1g of
the de-frozen sample was mashed and placed into
a vial for SPME extraction of aroma compounds.
Three samples of every cultivar was taken, every
sample was analysed three times (n = 9).

SPME-GC and SPME-GC-MS conditions

Volatile compounds in the elderberry samples
were extracted by SPME, identified by GC-MS
(based on mass spectra) and quantified using
standards by GC-FID. The SPME conditions
were: SPME fibre CAR/PDMS 85 um (Supelco,
Bellefonte, Pennsylvania, USA). Sample volume
1ml, extraction temperature 35 °C, equilibrium
time 30 min, extraction time 20 min, desorption
temperature 250 °C, desorption time 5 min.

Gas chromatograph TRACE GC (Ther-
moQuest, Milan, Italy) was used, with a capil-
lary column DB-WAX 30m x 0.32mm x 0.5 um
(J&W Scientific, Folsom, California, USA). GC
conditions: injector 250 °C, splitless desorp-
tion 5 min, carrier gas N2 0.9 ml'min’l, FID at
220 °C, Hz 35 ml'min-l, air 350 ml-min-!, make
up N2 30 ml'minl. The oven temperature was
40 °C for 1 min, 40-200 °C at 5 °C-min-1, 200 °C
for 7 min.

GC-MS analyses were done by a gas chromato-
graph HP 6890 with MS detector 5973 N and Mass
Spectral Library NIST 98 (Agilent, Santa Clara,
California, USA). Capillary column ZB-5Sil MS
30m x 0.25mm x 0.25 um (Phenomenex, Tor-
rance, California, USA) was used, with carrier gas
He 0.9 ml'min-! and the oven temperature 50-250
°C at 3 °C'min-l. Other GC conditions were the
same as stated above. MS was operated in electron
ionization (EI) mode at 70 eV with a scan range of
m/z from 30 to 370.

A mixture of 20 standards was used for method
validation. The intra-day repeatability was veri-
fied by repeated extraction (n = 5) of the mix-
ture (relative standard deviation < 10%). The
detection limit (LOD) and quantification limit
(LOQ) were estimated by successive dilution
of standards to achieve the lowest signal regis-
tered by the detector (LOD, S/N = 3; LOQ,
S/N = 10). The detection limits varied in a range
of 0.001-0.50 wg'ml-l. Linearity was tested within
the range of 0.001-200 ug-ml-l, for ethanol and
propan-2-ol in the range of 0.50-2000 ug'ml-1);
based on linear regression analysis, correlation co-
efficients were all greater than 0.99.

Statistical evaluation

The results were treated using MS Excel 2010
(Microsoft, Redmond, Washington, USA) and
were expressed as mean = standard deviation
(n = 9). Parametric one way analysis of variance
and subsequently Duncan test was used for statis-
tical evaluation of the results using Unistat ver-
sion 5.5 (Unistat, London, United Kingdom).

RESULTS AND DISCUSSION

Identification of volatile aroma compounds
in elderberries

In total, 102 volatile compounds were identi-
fied in all elderberry samples, among them:

— 38 alcohols: methanol, ethanol, propan-1-
ol, propan-2-ol, butan-1-0l, pentan-1-ol,
hexan-1-ol, heptan-1-ol, octan-1-ol, heptan-
2-ol, benzyl alcohol, 2-phenylethyl alcohol,
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1-penten-3-ol, (E)-2-hexen-1-ol, (E)-3-hexen-
1-ol, (Z)-3-hexen-1-ol, 1-octen-3-ol, (E)-2-oc-
tenol, 2-methylpropan-1-ol, 2-methylbutan-1-
ol, 3-methylbutan-1-ol, 4-methylpentan-1-ol,
4-methylhexan-2-ol, 2-ethylhexanol, butane-
2,3-diol, butane-1,3-diol, linalool, hotrienol,
nerol, citronellol, geraniol, borneol, menthol,
o-terpineol, B-terpineol, hydroxycitronellol,
eucalyptol, terpinen-4-ol;

— 16 aldehydes: ethanal, pentanal, hexanal, hep-
tanal, octanal, nonanal, benzaldehyde, pheny-
lacetaldehyde, 2-methylpropanal, 3-methyl-
butanal, 2-methylbutanal, (E)-2-heptenal,
(E)-2-octenal, (E)-2-hexenal, geranial, citral;

— 10 ketones: butan-2-one, propan-2-one, pen-
tan-2-one, hexan-2-one, heptan-2-one, octan-2-
one, nonan-2-one, 3-hydroxybutan-2-one, cam-
phor, B-damascenone;

— 19 esters: methyl acetate, ethyl acetate, pro-
pyl acetate, butyl acetate, hexyl acetate, octyl
acetate, (Z)-3-hexenyl acetate, phenylethyl ac-
etate, methyl butyrate, ethyl butyrate, butyl bu-
tyrate, butyl propanoate, ethyl valerate, methyl
hexanoate, ethyl hexanoate, ethyl octanoate,
ethyl decanoate, methyl benzoate, ethyl ben-
zoate;

— 4 heterocycles: (Z)-linalool oxide, (E)-linalool
oxide, (Z)-rose oxide, nerol oxide;

— 6 hydrocarbons: (Z)-p-ocimene, limonene,
o-terpinene, y-terpinene, o-cymene,
B-phellandrene; and

—9 acids: acetic, propanoic, butanoic, hexa-
noic, octanoic, decanoic, 2-methylpropanoic,
3-methylbutanoic, 2-hydroxypropanoic acids.
Most of the compounds identified were

previously detected in elderberries [5, 13].

As mentioned before, JENSEN et al. [12] divided
the most important aroma compounds of the el-
derberries into six odour classes.

The characteristic elderberry odour is related
to dihydroedulan, -damascenone and ethyl-9-de-
cenoate.

In the flowery group, (Z)- and (E)-rose oxide,
nerol oxide, nonanal and hotrienol contribute
significantly to elder flowery notes, whereas e.g.
linalool, a-terpineol, benzyl alcohol, 2-phenyle-
thyl alcohol and phenylacetaldehyde contribute to
flowery notes [5, 12, 13].

The fruity odour of elderberry appears to be
related to alcohols, aldehydes and esters of lower
carboxylic acids and lower alcohols: in particular
2-methylpropan-1-ol, 2- and 3-methylbutan-1-ol,
pentan-1-ol, pentanal, heptanal, octanal and me-
thyl- and ethyl benzoate.

The grassy group is composed of aliphatic al-

dehydes and alcohols with typical odours of green
grass: hexanal, hexan-1-ol, heptan-1-ol, octan-1-ol,
(E)-2-hexen-1-al, (Z)-3-hexen-1-ol, (E)-3-hexen-1-
ol, (E)-2-hexen-1-ol and (E)-2-octen-1-al [5, 13].

1-octen-3-one and 1-octen-3-ol with mushroom
note and 3-hydroxybutan-2-one with creamy, but-
tery note belong to the agrestic group.

Benzaldehyde with its candy, sweet note could
be placed to miscellaneous group, also lower car-
boxylic acids and ketones with creamy, oily or but-
tery odour.

Based on the olfactory evaluation compounds
with characteristic elderberry odour are the most
important, followed by fruity and flowery groups.
The volatiles in the grassy group are important for
the freshness of the elderberry [12].

On the basis of comparison to the literature
(e.g. JENSEN et al. [12]; KaAck et al. [S]; Kaack
[13]), compounds (Z)-3-hexen-1-ol, (E)-3-hexen-
1-ol, (E)-2-hexen-1-ol, pentan-1-ol, hexan-1-ol,
octan-1-ol, 2-phenylethyl alcohol, benzyl alcohol,
1-octen-3-ol, 2-methylbutan-1-ol, 3-methylbutan-
1-0l, linalool, geraniol, o-terpineol, hotrienol,
benzaldehyde, phenylacetaldehyde, pentanal, hex-
anal, heptanal, octanal, nonanal, (E)-2-hexenal,
(E)-2-octenal, methyl acetate, ethyl acetate, butyl
acetate, ethyl butyrate, ethyl octanoate, ethyl de-
canoate, (Z)-linalool oxide, (Z)-rose oxide, ne-
rol oxide, (Z)-p-ocimene, B-damascenone and
limonene were chosen as probably the most im-
portant components of the aroma of our samples,
whose changes could express differences between
cultivars. In particular these compounds were fur-
ther monitored in samples of elderberry (Tab. 1A,
1B, 1C, 1D).

Comparison of volatile aroma compounds
in elderberry cultivars

The volatile compounds of the samples were
then compared in order to recommend the best
cultivar with respect to the expected aroma
properties. The comparison of the selected aro-
ma compounds identified in cultivars is given in
Tab. 1A, 1B, 1C, 1D, the comparison of the total
content of compounds identified and the chemi-
cal groups of compounds is given in Tab. 2. The
contents of the aroma compounds are expressed
as micrograms (or milligrams) per kilogram of
the sample. Differences among cultivars in the
total content and chemical groups of aroma com-
pounds, as well as in the case of single compounds,
were observed in accordance with other authors
[5,7,12,13].

As can be seen from Tab. 2, the total content of
aroma compounds was the significantly (P < 0.05)
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Tab. 1A. Contents of selected aroma compounds in elderberry cultivars.

Aroma compounds Cultivar of elderberries
[ugkg] Albida Allesd Aurea Bohatka

Alcohols
2-Methylbutan-1-ol 587.67 +6.212 495.82 + 106.88ac 182.79 +7.092 7475.17 + 609.56b9
3-Methylbutan-1-ol 317.11+2.082 nd nd 523.24 +3.35P
Pentan-1-ol 173.79 = 1.842 57.62 +14.74b 385.74 +17.79¢ 151.90 + 17.23ad
Hexan-1-ol 751.27 £12.592 194.46 +£8.27b 435.86 +9.43°¢ 454.70 £ 24.47¢
(E)-2-hexen-1-ol 21.38+0.572 nd 1.32+0.02b nd
(E)-3-hexen-1-ol nd nd 10.53+0.04a nd
(2)-3-hexen-1-ol 61.49+9.212a 231.24 +26.00b 115.51 £6.18¢d 77.94 15352
Octan-1-ol 193.07 +0.822 nd nd 59.07 +0.150
1-Octen-3-ol 213.77 £9.032 nd nd 160.47 £9.13b
Benzyl alcohol 1.02+0.012 nd nd 2.02+0.01P
Phenylethyl alcohol 1.23+0.012 nd 2.89+0.07b nd
Linalool 2.79+0.032 nd 1.18+0.012 21.72+0.73P
Geraniol 1.05+0.042 4.89+0.08P nd 4.02+0.10¢
a-Terpineol 213.56 £0.572 nd nd 2699.56 +20.57°
Hotrienol 4.09+0.082 578 +0.12b nd 6.03 = 0.99bcd
Aldehydes
Pentanal 176.71 £2.632 nd nd 39.71 +5.43P
Hexanal 67.55+2.24a nd nd 19.05 +2.54P
(E)-2-hexenal 386.21 = 5.522 72.29 +28.78b 479.00 = 106.832 155.21+8.17¢
Heptanal 10.51 +£0.082 nd nd 6.61 +0.03b
Octanal 3.09+0.022 nd nd nd
(E)-2-octenal 1.05+0.762 nd nd 1.03+£0.042
Nonanal 5.16+0.012 nd nd 1.06 +£0.01b
Benzaldehyde 61.54 +3.762 57.95+5.74a nd 16.92 +2.62P
Phenylacetaldehyde 104.78 =9.882 nd nd 108.68 = 1.82a
Ketones
B-Damascenone 518.25+56.192 429.39 + 34.882b 400.12 + 44.47 465.12 + 62.443b
Esters
Methyl acetate 253.56 + 14.532 2717.87 + 870.85be 776.91 +64.87¢ 4863.50 + 370.49d
Ethyl acetate 42,27 £3.142 348.85 +29.98b 349.05 +43.79b 3397.35 +54.99¢
Ethyl butyrate 3.02+0.172 2.04+£0.75° nd nd
Butyl acetate 369.13+6.902 315.02 +30.002 521.09 +64.61P 6.13 £ 0.90f
Ethyl octanoate nd 3.14+0.122 nd nd
Ethyl decanoate nd 5.02+1.002 3.56+0.08P 1.02+0.17¢c
Heterocycles
(2)-rose oxide 2.14+0.062 1.68+0.442 8.34+0.95b 3.35+0.01c
(2)-linalool oxide 4.02+0.122 nd 1.44 £0.04b 4.13+0.70a
Nerol oxide 3.13+0.902 5.09 +0.610d 4.12+0.44b nd
Hydrocarbons
(2)-B-ocimene nd 7.87 £0.852¢ 3.68+0.44b 5.85+0.04c
Limonene 3.56+0.022 8.85+0.98bf nd 2.42+0.21c

The results are expressed as mean * standard deviation (n = 9). Different superscript letters in the same row indicate significant
statistical differences (P < 0.05). nd — not detected.
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Tab. 1B. Contents of selected aroma compounds in elderberry cultivars.

Aroma compounds Cultivar of elderberries
(ugkg] Dana Haschberg Korsor Mammut

Alcohols
2-Methylbutan-1-ol 199.79 +5.09a 533.98 + 34.392¢ 3699.03 +11.77df 3306.06 + 96.92 cef
3-Methylbutan-1-ol 248.44 +6.32a 414.06 £5.16¢ nd 9.12+1.36d
Pentan-1-ol 148.63 + 12.74ad 32.70 £2.02P 119.65 + 19.25d9 179.63 +29.782
Hexan-1-ol 328.41 +8.27d 383.77 = 18.83de 471.71 £53.18¢e 230.37 £2.51P
(E)-2-hexen-1-ol 11.24+0.51¢ 6.47 +0.33d 1.44+0.13b nd
(E)-3-hexen-1-ol 8.21 +£0.042 nd 19.82+0.79b nd
(2)-3-hexen-1-ol 101.46 £ 7.24d 170.56 £ 10.41¢ 275.83 +15.08b 34.91 +1.59f
Octan-1-ol 5.02+0.31¢ 142.88 +6.25d nd nd
1-Octen-3-ol 12.72+1.24¢ 198.77 £ 11.672 nd nd
Benzyl alcohol 5.03+0.23¢ 2.06 +£0.43P nd nd
Phenylethyl alcohol 1.26+0.022 3.64 +£0.64b nd 7.10+1.03¢
Linalool 13.12+1.53¢ nd 1.65+0.102 nd
Geraniol 2.35+0.45d nd 7.21+1.47¢ 2.65+0.544f
a-Terpineol 104.29 = 3.57¢ 161.79 +2.064 nd nd
Hotrienol 5.88 +£0.47bd 2.76 +0.03¢ nd nd
Aldehydes
Pentanal nd 13.08 +1.96°¢ nd 6.34 +1.08d
Hexanal 14.49 +1.46° 2.15+0.06¢ 7.91+0.07d nd
(E)-2-hexenal 49.08 £6.74b 115.35 + 1.40d nd nd
Heptanal 9.21 +0.06¢ 4.87 +0.03d nd nd
Octanal nd 2.09+0.01P nd nd
(E)-2-octenal nd nd nd nd
Nonanal nd 5.17+0.012 12.84 +0.78¢ nd
Benzaldehyde 4.12x0.47¢ 19.88 +1.69b nd nd
Phenylacetaldehyde 5.33£0.050 143.78 +£5.38¢ nd nd
Ketones
B-Damascenone 31.75+6.08¢ 394.62 +4.23P 240.83 +53.23d 471.92+1.382
Esters
Methyl acetate 86.51 = 3.86a 787.20 =21.02¢ 3796.46 + 161.69¢ 2792.17 + 355.56P
Ethyl acetate 394.35+14.45b 348.20 +75.27P 69229.85 + 370.00d 1489.90 +271.26°¢
Ethyl butyrate nd nd nd nd
Butyl acetate nd nd nd nd
Ethyl octanoate 15.02 = 1.00b nd nd nd
Ethyl decanoate 5.47+0.78a nd nd nd
Heterocycles
(2)-rose oxide 6.46 +0.69d 2.00+0.232 nd 424+0.17¢
(2)-linalool oxide 9.85+0.09c nd 7.79+0.94d 13.11+0.90¢
Nerol oxide 2.62+0.21a nd nd nd
Hydrocarbons
(2)-p-ocimene 1.79+0.09d nd nd 7.79+0.942
Limonene 2.44+0.32c nd 6.78 +=0.84be nd

The results are expressed as mean * standard deviation (n = 9). Different superscript letters in the same row indicate significant
statistical differences (P < 0.05). nd — not detected.
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Tab. 1C. Contents of selected aroma compounds in elderberry cultivars.

Aroma compounds

Cultivar of elderberries

[ngkg] Pregarten Riese aus Voploch Sambo Sampo Sambu
Alcohols
2-Methylbutan-1-ol | 3520.24 +1166.109f | 10071.90 £ 51.669 | 5576.26 + 534.42bf 32.62+3.452 24.62+1.402
3-Methylbutan-1-ol 402.14 = 4.14¢ nd nd 244.04 +13.272 4.87 +0.474d
Pentan-1-ol 160.40 + 41.19ad 42.23+9.17P 120.41 +£24.2999 | 536.94 +36.57¢ | 381.60+97.17¢
Hexan-1-ol 236.92 + 36.04b 261.20 = 4.320bd 602.15+ 7.55f 104.69+7.319 74.62 +1.409
(E)-2-hexen-1-ol 5.07 £0.06¢ 2,57 +0.35b nd nd 4.11 £0.24¢
(E)-3-hexen-1-ol nd 2522 +7.33P 9.69 +0.482 11.75+0.712 nd
(2)-3-hexen-1-ol 55.97 +9.362 686.83 +47.449 133.01 £17.53he 62.40+2.132 31.70 £ 9.72f
Octan-1-ol 87.14+2.83¢ nd nd 121.40 + 3.484f nd
1-Octen-3-ol 146.60 = 5.27P nd nd 393.94 +16.574d nd
Benzyl alcohol nd 670.60 +35.11d nd nd nd
Phenylethyl alcohol 2.12+0.51d nd 3.01£0.43bd nd nd
Linalool 9.75+0.07¢ nd nd 21.75+0.71P nd
Geraniol 1.22+0.032 1.48+0.112 nd nd 3.70£0.72¢f
o-Terpineol 70.85+2.36¢ nd nd 264.89 +5.41f nd
Hotrienol 7.11+£0.89d 4.57 +1.03ac nd 8.08 +1.36d nd
Aldehydes
Pentanal 33.12+2.08b nd nd 81.72+0.37¢ 41,52 +2.37b
Hexanal 81.33+4.31¢ nd nd 26.49 +0.74f nd
(E)-2-hexenal 24.06 =2.28¢ nd nd 21.52+0.13¢ nd
Heptanal 3.58+0.89¢ nd nd 7.15+0.11f nd
Octanal 2.77+0.862p nd nd nd nd
(E)-2-octenal 1.01 £0.032 nd nd 1.02+0.022 nd
Nonanal 1.38 +0.03d nd nd 2.05+0.21¢ nd
Benzaldehyde 12.75+3.33b 185.63 £30.21d 17.94 £5.25b 2.14x0.02¢ nd
Phenylacetaldehyde | 104.86 +3.462 nd nd 152.14 = 1.32¢ nd
Ketones
B-Damascenone 282.41 +49.24d 510.38 +44.822 nd 541.48 +74.922¢ | 517.06 +44.822
Esters
Methyl acetate 2738.63 +145.33b | 1031.04 +6.97°¢ 3239.29 + 870.85be nd 9.49 +0.64f
Ethyl acetate 33824.24 +239.17¢ | 2380.32 +437.86¢ 147.80£3.170 21.04+0.032 nd
Ethyl butyrate nd nd nd nd nd
Butyl acetate 1387.79+48.94¢ nd nd 169.15 + 3.45d 164.99 = 3.45d
Ethyl octanoate nd 4.86+0.47¢ nd 1.24 +0.02d 4.74+0.49¢
Ethyl decanoate 1.45+0.01d nd nd 1.08 +0.03¢ nd
Heterocycles
(2)-rose oxide 2.63+0.032 6.70 £0.620d nd 2.68+0.162 2.93+0.02ac
(2)-linalool oxide nd 9.19+0.85¢cd nd 2.32+0.86° 1.60+0.31b
Nerol oxide 1.15+0.45¢ 7.80+1.17d 6.15+0.45d 3.79+£0.942b 1.15+0.22¢
Hydrocarbons
(2)-B-ocimene 1.04£0.97d nd 1.44 £0.02d nd 9.92+0.24¢
Limonene 2.32+0.86° 4.79+0.54d 6.08 £0.03¢ nd nd

The results are expressed as mean * standard deviation (n = 9). Different superscript letters in the same row indicate significant
statistical differences (P < 0.05). nd — not detected.




Determination and quantification of volatile compounds in elderberries

Tab. 1D. Contents of selected aroma compounds in elderberry cultivars.

Aroma compounds Cultivar of elderberries
(ugkg] Samdal Samyl Weihenstephan wild elder

Alcohols
2-Methylbutan-1-ol 5220.53 + 1348.57bf 64.44+3.812 101.16 £9.142 nd
3-Methylbutan-1-ol nd 287.54 +23.472 260.16 = 4.122 nd
Pentan-1-ol 33.40+1.18b 721.07 = 60.96f 28.79+0.280 96.75 +8.229
Hexan-1-ol 457.29 + 141,13 ¢f 181.37 +9.51b 212,12+ 36.04b 161.25 +26.04b
(E)-2-hexen-1-ol nd nd nd nd
(E)-3-hexen-1-ol 16.12 +4.073P 259.84 +17.12¢ nd nd
(2)-3-hexen-1-ol 153.97 = 44.22cde 406.40 + 34.23i 169.63 = 26.04 ¢€h 33.65+5.13f
Octan-1-ol nd 98.04 + 3.53¢f 39.23+2.47b nd
1-Octen-3-ol nd 141.65 + 5.53be 121.13 £6.14¢ nd
Benzyl alcohol nd nd 2.18£0.290 nd
Phenylethyl alcohol nd 2,07 +0.37d nd nd
Linalool nd 128.89 +5.22d 22.53+6.01P nd
Geraniol 5.02+0.45P nd 3.45+0.28f nd
o-Terpineol nd 236.97 +4.379 380.05 +2.64N0 nd
Hotrienol nd 2.56+0.47¢ 6.87 £1.370d nd
Aldehydes
Pentanal nd 18.11 £ 2.56f 19.05 + 0.26f 38.17 +2.16°
Hexanal nd 31.58 +1.369 14.30+1.78P nd
(E)-2-hexenal nd 22.68+1.27¢ 110.82 +£9.14d 111.47 + 8.22d
Heptanal nd 717 £1.22bt 3.13+0.18¢ nd
Octanal nd nd 1.05+0.08¢ 4.97 +0.03d
(E)-2-octenal nd 2483.48 +171.16b nd nd
Nonanal nd 8.32 + 1.26f 5.01 +0.022 nd
Benzaldehyde 14.63+0.87b 15.69 +2.62b 17.20+ 3.67b 90.42+4.16¢
Phenylacetaldehyde nd 68.13 £2.82d 110.02 +4.582 nd
Ketones
B-Damascenone 414.04 +113.832b 647.95+97.40¢ 329.73 +91.94bd 329.04 +110.33bd
Esters
Methyl acetate 4448.73 +1404.30de 18.25+0.702 98.96 + 4.842 597.24 +14.53¢
Ethyl acetate 57082.61 + 1368.42f 12.93+4.022 31.44+4.822 116.93+4.11b
Ethyl butyrate nd 1.15x0.22¢ nd nd
Butyl acetate nd 992.92 +27.24¢ 180.24 +4.784 nd
Ethyl octanoate nd nd nd nd
Ethyl decanoate nd 1.25+0.23¢ 1.65 +0.084 nd
Heterocycles
(2)-rose oxide 3.92+0.24¢ 6.29+0.67d 2.44 +0.82ac nd
(2)-linalool oxide nd 4.92+0.242 7.20+0.67d 8.32+0.12¢cd
Nerol oxide 1.21 +£0.20¢ nd 1.02 +0.58¢ 3.04+0.332
Hydrocarbons
(2)-B-ocimene 7.85+1.062¢ 1.55+0.25d 9.32+0.12¢ nd
Limonene 2.24x0.61° 9.92 +0.24f 3.04+£0.332 7.32+0.12P

The results are expressed as mean = standard deviation (n = 9). Different superscript letters in the same row indicate significant

statistical differences (P < 0.05). nd — not detected.
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Dana cultivar, because a surprisingly low content
of alcohols was found in this cultivar. Further,
Albida, Pregarten and Samyl cultivars contained
higher contents of acids, in particular acetic acid
(> 10 mg'kg!). This compound is also not consid-
ered as important for the elder aroma [12, 13].

Significantly (P < 0.05) lower contents of ke-
tones, heterocycles and hydrocarbons, compared
to the above mentioned groups, were found in
all cultivars (Tab. 2). Bohatka, Mammut, Riese
aus VoBloch and Samdal cultivars had the high-
est contents of ketones, in particular propan-2-
one (> 0.2 mg-kg!), which is not important for the
elder aroma, and B-damascenone (> 0.4 mg-kg1),
which is related to the characteristic elderberry
odour [5, 12, 13]. (Z)-B-ocimene and limonene
were the most abundant hydrocarbons, present in
a range 1-10 ug'kg'l, except Haschberg and Sam-
po cultivars, where no hydrocarbons were identi-
fied. These two compounds were also identified
by several authors as important in elderberries [5].
(Z)-rose oxide, (Z)-linalool oxide and nerol oxide
were the most abundant heterocycles, present
in a range 1-14 pug'kgl. (Z)-rose oxide and nerol
oxide are considered to contribute to elder aroma
with elder flower notes [5, 12, 13].

The most surprising finding was that wild
elder had the second highest content of aroma
compounds, which was similar to Kaack [9], who
compared extracts from wild and cultivated elder
flowers. Wild elderberries have markedly bitter,
sour and astringent taste and a mild, not intense
aroma. They are cultivated to reach, among
others, better taste and aroma. Therefore, a much
richer and more varied aroma profile could be ex-
pected in the cultivated types. However, we should
take into consideration that several volatile com-
pounds identified were present in relatively high
contents but probably are not so necessary for the
typical aroma of elderberries. On the other hand,
compounds that are known as significant compo-
nents of the elderberry aroma, were found in very
low contents. This is in accordance with the well
established concept of aroma value of the com-
pound, which is calculated by dividing the content
of the compound in a food by its odour threshold
(e.g. acquired from the literature). Compounds
with higher aroma values (lower threshold values)
are considered as contributing to the aroma [24].
The higher total content of volatile aroma com-
pounds does not necessary mean a more intense
aroma of the sample.

Concerning single selected aroma compounds
(Tab. 1), only pentan-1-ol, hexan-1-ol and (Z)-3-
hexen-1-ol were present in all cultivars.

B-damascenone as a contributor to the typical

elderberry aroma [5, 13] was identified in all cul-
tivars except Sambo. Dihydroedulan and ethyl-
9-decenoate, also known as components of the
elderberry aroma [5, 13], were not present in our
samples.

In the group of compounds with elder flower
note [12], (Z)-rose oxide, nerol oxide, nonanal,
hotrienol and (Z)-linalool were compared, and
their contents in various cultivars were found to be
in the range about 5-10 ug-kg1.

From the flowery group [12], (Z)-B-ocimene,
geraniol, benzyl alcohol and 2-phenylethyl alco-
hol were present in contents 1-8 ug-kgl, with the
exception of Riese aus VopBloch cultivar, which
contained a significantly (P < 0.05) high amount
of benzyl alcohol (670.60 +35.11) ug'kg!l. Lina-
lool was present at contents 5-15 ug-kg1, except
for Samyl cultivar (128.89 +5.22) ug-kg1. Phenyl-
acetaldehyde (100-120 pgkgl) and a-terpineol
(200-300 ug'kg!l) were the most abundant in
this group, in particular cultivar Bohatka con-
tained a significantly (P < 0.05) high amount of
a-terpineol (2.69 + 0.02) mg-kg 1.

Esters are mainly responsible for the
fruity note of elderberry [12]. Several es-
ters were followed (Tab. 1), methyl ace-
tate (1-4 mgkg!) and ethyl acetate, in par-
ticular in  Korsoér (69.23+0.37) mgkgl,
Pregarten (33.82+0.24) mgkg! and Sam-
dal (57.08 = 1.37) mgkg! cultivars, were the
most important. Several aldehydes from this
group were identified, heptanal and octan-
al (3-8 pgkgl) and pentanal (2040 ugkg!)
with significantly high (P < 0.05) content

in Albida (176.71£2.63) pugkgl. Pentan-
1-ol (100400 pugkg!l), 3-methylbutan-1-ol
(200-500 wgkgl) and  2-methylbutan-1-ol

(100-3000 g kg 1) with significantly (P < 0.05) high
content in cultivars Bohatka (7.48 £ 0.61) mg-kg!
and Riese aus Voploch (10.07+0.05) mgkgl,
were the most important alcohols in this group.

Regarding the important aldehydes from
grassy group [12], hexanal was present mainly in
cultivars Albida (67.55*2.24) ugkg! and Pre-
garten (81.33+4.31) ug'kgl; (E)-2-hexen-1-al in
cultivars Albida (386.21 + 5.52) ug-kg'! and Aurea
(479.00 = 106.83) ng-kg'l. The important alcohols
from grassy group [12] hexan-1-ol, octan-1-ol and
(Z)-3-hexen-1-ol were present in the range about
100-500 ug'kgl, (E)-3-hexen-1-ol in particular in
Samyl cultivar (259.84 + 17.12) ug'kgL.

The last two groups of compounds are prob-
ably not necessary for the typical aroma of el-
derberry [5, 12, 13]. l-octen-3-ol belonging to
the agrestic group was present in contents about
150-400 wgkgl, 1-octen-3-one, albeit known as
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Fig. 1. Chromatograms of selected aroma compounds in wild elder (upper) and Samdal cultivar (lower).

Peak designation: 1 — methyl acetate, 2 — ethyl acetate, 3 — pentanal, 4 — ethyl butyrate, 5 — limonene, 6 — 2-methylbutan-1-ol,
7 — (E)-2-hexenal, 8 — pentan-1-ol, 9 — octanal, 10 — (2)-linalool oxide, 11 — (2)-rose oxide, 12 — hexan-1-ol, 13 — (E)-3-hexen-1-0l,
14 — (2)-3-hexen-1-ol, 15 — nerol oxide, 16 — benzaldehyde, 17 — geraniol, 18 — B-damascenone, 19 - (Z)-B-ocimene.

the member of this group [5, 12], was not identi-
fied in our samples. Benzaldehyde, placed to mis-
cellaneous group [12], was present in contents
about 20-50 pg'kgl, except for the cultivar Riese
aus VoBloch (185.63 = 30.21) ug-kg 1.

Taking into  consideration the  high-
est total content of the selected compounds,
which are known to be involved in the aro-
ma of elderberry [5, 12, 13], we could recom-
mend Korsor (77.89 = 3.57) mgkgl, Pre-
garten (4320 = 7.14) mgkg! and Samdal
(67.85 = 8.22) mg-kg-! cultivars for possible practi-
cal use.

For illustration, the chromatogram of com-
pounds identified in Samdal cultivar is presented
in Fig. 1, compared to a chromatogram of wild
elderberry. Although the total content of volatile
compounds in wild elder was high (Tab. 2), a low-
er number of selected compounds was present in
lower quantities, with the lowest (P < 0.05) total
content (1.59 * 0.03) mg-kg! of them.

10

CONCLUSION

Although several articles about aroma profile
of elder berries have been published up to now,
this work is focused on selected cultivars intended
to be grown in Czech Republic. One-hundred-and-
two volatile compounds were identified; alcohols,
aldehydes and esters being the most abundant.
Thirty-six from the identified compounds were
followed as possible components of the aroma.
Taking into consideration the highest contents
of these compounds, three promising cultivars
(Korsor, Pregarten and Samdal) from the sixteen
tested were recommended for growing on a large
scale.
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Abstract

VITOVA EVA, SUKALOVA KATERINA, MAHDALOVA MARTINA, BUTOROVA LENKA, BABAK
LIBOR, MATEJICEK ALES. 2015.Comparison of Flavour and Volatile Flavour Compounds of Mixed
Elderberry Juices. Acta Universitatis Agriculturae et Silviculturae Mendelianae Brunensis, 63(1): 147-152.

The aim of this work was to find the best composition for fruit drink based on elderberries with
optimal flavour characteristics. For this purpose elderberry juice was mixed with various fruit juices
(grape, black currant, apple, orange, carrot) in various ratios, flavour was evaluated sensorially and
instrumentally as the content of aroma compounds.

Five flavour characteristics (sweet, acid/sour, bitter, astringent, characteristic elderberry), off-
flavour, odour, texture (mouth-feel), colour and overall acceptability were evaluated sensorially
using scale. Aroma compounds were extracted by solid phase microextraction and assessed by
gas chromatography with flame ionization detection and gas chromatography-mass spectrometry.
The significant differences (P < 0.05) in flavour were found between samples, which could be
explained by differences in their volatile profiles. In total 57 compounds were identified in fruit juices
and included 20 alcohols, 10 aldehydes, 8 ketones, 7 acids, 7 esters and 5 other compounds. Alcohols
were quantitatively the most important group of all juices. The grape-elderberry juice, in optimum
ratio 7:3 (70% v/v of elderberry), was proposed for practical use owing to the pleasant sweetish,

elderberry flavour, and excellent other sensory characteristics.

Keywords: elderberry, flavour, aroma compounds, GC, SPME, sensory analysis

INTRODUCTION

The popularity of functional beverages led to
the search for other sources of raw materials that
provide great taste and functionality to consumers.
Black elder (Sambucus nigra L.) is a plant with
miscellaneous use, for its therapeutic effects in
medicine, for its aroma and taste in the cuisine.
Wild elderberry fruits and flowers are used mainly
for the home made production of marmalades,
juices, syrups, teas, liqueurs and wines. Fruits are
known by high content of anthocyanine pigments
and they are used for production of natural
colorants (Karovicova et al., 1990). The production
of cultivated elderberries in Czech Republic is only
at the beginning, Czech food industry uses only
imported frozen elderberries as fruit component

of yoghurts. However, elderberry contains many
health promoting substances (Christensen et al.,
2008; Veberic et al., 2009), which, in the form of
appropriate modern food products, could enrich
the consumer market. Successful commercialization
of elderberry fruits depends especially on good
flavour, which is related to the content of sugars
and acids, and aroma, which is strongly associated
to the content of volatile aroma active substances
(Kaack et al., 2005).

The aroma of elder flowers (Velisek et al., 1981;
Jorgensen et al., 2000; Kaack and Christensen, 2008)
and elder berries (Davidek et al., 1982; Jensen et al.,
2000) have been characterized before in detail by
several authors and more than 100 volatiles have
been identified. Most of them are well known
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aroma constituents of fruit products. Several
authors also dealt with sensory evaluation of flavour
of elderberries. They mostly evaluated selected
descriptors, e.g. sweetness, sourness, fruitness,
freshness, flowerness and bitterness using scale:
1-the lowest intensity = 5-the highest intensity
(e.g. Kaack, 2008a; Kaack, 2008b). The others used
preference test using scale: 0-without elderberry
flavour to 10-intensive elderberry flavour (e.g. Kaack
etal., 2005; Kaack et al., 2006).

The aim of this work was to identify and quantify
the volatiles in elderberry juice mixed with various
types of fruit juices in various ratios in order to find
the best composition for attractive and healthy fruit
drink based on elderberries with optimal flavour.
Aroma compounds were extracted by solid phase
microextraction (SPME) and assessed by GC-FID
and GC-MS, the flavour was evaluated sensorially.
SPME is very useful alternative to other tedious or
expensive extraction methods and have been used
by many authors to measure the volatile compounds
of food samples (reviewed by Kataoka et al., 2000)
including various fruit and vegetable juices (Riu-
Aumatell et al., 2004; Soria et al., 2008; Aprea et al.,
2009; Li et al., 2010; Schmarr and Bernhardt, 2010)
and wines (Verzera et al., 2008; Olivero and Trujillo,
2010). Many works about sensory evaluation of
various types of fruit and fruit juices were also
published (Jain et al, 2003; Cliffe-Byrnes and
O’Beirne, 2007; Perez-Cacho et al., 2008; Altisent
etal.,2011; Baron and Kumsta, 2012).

MATERIALS AND METHODS

Samples

Six types of fruit juices were analysed: grape,
black currant, apple, orange, carrot and elderberry
(standard). The various mixtures of elderberry with
other fruit juices were prepared in a ratio 3:7 (30%
v/v of elderberry). Then the mixture elderberry-
grape was tested in various proportions (50-90% v/v
of elderberry). Sample labeling: E: pure elderberry,
G: pure grape, E-gr: elderberry-grape, E-bc:
elderberry-black currant, E-ap: elderberry-apple,
E-or: elderberry-orange, E-ca: elderberry-carrot.
E-gr 50 to E-gr 90: elderberry-grape in various
proportions.

Elderberry juice was acquired by pressing of fresh
berries (Breeding institute of Faculty of Agriculture,
Mendel University in Brno, Lednice, Czech
Republic, picked in September 2012), pasteurized
(78 °C 30 s) (Pasteur EHA 18, Germany) and
immediately cooled to 6 °C until analysis. Grape,
black currant, apple, orange and carrot juices were
bought on the Czech market.

SPME-GC-FID/MS Conditions

Volatile compounds were extracted by solid
phase microextraction (SPME), identified by gas
chromatography-mass  spectrometry  (GC-MS)
and quantified using standards by GC-FID. For

analysis 1ml of juice was placed into vial for SPME
extraction, three samples of every juice was taken,
every sample was analysed three times.

The SPME conditions were: SPME fiber CAR™/
PDMS 85 pm (Supelco). Sample volume 1ml,
extraction temperature 35 °C, equilibrium time
30 min., extraction time 20 min., desorption
temperature 250 °C, desorption time 5 min.

Gas chromatograph used was TRACE™ GC
(ThermoQuest, 1), capillary column DB-WAX
(30m x 0.32mm x 0.5pm). GC conditions: injector
250 °C, splitless desorption 5 min., carrier gas N,
0.9 mlmin, flame ionization detector (FID) at
220 °C, H, 35 ml.min™, air 350 ml.min-!, make up
N, 30 ml.min~. The oven temperature was 40 °C
for 1 min, 40-200 °C at 5 °C/min, 200 °C for 7 min.
GC-MS analyses were performed on GC 8000 (Carlo
Erba, I) with MS TRIO 1000 (Fisons Instruments,
USA). Carrier gas He, GC column and conditions
were the same as described above. The validation
parameters of SPME-GC-FID/MS method were
published previously (Vitova et al., 2006; Vitova et al.,
2007).

Sensory Analysis

The sensory analysis was carried out in a sensory
laboratory (ISO 8589: 2008). The assessors were
selected, then trained (including sensory profiling)
and monitored for six months in accordance with
(ISO 8586-1: 2002). Fifteen assessors (9 women and
6 men) were then used for evaluation of the samples
in different sessions. 30ml of the samples were
served in 50ml glass beakers, marked with 4-digit
codes, in random order. Tap water was used between
the samples.

The sensory attributes were evaluated using
unstructured 10cm line scale, anchored from each
end to identify the direction. The list of attributes
comprised one term for colour (characteristic
elderberry, ranging from atypical to typical
deep purple), odour (characteristic elderberry,
from imperceptible to very strong), five flavour
characteristics (sweet, acid/sour, bitter, astringent,
characteristic elderberry, from weak to very strong),
off-flavour (from imperceptible to very strong),
texture and mouth-feel attribute encompassing
viscosity (from thin to viscous), and overall
acceptability (from unacceptable to delicious) (ISO
13299:2003).

Statistical Evaluation

The results of sensory analyses were statistically
evaluated by means of Kruskall-Wallis test and
then by Nemenyi multiple comparison test; they
are expressed as mean (n = 15). The results of
instrumental analyses were treated using parametric
one way analysis of variance and subsequently
by Duncan test; they are expressed as mean + SD
(n=9). All these analyses were performed at p < 0.05
using Unistat version 5.5 (Unistat, London, United
Kingdom).
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RESULTS AND DISCUSSION

Sensory Evaluation of the Fruit Juices

The main intention of this work was to find the best
composition of fruit juices for fruit drink based
on elderberries with optimal flavour. The flavour
should be pleasant-tasting and simultanecously
retaining noticeable characteristic elderberry note.
Kaack (2008a; 2008b) dealt with similar idea of new
elderberry products in his works. Recent research
found that elderberries are concentrated sources of
anthocyanins that appear to benefit health in several
ways owing to their powerful antioxidant capacity
(Christensen et al., 2008). So the processing of
elderberry to new food products and their increased
consumption is highly advisable. However, the pure
elderberry juice has bitter, sour, astringent taste,
not suitable for direct consumption. Tt is possible
to assume that these negative properties could be
improved by mixing of elderberry with other fruit
juice. For this reason the several partial aims were
set:

i) the samples of selected types of fruit juices, in
various ratios mixed with elderberry juice, were
prepared;

ii) the samples were sensorially evaluated to find
the optimum sensory quality;

iii) the content of aroma compoundswas determined
in these samples to compare the aroma profiles;

iv) the OAVs (odour activity values) were calculated
for compounds identified to estimate their
contribution to aroma and flavour quality.

At first various types of juices, in various ratios
combined with elderberry, were preliminary
evaluated by panel of 6 experts (results are not
included). On the base of sensory properties, and
also market price taking into consideration, grape,
black currant, apple, orange and carrot juices were
chosen and were further tested in recommended
ratio 30% elderberry : 70% other fruit (v/v) (i.e.
combined mixed fruit juices). The pure elderberry
juice was evaluated simultancously as comparative
standard. The results are given in Tab. I.

The emphasis was put on preservation of
characteristic deep purple colour, odour and
flavour of elderberry. The mixture black currant-
clderberry had the highest (P < 0.05) sensory ratings
in colour, odour and characteristic flavour, similar
to pure elderberry. The colour of carrot- and orange-
elderberry juices was evaluated as unsatisfactory
owing to their atypical, brownish shade. The texture
(viscosity) of all juices was well evaluated,
the mixtures with black currant and grape were
the nearest to standard. Flavour and odour were
considered as the most important characteristics.
The mixtures with black currant and grape were
evaluated as tastiest (P < 0.05), with the highest
ratings of overall acceptability. Currant with more
acid/sour (piquant) taste, grape was sweeter, very
pleasant. Both of them maintained characteristic
elderberry flavour in sufficient intensity, bitterness

and astringency were suppressed and almost
imperceptible. Carrot-elderberry was found as
the worst (P < 0.05) with strong unpleasant earthy
off-flavour.

Finally the grape-elderberry juice was chosen for
practical use owing to the pleasant sweetish taste;
good price and accessibility of grapes in the market
were also taken into consideration. This mixture
was further investigated; the others were excluded
from this study because of low practical utility. So
the various blends grape-elderberry with various
contents (50-90% v/v) of elderberry juice were
prepared to find the optimum ratio with the best
flavour (Tab. I). All of these samples (including
the most diluted by grape juice) kept the deep
purple colour and good texture. Significant
(P < 0.05) differences were found in odour and
flavour. As expected, juices with higher addition
of grape had higher ratings in sweet flavour and
overall acceptability, juices with predominance of
elderberry had stronger elderberry flavour. Finally
the compromise was selected, the mixture with
70% (v/v) of elderberry, which was evaluated as very
good, sweet with adequately strong characteristic
elderberry aroma.

Comparison of Aroma Profiles of Juices

The content of volatile aroma compounds and
their contribution to flavour is one of the important
characteristics of fruits. The flavour of fruits is
made up of a great number of volatile compounds,
among which may be a number of alcohols, esters,
acids, terpenes, carbonyl compounds, phenols
and lactones (Rosillo et al,, 1999). These aroma
compounds are produced during ripening, harvest,
post-harvest and storage depending on many
factors related to the species, variety and type of
technological treatment. Their concentrations
are very low and vary between varieties (Kataoka
et al., 2000). Despite the developments in flavour
research, most biochemical pathways determining
this quality trait are still unknown (Song and Forney,
2008).

In total 57 compounds were identified in samples
including 20 alcohols: ethanol, propan-1-ol,
propan-2-ol, butan-1-ol, butan-2-ol, pentan-2-ol,
pentan-1-ol, hexan-1-ol, heptan-2-ol, octan-1-ol,
octan-2-ol,decan-1-ol,decan-2-ol,(E)-3-hexenol,oct-
1-en-3-ol, 2-methylpropanol, 2-methylbutan-1-ol,
3-methylbutan-1-o0l, phenylmethanol, phenyl-
ethanol, 10 aldehydes: pentanal, hexanal, heptanal,
octanal, nonanal, (E)-2-hexenal, (E)-2-octenal,
3-methylbutanal, benzaldehyde, phenylethanal, 8
ketones: butan- 2-one, pentan- 2-one, heptan-2-one,
nonan-2-one, decan-2-one, undecan-2-one,
4-methylpentan-2-one,  3-hydroxybutan-2-one,
7 acids: acetic, propanoic, octanoic, decanoic,
2-methylpropanoic, 3-methylbutanoic, 2-hydroxy-
propanoic, 7 esters: methyl acetate, ethyl acetate,
propyl acetate, butyl acetate, ethyl butanoate,
ethyl octanoate, ethyl decanoate and 5 other
compounds: limonene, B-damascenon, a-terpineol,
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LI: Colour, odour, flavour, texture and mouthfeel and overall acceptability ratings (in %) of mixed elderberry juices

Type of fruit juice

Sensory characteristics

E E-gr E-bc E-ap E-or E-ca E-gr50 E-gr60 E-gr70 E-gr 80 E-gr 90
Colour Characteristic o) uc 6370 g7.0n 7395 442¢ 311c 7558 7895 8135 87.6° 89.4AC
elderberry
Odour Characteristic o3 yn go 5 goaw 43 473« 3849 7485 749° §L2C 88.2AC 903AC
elderberry
Sweet 21.5%4 84.8% 513w 72.8% 69.3¢ 554% T9.6F  (9.5BC (1.55CD 49 4AC 35 34D
Acid/sour 84,404 32.4bc 7867 443 424 428  40.1P  45.65C 509.45CD 627AC 79 3AD
Bitter 89.314 41,50 54.6c 422 434 441c 502° 59.15¢ 643 7790  86.44
Flavour Astringent  78.1%* 37.2% 53.8¢ 369> 38.3% 41.8° 445° 5865 (24P 714> 7584
Characteristic o5 a7 9 g4 5035 423% 394° 725% 7655 824D 882D O1.6A
elderberry
Off-flavour ~ 11.84 36.4b 3320 41.5% 432¢ 87.6¢ 3228 25.8% 1545 1380 1267
Textureand v, i1 8134 71.0b 743¢ 689" 66.4° 69.6 77.3% 781 783 792AC 8124
mouthfeel
Overal acceptability 723 86.2° 85.6> 81.5* 64.0* 351° 87.4F 87.28 83.7°%C 79.8°P 754D

The results are expressed in % as mean (n = 15). Different small letters in the same row indicate significant differences
(p < 0.05) among combined mixed fruit juices, different capital letters in the same row indicate significant differences
(p < 0.05) among elderberry-grape juices. Sample labeling: E: pure elderberry, E-gr: elderberry-grape, E-bc: elderberry-
black currant, E-ap: elderberry-apple, E-or: elderberry-orange, E-ca: elderberry-carrot. E-gr 50 to E-gr 90: elderberry-
grape in various proportions (50-90% v/v of elderberry).

II: Comparison of chemical groups of compounds identified in mixed elderberry juices

Aroma compounds Type of fruit juice
(pg.ml) E E-gr E-bc E-ap E-or E-ca
Alcohols 1450.6 + 13.93** 1006.2 + 19.91>  760.5 +21.69¢ 1255.5 + 14.42?> 842.2+17.59¢ 1169.3 +17.83%
Aldehydes 0.6 £0.224 0.1+0.01° 0.2+0.02¢ 0.5+0.08* 0.1+0.01¢ 1.5+0.32¢
Ketones 1.2 +£0.04 2.4+0.05" 2.4 +0.09" 2.3+0.15° 4.3 £0.85¢ 3.0£0.16>
Acids 230.1+8.69* 87.2+11.09> 139.2+13.88° 96.3 +34.09" 189.4 + 6.68* 31.7+1.72¢
Esters 11.8+£2.274 7.1+0.54° 7.4+0.41° 7.0 +0.29° 3.6+0.11¢ 6.1+0.33>
Others 0.7 £0.02:4 1.0+0.01° nd 0.5+0.01¢ nd nd
In total AC 1694.4+16.58* 1102.8 +21.59> 909.1+32.09° 1361.7 +49.03?> 1039.2 +24.80> 1211.4+11.36P
E-gr 50 E-gr 60 E-gr70 E-gr 80 E-gr 90 G
Alcohols 1118.1£12.328 1202.9 £14.54% 1326.5 £ 21.3448 1396.4+13.34* 1351.0+ 18.48%%  661.0 £ 4.06¢
Aldehydes 0.6+£0.034 0.3 £0.028 0.2+0.028 0.4+0.08® 0.2 £0.045¢ 0.1+£0.02¢
Ketones 1.1+0.014 1.1+0.014 1.0+£0.014 1.0+0.01# 1.0+0.01# 0.1+0.01®
Acids 200.2+5.36%  132.7+536° 150.5+10.12®8 105.0+1.59¢ 114.2+1.80¢  166.1 +2.844¢
Esters 7.1+£1.04% 9.2+0.32¢ 10.8 £0.184¢ 12.9 +£0.424 12.1 +£0.864¢ 0.5 £0.01P
Others 0.4+0.028 1.1+£0.05¢ 1.6+0.03° 1.4+0.07° 1.3 £0.04¢<P 1.5+0.12°
In total AC 1327.3 £14.89% 1347.4+5.47% 1490.3 +21.3448 1517.3+9.59* 1480.2+13.034% 828.9 +4.96¢

The results are expressed as mean + SD (n = 9). Different small letters in the same row indicate significant differences
(p < 0.05) among combined mixed fruit juices, different capital letters in the same row indicate significant differences
(p < 0.05) among elderberry-grape juices. nd - not detected. AC — aroma compounds. Sample labeling: E: pure elderberry,
G: pure grape, E-gr: elderberry-grape, E-be: elderberry-black currant, E-ap: elderberry-apple, E-or: elderberry-orange,
E-ca: elderberry-carrot. E-gr 50 to E-gr 90: elderberry-grape in various proportions (50-90% v/v of elderberry).

(Z)-rose oxide, linalool. Most of them are known as
important aroma components and were found by
many authors in various types of fruits (e.g. Rocha
et al., 2007; Soni et al., 2008; Fraternale et al., 2011;
Selli and Kelebek, 2011).

The comparison of chemical groups of compounds
is given in Tab. II. Alcohols were the most important
group of all juices forming about 80-90% of all

compounds quantified. Aldehydes and ketones
were quantitatively the least (P < 0.05) important;
their concentrations were minimal in all fruit juices.
The highest total content of compounds was found
in pure elderberry. In spite of good sensory rating,
the grape juice contained the lowest total content
of aroma compounds, especially caused by low
concentration of alcohols. Tt gradually increased in
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grape-elderberry mixtures with increasing portion
of elderberry (Tab. II). In spite of significant (P < 0.05)
differences in sensory evaluation of flavour, the total
content of aroma compounds in samples E-gr 50 to
E-gr 90 was similar and was created by combination
of aroma compounds in pure grapy and elderberry
juices.

Both sensory studies and instrumental analysis
confirm the importance of volatiles production
in fruit and their contribution to eating quality.
The calculation of OAV, which is defined as “the ratio
of concentration in food to threshold concentration
in the same matrix”, is the possibility how to predict
which compound could contribute to aroma. Odour
threshold concentrations were acquired from
the literature (Rocha et al., 2007; Verzera et al., 2008;

Sanchez-Palomo et al., 2010); the calculated OAVs
suggest that ethanol (mild alcoholic), propan-1-ol
(sweet alcoholic), propan-2-ol (buttery),
2-methylbutan-1-ol  (fruity), hexanal (fruity,
grassy), heptanal (fruity), phenylethanal (flowery),
nonan-2-one (fruity, flowery), undecan-2-one
(fruity, flowery), 4-methylpentan-2-one (fruity),
3-methylbutanoic acid (oily), PB-damascenon
(woody, elderberry) and a-terpineol (flowery) could
be the contributors to aroma of samples in this
study, which is in accordance with other authors
(Sanchez-Palomo et al., 2010; Selli and Kelebek,
2011). Theoretically, the remaining compounds did
not directly contribute (OAVs < 1), they can only
enhance some notes because of synergistic effects.
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Thirteen cultivars of sea buckthorn (Hippophae rhamnoides L.) berries: Aromat, Botanicky,
Buchlovicky, Hergo, Krasavica, Leicora, Ljubitelna, Pavlovsky, Peterbursky, Sluni¢ko, Trofinovsky,
Vitaminnaja and Velkoosecky, were tested for the content of volatile aroma compounds using gas
chromatography with the solid phase microextraction method during two consequent years (2012—
2013). In total, 69 volatile compounds were identified: 26 alcohols, 12 aldehydes, 11 ketones, 9 acids
and 11 esters. Based on principal component analysis, 18 most relevant compounds, best repre-
senting the variability of the whole system and suitable for the discrimination of the samples, were
selected from all compounds identified. These compounds were then compared using the analysis of
variance to confirm differences between the samples. Significant (p < 0.05) differences were found
in the varieties in both years, Krasavica and Slunicko cultivars were found to be quite different
from other varieties, being rich in the compounds identified and containing most of the selected
compounds. Variability within the cultivars (between picking years) was low or not significant.
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Introduction

Sea buckthorn (Hippophae rhamnoides L.) is a
hardy, deciduous, spiny shrub or tree belonging to
the family Flaeagnaceae. The fruits are yellow-orange,
drupe-like, consisting of a single seed surrounded by
a fleshy edible pulp (Li & Schroeder, 1996; Yang &
Kallio, 2002). Their mass varies in the range of 4-
60 g per 100 of fruit being 5-11 mm in size, and
the shape varies from flattened spherical, cylindri-
cal, ovate or elliptic to various irregular shapes. The
fruit is considered ripe when it becomes bright yel-
low, orange or red in colour. The combination of fruit
colour, shape, and size contributes to the variability
among varieties (Li & Beveridge, 2003). It originates
in Asia, where it has been used for centuries for food,
therapeutic, and pharmaceutical purposes. It is also
naturally distributed in Europe, e.g. in France, Den-

*Corresponding author, e-mail: evavitova@post.cz

mark, Netherlands, Germany, Poland, Sweden, Nor-
way (Li & Beveridge, 2003). During the last decade,
sea buckthorn has attracted considerable attention of
researchers around the world, mainly for its nutri-
tional and medicinal value. All parts of this plant are
considered to be a good source of a large number of
bioactive substances like vitamins, carotenoids, phy-
tosterols, organic acids, polyunsaturated fatty acids
and some essential amino acids (Beveridge et al., 1999;
Suryakumar & Gupta, 2011). Its fruits are among the
most nutritious and vitamin-rich of all berries, with an
exceptionally high content of antioxidants (Zeb, 2004).
These bioactive components are investigated by many
researchers (Cakir, 2004; Zeb, 2004; Dulf, 2012).
Besides their nutritional value, sensory quality of
berries (especially flavour) is important from the con-
sumers’ point of view. However, literature dealing
with flavour of sea buckthorn is scarce. Tang et al.
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(2001) found astringency, sourness and bitterness as
the salient sensory attributes that characterize the
flavour of sea buckthorn; the aroma was described
as e.g. strawberry, peach (Tang et al., 2001); passion
fruit and pineapple (Li & Beveridge, 2003); exotic soft
fruit or citrus fruit (Tiitinen et al., 2005). Despite its
highly acidic nature and exotic flavour, sea buckthorn
berries posses high potential for the production of var-
ious products like juice, tea, jam, jelly and many oth-
ers (Chauhan et al., 2003). How the chemical com-
position affects flavour of sea buckthorn still remains
to be explored. It is generally known that flavour
of fruits is influenced by volatile aroma compounds;
those of sea buckthorn were firstly studied by Hirvi
and Honkanen (1984) who identified a total of 60 com-
ponents; esters, particularly ethyl-, 3-methylbutyl-
and cis-3-hexen-1-yl esters, were present in the high-
est amounts. The most important compunds were:
ethyl hexanoate, 3-methylbutyl 3-methylbutanoate,
3-methylbutanoic acid, 3-methylbutyl hexanoate, 3-
methylbutyl benzoate and 3-methylbutyl octanoate.
Other compound groups identified were terpenes, al-
cohols, phenols, aldehydes, ketones and organic acids.
Cakir (2004) identified more than 80 compounds in H.
rhamnoides subsp. sinensis Rousi grown in China in-
cluding alkanes, alkenes, aldehydes, acetals, ketones,
esters and terpenoids. The major components were
ethyl dodecenoate, ethyl octanoate, decanol, ethyl de-
canoate and ethyl dodecanoate. Headspace volatiles
from frozen berries of sea buckthorn were also stud-
ied by Tiitinen et al. (2006). A total of 45 compounds
were identified; esters of branched or straight chain
aliphatic alcohols and acids, such as methyl, ethyl and
propyl esters of 2-methylpropanoic, 2-methylbutanoic
and 3-methylbutanoic acids, are the main com-
pounds found. Other common compounds are alco-
hols, terpene hydrocarbons, aldehydes and ketones.
Ethyl 2-methylbutanoate, ethyl 3-methyl butanoate,
ethyl hexanoate, 3-methylbutyl 3-methylbutanoate,
ethyl octanoate and 3-methylbutyl hexanoate are the
most abundant compounds. Wang et al. (2011) used
headspace SPME for the extraction of volatile com-
pounds characterizing sea buckthorn raw juice and
other products. The extracted compounds comprised
higher alcohols, ethyl esters, acetates, fatty acids, and
carbonyl compounds. Recently, Socaci et al. (2013)
used in-tube extraction for the isolation of volatile
components to compare wild and cultivated sea buck-
thorn varieties. Similarly to other authors, they found
the most abundant derivatives to be ethyl esters
of 2-methylbutanoic, 3-methylbutanoic, hexanoic, oc-
tanoic, butanoic and benzoic acids, as well as 3-
methylbutyl 3-methylbutanoate and 3-methylbutyl 2-
methylbutanoate.

The aim of this work was to compare selected
volatile aroma compounds of several new cultivars
of sea buckthorn berries grown in the Czech Re-
public. Compounds were identified and quantified us-

ing gas chromatography-mass spectrometry (GC-MS)
with solid-phase microextraction (SPME). Differences
between the aroma profiles of the studied cultivars
were expressed, thus contributing to better under-
standing of the sea buckthorn flavour.

Experimental

The sea buckthorn varieties were grown in the
breeding institute of the Mendel University in Brno
(Lednice, CZ). In total, 13 cultivars were anal-
ysed: two red-coloured: Aromat (large-sized berries,
sweet/sour flavour), Krasavica (middle-sized, sweet/
sour); five orange-coloured: Buchlovicky (middle-
sized, sweet/sour), Leicora (large-sized, sweet/sour),
Trofinovsky (small-sized, acidulous), Vitaminnaja
(middle-sized, acidulous), Velkoosecky (small-sized,
acidulous) and six yellow-orange-coloured: Botanicky
(large-sized, acidulous), Hergo (small-sized, sweet/
sour/astringent), Ljubitelna (small-sized, acidulous),
Pavlovsky (small-sized, acidulous), Peterbursky
(small-sized, acidulous), Sluni¢ko (small-sized, sweet/
sour). The berries were handpicked fully ripe (evalu-
ated by experienced agronomists) during the seasons
of 2012-2013, immediately frozen at —15°C and stored
until analysis. For analysis, 1 g of defrozen, manually
homogenised berries was placed into a vial for SPME
extraction; three samples of every cultivar were taken,
every sample was analysed three times (number of ex-
periments, n = 9).

SPME extractions were carried out using a 85 um
Carboxen/Poly(dimethylsiloxane) fibre (CAR/PDMS)
(Supelco, Bellefonte, Pennsylvania, USA) under the
following conditions: extraction temperature of 35°C,
equilibrium time of 30 min, extraction time of 20 min,
desorption temperature of 250°C, desorption time of
5 min. The following conditions were used for gas
chromatographic analyses using a gas chromatograph
TRACE GC (ThermoQuest, Milan, Italy) with a cap-
illary column DB-WAX (30 m x 0.32 mm x 0.5 pm)
(J&W Scientific, Folsom, CA, USA): injector tempera-
ture of 250 °C, split-less desorption of 5 min, carrier gas
Ny, flow-rate of 0.9 mL min~!, flame ionisation detec-
tor (FID) set at 220°C, Hy inlet of 35 mL min~—!, air in-
let of 350 mL min—!, make up Ny flow of 30 mL min—!.
The oven ramp temperature was 40°C for 1 min, and
it was increased up to 200°C at the rate of 5°C min~?
and maintained at 200°C for 7 min. GC-MS analy-
ses were performed on a gas chromatograph HP 6890
with an MS detector 5973 N and the Mass Spectral
Library NIST 98 (Agilent, Santa Clara, CA, USA).
Helium was used as the carrier gas. GC column and
the conditions were as described above.

The standard addition method was used for the
quantification of analytes to control the influence of
the sample matrix. The mixture of standards was di-
vided into groups consisting of five chemicals which
were gradually added (1 mL) directly into the sample.
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These standard mixtures were analysed in the same
manner as the samples. Five concentration levels, in
the range of 0.001-200 mg kg~! (different for vari-
ous standards), were used to establish the calibration
curves. Validation and the validation parameters of
the SPME-GC-FID/MS method were published pre-
viously (Vitova et al., 2013). Repeatability was veri-
fied by repeated extractions (number of experiments,
n = 5) of the standard mixtures (relative standard de-
viation < 10 %), detection limits were in the range of
0.001-0.50 mg kg!. Linearity was tested within the
range of 0.001-200 mg kg~!; correlation coefficients
were all above 0.99 (Vitova et al., 2013).

The following chemicals were used as standards:
pentanal, hexanal, heptanal, (F)-oct-2-enal, propan-
2-one, nonan-2-one, decan-2-one, undecan-2-one, phe-
nylacetaldehyde, benzaldehyde, 2-methylbutan-1-ol,
dodecan-1-ol, heptadecan-1-ol, heptadecan-2-ol, hexa-
decan-2-ol, hex-3-en-1-ol, oct-3-en-1-ol (Sigma—Ald-
rich, Germany); acetic, propanoic, butanoic, hexanoic,
benzoic, 2-hydroxypropanoic, 2-methylpropanoic, 2-
methylbutanoic, 3-methylbutanoic acids, acetalde-
hyde, propanal, octanal, nonanal, (FE)-hex-2-enal,
methyl acetate, ethyl acetate, ethyl butanoate, ethyl
hexanoate, ethyl heptanoate, ethyl octanoate, ethyl
decanoate, ethyl dodecanoate, propyl acetate, butyl
acetate, phenylethyl acetate, ethanol, propan-1-ol,
propan-2-ol, butan-1-ol, butan-2-ol, pentan-1-ol, pen-
tan-2-ol, hexan-1-ol, heptan-2-ol, octan-1-ol, octan-
2-o0l, nonan-2-ol, decan-1-ol, 2-methylpropan-1-ol, 3-
methylbutan-1-ol, benzyl alcohol, phenylethanol, pen-
tan-2-one, heptan-2-one, tridecan-2-one, 4-methylpen-
tan-2-one, 3-hydroxybutan-2-one, butane-2,3-dione
(Merck, Germany); methanol, butan-2-one (Lachema,
Czech Republic); oct-1-en-3-ol, 3-methylbutanal (Flu-
ka, Switzerland). All the chemicals were of chemically
pure grade.

The results were treated using MS Excel 2010 (Mi-
crosoft Corporation, Redmond, Washington, USA)
and are expressed as the mean + standard deviation (n
=9). Principal component analysis (PCA) was used to
reduce the original data set to the most relevant com-
pounds. The differences between the cultivars and the
picking years were statistically treated with the para-
metric one way analysis of variance (ANOVA) followed
by the Duncan test at p < 0.05. These analyses were
performed using Unistat version 5.5 (Unistat, London,
UK).

Results and discussion

SPME-GC-FID/MS assessment of volatile
aroma compounds

The content of volatile aroma compounds and their
contribution to flavour is an important characteristic
of fruits (Schmarr & Bernhardt, 2010). However, very
few information about aroma compounds of sea buck-

thorn has been published so far. A total of 60 com-
ponents were firstly identified by Hirvi and Honka-
nen (1984), also Cakir (2004), Tiitinen et al. (2006)
and Wang et al. (2011) identified 30, 45 and about
40 compounds, respectively, which may contribute to
the typical flavour of sea buckthorn berries. Esters of
branched or straight chain aliphatic alcohols and acids
were the major compounds found.

In total, 13 sea buckthorn cultivars were inves-
tigated in this study during the seasons of 2012-
2013. Volatile aroma compounds were extracted by
SPME, identified by GC-MS (based on mass spec-
tra), confirmed using retention times of standards,
and quantified by GC-FID using standards. In total,
69 volatile compounds were identified in all samples,
among them: 26 alcohols: methanol, ethanol, propan-
1-ol, propan-2-ol, butan-1-ol, butan-2-ol, pentan-1-
ol, pentan-2-ol, hexan-1-ol, heptan-2-ol, octan-1-ol,
octan-2-ol, nonan-2-ol, decan-1-ol, dodecan-1-o0l, hep-
tadecan-1-ol, heptadecan-2-ol, hexadecan-2-ol, hex-3-
en-1-ol, oct-3-en-1-o0l, 2-methylpropan-1-ol, 2-methyl-
butan-1-ol, 3-methylbutan-1-ol, oct-1-en-3-ol, ben-
zyl alcohol, phenylethanol; 12 aldehydes: acetalde-
hyde, propanal, pentanal, hexanal, heptanal, octanal,
nonanal, 3-methylbutanal, (F)-hex-2-enal, (E)-oct-2-
enal, benzaldehyde, phenylacetaldehyde; 11 ketones:
propan-2-one, butan-2-one, pentan-2-one, heptan-2-
one, nonan-2-one, decan-2-one, undecan-2-one, tride-
can-2-one, 3-hydroxybutan-2-one, 4-methylpentan-2-
one, butane-2,3-dione; 11 esters: methyl acetate, ethyl
acetate, propyl acetate, ethyl butanoate, ethyl hex-
anoate, ethyl heptanoate, ethyl octanoate, ethyl de-
canoate, ethyl dodecanoate, butyl acetate, phenylethyl
acetate; and 9 acids: acetic, propanoic, butanoic, hex-
anoic, benzoic, 2-hydroxypropanoic, 2-methylpropa-
noic, 2-methylbutanoic, 3-methylbutanoic. In contrast
to other authors, namely Cakir (2004) and Tiitinen
et al. (2006), alcohols were the most numerous com-
pounds; among them methanol, ethanol, propan-1-
ol, propan-2-ol, butan-2-ol, pentan-1-ol, pentan-2-ol,
2-methylpropan-1-ol, 2-methylbutan-1-ol, 3-methyl-
butan-1-ol, benzyl alcohol and phenylethanol were
present in highest amounts. Aldehydes: acetalde-
hyde, heptanal, octanal and (F)-oct-2-enal, ketones:
tridecan-2-one and 3-hydroxybutan-2-one, and acetic,
2-methylpropanoic and 3-methylbutanoic acids were
also present in significant quantities. The content of
other compounds identified did not exceed 1 mg kg~*.
An example of the chromatogram of compounds iden-
tified in the Krasavica cultivar (harvested in 2013) is
given in Fig. 1.

According to Zeb (2004), the composition of sea
buckthorn varies mainly with the origin and climate.
To assess the differences between the cultivars, PCA
was performed using the data of 13 sea buckthorn
varieties and the content of all compounds identified
(data matrix 26 x 69 for 26 samples and 69 com-
pounds). The scatter plot of PCA scores of all sea
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Fig. 1. Chromatogram of compounds identified in the Krasavica cultivar (harvested in 2013). Peak numbering: 1 — acetaldehyde,
2 — methyl acetate, 3 — ethyl acetate, 4 — ethanol, 5 — pentan-2-one, 6 — pentanal, 7 — ethyl butanoate, 8 — propan-1-ol,
9 — butyl acetate, 10 — 2-methylpropan-1-ol, 11 — pentan-2-ol, 12 — butan-1-ol, 13 — heptanal, 14 — heptan-2-one, 15 —
3-methylbutan-1-0l, 16 — ethyl hexanoate, 17 — octanal, 18 — 3-hydroxybutan-2-one, 19 — heptan-2-ol, 20 — hexan-1-ol,
21 — nonanal, 22 — octan-2-ol, 23 — ethyl octanoate, 24 — oct-1-en-3-ol, 25 — acetic acid, 26 — nonan-2-ol, 27 — linalool
(3,7-dimethylocta-1,6-dien-3-ol), 28 — octan-1-ol, 29 — undecan-2-one, 30 — benzyl alcohol.

buckthorn varieties is shown in Fig. 2. Similarly to Ti-
itinen et al. (2006), the differences were found among
the studied varieties in both years. However, the differ-
entiation of cultivars is ambiguous; the cluster in the
left bottom part includes most of the samples, cor-
relating negatively with PC1 and PC2, which means
that these varieties are more similar in the content
of aroma compounds. Only Krasavica and Slunicko
are located individually in this graph, which indi-
cates significant differences compared to other sam-
ples. The Krasavica variety is located in the bot-
tom right part, correlating positively with PC1. Slu-
nicko is located in the top part, correlating positively
with PC2. Both these varieties are rich in ethanol, 2-
methylpropan-1-ol, 3-methylbutan-1-ol, acetaldehyde,
3-hydroxybutan-2-one and acetic acid. With the ex-
ception of Trofinovsky and Aromat, composition in
the two studied years (indexes 12, 13 in Fig. 2) within
the same variety were very close to each other, indi-
cating that differences in the composition between the
picking years are small.

The cumulative contribution of the first three prin-
cipal components to total variance was 67.47 %.
PC1 (34.96 %) explains the differences between the
cultivars, whereas PC2 (22.69 %) explains the dif-
ferences between the growing seasons. PC3 repre-
sents 9.82 % of the remaining differences. Octan-
1-ol (0.977), hexan-1-ol (0.954), 2-methylpropan-1-ol
(0.953), nonan-2-ol (0.941), undecan-2-one (0.924),
acetic acid (0.851), benzyl alcohol (0.839), linalool
(0.839), 3-hydroxybutan-2-one (0.834), pentanal
(0.785), nonanal (0.769), propan-1-ol (0.762) and ethyl
butanoate (0.703) were the most significant parame-
ters for PC1 construction. The important role of ethyl
octanoate (0.840), propanoic acid (0.803), pentan-2-
one (0.803), propanal (0.803) and ethyl butanoate
(0.691) was proven by PC2 and that of ethyl hep-
tanoate (0.824) by PC3. These 18 compounds can
be considered as the most important representing the
variability of the system and were therefore taken
into account when reducing the extensive original data
set.
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Fig. 2. PCA score plot of 13 sea buckthorn cultivars harvested in 2012-2013: Aromat (Ar), Botanicky (Bo), Buchlovicky (Bu),
Hergo (He), Krasavica (Kr), Leicora (Le), Ljubitelna (Lj), Pavlovsky (Pa), Peterbursky (Pe), Slunicko (Sl), Trofinovsky

(Tr), Vitaminnaja (Vi), Velkoosecky (Ve).

Comparison of selected aroma compounds
identified in sea buckthorn cultivars

Based on PCA, the most relevant compounds, best
suitable for the discrimination of the samples, were se-
lected from all compounds identified. These selected
aroma compounds were subjected to a further PCA
analysis (data matrix: 26 x 18 for 26 samples and 18
compounds) and were also compared using ANOVA
to better express the differences between the culti-
vars and the picking years. In this case, the cumu-
lative contribution of the first three PCs to total vari-
ance was 91.20 %. Such high percentage is very good
to represent the variability of samples. PC1 repre-
sented 58.33 %, PC2 24.62 % and PC3 8.24 % of
the total variance. The score plot (not presented)
was similar to that in Fig. 2, confirming the above
mentioned dissimilarity of the Krasavica and Slu-
nicko varieties; they contain most of the selected com-
pounds (see Table 1). The comparison of 18 selected
compounds using ANOVA is given in Table 1. Two
picking years for each cultivar were compared; then,
the single cultivars were mutually compared, sepa-
rately in 2012 and 2013. Propan-1-ol was detected
in the Buchlovicky, Krasavica, Leicora, Ljubitelna,
Peterbursky and Vitaminnaja cultivars occurring in
various amounts ranging from (18.1 + 1.1) pug kg !

in Vitaminnaja to (3.4 + 0.2) mg kg~! in Krasav-
ica. 2-Methylpropan-1-ol was detected in Aromat,
Botanicky, Krasavica, Slunicko, Trofinovsky, Vitamin-
naja and Velkoosecky. Its concentration ranged from
(2.3 £ 0.1) mg kg~! in Velkoosecky to (763.1 £ 41.2)
mg kg~! in Krasavica. Octan-1-ol was detected in
Aromat, Krasavica, Ljubitelna, Slunicko, Trofinovsky
and Vitaminnaja in quite low concentrations, rang-
ing from (1.2 + 0.1) pg kg=! in Aromat and Vi-
taminnaja to (43.9 + 2.5) pg kg=! in Krasavica.
Hexan-1-ol was detected in most cultivars except for
Hergo, Pavlovsky and Velkoosecky. Its amount was
in the range of (2.1 £ 0.1) pg kg=! in Leicora to
(5.0 £ 0.3) mg kg~! in Krasavica. Nonan-2-ol was
present only in Krasavica, Pavlovsky and Slunicko in
very low amounts, about tens of pg kg~!. Linalool,
about 2 ug kg~!, was detected only in Hergo, Krasav-
ica and Velkoosecky. Benzyl alcohol was detected in
Aromat, Buchlovicky, Krasavica, Pavlovsky and Vita-
minnaja. Its amount was in the range of (5.6 + 0.3)
pg kg=! to (22.6 + 1.4) pug kg~ !, with the excep-
tion of Krasavica containing (3.7 £+ 0.23) mg kg~!
Propanal was detected in Botanicky, Hergo, Slunicko
and Velkoosecky in low concentrations ranging from
(2.1 £0.1) pg kg~ ! in Hergo to (5.4 + 0.3) pg kg~! in
Slunicko. Pentanal was detected in Botanicky, Krasav-
ica and Vitaminnaja also in very low concentrations
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Table 1. Comparison of selected volatile aroma compounds identified in sea buckthorn cultivars (picking years 2012-2013)

Sea Selected aroma compounds content/(pg kg™!)
buckthorn Picking year
cultivar Propan-1-ol 2-Methylpropan-1-ol Hexan-1-ol Nonan-2-ol Linalool Octan-1-o0l
Aromat 2012 nd 18.2 £+ 0.8%A,  13.2 + 1.1Aqc nd nd 1.5 + 0.1A,
2013 nd 21.8 + 1.9¥A®  31.3 + 1.7B¢ nd nd 1.2 4+ 0.1A®
Botanicky 2012 nd 23.7 + 1.2%A,  20.9 £+ 1.8A, nd nd nd
2013 nd 20.2 + 1.9¥A%  41.1 + 2.7B® nd nd nd
Buchlovicky 2012  373.3 + 17.8A, nd 22.4 4+ 2.1A, nd nd nd
2013 526.1 + 28.6A® nd 17.1 4+ 0.8Ab nd nd nd
Hergo 2012 nd nd nd nd 2.6 + 0.1A, nd
2013 nd nd nd nd 2.8 £ 0.1A° nd
Krasavica 2012 2.8 + 0.2%Ay 763.1 &+ 41.2¥Ay, 4.3 £ 0.2¥A, 29.3 £ 1.5A, 2.3+ 0.1A, 43.9 + 2.5A,
2013 3.4 + 0.2%A% 521.3 + 35.4*B® 5.0 + 0.3*A¢ 34.3 + 2.1A° 1.8 £ 0.1A¢ 35.6 £ 2.4Ab
Leicora 2012  436.5 + 26.8A, nd 2.1 + 0.1A¢ nd nd nd
2013 198.5 + 11.0B¢ nd 22.8 + 2.1B? nd nd nd
Ljubitelna 2012 1.3 + 0.1*A. nd 39.6 + 1.8A4 nd nd 1.9 4+ 0.1Aac
2013 1.6 £ 0.1*A4 nd 68.7 + 3.4B¢ nd nd 5.1 + 0.5B¢
Pavlovsky 2012 nd nd nd 18.3 £ 1.7Ay nd nd
2013 nd nd nd 12.1 + 0.8B® nd nd
Peterbursky 2012  414.0 & 26.6A, nd 11.1 + 0.6Ac nd nd nd
2013  330.4 + 18.8A¢ nd 8.1 + 0.5A¢ nd nd nd
Slunitio 2012 nd 195.1 + 14.6%A. 3.6 & 0.2¥A, 22.6 & 1.7A,, nd 27.6 + 1.8A
2013 nd 265.1 £ 19.0¥A°¢ 3.7 + 0.2%A° 28.9 + 1.3A¢ nd 18.5 + 0.6B¢
Trofinovsky 2012 nd 5.1 4+ 0.4%¥Agq 128.0 £ 6.3A¢ nd nd 3.2+ 0.2A4
2013 nd 9.0 +£ 0.6*B¢  81.8 4 5.8B¢ nd nd 1.4 £+ 0.1B¢
Vitaminnaja 2012 532.2 £ 29.7Aq 8.0 £ 0.7*A.  52.4 + 3.6A4 nd nd 2.2 + 0.1A¢
2013 18.1 + 1.1B/ 5.7 + 0.3*A¢  63.3 £ 4.5A4 nd nd 1.2 + 0.1B®
Velkoosecky 2012 nd 3.2 + 0.1%A4 nd nd 1.3 + 0.1A, nd
2013 nd 2.3 + 0.1*Af nd nd 2.8 + 0.1A° nd
Selected aroma compounds content/ (g kg™ 1)
Benzyl alcohol Propanal Pentanal Nonanal Ethyl octanoate Ethyl butanoate
Aromat 2012 13.5 + 0.9A.¢ nd nd 3.9 + 0.1A, 0.9 + 0.1%A,  96.4 + 7.2A,
2013 8.2 + 0.3A%d nd nd 3.8 + 0.2A° 1.2 + 0.1¥*A®  31.7 + 2.4B®
Botanicky 2012 nd 2.3 + 0.2A, 4.9 4+ 0.3A, 1.3+ 0.1A, 279.5 + 9.5A, 64.8 &+ 4.7Aqe
2013 nd 3.0 £+ 0.2B* 7.3 £0.5B* 1.5+ 0.1A® 521.5 4+ 18.3B®  59.8 & 4.2Ab
Buchlovicky 2012 9.3 + 0.8A, nd nd nd 133.2 £ 9.6A 10.4 + 0.9A;,
2013 22.6 + 1.4BY nd nd nd 252.9 4+ 19.7B¢ 8.1 + 0.5A¢
Hergo 2012 nd 2.5 + 0.2A, nd nd 112.1 £ 7.6A¢ 4.2 + 0.2A,
2013 nd 2.1 + 0.1A% nd nd 132.1 + 8.5A%9 3.1 + 0.1A¢
Krasavica 2012 3.7 £ 0.2%A, nd 12.2 £ 0.8Ay, 3.4 £ 0.2A,c 399.0 &+ 27.6A4 161.8 & 7.8A4
2013 2.8 + 0.2%A° nd 14.3 £ 0.7AY 3.9 £ 0.2A% 315.0 £ 26.2A°" 184.1 £+ 9.7A¢
Leicora 2012 nd nd nd nd 97.6 + 6.3A¢ 5.6 - 0.3A¢
2013 nd nd nd nd 271.8 + 8.8B¢ 7.1 4+ 0.5A¢
Ljubitelna 2012 nd nd nd nd 110.8 £ 7.5A¢ 41.4 £ 2.2A,
2013 nd nd nd nd 162.8 + 10.4A%9 52.8 + 3.4Ab
Pavlovsky 2012 18.8 + 1.3A. nd nd nd 5.1 + 0.4A¢ 1.3 £ 0.1A¢
2013 6.4 + 0.3B nd nd nd 2.2 + 0.1B¢ 1.2 + 0.1AS
Peterbursky 2012 nd nd nd nd 15.2 + 0.9A¢ 3.3 £+ 0.1A.
2013 nd nd nd nd 23.1 + 1.7Bf 4.2 + 0.2A¢
Slunidko 2012 nd 3.5 + 0.1A,, nd 234+ 0.1Aq 101.2 + 8.8A.  397.2 + 19.7A,
2013 nd 5.4 + 0.3B¢ nd 2.5 + 0.1A¢ 137.2 + 5.8A9  450.1 + 12.0A9
Trofinovsky 2012 nd nd nd 2.8 4+ 0.1A. 129.1 + 7.3A.  148.3 + 7.9A4
2013 nd nd nd 1.3+ 0.1B® 413.2 4+ 18.8B"  67.3 £+ 4.6B®
. 2012 5.6 + 0.3A4 nd 5.1 + 0.1A, nd 29.3 + 1.6A, 10.8 + 0.5A}
Vitaminnaja o, 11.7 + 0.7A¢ nd 8.0 & 0.4B¢ nd 146.1 + 8.4BY  32.6 + 1.8B¢
Velkoosecky 2012 nd 3.5 + 0.1A, nd nd 58.7 £ 2.6Ap 3.7 + 0.2A¢
2013 nd 2.4 + 0.1B? nd nd 68.5 + 3.4A" 6.2 + 0.2A¢
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Sea Selected aroma compounds content/(pg kg™!)
buckthorn  Picking year
cultivar Ethyl Pentan- 3-Hydroxybutan- Undecan- Acetic acid Propanoic acid
heptanoate 2-one 2-one 2-one
Aromat 2012 2.0 &+ 0.2A, nd nd nd nd 5.4 + 0.2A,
2013 5.2 & 0.4B¢ nd nd nd nd 2.7 + 0.2B®
Botanicky 2012 3.5 £ 0.1A, 2.3 £ 0.1A, 7173 &+ 25.6"‘Aag nd 70.2 + 4.5%A, nd
2013 8.9 +£ 0.3B® 4.6 £ 0.3B® 837.3 £ 31.2%A° nd 63.2 + 3.8%A¢ nd
Buchlovicky 2012 1.7 £ 0.1A, nd 585.1 £ 36.4%A, nd 174.8 + 8.5%Ay, 3.8 £ 0.1A4
2013 3.0 + 0.1B¢ nd 605.5 £ 34.2%Ab nd 193.2 4 9.9*Ab 8.9 + 0.5B°
Hergo 2012 nd nd 14.7 + 1.0A, nd 103.2 + 6.4*%A. nd
2013 nd nd 8.4 + 0.6B¢ nd 97.2 £ 5.6¥A¢ nd
Krasavica 2012 nd 2.1 +£ 0.1A, 881.3 £ 42.5*A¢ 2.3 £ 0.1A, 365.9 + 19.4*A4 nd
2013 nd 4.4 + 0.2B% 798.3 &+ 38.4*A° 3.7 £ 0.1A® 481.8 + 32.5*%B¢ nd
Leicora 2012 2.7 &£ 0.2A, nd 34.4 + 1.7A4 nd 92.8 + 6.4%A,c 6.2 + 0.4A,
2013 5.6 = 0.3B“ nd 88.4 + 5.6B¢ nd 71.8 + 5.9%A¢ 4.3 £ 0.3A°
Ljubitelna 2012 nd nd 126.1 4+ 9.4%A nd nd nd
2013 nd nd 186.3 4+ 11.2*%A¢° nd nd nd
Pavlovsky 2012 nd 3.6 = 0.1A, 953.5 £ 42.5*%A. nd nd 3.43 + 0.2A4
2013 nd 1.3 + 0.1BY 813.2 4+ 44.8%A“ nd nd 3.12 £+ 0.2Aa“
Peterbursky 2012 nd nd 306.7 + 18.7*A¢ nd nd nd
2013 nd nd 401.4 + 22.9*AS nd nd nd
Slunicko 2012 nd 16.0 £ 0.6Ay, 249.9 £ 16.3*A; 2.1 = 0.1A, 168.5 & 4.2%A;,  545.9 £ 24.2A,
2013 nd 18.2 + 0.7A¢ 253.4 4+ 16.8%AY9 2.42 + 0.1A* 188.3 &+ 14.4*Ab 765.9 + 31.3B¢
Trofinovsky 2012 2.7 + 0.1A, nd 830.5 + 46.7"‘Ag nd 199.1 4+ 9.5%Ay nd
2013 3.7 £ 0.1B° nd 670.6 £ 39.4*Ab nd 200.7 + 14.3*A® nd
Vitaminnaja 2012 3.4 + 0.1A, nd 251.6 + 13.2%A; nd 30.9 £+ 1.8%A, 12.3 £ 0.9A4
2013 8.1 £+ 0.5B® nd 87.0 &+ 6.3*B" nd 108.2 + 8.3*B¢ 6.4 &+ 0.3B¢
Velkoosecky 2012 nd nd nd nd nd nd
2013 nd nd nd nd nd nd

Values identified by an asterix (*) mean content in mg kg™'; the results are expressed as the mean 4 standard deviation (n = 9);
different capital letters in the same column indicate significant differences (p < 0.05) between the picking years (2012-2013) within
the same cultivar; different small subscript and superscript letters in the same column indicate significant differences (p < 0.05)
between the cultivars in 2012 and 2013, respectively; nd — not detected.

ranging from (4.9 + 0.3) pg kg
(14.3 + 0.7) pg kg~! in Krasavica. Nonanal was de-

-1

in Botanicky to

mg kg~

in Pavlovsky, however, Hergo and Leicora

contained only tens of pg kg~

1

of this compound.

tected in Aromat, Botanicky Krasavica, Slunicko and
Trofinovsky, also in very low concentrations ranging
from (1.3 4 0.1) pg kg~ ! in Botanicky and Trofinovsky
to (3.9 4+ 0.1) (3.9 £ 0.2) pg kg~ ! in Aromat (Krasav-
ica), respectively. Ethyl butanoate was detected in all
analysed cultivars. Its amount was very variable in
the range from (1.2 + 0.1) pg kg=! in Pavlovsky to
(450.1 £ 12.0) pg kg~! in Slunicko. Ethyl octanoate
was also detected in all analysed cultivars also in
very variable amounts in the range from (2.2 £+ 0.1)
ng kg=! in Pavlovsky to (1.2 + 0.1) mg kg! in
Aromat. Ethyl heptanoate was detected in Aromat,
Botanicky, Buchlovicky, Leicora, Trofinovsky and Vi-
taminnaja in very low concentrations ranging from
(1.7 + 0.1) pg kg=! in Buchlovicky to (8.9 + 0.3)
ng kg=! in Botanicky. Pentan-2-one was detected in
Botanicky, Krasavica, Pavlovsky and Slunicko in quite
low concentrations ranging from (1.3 4+ 0.1) pg kg~!
in Pavlovsky to (18.2 + 0.7) pg kg~! in Slunicko. 3-
Hydroxybutan-2-one was detected in all analysed cul-
tivars with the exception of Aromat and Velkoosecky.
Its content was quite high in most cultivars, from
(87.0 + 6.3) mg kg~ ! in Vitaminnaja to (953.5 4= 42.5)

Undecan-2-one was present only in Krasavica and Slu-
ni¢ko in very low concentrations, from (2.1 £ 0.1)
ng kgt to (3.7 £ 0.1) pg kg=!. Acetic acid was
detected in Botanicky, Buchlovicky, Hergo, Krasav-
ica, Leicora, Slunic¢ko, Trofinovsky and Vitaminnaja.
Its content was high in all cultivars, ranging from
(30.9 £ 1.8) mg kg ! in Vitaminnaja to (481.8 + 32.5)
mg kg~! in Krasavica. Propanoic acid was detected
in Aromat, Buchlovicky, Leicora, Pavlovsky, Slunicko
and Vitaminnaja. Its content varied from (2.7 £ 0.2)
ng kg~! in Aromat to (765.9 + 31.3) pg kg~! in Slu-
ni¢ko. ANOVA confirmed significant differences (p <
0.05) between the cultivars in both years, the dif-
ferences within cultivars (in 2012-2013) were mostly
small or not significant (see Table 1).

Conclusions

Only a few studies on the aroma compounds
present in sea buckthorn berries have been published
so far; this work is a complex study focused on selected
cultivars intended to be grown in the Czech Repub-
lic. In total, 69 volatile compounds were identified,
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several of them, e.g. 2-methylpropan-1-ol and/or 2-
methylbutan-1-ol, were found in sea buckthorn for the
first time. Based on PCA, 18 relevant compounds (see
Table 1) from all those identified, which could be used
to discriminate the samples, were selected. The small
variability of the selected aroma compounds within
a variety and large variability among varieties were
found. Especially the Krasavica and Slunicko cultivars
were found to be significantly different from the other
cultivars studied, probably owing to the rich content of
aroma compounds. The differences between the pick-
ing years (2012 and 2013) were small or not significant
(p > 0.05) for most cultivars.
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Comparison of volatiles identified in Aronia melanocarpa
and Amelanchier alnifolia using solid-phase microextraction
coupled to gas chromatography-mass spectrometry

LENKA BUTOROVA - EVA VITOVA - MARTIN POLOVKA

Summary

The volatile constituents of two chokeberry (Aronia melanocarpa) and five saskatoon berry (Amelanchier alnifolia)
cultivars were evaluated by solid-phase microextraction (SPME) coupled to gas chromatography with flame ioniza-
tion detector (GC-FID) and gas chromatography-mass spectrometry (GC-MS) during three seasons (2011-2013).
Altogether, 39 and 31 volatile compounds were identified in chokeberries and saskatoon berries, respectively.
Similarities were found between chokeberry and saskatoon berry composition of volatiles, in both of them, alcohols and
aldehydes were the most abundant, esters, ketones, acids and terpenoids created the minor part. From all the identified
volatiles, fourteen compounds were recognized as being responsible for overall aroma of the berries under study (with
odour activity values > 1) with their typical fruity, sweet, grassy and/or floral aroma. Based on the results of principal
component analysis, 24 compounds were selected and compared using analysis of variance to investigate differences
among samples. Statistical analysis confirmed that there were significant differences among varieties and the year of
production, but also some similarities were found. These differences/similarities were probably influenced by climatic
conditions, habitat and/or degree of maturity/ripening.

Keywords
Aronia melanocarpa; Amelanchier alnifolia; volatiles; solid-phase microextraction; gas chromatography-mass spectro-
metry

Nowadays, increasing attention of consumers
is oriented toward less known fruits, as they are
rich sources of natural antioxidants responsible for
their health benefit properties [1-5].

Aronia melanocarpa, also known as black
chokeberry, is a shrub or tree native to North
America, belonging to rose family (Rosaceae).
Its dark berries are similar to black currant with
a very astringent flavour. They have been used
both as food and in traditional medicine for treat-
ment of e.g. cold [6]. Chokeberry products are ac-
cepted as nutritional supplements, and are also
processed into juices, wines, jams etc. [7].

Amelanchier alnifolia (saskatoon berry) is

a shrub native to North America. The fruit is
a pome fruit belonging to the rose family (Rosa-
ceae) [8]. The red or dark-purple pomes are sweet
and edible. Saskatoon berries are consumed fresh,
processed into jams, spreads, juices, syrups, wines
etc. [9].

Besides the nutritional value, the sensory qual-
ity is important from the consumers’ point of view.
Characterization of aroma profile of a plant is
of great importance, since it enables to optimize
and/or improve the quality of products and to
develop new products for the market [10, 11]. It
is generally known that the volatile aroma com-
pounds are responsible for the typical flavour
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of berries [12, 13]. However, scarce information
is available about volatile compounds of choke-
berries and saskatoon berries.

In case of chokeberries, HIRvi and HONKANEN
[14] firstly identified 48 volatile compounds by gas
chromatography-mass spectrometry (GC-MS),
with benzaldehyde derivatives identified as major
components. The presence of these compounds
is probably related to the hydrolysis of cyano-
genic precursors (amygdalin). DOLEzZAL et al.
[15] identified 17 volatile aroma compounds in
chokeberries. The degradation products of cyano-
genic precursors and aromatic amino acids, mainly
benzaldehyde, benzylalcohol, benzylesters were
dominant. KRAUJALYTE et al. [16] identified in to-
tal 74 volatile compounds, the majority of them
being degradation products of fatty acids or amino
acids. Typical aroma of chokeberries, described as
almond, fruity, sour and/or green, was influenced
mainly by the presence of aldehydes, alcohols and
terpenoids. Other common groups of volatiles
with a lower abundance were ketones, esters and
acids. The branched esters were major aroma-ac-
tive compounds with fruity notes [16].

A lack of information is available about the
aroma profile of saskatoon berry. Only the study
of MAzzA and HODGINS [17] dealt with assessment
of benzaldehyde as the major volatile aroma com-
pound in 7 varieties of saskatoon berries.

The aim of this work was (i) to identify and
quantify volatile compounds of chokeberries and
saskatoon berries in selected cultivars grown in
Czech Republic, (ii) to estimate contribution of
each volatile to the aroma of the berries by calcu-
lating odour activity values (OAVs), (iii) to select
compounds best expressing variability among sam-
ples and (iv) to compare the selected compounds
to describe differences among samples.

MATERIALS AND METHODS

Chemicals

The following chemicals, all of analytical grade
purity, were used: benzaldehyde, cis-2-octenal,
decan-2-one, dodecan-1-o0l, heptadecan-1-ol, hep-
tadecan-2-ol, heptanal, hexadecan-2-ol, hexanal,
hexen-3-ol, octen-3-ol, pentanal, phenylethanal,
propan-2-one, nonan-2-one, undecan-2-one,
2-methylbutan-1-ol (Sigma-Aldrich, St. Louis,
Missouri, USA); acetic, benzoic, butanoic, hexa-
noic, propanoic, 2-hydroxypropanoic, 2-methyl-
propanoic, 2-methylbutanoic, 3-methylbutanoic
acids, 2-methylpropan-1-ol, 3-hydroxybutan-2-one,
3-methylbutan-1-ol, 4-methylpentan-2-one, butan-
1-0l, butan-2-ol, butan-2,3-dione, butyl-acetate,

benzylalcohol, cis-2-hexenal, ethanal, ethanol,
ethyl-butanoate, ethyl-ethanoate, ethyl-decanoate,
ethyl-dodecanoate, ethyl-heptanoate, ethyl-hexa-
noate, ethyl-octanoate, decan-1-ol, heptan-2-
ol, heptan-2-one, hexan-1-ol, methyl-acetate,
nonan-2-ol, nonanal, octan-1-ol, octan-2-ol, octan-
al, pentan-1-ol, pentan-2-ol, pentan-2-one, phe-
nylethanol, phenylethyl-ethanoate, propan-1-ol,
propan-2-ol, propanal, propyl-ethanoate, tridecan-
2-one (Merck, Darmstadt, Germany); butan-2-
one, methanol (Lachema, Brno, Czech Republic);
oct-1-en-3-ol, 3-methylbutan-1-al (Fluka, Seelze,
Switzerland).

Plant material

Two cultivars of Aronia melanocarpa: Nero
(AN) and Viking (AV), and five cultivars of
Amelanchier alnifolia: Lamarckii Balerina (SLB),
Thiessen (ST), Ostravsky (SO), Tisnovsky velko-
plody (STV), Tisnovsky skolsky (STS) were ana-
lysed. Fruits were obtained from Mendel Univer-
sity in Brno (Czech Republic) during 2011-2013.
Fruits were harvested in their full ripeness and
immediately stored in the refrigerator at 5 °C.
All analyses were performed within seven days.
For analysis, 1 g of homogenized berries was
placed into a vial for solid-phase microextraction
(SPME); three samples of every cultivar were
taken, every sample was analysed three times
(number of repetitions, n = 9).

SPME and GC conditions

SPME was carried out using Carboxen/
Poly(dimethylsiloxane) fibre (CAR/PDMS) 85 um
(Supelco, Bellefonte, Pensylvania, USA) under
the following conditions: extraction temperature
35 °C; equilibrium time 30 min; extraction time
20 min; desorption temperature 250 °C; desorp-
tion time 20 min.

Gas chromatograph TRACE GC (Ther-
moQuest, Milano, Italy) with capillary column
DB-WAX (30 m x 0.32 mm x 0.5 um, J&W
Scientific, Santa Clara, California, USA) was
used for gas chromatography with flame ioniza-
tion detector (GC-FID) analyses under the fol-
lowing conditions: injector temperature 250 °C;
splitless desorption 5 min; carrier gas Np, flow
rate 0.9 ml'min-!; flame ionization detector, tem-
perature 220 °C; Hy inlet 35 ml'min-l; air inlet
350 ml'min-1; make up N2 30 ml'min-l. The oven
temperature was 40 °C for 1 min, then it was in-
creased up to 200 °C at a rate of 5 °C-min! and
maintained at 200 °C for 7 min.

GC-MS analyses were performed on a gas
chromatograph HP 6890 with MS detector 5973 N
and Mass Spectral Library NIST 98 (Agilent, San-
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ta Clara, California, USA). Helium was used as
a carrier gas. GC column and conditions of analy-
sis were the same as described above.

The standard addition method was used for
quantification of analytes to control the influence
of the sample matrix. The mixture of standards
was divided into groups consisting of five chemi-
cals that were gradually added (1 ml, each) direct-
ly into the sample. These standard mixtures were
analysed in the same manner as the samples. Five
content levels, in the range of 0.001-200 mg-kg!
(different for various standards), were used to es-
tablish the calibration curves. Validation and the
validation parameters of the used methods were
identical as previously described in details by Vi-
TOVA et al. [18] The repeatability was verified by
repeated extractions (n = 5) of the standard mix-
tures (relative standard deviations < 10 %), detec-
tion and quantification limits were in the range
of 0.001-0.50 mg-kg'l. Linearity was tested within
the range of 0.001-200 mg-kg! (for methanol and
ethanol 0.50-2000 mg-kg!); correlation coeffi-
cients were all above 0.99 [18].

Odour activity values

OAVs were calculated by dividing contents in
the sample by odour threshold acquired from the
literature [16, 19-24].

Statistical analysis

The results were evaluated using Microsoft Ex-
cel 2010 (Microsoft, Redmond, Washington, USA)
and are expressed as mean * standard deviation
(n = 9). Principal component analysis (PCA) was
used to reveal the differences among samples and
to reduce the original data set of experimental
characteristics as well as to identify the key vola-
tile compounds. The differences among cultivars
and year of production were statistically treated
by analysis of variance (ANOVA) using Dun-
can’s test. A probability value of p < 0.05 was ac-
cepted for statistically significant different results.
These analyses were performed using Statistica 6
(StatSoft, Tulsa, Oklahoma, USA).

RESULTS AND DISCUSSION

Assessment of volatile compounds in cultivars of
chokeberries and saskatoon berries

Two cultivars of Aronia melanocarpa and five
cultivars of Amelanchier alnifolia of 2011-2013
seasons were investigated. Volatile compounds
were extracted by SPME, identified by GC-MS
and quantified using GC-FID. SPME was used to
extract the volatiles, as it is fast, sensitive and does

not involve utilization of solvents. It has been pre-
viously successfully used for extraction of volatiles
from food [25, 26]. Its limitations in quantification
ability were obeyed in the recent study by main-
taining constant as many experimental conditions
as possible.

In total, 39 volatile compounds were identi-
fied in chokeberry cultivars, comprising 8 alde-
hydes: benzaldehyde, ethanal, hexanal, nonanal,
octanal, pentanal, propanal, trans-2-hexenal; 19 al-
cohols: 2-methylbutan-1-ol, 2-methylpropan-1-ol,
3-methylbutan-1-ol, butan-1-ol, butan-2-ol, cis-3-
hexenol, ethanol, heptan-2-ol, hexan-1-ol, metha-
nol, nonan-2-ol, octan-1-ol, octan-2-ol, pentan-
1-ol, pentan-2-ol, phenylmethanol, propan-1-ol,
propan-2-ol, trans-3-hexenol; 6 esters: ethyl-bu-
tanoate, ethyl-decanoate, ethyl-ethanoate, ethyl-
hexanoate, ethyl-pentanoate, methyl-ethanoate;
3 ketones: heptan-2-one, pentan-2-one, propan-
2-one; 2 acids: acetic, hexanoic and 1 terpen:
limonene. The example of a chromatogram of
compounds identified in chokeberry cultivar Nero
(harvested in 2012) is given in Fig. 1.

Alcohols (40-52.6%, w/w) were the most
abundant compounds identified in the samples,
in good agreement with previously published re-
sults of DOLEZAL et al. [15] but, on the other hand,
different from Hirvi and HONKANEN [14] and
KrRAUIALYTE et al. [16]. Differences in alcohols
content could be attributed primarily to differ-
ences following from varieties, but also from dif-
ferent climatic and geographical conditions; also
sample post-harvest treatment and conditions of
storage (fresh vs frozen fruits) could influence the
content of compounds. Particularly, the increased
content of alcohols (mainly ethanol) could be the
result of early-stage fermentation process occur-
ring in fruits [27], although in this case, samples
were stored at < 5 °C until analysed. Another
group of dominant compounds were aldehydes
(13-33.3%, wiw), esters (11.8-22.7%, w/w), ke-
tones (4.3-13.3%, w/w), acids (0-8.7%, w/w) and
terpenoids (0-5.9%, w/w).

As regards consistency of the number and
character of the identified volatiles, presented re-
sults are in good agreement with available studies,
as more than 200 compounds were found in
chokeberries [16]. DOLEZAL et al. [15] identified
benzaldehyde, hexanal, trans-2-hexenal, butan-1-
ol, phenylmethanol, hexan-1-ol, pentan-1-ol, pen-
tan-2-on in chokeberry extracts, HiIRvi a HONAN-
KEN [14] identified benzaldehyde, frans-2-hexenal,
cis-3-hexen-1-ol, hexan-1-ol, phenylmethanol and
hexanoic acid in chokeberry juice and KRAUJIALYTE
et al. [16] identified benzaldehyde, hexanal, no-
nanal, octanal, trans-2-hexenal, 2-methylbutan-1-
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Fig. 1. Chromatogram of compounds identified in chokeberry cultivar Nero harvested in 2012.

Peak assignment: 1 — ethanal , 2 — propanal, 3 — propan-2-one, 4 — methyl-ethanoate, 5 — ethyl-ethanoate, 6 — propan-2-ol,
7 — methanol, 8 — ethanol, 9 — pentan-2-one, 10 — butan-2-ol, 11 — ethyl-butanoate, 12 — hexanal, 13 — 2-methylpropan-1-ol, 14 —
ethyl-pentanoate, 15 -3-methylbutan-1-ol, 16 — 2-methylbutan-1-ol, 17 — trans-2-hexenal, 18 — pentan-1-ol , 19 — heptan-2-ol,
20 - hexanol, 21 - cis-3-hexenol, 22 — nonanal, 23 — benzaldehyde, 24 — hexanoic acid, 25 — benzylalcohol.

ol, butan-1-ol, heptan-2-ol, hexan-1-ol, octan-1-ol,
pentan-1-ol, pentan-2-ol, phenylmethanol, ethyl-
butanoate, ethyl-ethanoate, ethyl-hexanoate, hep-
tan-2-one, acetic acid and limonene in chokeber-
ries; benzaldehyde was found as the major volatile
constituent in chokeberries [16].

It is generally accepted that formation of vola-
tile compounds in fruits is associated mainly with
pigment formation during the ripening process;
some compounds can be generated from oxida-
tion and degradation of main fruit constituents
[28]. The majority of the volatiles identified in the
current study are enzymatic degradation products
of basic constituents [13, 16]. The degradation
products of fatty acids include straight-chain al-
cohols (2-9C), aldehydes (2-9C), ketones (3-7C)
and esters (especially ethyl esters of short-chain
acids of 2-10C). Other compounds identified
are degradation products of amino acids and
cyanogenic compounds, among them aromatic
compounds  (benzaldehyde, phenylmethanol)
and branched-chain alcohols (2-methylbutan-1-
ol, 2-methylpropan-1-ol, 3-methylbutan-1-ol).
Terpenoid limonene is biosynthesized in plants
from two initial isoprenoids by two pathways in
the presence of terpene synthases [29]. Ethanol
(20.2-322.2 ug-kg1), methanol (17.5-139.0 ug-kg 1),
3-methylbutan-1-ol (0-17.4 ugkgl), 2-methyl-
propan-1-ol  (0-15.6 pugkgl), trans-2-hexenal
(0-7.3 pgkgl) and benzaldehyde (0.06 pgkg! —
297 ugkgl) were the most abundant volatile
compounds of 4. melanocarpa. The high methanol
content could probably be caused by pectin degra-
dation [30].

In contradiction to chokeberry, 31 volatile

compounds were identified in saskatoon berries,
of which 10 represented aldehydes: benzaldehyde,
ethanal, heptanal, hexanal, nonanal, octanal, pen-
tanal, propanal, trans-2-hexenal and 3-methyl-
butan-1-al; 13 alcohols: butan-1-ol, cis-3-hexenol,
ethanol, heptan-2-ol, hexan-1-ol, methanol, oct-
1-en-3-0l, pentan-1-ol, phenylmethanol, propan-
1-ol, 2-methylbutan-1-0l, 2-methylpropan-1-ol,
3-methylbutan-1-ol; 4 esters: ethyl-decanoate,
ethyl-ethanoate, ethyl-hexanoate, methyl-etha-
noate, 3 ketones: heptan-2-one, nonan-2-one,
propan-2-one and acetic acid. The typical chroma-
togram of saskatoon berry cultivar Ostravsky (har-
vested in 2012) is shown in Fig. 2 illustrating multi-
component composition of the analysed sample.

It is generally known that fruit aroma is based
on a mixture of a large number of volatile com-
pounds, whose composition and content is specific
to species and often to the variety of fruits [31]. As
expected, the composion of volatiles of saskatoon
berry cultivars was quite similar to chokeberries
(in fact, 25 of the identified volatile compounds
were identical), which confirmed the family simi-
larities. On the other hand, also several differ-
ences between chokeberries and saskatoon berries
were observed, e.g. heptanal, 3-methylbutan-1-al,
oct-1-en-3-ol, 2-methylbutan-1-0l, 2-methylpro-
pan-1-ol and 3-methylbutan-1-ol were identified
only in saskatoon berries.

In contrast to chokeberry, to the best of our
knowledge, no work about saskatoon berry vola-
tiles has been published, with the only exception
of MAzzA and HODGINS [17] who, however, were
interested only in benzaldehyde. As mentioned
above, the results obtained indicate similar-
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Fig. 2. Chromatogram of compounds identified in saskatoon berry cultivar Ostravsky harvested in 2012.

Peak assignment: 1 — ethanal , 2 — propan-2-one, 3 — methyl-ethanoate, 4 — ethyl-ethanoate, 5 — methanol, 6 — ethanol, 7 — pen-
tanal, 8 — hexanal, 9 — 2-methylpropan-1-ol, 10 — butan-1-ol, 11 — heptanal, 12 — limonene, 13 — 3-methylbutan-1-ol, 14 — trans-2-
hexenal, 15 — pentan-1-ol, 16 — heptan-2-ol, 17 — hexan-1-ol, 18 — nonan-2-one , 19 — nonanal, 20 - 1-octen-3-ol, 21 — ethanoic
acid, 22 — benzaldehyde, 23 - ethyl-decanoate, 24 — benzylalcohol.

ity to chokeberry volatiles. Also in case of saska-
toon berry, different alcohols were in the group
of most abundant compounds, their content
ranged from 26.7% to 46.7%, w/w; followed by
the groups of aldehydes (20-34.8%, w/w), esters
(12.5-26.7%, wiw), ketones (4.3-15.8%, w/iw),
acids (0-7.7%, w/w) and terpenoids (0-5.3%,
w/w). Composition of individual groups of identi-
fied volatiles was also quite similar to chokeber-
ries, confirming thus the above-discussed fam-
ily similarities. Methanol (883.5-1426.4 ug'kgl),
ethanol  (149.79-469.0 ugkgl), acetic acid
(0-222.2 pgkgl), ethanal (0-84.7 ugkg!l) and
trans-2-hexenal (0-9.44 ugkgl) were the most
abundant volatile compounds of 4. alnifolia. Vola-
tile compounds identified in saskatoon berry culti-
vars are degradation products of fatty acids, amino
acids and cyanogenic glycosides (mainly amygdalin
and prunasin) [32].

Odour activity values

The calculated OAVs suggest that the follow-
ing compounds could be the contributors to aroma
of samples in this study: ethanol (OAVs > 100; al-
coholic [16]), trans-2-hexenal (OAVs > 50; green
[16], grassy [19], apple [16, 20]), ethanal (OAVs
3-65; grassy, sweet [19]), hexanal (OAVs 3-91;
grassy [16, 20], tallow, fat [16], aldehyde [21]),
ethyl-hexanoate (OAVs 19-102; fruity [16, 20],
apple peel [16], melon [20]), and then 3-methyl-
butan-1-ol (OAVs 4-13; green [20], malt [16]),
benzaldehyde (OAVs 2-8; candy, sweet [19], bitter
almond [16, 21, 22], woody [21], burn sugar [16],
roasted pepper [22]), oct-1-en-3-ol (OAVs 3-7;
mushroom [21], lavender, rose, hay [21]), acetic

acid (OAVs 2-10; acidic [16, 22], sour [16], fruity,
plastic [22]), 2-methylbutan-1-ol (OAVs 2-8; fruity
[16]), 3-methylbutan-1-ol (OAVs 3-5; alcoholic
[19], fruity [19], whisky, malt, burnt [16], whine,
ether [21]), methanol (OAVs 1-2; medicinal [23]),
heptanal (OAVs 1-2; oily [16], citrus, rancid [16]),
and nonanal (OAVs 1-3; floral, citrus [16, 21], fat,
green [16], vinegar [21], piney [24]). Most of these
compounds were previously recognized as aroma-
active, the description of their aroma is in paren-
thesis. Theoretically, the remaining compounds
did not directly contribute (OAVs < 1), they could
act only as aroma enhancers because of synergis-
tic effects. As stated above, 12 and 14 aroma active
substances were found in chokeberries and sas-
katoon berries, respectively; they included 6 alco-
hols, 6 aldehydes, 1 ester and 1 acid. Oct-1-en-3-o0l
and heptanal were not present in chokeberries.
Several previously published studies dealt
with identification of aroma-active components
of various fruits [11, 15, 18, 26, 29]. However,
the only mention of aroma-active constituents of
chokeberry is in the study of KRAUJALYTE et al.
[16]. The authors detected 15 aroma constituents
in chokeberries by GC-olfactometry, among them
nonanal with pelargonium, green odour, in accord-
ance with the presented results. From the obtained
results it is also evident that not all volatile com-
pounds identified are responsible for the typical
aroma of these berries. It is also obvious that the
compounds with higher content in berries do not
need to be aroma-active and, on the other hand,
volatile compounds with lower content could be
aromatic [12, 33]. That is in accordance with well
known facts that aroma depends upon the combi-
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Fig. 3. Distribution of chemical groups of volatile compounds in chokeberry
and saskatoon berry cultivars harvested in 2011-2013.

Aronia cultivars: AN — Nero, AV - Viking; Saskatoon berry cultivars: SLB — Lamarckii Balerina, SO — Ostravsky, ST — Thiessen,

STV - Tisnovsky velkoplody, STS — Tisnovsky skolsky

nation of volatiles, on the content and the percep-
tion threshold of individual volatile compounds
[34].

Comparison of selected aroma compounds identi-
fied in cultivars of chokeberries and saskatoon
berries

It is generally known that volatile profiles of
fruits are complex and vary depending on the cul-
tivar, ripeness, pre- and post-harvest conditions
and analytical methods employed [31]. As can be
seen in Fig. 3, the overall composition of groups
of volatiles in chokeberries and saskatoon berries
was quite similar. This trend clearly confirmed
species similarities mentioned above. There were
only small differences among the samples, both
between the year of production and individual va-
rieties.

These differences were further investigated
using PCA and ANOVA analysis. At first, the
PCA analysis was performed taking into consi-
deration results of all 18 samples (berry cultivars)
and 39 compounds identified. The cumulative per-
centage contribution of variance of the first four
PCs was 58.4%. PC1 represented 23.7%, PC2
15.3%, PC3 11.1% and PC4 8.3% of the remaining
variance.

Samples of aronia and saskatoon berries were
well separated from each other (data not pre-
sented) along PC1. Samples of saskatoon berries
were placed close together, indicating the similar-
ity of cultivars. They were placed in the left part
of the plot, while the most of aronia samples were
placed in the right part of the plot. The separa-
tions along PC2 were rather related to the year

of harvest (2011/2012/2013). The aronia samples
were placed farther from each other, cultivars pro-
duced in 2011 (both AV and AN) being included
in a cluster of saskatoon berries, the others being
placed individually and so there were larger differ-
ences between aronia cultivars as well as between
year of production. This fact indicated the impor-
tance of both of these factors for their properties,
even when comparing, by taxonomic classification,
similar products.

On the basis of eigenvalues, the following
compounds were found to be the most important
parameters for the construction of PCl, i.e. for
description of the overall variation: hexan-1-ol
(0.88), ethyl-butanoate (0.81), 3-methylbutan-1-
ol (0.78), hexanoic acid (0.75), methanol (-0.73),
cis-3-hexenol (0.74), 2-methylpropan-1-ol (0.70),
hexanal (0.70), ethyl-pentanoate (0.68), pentan-
1-ol (0.65), octan-1-ol (0.61), nonan-2-ol (0.61),
butan-1-ol (0.59), methyl-ethanoate (-0.59) and
pentane-2-one (0.57).

Heptan-2-ol (0.72), benzaldehyde (0.71), ethyl-
decanoate (-0.70), propan-2-ol (0.65), butan-2-
ol (0.65), phenylmethanol (0.65), pentan-2-one
(0.63) and frans-2-hexenal (0.59) played the key
role in PC2, whereas butan-1-ol (0.75), nonan-2-ol
(0.73), ethyl-ethanoate (0.56) and 3-methylbutan-
1-0l (0.52) played the key role in PC3 and ethanol
(0.61) in PC4. These 24 compounds could be con-
sidered as the most important to represent and ex-
plain the variability of the whole system, so these
compounds were selected for expression of differ-
ences among the samples.

PCA analysis was also performed indivi-
dually for chokeberries (data matrix 6 x 24) and
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saskatoon berries (data matrix 12 x 24) using
the 24 compounds identified above as the most
characteristic. Acquired PCA score plots are
depicted in Fig. 4 and Fig. 5. In these cases, the
cumulative percentage contribution of variance
of the first three PCs was 88.9% and 61.4% for
chokeberries and saskatoon berries, respectively.

In chokeberry cultivars, differentiation of sam-
ples according to the production years was clearly
shown, which was mainly related to PC1 (Fig. 4).
Cultivars from 2011 were placed close to the left
bottom part, while cultivars from 2012 were placed
at the right bottom part; cultivars from 2013 were
located in the upper part of the plot. Most of the
selected compounds correlated positively with
PC1, so the cultivars from 2012 contained a high
quantity of them, especially of propan-2-ol, butan-
2-ol, heptan-2-ol and phenylmethanol. AV cultivar
from 2013 was placed individually in the upper
part, being rich in butan-1-o0l, nonan-2-ol and
ethyl-ethanoate. The differences among varieties
(AV and AN) were obvious mainly in samples har-
vested in 2012 and 2013, in contrast to samples of
2011, for which both cultivars showed similar vola-
tile profiles. These results confirmed varietal dif-
ferences/similarities among samples. Analogous
phenomena were previously observed at differ-
ent varieties of gooseberry [20], raspberry [35] or
peaches [36].

Volatile profiles of aronia displayed consider-
able variation between the different years, suggest-
ing thus important influence of climatic and envi-
ronmental factors [36, 37]. Nevertheless, it will be
necessary to perform a more detailed study of the
relationships between the other variables (volatile
compounds and standard quality parameters) and
the factors considered (harvest dates, shelf life pe-
riod and storage atmosphere) in order to confirm
and quantify the supposed effects of these factors
on sample properties in terms of composition of
aroma active compounds and also regarding other
aspects.

PCA score plot of saskatoon berry cultivars
(Fig. 5) is more complicated, with obvious differ-
ences mainly among production years related to
PC2. All cultivars from 2013 were well separated
in the left part of the plot; from the selected com-
pounds, they were rich in ethyl-decanoate and
2-methylpropan-1-ol. Cultivars produced in 2012
were clearly positioned in the centre of the graph,
the position being influenced by high contents of
butan-1-ol, pentan-1-ol and phenylmethanol. Most
of cultivars from 2011 were placed in the right
part, being rich in trans-2-hexenal, methyl-ethano-
ate, ethanol, ethyl-ethanoate and heptan-2-ol.

Samples from 2011 and 2012 were not separat-

ed clearly, probably due to sharing of some simi-
larities in aroma profiles. The position of samples
from 2011 and 2012 was mainly influenced by
these volatile compounds: pentan-1-ol, butan-1-ol,
trans-2-hexenal, heptan-2-ol, hexan-1-ol, metha-
nol, ethyl-decanoate and benzaldehyde. Also
analysis of variance, which is discussed in detail
below, confirmed these similarities. Anyway, as in
the case of aronia, an important influence of cli-
matic and environmental factors [36, 37] on com-
position of volatiles was confirmed.

If the saskatoon berries from 2011 were com-
pared separately, the varieties ST, SLB and SO
were quite similar, but cultivar STV was differ-
ent from the others. Its specific position in the
upper left corner of the plot was probably caused
by the highest contents of ethyl-decanoate and
hexanal and, on the other hand, the lowest con-

PC2 (30.8%)

PC1 (43.4%)

Fig. 4. PCA score plots of Aronia melanocarpa
cultivars harvested in 2011-2013.

Aronia cultivars: AN — Nero, AV - Viking.
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Fig, 5. PCA score plots of Amelanchier alnifolia
cultivars harvested in 2011-2013.

Saskatoon berry cultivars: SLB — Lamarckii Balerina, SO —
Ostravsky, STS — Tisnovsky skolsky, ST — Thiessen, STV —
Tisnovsky velkoplody.
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tents of ethyl-ethanoate, ethanol and methyl-etha-
noate from all of the varieties under study in 2011
season.

Cultivars from the year 2012 revealed different
trend, as the varieties ST, SO, STV had quite simi-
lar volatile profiles, but cultivar SLB differed from
the others. It was placed at the bottom, probably
due to the highest contents of benzaldehyde and
phenylmethanol.

Fig. 5 also shows that cultivars SLB and STS
in 2013 season were quite similar in their profiles,
but differed from STV and ST, which were simi-
lar to each other. SLB and STS position in PC plot
was influenced by the contents of methanol and
ethyl-decanoate, while STV and ST position was
mainly given by 2-methylpropan-1-ol content. SLB
and STS also had similar content of methanol,
while ST and STV had similar contents of hexanal,
hexan-1-ol and ethyl-decanoate. These differ-
ences/similarities were further statistically tested
by ANOVA Duncan’s test. Results confirmed that
they could be directly linked to particular climatic
conditions, in accordance with the known fact that

the content of fruit constituents could be influ-
enced by climatic conditions, cultivar, habitat and
time of collection [38].

ANOVA Duncan’s test was applied to the
above mentioned 24 most relevant compounds, se-
lected by PCA as the most discriminating param-
eters, with an aim to better express the differences
among the varieties and production years. The
comparison is given in Tab. 1 for chokeberries, and
in Tab. 2 for saskatoon berries. The significance
of differences (at p < 0.05) was evaluated for the
following criteria: production years (2011 vs 2012
vs 2013) and the fruit variety. Results confirmed
the expected differences among the production
years (2011-2013), which was also evident from
PCA. Significant differences among years of pro-
duction for variety AN were found in the contents
of benzaldehyde, hexanal, trans-2-hexenal, cis-3-
hexenol, ethanol, hexan-1-ol and ethyl-ethanoate;
for variety AV in the contents of cis-3-hexenol,
methanol and ethyl-ethanoate. The highest con-
tents of these volatiles were found in 2012 for both
cultivars, which could be influenced by weather

Tab. 1. Comparison of selected volatile aroma compounds in cultivars of Aronia melanocarpa.

Cultivar AN AV
Production year 2011 2012 2013 2011 2012 2013
Compound Content [ug-kg]
Hexanoic acid nd 703.1 =£37.0 nd nd nd 615.4+6.2
Benzaldehyde 441.9+7.0A2 | 29729 +18.9Bc| 52.3+0.2Ce 146.4 +9.1Pb |2755.3+180.7E¢| 59.8+1.1Df
Hexanal 56.6 +0.2A2a 203.9+9.68c | 412.8+25Ce | 955+1,7Db 137.9+4.5Ed 137.9+6.5Ef
Trans-2-hexenal 5.7 +0.1*Aa 6.9 +0.2*Bc nd 7.3+0.1*Db 5.7 +0.1*Ed nd
2-methylpropan-1-ol nd 13.4+0.3* nd nd 7.2+0.1*Dd 15.6 £ 0.2*E
3-methylbutan-1-ol nd 9.7 £ 0.1 *Ac 1.1+0.1%Be nd 4.0+0.1*Dbd 17.4 + 0.5 *Ef
Butan-1-ol nd nd 27.4+0.2¢ 18.5+1.0D nd 1445.6 + 35.3Ff
Butan-2-ol nd 21x01* nd nd nd nd
Cis-3-hexenol 225+0.6A2 68.2 +5.88c 166.0+0.9Ce | 29.8+0.2Db 131.8+6.7Ed 85.2+0.8Ff
Ethanol 20.2+0.3*4a | 3222+8.1*Bc | 129.3 +0.2*Ce | 33.6+1.1*Db | 1927 +9.9*Ed | 211,11 5*Ef
Phenylmethanol nd 1114.7 = 51.4¢ nd nd 425.4+15.4d nd
Heptan-2-ol nd 2.3+0.2¢ nd nd 2,0x0.1¢ nd
Hexan-1-ol 59.1+1.9Aa | 413.0+25.4Bc | 193.4+3.5C | 152.9+54Db | 220.4+19.9Dd | 694.1 +59.6Ff
Methanol 17.5+0.5*Aa (139.7+£10.9* Bc| 40.0+0.3*A¢ | 28.2+0.3*Db | 1257+22*Ec | 712+0.7*F
Nonan-2-ol nd nd nd nd nd 14.3+0.1
Octan-1-ol nd nd 1.2 *0.1¢ nd nd 1.0+0.1
Pentan-1-ol 10.9+0.1A2 25.6 +3.18¢c 14.4+0.1ABe | 37,2+ 2 1DEb 31.5+0.1Dc 48.7 + 2 9Ff
Propan-2-ol nd 831.5+186.6 nd nd nd nd
Ethyl-butanoate nd 45=0.1¢ nd nd 3.7+0.1Dd 9.2+0.3E
Ethyl-decanoate 7.9+0.2A nd 7.6+0.3Ae nd 11.0+0.1D 7.3+0.2Ee
Ethyl-ethanoate 10.2+0.1A 86.2+6.28Bc 42,1 £0.0Ce 16.0+0.6Pb 124.4 +0.4Ed 283.0 = 1.3Ff
Ethyl-pentanoate nd 20.1£0.1Ac 15.1+0.3Be nd 3.4+0.20d 3.2+0.1Df
Methyl-ethanoate nd 73.0+2.6 nd nd nd nd
Pentan-2-one nd 9.3+0.3¢ nd nd 11.0+0.1d nd

Aronia cultivars: AN — Nero, AV - Viking.
* — content in milligrams per kilogram, nd — not detected.

The results are expressed as mean + standard deviation (n = 9). Different capital letters in superscript in the same row indicate
significant differences (p < 0.05) among the years of production (2011-2013) within the same cultivar. Different small letters in
superscript in the same row indicate significant differences (p < 0.05) among cultivars in 2011, 2012 and 2013, respectively.
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Tab. 2. Comparison of selected volatile aroma compounds in saskatoon berry cultivars.

Cultivar SLB SO STS
Production year 2011 2012 2013 2011 2012 2013
Compound Content [ug-kg]
Hexanoic acid nd nd nd nd nd nd
Benzaldehyde 528.8 +23.0G9 | 985.2 +76.7Hk 45.8+0.7 72.6+2.44h 180.4 +3.7K 270.3+2.67
Hexanal 39.9+4.5C9 13.8+1.6Hk 73.2+0.2l0 40.6+13.5J9 49.9+1.2J 87.5+1.84
Trans-2-hexenal 8.5+0.2*Gg 2.1 £0.0*Hk nd 8.4+0.9*J9 45+0.1*K nd
2-methylpropan-1-ol nd nd nd nd 2515.1 £70.0 nd
3-methylbutan-1-ol nd nd 56*0.1* nd 2.3+0.3* nd
Butan-1-ol nd nd nd nd 85.1 £ 1.4k nd
Butan-2-ol nd nd nd nd nd nd
Cis-3-.hexenol nd nd nd nd nd 100.5+1.0
Ethanol 420.6 =70.7*G9| 164.1 £ 11.1*Hk |302.4 + 13.1 *GHo|260.7 £ 49.3*Jgh| 224.5+27*JK | 216.2+7.3*d
Phenylmethanol nd 1220.8 + 31.9k nd nd 432.6 =64.2! nd
Heptan-2-ol 3,2+0.0C9 2.0+0.1Hk nd 3.5+£0.1Jh 2.1+0.1Kk nd
Hexan-1-ol 46.9+1.2CGg 38.4 +3.6Ck 72.3+1.01Ho 88.7 £6.2Jh 84.1£1.6Y 64.0+1.4P
Methanol 1.3 +0.4**Gg 1.1 £0.0**Gk 1.2£0.1**Go 1.3+0.1%*Jg 0.8 +0.1**K 1.3x0.1**0
Nonan-2-ol nd nd nd nd nd nd
Octan-1-ol nd nd nd nd nd nd
Pentan-1-ol 9.10+£2.0C9 9,1 £1.5Ck nd 14.8+0.5J9 15.7+1.6Y 16.0+0.1
Propan-2-ol nd nd nd nd nd nd
Ethyl-butanoate nd nd nd nd nd nd
Ethyl-decanoate 6.04 +£0.369 6.6 +0.2Ck 16.2+0.2Ho 6.5+0.4J9h 6.7 0.4k 7.7x0.1p
Ethyl-ethanoate 600.68 +37.2Gg| 73.5+1.5Hk nd 365.9+24.15J | 335.1+7.0J nd
Ethyl-pentanoate nd nd nd nd nd nd
Methyl-ethanoate 420.74 +48.4G9| 152.6+0.9Hk nd 533.2+£7.79 354.2+0.1K 69.2+0.3°
Pentan-2-one nd nd nd nd nd nd
Cultivar ST STV
Production year 2011 2012 2013 2011 2012 2013
Compound Content [ug-kg ]
Hexanoic acid nd nd nd nd nd nd
Benzaldehyde 30.7+0.2Lh 119.7 = 10.9M 96.3 +5.9Mp 87.1+18.10Nn 61.4+2.40PI 18.8£0.3Pa
Hexanal 36.9+6.9L9 46.6 +2.8L 29.4+1.2Llp 71.6+1.509 25.1+1.0Pm 28.1+1.1Pp
Trans-2-hexenal 6.5+0.5*L9 3.9+0.0*Mm nd 9.5+ 3.9*0g 2.1 +0.2*0k nd
2-methylpropan-1-ol nd nd 0.8=0.1**0 nd nd 10.1 = 0.1**p
3-methylbutan-1-ol nd 5.0+0.3* nd nd 1.9+0.2* nd
Butan-1-ol nd 48.7 +8.9! nd 24.9+1.40 34.5+3.3F 27.2+0.20P
Butan-2-ol nd nd nd nd nd nd
Cis-3-.hexenol nd nd nd nd nd nd
Ethanol 469.1 £40.3*L9 | 297.6 +34.8*Ml | 2848+ 1.1*Mo | 128.0+54.5%0n| 336.1 =41.4*P |149.8 + 14.2*0p
Phenylmethanol nd nd nd nd 344.0+41.4! nd
Heptan-2-ol 25+0.04 24+01U nd nd 2.1+£0.04 nd
Hexan-1-ol 37.7+12.09 103.5 + 3.4Mm 65.4 +0.8Lop 72.8 +8.90gh 53.6 £5.90k 65.1 £ 1.700p
Methanol 1.2+0.1**Lg 1.1 £0.1**Lk 0.9+0.1**Mop | 1.3+0.1**0g 1.1 £0.0**Ok | {,4+0.1**0oq
Nonan-2-ol nd nd nd nd nd nd
Octan-1-ol nd nd nd nd nd nd
Pentan-1-ol nd 17.5+1.1! nd 8.8 +1.409 12.1+1.00K nd
Propan-2-ol nd nd nd nd nd nd
Ethyl-butanoate nd nd nd nd nd nd
Ethyl-decanoate 4.8+0.3L9 7.8+0.6Mk 6.4 +0.4Mp 7.9+0.60h 7.2+0.40k 7.4+0.10p
Ethyl-ethanoate 300.3+18.7Lh | 1457 +0.3Mmn | 172+ 0.0No 34.1£7.40 160.4 £9.9Pn 15.2+0.10p
Ethyl-pentanoate nd nd nd nd nd nd
Methyl-ethanoate 212.3+15.2Lh | 144.3+7.4Mk nd 32.3+4.80i 112.4 +£17.4Pk 66.9+1.2Po
Pentan-2-one nd nd nd nd nd nd
Saskatoon berry cultivars: SLB — Lamarckii Balerina, SO — Ostravsky, STS — Tisnovsky skolsky, ST — Thiessen, STV — Tisnovsky
velkoplody.

* — content in milligrams per kilogram, **— content in grams per kilogram, nd — not detected

The results are expressed as mean * standard deviation (n = 9). Different capital letters in the same row indicate significant
differences (p < 0.05) among the years of productions (2011-2013) within the same cultivar. Different superscript letters in the
same row indicate significant differences (p < 0.05) among cultivars in 2011, 2012 and 2013, respectively.
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conditions [36, 37]. ANOVA analysis also con-
firmed the differences among the chokeberry va-
rieties; between AN and AV cultivars in 2011 (in
all the identified volatiles), in 2012 (in 12 from
15 volatiles) and also in 2013 (in 11 from 13 vola-
tiles). AN exhibited, in most cases, higher contents
of volatiles than AV cultivars, which probably re-
sulted from species-varietal composition, ontogen-
esis and age of shrub [36, 39]. In case of saskatoon
berry cultivars, the significant differences follow-
ing from different production seasons were found
in benzaldehyde, hexanal, frans-2-hexenal, ethyl-
ethanoate and methyl-ethanoate. ANOVA also
proved significant differences among saskatoon
berry cultivars in 2011, 2012 and 2013 (Tab. 2).
The results of the performed statistical analysis
(PCA and ANOVA) suggest that volatile profiles
of chokeberry and saskatoon berry are strong-
ly influenced by environmental factors (year of
production) and species-varietal composition. It
was confirmed that PCA analysis, combined with
analysis of variance, are good tools for differentia-
tion of samples of chokeberry and saskatoon berry
on the basis of the profiles of aroma components.

CONCLUSION

Characterization of profiles of volatile com-
pounds in selected chokeberry and saskatoon
berry cultivars grown in Czech Republic was per-
formed. It was evident that the applied separation
and identification method, based on the combina-
tion of SPME and GC, was sufficiently sensitive,
precise and repeatable for identification and quan-
tification of a large number of volatile compounds
present in fruits. As expected, the overall pro-
file of volatiles was similar to other berry fruits,
being characterized by the dominant presence
of alcohols, aldehydes, esters and acids. In total,
39 and 31 volatile compounds were identified in
chokeberries and saskatoon berries, respectively,
several of them being reported for the first time.
Fourteen of all the identified compounds were
assumed to be aroma-active and could contribute
to the overall aroma of samples. Significant differ-
ences among varieties were found for both choke-
berry and saskatoon berries, being influenced not
only by varietal diversity but also by the growing/
climatic conditions and the season of production.
However, further studies focused on monitoring
of the volatile and aroma active compounds pro-
files in berries during their maturation, process-
ing and storage under various conditions are still
necessary to understand the biological processes
in these fruits. From the industrial point of view,
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further optimization of production, post-harvest
treatment, conservation and processing conditions
oriented to quality improvement is needed to sup-
port the wide utilization of chokeberry and saska-
toon berry in food industry.
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Summary. An analytical method for simultaneous determination of 24 legislatively re-
stricted fragrance allergens in various cosmetic products was developed and validated
using a combination of solid-phase microextraction and gas chromatography with flame
ionization detector. The divinylbenzene-polydimethylsiloxane (DVB-PDMS) fiber was
evaluated as the best for extraction of all studied fragrance allergens at 40 °C and 20 min
extraction time. All calibration curves showed good linearity in the range of 10! to 103
pg mL-1. Good repeatability and inter-day precision was determined for the proposed
method. Detection limits for individual allergens ranged from 0.007 to 2.7 ug mL-1. The
validated method was used to analyze real cosmetic samples. The obtained results indi-
cated that not all of the analyzed cosmetic samples were labeled in accordance with
European Cosmetic Directive.
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Introduction

Fragrances have been used since ancient times. Fragrance substances are de-
fined as organic compounds naturally derived from plants or synthesized in
laboratories with characteristic, usually pleasant odors [1]. Fragrances cover
wide range of different consumer products. They can be found not only in
cosmetics, but also in detergents, fabric softeners, and other household
products where fragrance may be used to mask unpleasant odors from raw
materials [2—4].

Besides pleasant odor, fragrances can trigger several negative reactions.
It has been proved that some fragrances may have a negative effect on sen-
sitive individuals even at very low concentrations. Fragrance components
are frequent causes of cosmetic allergies. The danger of irritation or allergic
reaction is increased when a surface of skin is broken down by, e.g., shaving
or peeling and subsequently when cosmetic product is applied on eroded
skin. Fragrances are not only responsible for contact allergies but also for
various systemic effects (bioaccumulation in human adipose tissue), respira-
tory effects (asthma or migraine headaches), neurological effects (neurotox-
icity), or carcinogenicity [5-7].

0231-2522 © 2014 Akadémiai Kiadd, Budapest
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Due to increasing frequency of allergic contact dermatitis associated
with the use of perfumed products, the Scientific Committee on Cosmetic
Products and Non-Food Products (SCCNFP) has selected 26 compounds as
likely causing contact allergies. According to European Cosmetic Directive,
these suspected allergens have to be labeled on cosmetic and detergent
products packaging when the concentrations of these allergens exceed cer-
tain values. Labeling is required if such a component is present at > 10 ppm
in leave-on cosmetic products or > 100 ppm in rinse-off cosmetic products,
irrespective of their function or sources [8, 9]. This mandatory labeling on
cosmetics products helps the dermatologists to diagnose fragrance allergy
and the patients to avoid the fragrance ingredients [10].

The matter of fragrance allergens is currently very topical theme, and
various scientists are concerned with determination of fragrance allergens
in different products using the diverse analytical methods. Gas chromatog-
raphy coupled with mass spectrometry (GC-MS) is the most widely used
technique, because 24 from 26 allergens are volatile compounds [11-13]. Be-
sides the GC-MS technique, high-performance liquid chromatography cou-
pled with mass spectrometry (HPLC-MS) or diode array detector (DAD)
was used by several authors [14, 15]. The isolation from the matrix is an im-
portant step in the assessment of these substances. Methods that can be
used for isolation include pressurized liquid extraction (PLE) [16], size ex-
clusion chromatography (SEC) [17], or ultrasound-assisted emulsification
microextraction (USAEME) [18]. The main drawbacks of these methods and
techniques are their high acquisition and operating costs.

The aim of this study was to optimize and validate an analytical
method for simultaneous determination of fragrance allergens present in
cosmetic products using solid-phase microextraction method (SPME) and
gas chromatography coupled with flame ionization detector (GC-FID). The
SPME method became very popular in recent years because it is simple,
low-cost, solvent-free, and sensitive [19]. In comparison with GC-MS, GC-
FID is widely available in many laboratories and it is used for routine
analysis of organic compounds [20-22]. Only a little work has been done be-
fore in the field of simultaneous determination of all fragrance allergens us-
ing SPME-GC-FID, and this method is often used only as complementary
technique [23, 24]. Moreover, most of the authors are focused only on de-
termination of several selected allergens or on determination of fragrance
profiles comprising the tens of the various fragrance compounds including
few fragrance allergens. Thus, the new validated technique can be very use-
ful for many laboratories.
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Experimental

Chemicals and Reagents

The following chemicals were used as standards: 2-(phenylmethylene)-
heptanal, 97% (amyl cinnamaldehyde); benzene methanol, 99% (benzyl al-
cohol); 3-phenyl-2-propen-1-ol, 98% (cinnamyl alcohol); 3,7-dimethylocta-
2,6-dienal, 95% (citral, cis/trans); 2-methoxy-4-prop-2-enyl phenol, 99%
(eugenol); 7-hydroxy-3,7-dimethyloctanal, >95% (hydroxycitronellal); 2-
methoxy-4-(1-propenyl) phenol, 98% (isoeugenol, cis/trans); 2-(phenyl-
methylene)-1-heptanol, >85% (amyl cinnamyl alcohol); 2-hydroxy-phenyl-
methyl ester benzoic acid, 99% (benzyl salicylate); 3-phenyl-2-propenal,
>93% (cinnamaldehyde); 2H-1-benzopyran-2-one, 98% (coumarin); 3,7-
dimethyl-2,6-octadien-1-o0l, 97% (geraniol); 4-(4-hydroxy-4-methylpentyl)-
cyclohex-3-ene-1-carbaldehyde, 97% (lyral); 4-methoxybenzyl alcohol, 98%
(anis alcohol); 3-phenyl-phenylmethyl ester-2-propenoic acid, 99% (benzyl
cinnamate); 3,7,11-Trimethyl-2,6,10-dodecatrien-1-ol, 95% (farnesol); 2-(4-
tert-butylphenyl)-2-methylpropanal, 95% (lilial); 3,7-dimethyl-1,6-octadien-
3-ol, 97% (linalool); phenylmethyl benzoate, 99% (benzyl benzoate); 3,7-
dimethyl-1,6-octadien-3-ol, 96% (citronellol); 2-(phenylmethylene) octanal,
95% (hexylcinnamaldehyde); 1-methyl-4-prop-1-en-2-yl-cyclohexene, 97%
((R)-(+)-limonene); methyl ester 2-octynoic acid, 99% (methyl 2-octynoate);
3-methyl-4-(2,6,6-trimethyl-2-cyclohexen-1-yl)-3-buten-2-one, >85% (iono-
ne); these were purchased from Sigma-Aldrich (Germany). All the chemi-
cals were of chemically pure grade.

Standard Solutions

Individual stock solutions of each fragrance compound, mixtures of stan-
dards, and the further dilutions were prepared in methanol (Sigma-Aldrich,
Germany). The working solutions were prepared daily as individual stan-
dard solutions or in the mixture. Each allergen standard solution was
diluted by methanol in suitable ratio. Total volume of standard solution was
1mL.

SPME-GC-FID Conditions

The various SPME fibers were used in this study: polydimethylsiloxane-
divinylbenzene, 65 pm (PDMS-DVB); divinylbenzene-carboxen-polydi-
methylsiloxane, 50/30 pm (DVB-CAR-PDMS); carboxen-polydimet-
hylsiloxane, 85 um (CAR-PDMS); polyacrylate, 85 pm (PA); polydimethylsi-
loxane, 100 um (PDMS) (Supelco, Bellefonte, USA). All fibers were condi-
tioned according to the manufacturer's instruction prior to their use.
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Fragrance extraction was performed in the headspace above 1 mL of
the sample introduced in 4 mL vials. The vial was heated at a specified
temperature using a water bath. After equilibrium, the fragrance com-
pounds were adsorbed onto an SPME fiber that was introduced into head-
space vial through septum and persisted for a specified time. After a suit-
able extraction time, the fiber was withdrawn into the needle, removed
from the septum, and then inserted directly into the injection port of the GC
system for thermal desorption.

All analyses were carried out using a Trace GC chromatograph (Ther-
moQuest Italia S. p. A.) coupled to flame ionization detector. Analytes were
separated on DB-WAX capillary column (30 m x 0.32 mm L.D.; film thick-
ness, 0.5 um) and identified by comparing their retention times with those
of standards analyzed under the same conditions. Nitrogen (purity,
99.999%) was employed as the carrier gas at a constant column flow of
0.9 mL min-1. The oven temperature was programmed from 40 °C (held for
1 min) to 220 °C at 5 °C min™! (held for 28 min). Total analysis time was
65 min. The splitless mode (maintained for 5 min) was used for injection,
and injector temperature was kept at 250 °C. The retention times for target
compounds as well as their main properties are shown in Table I. Chroma-
tograms of the standard mixtures are presented on Fig. 1a—Ic.
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Table I. List of 24 fragrance allergen compounds
Key Re:frrrllzon Fragrance substance CAS Mole.cular B.O ilirlg
(min) number weight point (°C)
1 14.71 Limonene 5989-27-5 136 176
2 20.91 o-Amylcinnamyl alcohol 101-85-9 204 > 200
3 23.50 Linalool 78-70-6 154 198
4 26.14 Methyl 2-octynoate 111-12-6 154 219
Citral isomers
5a 27.05 Citral 1 5392-40-5 152 229
5b 28.16 Citral 2
6 28.59 Citronellol 106-22-9 156 225
7 30.45 Geraniol 106-24-1 154 229
8 30.83 o-Isomethyl ionone 127-51-5 206 266
9 31.27 Benzyl alcohol 100-51-6 108 205
10 32.48 7-Hydroxycitronellal 107-75-5 172 240
11 34.69 Lilial 80-54-6 204 279
12 34.78 Cinnamaldehyde 104-55-2 132 252
13 36.92 Eugenol 97-53-0 164 256
Isoeugenol isomers
14a 38.70 Isoeugenol 1 97-54-1 164 267
14b 40.87 Isoeugenol 2
15 38.82 o-Amylcinnamaldehyde 122-40-7 202 289
16 39.24 Anisalcohol 105-13-5 138 259
17 39.37 Cinnamyl alcohol 104-54-1 134 250
Farnesol isomers
18a 39.69 Farnesol 1 4602-84-0 222 283
18b 39.95 Farnesol 2
18¢ 40.65 Farnesol 3
19 40.86 a-Hexylcinnamaldehyde 101-86-0 216 174
Lyral isomers
20a 4432 Lyral 1 31906-04-4 210 319
20b 44.80 Lyral 2
21 44,59 Coumarin 91-64-5 146 301
22 51.17 Benzyl benzoate 120-51-4 212 324
23 60.22 Benzyl salicylate 118-58-1 228 320
24 63.52 Benzyl cinnamate 103-41-3 238 371
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Validation Parameters

The calibration plots were constructed using standard solutions containing
different concentration of analytes. Peak area of each analyte was plotted
against the corresponding analyte concentration. The linearity was tested in
the concentration range 10-1-103 pg mL-1. The calibration curves were
evaluated by correlation coefficients.

Repeatability and intermediate precision were expressed as relative
standard deviation of standard solution analysis. The repeatability was de-
termined from five independent analyses of standard solution carried out
during 1 day. Intermediate precision was determined by single analysis of
standard solution during 10 different days. The concentration of each fra-
grance allergen in standard solution was near the middle of linearity range.
For the recovery test, real sample of face lotion was spiked by each fra-
grance standard. Recoveries were calculated as the ratio of the measured
concentration, after subtracting the initial concentration in the non-spiked
sample, to the spiked concentration.

Limits of detection (LOD) and limits of quantification (LOQ) were cal-
culated as the analyte concentration that generates a signal which is 3 times
(LOD) and 10 times (LOQ) higher than the noise generated from the analy-
sis of unexposed fiber.

Samples

Ten various representative commercially available cosmetics (baby oil, lip
balm, olive cream, deodorant stick for men, antiperspirant for women, face
mask, face lotion, shampoo, and toothpastes) were employed in this study
to examine the applicability of the proposed method. All the samples were
purchased on the local market and stored at 5 °C until analysis. The real
samples were processed the same way as the standards; every sample was
analyzed in triplicate under the optimized conditions.

Statistical Analysis

The statistical analysis was performed using Microsoft Office Excel 2003
and statistical software Statgraphics Centurion XVI (Statpoint Technologies,
Inc., USA).
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Results and Discussion

Selection of SPME Fiber

In the frame of the optimization process, initially, five types of fibers were
tested for the preconcentration of fragrance compounds. The extraction
temperature during the test was 40 °C, and equilibrium and extraction
times, 15 min. The test solution contained all 28 fragrances dissolved in
methanol. After analysis, total peak area of all fragrances was calculated
from the chromatograms. The obtained results are shown in Fig. 2. As can
be seen, the highest yields were observed by CAR-PDMS fiber; however,
DVB-CAR-PDMS and DVB-PDMS fibers can be also used for the fra-
grances extraction. The obtained chromatograms showed that DVB-PDMS
fiber has a higher affinity for amylcinnamal, farnesol, hexylcinnamal, cou-
marin, benzyl benzoate, benzyl salicylate, and benzyl cinnamate in com-
parison to other compounds, while CAR-PDMS fiber for highly volatile
compounds specifically for limonene, linalool, citral, methyl 2-octynoate,
citronellol, geraniol, benzyl alcohol, hydroxycitronellal, eugenol, ionone,
and cinnamaldehyde. The lowest yields were observed with PDMS and PA
fibers and so these fibers were found to be unsatisfactory for our purposes.
Even though that CAR-PDMS fiber achieved the best results in terms of to-
tal peak area, DVB-PDMS fiber was selected as the most suitable and uni-
versal fiber for simultaneous determination of all aimed fragrance allergens.

3,E+09 +
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PDMS 100 pm DVB-CAR-PDMS PA DVB-PDMS CAR-PDMS

Fig. 2. Influence of the fiber coating on the absorption of the regulated fragrance
allergens
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Robustness of the Method

The optimization of the headspace (HS)-SPME conditions was performed
by the use of a statistically designed experiment by means of the statistical
software Statgraphics Centurion XVI.

The selected design allows studying the results using various statistical
tests and graphic tools to determine which factors and interactions have a
statistically significant effect.

The selected factors theoretically influencing final result were equilib-
rium time (A), extraction time (B), extraction temperature (C), and desorp-
tion time (D). All these factors were included in screening design appropri-
ate for four factors by means of a 27~1 (n = 4) half fraction process, involv-
ing 10 runs in randomized order inclusive two central points.

The factors that were changed during the course of the experiment and
their levels considered are listed in Table II. The response evaluated for all
experiments was the total sum of peak areas, obtained in the GC analysis.

Table II. Factors and levels in the screening experimental design

Factor Key Low level (-) High level (+)
Equilibrium time A 10 25
Extraction time B 5 25
Extraction temperature C 25 40
Desorption time D 3 10
B: extraction time ‘ ‘ | —
—
C: extraction temperature ‘ ‘
A: equilibrium time :|
| [
&
D: desorption time l:l
AC H
0 4 8 12 16 20 24

Fig. 3. Pareto chart of standardized effects of 24-1 half fraction process for total
chromatographic peak

Standardized Pareto chart for the main factors and two-factor interac-
tions is presented in Fig. 3 displaying the effects in decreasing order of sig-
nificance. The vertical line in the graph shows the statistically significant

LI
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level. As can be seen in the figure, only the extraction time and the extrac-
tion temperature effects were significant at 95% confidence level, and there-
fore, they were further optimized. However, the effects of equilibrium time
and desorption time were not statistically significant bound at the 95% con-
fidence level; the effect of this insignificant parameters was examined ex-
perimentally on the basis of one variable at a time. The final values of equi-
librium time and desorption time were set to 15 min and 10 min, respec-
tively. These times correspond to the maximum measured response of stud-
ied compounds (data not shown).

Optimization of Extraction Time

The application of six extraction times (5, 10, 15, 20, 30, and 40 min) was
tested to find the optimum for extraction and preconcentration of aimed
fragrances by DVB-PDMS fiber. As illustrated in Fig. 4, the best value of ex-
traction time was 20 min. At this time, all active sites on the fiber were satu-
rated, and consequently, the highest peak area of all analytes was obtained.
Application of longer extraction time led to gradual desorption of analytes
until the active sites on the fiber surface were not saturated again.

0 5 10 15 20 25 30 35 40

extraction time (min)

Fig. 4. The peak area of studied compounds collected on the SPME fiber at different
extraction time

Optimization of Extraction Temperature

The influence of six different temperatures (23, 30, 35, 40, 45, and 50 °C) on
the extraction yields of studied analytes was investigated. As shown in Fig.
5, slightly larger extraction yields were achieved at 30 °C; however, at 40 °C,

45
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satisfactory results were obtained too. This temperature (40 °C) is closer to
the human body temperature, which plays an important role in cosme-
tology.
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Fig. 5. The peak area of studied compounds collected on the SPME fiber at different
extraction temperature

Validation of Method

The validation parameters of the methods are summarized in Table III.

All calibration curves were linear in the tested concentration range. The
R? values were above 0.999 for all compounds. The repeatability and inter-
day precision of proposed method were very good. In general, the relative
standard deviations of measured concentrations during these tests were
about 5% (Table 1II). The limits of detection and quantification were deter-
mined in the range of the units of ng mL-1 (Table III). Because of the lack of
reference material, the recovery test has been performed to verify the accu-
racy of proposed method. The results were satisfactory, and the recovery
values were in general over 80%.

During the study of possible carry over effect of all fragrance allergens,
it was observed that some compounds are not completely desorbed after the
end of analytical run. This effect was eliminated by insertion of fiber after
each analytical run to the injector for 10 min and by running the fast mode
analysis.

55
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Table III. Validation parameters of the method

Fragrance compound Ll?aeggety LoD LOQ Repeatalzility Lr;,[eecl;s(iigz
Gpmiy | (ML | (gmL) [ ®SD%) | R
o-Amylcinnamaldehyde 2.4-970 0.7 24 0.5 7.2
Amylcinnamyl alcohol 3-1000 0.8 2.5 1.4 6.3
Anisalcohol 4.18-1113 1.25 417 2.8 53
Benzyl alcohol 0.05-104 0.015 0.05 3.5 6.6
Benzyl benzoate 1.12-560 0.3 1.09 53 7.6
Benzyl cinnamate 4.9-949 1.5 49 5.8 7.1
Benzyl salicylate 1.18-590 0.4 1.16 1.1 43
Cinnamaldehyde 0.12-1153 0.04 0.13 1.2 4.1
Cinnamyl alcohol 5-1000 14 41 2.6 6.4
Citral 1 8.9-1340 27 8.9 1.7 6.1
Citral 2 8.9-1340 27 8.8 1.2 6.7
Citronellol 8.6-1659 2.6 8.5 15 6.5
Coumarin 1-1000 0.28 0.95 5.8 74
Eugenol 6.6-1166 1.9 6.4 2.1 6.6
Farnesol 1 8.9-1331 2.6 8.7 1.8 5.7
Farnesol 2 8.9-1331 2.6 8.6 1.3 5.1
Farnesol 3 8.9-1331 2.6 8.7 2.6 43
Geraniol 2.22-1334 0.7 2.2 2.1 6.9
Hexylcinnamaldehyde 2.14-1048 0.6 2.09 1.7 6.1
Hydroxycitronellal 2.5-1104 0.7 2.18 1.4 5.3
Isoeugenol 1 6.8-1080 2 6.7 0.9 3.9
Isoeugenol 2 6.8-1080 2 6.7 1.3 4.5
Isomethyl ionone 5.8 -1116 1.7 5.8 2.6 4.7
Lilial 0.23-930 0.06 0.21 14 44
Limonene 4.2-1680 1.26 4.2 0.9 5.7
Linalool 8.5-1275 25 8.4 1.8 5.3
Lyral 1 1-1000 0.3 0.97 34 52
Lyral 2 0.25-1000 0.23 0.96 3.1 52
Methyl 2-octynoate 2.9-1201 0.007 0.023 4.4 4.6

Application of Validated Method to Real Samples

Finally, the validated method was applied to the 10 different commercial
products of cosmetics comprising rinse-off and leave-on products. The con-
tents of particular fragrance ingredients in samples were determined by ex-
ternal standard procedure. The results indicated that several of the cosmetic
products analyzed were not properly labeled in accordance with European
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Cosmetic Directive. Several cosmetic products contained more than 10 or
100 ug mL-1 of fragrance allergens, and these allergens were not listed on
the packaging. Table IV summarizes all measured samples and fragrance
compounds found in these samples. As can be seen, only in case of the olive
cream information about the composition of the product on the packaging
agreed with results obtained by SPME-GC-FID analysis. In some cases, the
limit at which it is necessary to indicate the presence of a substance on the
packaging was only slightly exceeded; however, in baby oil sample, very
high concentration of citral which was not mentioned on the packaging was
found. Similarly, high concentrations of isoeugenol in deodorant stick for
men or citral, isoeugenol, and linalool in toothpaste were found.

Table IV. Concentrations (ug mL-1) of the suspected fragrance allergens in cosmetic

products
Leave-on products Rinse-off products
Fragrance compound Baby Lip Olive Degdorant Antiperspirant Face Face Toothpaste | Toothpaste
oil balm | cream stick for for women lotion | mask Shampoo 1 2
men
Amylcinnamaldehyde 5 5 1432 4
Amylcinnamyl alcohol 6 110 150 10
Anisalcohol
Benzyl alcohol 10 1 192 362 402 182
Benzyl benzoate 382 44> 112
Benzyl cinnamate
Benzyl salicylate 102 192 442 172
Cinnamaldehyde 9 6 8 1112 15
Cinnamyl alcohol 320 1532 190
Citral 1 350 1342 892 77 640 11952 991a 1560 82
Citral 2 765 11512 1062 1912 105b 10472 1512 346b 61
Citronellol 1072 7062 2152 1072 23
Coumarin 122 5 8a 10
Eugenol 520 3 252 52a 82 3802 44
Farnesol 1
Farnesol 2
Farnesol 3
Geraniol 1002 2642 1192 8 6 11972 91
Hexylcinnamaldehyde 4 142 82 102 5 9742
Hydroxycitronellal 772 182 110 8 48
Isoeugenol 1 4030 95
Isoeugenol 2 420 72
a-Isomethyl ionone 1092 290 6 1362 3812 4 36 18 31 17
Lilial 182 3 772 1522
Limonene 2092 9452 1442 12742 11322 2092 1602 1642 9212 7700
Linalool 4752 700 715 10332 9272 4752 18 11092 204> 48
Lyral 1 232
Lyral 2 192
Methyl 2-octynoate 2 24> 2 8 5
aAnalytes listed on the cosmetic label.
bAnalytes exceeding the concentration limits (> 10 or 100 ppm [9]) and not listed on
the packaging.

Relative standard deviations were less than 10% in for all samples.
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Conclusion

In the present work, a simple and effective method based on HS-SPME
coupled to GC-FID has been developed and validated for the assessment of
24 regulated fragrance allergens in cosmetic products. The main advantages
of this method are low cost and less laborious sample preparation than
other conventional techniques. Selection of SPME fiber with suitable coating
has been shown as a crucial factor for the extraction of studied compounds.
Extraction time and temperature were identified as other factors that may
significantly affect the extraction. It is necessary to take into consideration
that the choice of optimal extraction conditions is a compromise because the
substances differ in their physical and chemical characteristics. After con-
sidering all the results, the following final extraction conditions were se-
lected: equilibrium time, 15 min; extraction time, 20 min; extraction tem-
perature, 40 °C; and desorption time, 15 min. The validated method was
used for analysis of real cosmetic products. Only 3 of 10 analyzed samples
were in compliance with the European Cosmetic Directive which estab-
lishes the obligation to indicate the presence of an allergen in the product
packaging if the concentration of allergen in the product is higher than 10
ppm (leave-on cosmetic products) or 100 ppm (rinse-off cosmetic products).
In view of the fact that the fragrance allergies are still increasing worldwide,
all the fragrance allergens controlled are recommended to be listed namely
on the product labels instead of inadequate overall terms “perfume” or
“fragrance” often used in practice.
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