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Anotace

Tato disertacni prace se zabyva studiem organosirnych sloucenin cibule kuchynské
(Allium cepa L.), které svou intenzivn¢ hotkou chuti negativné ovliviuji
organoleptické vlastnosti zpracované cibule. S vyuzitim HPLC frakcionaci cibulovych
extraktl a nasledné provedenou senzorickou a instrumentalni analyzou bylo nalezeno
celkem devét zcela novych, v odborné literatufe dosud nepopsanych skupin
organosirnych sloucenin, trivialné pojmenovanych allithiolany A—I. Na zakladé
spektroskopickych dat (MS, NMR a IC) bylo zjiiténo, Ze tyto strukturng blizké
skupiny sloucenin jsou derivaty 3,4-dimethylthiolan-S-oxidu odpovidajici sumarnim
vzorcim CxHyO2Ss, CxHyO3Ss a CxHyO4Se (x = 10—18, y = 18—30). Chut allithioland
byla senzoricky hodnocena jako velmi nepfijemna, kovové hotka, s prahy detekce
v rozmezi 15—30 ppm. Na zdkladé ziskanych informaci byl navrzen i pravdépodobny
mechanismus vzniku allithiolant, na jehoz zéklad¢ bylo mozné konstatovat, Ze tvorbé
téchto hotkych latek patrné nelze zabranit bez soucasného ovlivnéni typickych
senzorickych vlastnosti cibule.

Béhem procesu izolace vySe zminénych hotkych latek bylo z cibulového
extraktu izolovano i nckolik dalSich, v odborné literatuie dosud nepopsanych
sloucenin. Jedna se napft. o cepadithiolakton A (CeH100S>), coz je prvni pfirozené se
vyskytujici zéastupce y-dithiobutyrolaktond, nebo onioniny B/C
(C7H1402S2/CoH1802S2) a cepathiolany B/C (C7H140.S3/C9H1802S3). Byla téz
opravena Vv literatufe chybné uvadéna struktura onioninu A (C9H1602S2). Na zékladé
ziskanych dat bylo ukazano, ze se ve skuteCnosti jedna o 3,4-dimethyl-
5-(1-propenylsulfinyl)thiolan-2-ol. Byly studovany organoleptické vlastnosti téchto

latek, jakoz 1 mechanismy jejich tvorby.

Kli¢ova slova: hotka chut’, cibule, sirné slouceniny, isoalliin, allithiolan, onionin,

cepadithiolakton A, cepathiolan, Allium cepa






Annotation

This dissertation thesis is aimed to identify the compounds responsible for the bitter
off-taste of processed onion (4/lium cepa L.). Using a series of sensory-guided HPLC
fractionations, the existence of nine groups of hitherto unknown sulfur compounds has
been revealed. On the basis of spectroscopic data (MS, NMR, IR), it was found that
these compounds, trivially named allithiolanes A—I, are members of a large family
of structurally closely related derivatives of 3,4-dimethylthiolane S-oxide
with the general formulas of C.H,02S4, C:H,03Ss, or C:H,04Ss (x = 10-18,
y =18-30).

The taste of allithiolanes could be described as very unpleasant, metallic bitter,
with detection thresholds in the range of 15—30 ppm. The probable formation pathways
of allithiolanes were proposed. On the basis of the information obtained, it may
be concluded that the formation of these bitter compounds cannot be prevented without
affecting the typical organoleptic characteristics of the onion.

During the isolation of allithiolanes, several other hitherto unknown
compounds have been isolated from the onion extract. This is the case
of cepadithiolactone A (CsH100Sz), which is the very first example of naturally
occurring  p-dithiobutyrolactone, or onionins B/C (C7H1402S2/CoHi1502Sz),
and cepathiolanes B/C (C7H1402S3/CoH1302S3). In addition, the previously proposed
structure of onionin A (CoHi1602S2) has also been corrected. Based on the data
obtained, it has been shown that onionin A is in fact 3,4-dimethyl-
5-(1-propenylsulfinyl)thiolane-2-ol. The organoleptic characteristics of these

compounds as well as their formation pathways have been studied.

Key words: bitter taste, onion, sulfur compounds, isoalliin, allithiolane, onionin,

cepadithiolactone A, cepathiolane, Allium cepa






Prohlaseni

Prohlasuji, Ze svoji disertacni praci jsem vypracovala samostatné¢ pouze S pouzitim

pramenii a literatury uvedenych v seznamu citované literatury.

Prohlasuji, Ze v souladu s § 47b zakona ¢. 111/1998 Sh. v platném znéni souhlasim
se zverejnénim své disertacni prace, a to v nezkracené podob¢ elektronickou cestou
ve vefejné pristupné Casti databaze STAG provozované Jihoceskou univerzitou
v Ceskych Budg&jovicich na jejich internetovych strankéch, a to se zachovanim mého
autorského prava k odevzdanému textu této kvalifikacni prace. Souhlasim déle s tim,
aby toutéz elektronickou cestou byly v souladu s uvedenym ustanovenim zakona
¢. 111/1998 Sh. zveiejnény posudky Skolitele a oponentid prace i zaznam o prubehu
a Vysledku obhajoby kvalifikacni prace. Rovnéz souhlasim s porovnanim textu mé
kvalifikacni prace s databazi kvalifika¢nich praci Theses.cz provozovanou Narodnim

registrem vysokoskolskych kvalifikacnich praci a systémem na odhalovani plagiati.

V Ceskych Bud&jovicich dne 30. fijna 2018






Podékovani

Touto cestou bych rdda pod€kovala doc. Ing. Romanu Kubcovi, Ph.D. za odborné
vedeni, trpélivost a ochotu, které¢ mi v pribéhu doktorského studia vénoval.

Za spolupraci pi1 MS analyzach patii mé podékovani téz Ing. Petfe Urajoveé,
Ph.D. (Laboratof fasové biotechnologie, Mikrobiologicky ustav AV CR v Tteboni)
a Ing. Martinu Moosovi, Ph.D. (Laboratof analytické biochemie a metabolomiky,
Biologické centrum AV CR v Ceskych Budg&jovicich) a v neposledni fadé také Jakubu
Zapalovi (Laboratot charakterizace molekuldrni struktury, Mikrobiologicky ustav AV
CR v Praze) za spolupraci pii NMR analyzach.

Velké pod€kovani patii také vSem ostatnim, ktefi se jakkoli podileli na vzniku

této disertacni prace.

Diserta¢ni prace vznikla za finan¢ni podpory Grantové agentury Jihoceské univerzity
(GAJU 112/2016/Z).






Obsah

1

2

2.1
2.2

2.3

2.4

2.5

3.1
3.1
3.2
3.3

3.4

CILE PRACE .......oooooiiiieiceces st 1
L 0740 .2 ) PP 2
CELED ALLIACEAE (CESNEKOVITE) o.vovvvevireesestisesssessessesessssesssssnsssessessssnssnsssnes 4
ROD ALLIUM ...ttt ettt b ettt ane bt e e abesnetenennens 4
5 R = o T | (0o I G- o - TSP 6
2.2.2  POdrod AHTTUM .....oovoiiiiiie e 6
2.2.3  Podrod NectaroSCOrduUM ........ccccoieeierieiieiieie e 7
SIRNE SLOUCENINY ROSTLIN RODU ALLIUM ...coutiiiiiiaiiiaiiesiiesieesiee e 8
2.3.1  S-Substituované derivaty CYSIEINU ..........coeuvuiriieniiiiieiee e 8
TVORBA ORGANOSIRNYCH SLOUCENIN CIBULE KUCHYNSKE......ccccviriiierieeiieeninns 14
241 TRIOSUIfINALY ..o 17
242 SIZOIVOTNE LALKY ... 19
2.4.3  CBPAEBNY .eiiiiiiie ittt 22
244 ZWIEDEIANY........ciiiiice e 23
245  Nedavno objevené organosirné slouceniny cibule ..................c...c....... 25

ZMENY ORGANOLEPTICKYCH VLASTNOSTI PRI ZPRACOVANI CESNEKOVITYCH

ROSTLIN  1tttettetteteestetestestesbesbessessee s eseeseebesbesbesbeebeeseese e st e e e b e nbesbenbesbeabeaneeneeneeneas 29
251 BAFEVHE ZMENY ......ecieiiiiiiiieeiee et 29
2.5.2  ZmeNY CULT c..ooiiiiiii s 32
EXPERIMENTALNI CAST .....cooovviiiiiniseeee s 34
CHEMIKALIE A MATERIALY w...tiiiiiiiiieiie ettt 34
PRISTROJE ...ttt ettt ettt ettt ettt ettt b et e bt et e b e e e e b nn e 35
GRADIENTY POUZIVANE V HPLC ...t 36
IZOLACE HORKYCH SLOUCENIN Z EXTRAKTU CIBULE KUCHYNSKE .....ccccveerunennne 39
3.3. 1 PFIDrava exXtraktus ............cccoooiiiiiiiiiiiiiii e 39
3.3.2  Frakcionace eXtrakiU..........ccoevererenieniiiieisieee e 39
3.3.3  Senzorickad analyza frakci AC 1-9 metodou TDA ......cccveovvveieciennn, 40
3.34  Optimalizované HPLC Metody ..............cccocovvviiiiiiiiiiiiiiiiiciiees 41
IZOLACE HORKYCH SLOUCENIN Z MODELOVYCH REAKCNICH SYSTEMU............... 43
341 12018CE @ITINASY...c.viiviiiiiiiiiieeie e 43

3.4.2  Priprava S-alk(en)ylCyStein-S-oxidil ..........cccocevvvieniiiiniiiiiiiiseien 44



3.4.3 MOAEIOVA FEAKCE A .ottt e e e e 44

344 MOAELOVA FEAKCE B ..ottt e e e 45
THIOSULEFINATOVY TEST ttttuuutteeeeteeesssunnssssesseeesssssnssteessesessssmieeesesessmeeere 52
SENZORICKE HODNOCENI IZOLOVANYCH SLOUCENIN ...covvvvevrrrinieeeeereeensrnnineeeeees 54
PROCES RUZOVENT L.1ttutttivusiiisisisisssisssssssssssesssssssssesssssssssssssssssssssssssssssssssssssssssssnnes 55
TVORBA HORKYCH LATEK V PORU A CESNEKU ....euiieeeeeeteeeeeeaeeeeeeeeeeniieaeeeeesesennnns 55

3.8.1  Izolace horkych latek z poru zahradniho.................ccc.cooevviiiiinnnnnnn. 55

3.8.2  Izolace horkych latek z cesneku kuchynského ..............cococovvvinnennnnn. 56
VYSLEDKY ADISKUZE .......coooo oo e oo eeee oo 57
SENZORICKA ANALYZA — METODA TDA ..o 57
1ZOLACE A IDENTIFIKACE HORKYCH SLOUCENIN ... .teeetteetttttisieessesesssssnnseeesesessnns 58
4.2.1  Organoleptické viastnosti allithiolanii .................c.ccccoccvviniiiiinennnn, 77
4.2.2  Mechanismus tvorby allithiolanti ................ccccocoveiiiiiinicniiiiiien, 78
4.2.3  Tvorba allithiolani v dalsich zdastupcich rostlin rodu Allium ............. 82
IZOLACE A IDENTIFIKACE DALSICH ORGANOSIRNYCH SLOUCENIN.....cvvuirieeererennnns 83
0 R © [0 To o1 0SSR 84
4.3.2  Cepadithiolakton A..........ccooiiiiiieie e 90
4.3.3  Cepathiolany ... 94
4.3.4  Mechanismy tvorby onioninu, cepadithiolaktonu a cepathiolanii....... 96
4.3.5  Organoleptické vIastnosti.............ccccovviiiiiiiiiiiiiiiiiiici e, 97
PROCES RUZOVENT L1vttttttitttttttttttiessssssasssssssssaassssssasssssssasssssssasesssssssssssssnsnnnsnsnsnsnnns 98
27N Y ) L SR 99

LITERATURA .ottt ettt e e e et et a e e e e e e e s eenrab s 103
POUZITE ZKRATKY ..ottt en s s eneneeeaeaeaenn 112
PUBLIKACNI VYSTUPY ..ottt es et ee e 114

PRILOHY ..o e et e e er e 116



Cile prace

1  Cile prace

Hlavnim cilem této disertacni prace bylo ziskat detailni informace o chemické
struktuie latek, které nesou zodpovédnost za hotkou chut zpracované cibule
kuchynské (Allium cepa L.), ptipadné dalSich zastupcu rostlin rodu Allium. Spole¢né
s ur¢enim struktur hotkych latek také navrhnout pravdépodobny mechanismus jejich
vzniku a na zaklad¢ ziskanych informaci urcit, zdali je mozné vzniku téchto chut'ové
nezadoucich latek zabranit bez soucasné ztraty typickych organoleptickych vlastnosti
cibule.

DalSim cilem této prace byla izolace také jinych, v odborné literatufe dosud
nepopsanych organosirnych slou¢enin vznikajicich pfi zpracovani cibule, identifikace

jejich struktury a charakterizace jejich organoleptickych vlastnosti.
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2 Uvod

Cesnekovité rostliny (rod Allium L.), napf. cibule kuchyiiska (A. cepa), Eesnek sety
(A. sativum) a p6r zahradni (A. porrum), jsou diky svym vyraznym organoleptickym
vlastnostem zndmé témét po celém svété a staly se také nedilnou soucasti
potravinafského primyslu. Nositeli velmi intenzivnich organoleptickych vlastnosti
téchto rostlin jsou pievdzné organosirné slouceniny, které vznikaji enzymové
katalyzovanym rozkladem prekurzorii odvozenych od cysteinu. Struktura c¢i
mechanismy tvorby celé tady dalSich sirnych slou¢enin, v nékterych ptipadech
technologicky nezéddoucich, vSak zlstavaji i nadale nezodpovézeny.

Soucasné védecké studie neustale ptispivaji k lepsSimu porozuméni chemickych
procestt probihajicich pfi zpracovani cCesnekovitych rostlin a popisuji izolaci
a identifikaci dal$ich nové objevenych sloucenin. Cibule disponuje mimotadné pestrou
paletou sirnych sloucenin, kterd se za poslednich nékolik let vyrazné rozrostla.
K tradi¢nim skupinam sirnych latek vznikajicich pfi zpracovani cibule, mezi kterymi
lze jmenovat slzotvorny propanthial-S-oxid (LF — z angl. lachrymatory factor, 1),
bis-sulfin (2), thiosulfinaty, zwiebelany (3) ¢i cepaeny, v nedavné dobé piibyla
1 strukturné velmi rozmanitd skupina heterocyklickych sirnych sloucenin jako napf.
cepathiolany (4), onioniny A (5), Allium sulfoxid A (6), welsoniny (7) ¢i kujounin (8),
Obrazek 1.6

Velky pokrok byl v poslednich letech zaznamenan také v pochopeni procest
vedoucich k tvorbé nezadouciho rizového zbarveni cibule béhem jejiho zpracovani.
Prestoze se jedna o zcela prirozeny jev, producentim zpisobuje kviili estetickému
znehodnoceni cibule vyrazné ekonomické ztraty. V soucasné dobé je jiZ znam
mechanismus tohoto jevu i struktura slou¢enin, které v cibuli toto technologicky velmi
nezadouci riizové zbarveni zptisobuji.’” =

Za védecky témer nedotéenou oblast 1ze bezpochyby oznacit proces hotknuti
cibule, ktery je i mezi laickou vetejnosti pomérné dobie znam a jehoz rozkli¢ovani
se stalo hlavnim cilem této disertacni prace. Podobné¢ jako rtiZzovéni cibule je 1 jeji
hotknuti naprosto pfirozenym jevem, ktery vSak plsobi velké problémy pfi jejim
zpracovani. PfestoZe tvorba hotkych latek v cibuli vyrazné negativné méni

organoleptické vlastnosti a neni pouze estetickym problémem jako v ptipad¢ jejiho
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ruzovéni, byly do soucasné doby touto problematikou inspirovany pouze dvé védecké

studie publikované jiz v $edesatych letech minulého stoleti.???
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Obrazek 1: Organosirné slouceniny vznikajici pfi zpracovani cibule.”

Lze predpokladat, ze Cesnekovité rostliny jsou bezpochyby stile zdrojem celé fady

dalsich sloucenin, které na své objeveni teprve ¢ekaji.

* opravena struktura onioninu A (5) (viz kap. 4.3.1)
" https://atlas-content-cdn.pixelsquid.com/stock-images/red-onion-B5wQon0-600.jpg; stazeno dne 9. 9. 2018
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2.1  Celed’ Alliaceae (¢esnekovité)

Celed” Alliaceae zahrnuje okolo 900 druhii rostlin, véetnd ekonomicky velmi
dialezitych zastupcii pouzivanych v potravinatstvi (napfi. cibule, ¢esnek a por). Cela
fada rostlin ¢eledi Alliaceae je také vyuzivana v lidovém lécitelstvi a farmaceutickém
pramyslu.

Taxonomicky je tato Celed’ ¢lenéna do téi podceledi — Allioideae Herb.,
Tulbaghioideae (Endl. ex Meisn.) Fay & Chase a Gilliesioideae (Lindl.) Arn. (Fay
& Chase, 1996). Nejvétsi podceled’ Allioideae zahrnuje rod Allium L. (v¢etné nékolika
podrodu), roz§ifeny pievazné na severni polokouli. Pod¢eled’ Tulbaghioideae zahrnuje
pouze dva rody — Tulbaghia L. (okolo 25 druhit) a Prototulbaghia Vosa (jeden druh),
piirozené se vyskytujici v jiznich ¢astech Afriky.? Podeeled’ Gilliesioideae zahrnuje
rostliny pochéazejici vyhradné z Jizni Ameriky, pfevazné z jiznich Casti Chile
a Argentiny. Vyjimku tvofi né€ktefi zastupci rodu Nothoscordum Kunth, které Ize

nalézt té7 v Severni Americe.?*

2.2 Rod Allium

vvvvvv

750 druht, vétSinou cibulovitych trvalek, eventudln¢ dvouletych rostlin, které jsou
rozsifené zejména na severni polokouli. Friesen a kol.?® na zdkladé studia jaderné
ribozomalni DNA rozd¢lili tento rod do patnacti monofyletickych podrodi, které jeste
rozC€lenili do dalSich sekci a podsekci.

Do rodu Allium nalezi i n¢které z plodin péstovanych jiz ve starovéku, které
v soucasnosti patii mezi ekonomicky velmi vyznamné druhy zeleniny, zvlasté
A. sativum L. (Cesnek) a A. cepa L. (cibule). Z ekonomického pohledu méné
vyznamnymi rostlinami rodu Allium jsou napiiklad A. schoenoprasum L. (pazitka),
A. ampeloprasum L. (p6r letni), A. tuberosum Rottler ex Spreng. (pazitka ¢esnekova),
A. fistulosum L. (cibule zimni) ¢i A. ursinum L. (¢esnek medvédi). Okrasné druhy jsou
také neodmyslitelnou soucasti rodu Allium, charakteristické svou rozmanitosti barev

a velikosti (A. moly L. — ¢esnek zlatozluty, A. giganteum Regel — ¢esnek obrovsky,
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A. flavum L. — ¢esnek zluty, A. roseum L. — ¢esnek ruzovy, A. siculum Ucria — ¢esnek

sicilsky).2%2" Typické zastupce rostlin rodu Allium znazoriuje Obrazek 2.

d) ) f)

Obrazek 2: Zastupci rodu Allium: a) barevné kultivary cibule;” b) 3alotka;” ¢) Cesnek;’ d) por;?
e) pazitka;™ f) jarni cibulka.””

Cibule spole¢né s ¢esnekem jsou nepochybné nejznaméjsimi zastupci rodu Allium,
ktefi si svou obrovskou popularitu ziskali nejen svymi velmi vyraznymi
organoleptickymi vlastnostmi, ale i pomérné nendroénym péstovanim, jakoz
i moznosti jejich dlouhodobého skladovani, které pti vhodnych podminkach dosahuje
1 mnoha mésic.

S konzumaci rostlin rodu Allium je spojena i cela fada pfiznivych ucinku
na lidské zdravi, které jsou velmi rozSiteny v povédomi nejen védecké komunity.
Podzemni ¢asti vétSiny Cesnekovitych rostlin jsou hlavni jedlou ¢asti charakteristickou
svou vyraznou chuti a pronikavym aroma, které je umocnéno béhem zpracovani pii
ptipraveé pokrmi, zejména pak krajenim ¢i mixovanim. Béhem téchto operaci dochazi
vlivem naruseni rostlinného pletiva k enzymaticky katalyzované tvorbé Siroké palety
senzoricky aktivnich sirnych sloucenin.

Mimotfadny ekonomicky vyznam rostlin rodu Allium, pfedevsim cesneku
a cibule, podtrhuji statisticka data FAO? (Food and Agriculture Organization

of the United Nations), dle kterych €inila celosvétova produkce cibule v roce 2016

* http://media.mercola.com/assets/images/foodfacts/onion-nutrition-facts.jpg; stazeno dne 12. 9. 2018

” http://www.cipollefreddi.it/wp-content/uploads/2016/09/scalogno-emilia-freddi.jpg; stazeno dne 12. 9. 2018

7 http://iwww.petpoisonhelpline.com/wp-content/uploads/2011/10/Garlic.jpg; stazeno dne 12. 9. 2018

¥ http://thewateringmouth.com/wp-content/uploads/2016/01/bigstock-Leeks-On-A-White-Background-84509525-768x510.jpg;
stazeno dne 12. 9. 2018

™ https://www.marxfoods.com/images/Buy-Chive-Blossoms_ChiveBlossoms-1.jpg; stazeno dne 12. 9. 2018; upraveno

7 https://encrypted-tbn0.gstatic.com/images?q=tbn: ANd9GcTZSgN Ig5p4jFV-mrSHKEONUJC4K6Fb-
x61AkmeO3_vXXWHhOEFE; stazeno dne 12.9. 2018
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vice nez 117 miliond tun a &esneku necelych 48 miliond tun. Ceska republika ptispéla
k celosvétové produkci v roce 2016 celkem 835 tunami ¢esneku a vice nez 42 tisici

tun cibule.

2.2.1 Podrod Cepa

Podrod Cepa rostlin rodu Allium obsahuje druhy s rourkovitymi listy, dobie
vyvinutymi cibulemi a kratkym vertikdlnim oddenkem. Zahrnuje sekce:
i) Cepa — zastupce cibule kuchynska (A. cepa) a cibule zimni (A. fistulosum L.);
i1) Schoenoprasum — pazitka (A. schoenoprasum L.); iii) Sacculiferum — ¢esnek ¢insky

(A. chinense G. Don); iv) Annuloprason a v) Condensatum.?®2°

Obrazek 3: A. cepa: a) zplisob péstovani;” b) detail riistu;” ¢) skladovéani.?

Cibule kuchynskd (Obrazek 3) zaujima prvni pozici v celosvétové produkcei
¢esnekovitych rostlin. Jeji péstovani je mozné v riznych klimatickych zénach, véetné
tropickych oblasti. Cibule je béZnou soucasti stravy lidi vSech kontinenti. BéZné
se péstuje n€kolik barevnych kultivart — zluta cibule (v ¢eské kuchyni nejbeéznéjsi),
¢ervena (zpravidla vykazujici mirnéjs$i organoleptické vlastnosti) nebo bild (oblibena

zejména v Mexiku, vyznacujici se silngj$im aroma a chuti).

2.2.2 Podrod Allium

Cesnek kuchynisky (Obrazek 4) je v pofadi druhym nejvice konzumovanym
zastupcem rodu Allium. Zahrnuje pét odlisnych podskupin — Sativum, Ophioscorodon,

” https://www.harvesttotable.com/wp-content/uploads/2011/05/Onion-Row-300x200.jpg; stazeno 13.9. 2018
" https://fieldviewgardens.files.wordpress.com/2011/08/drying-onion.jpg?w=500&h=334; stazeno 13. 9. 2018
4 http://cdn.goodshomedesign.com/wp-content/uploads/2017/07/braid-onions-garlic.jpg; stazeno 13. 9. 2018
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Longicuspis, Subtropical a Pekinese. Podskupina Sativum, ptvodem z oblasti
Stredomoii, predstavuje nejbéznéjsi formu Cesneku. ,,Sativum* v botanickém nazvu
¢esneku znamend ,kultivovany* a odpovida skutecnosti, Ze ,,divoky“ Cesnek je

V piirodé neznamy.*®

Obriazek 4: Allium sativum: a) vysadba;” b) péstovani;” ¢) skladovéni.?

2.2.3 Podrod Nectaroscordum

Nejméné dva druhy rostlin rodu Allium jsou taxonomicky fazeny do podrodu

Nectaroscordum — A. siculum Ucria a A. tripedale Trautv.?

Obriazek 5: Allium siculum: a) rostlina,¥ b) detail kvétu;"" c) Allium tripedale.’”

A. siculum (Cesnek sicilsky, Obrazek 5a—b) je cibulovita rostlina ptivodem z Malé
Asie, jizni Francie a Sicilie rostouci zejména ve vlh¢ich, stinnych lesich a kfovinach.
Vyznacuje se svymi Siroce zvonkovitymi, barevné proménlivymi kvéty. Pro své

nendro¢né péstovani 1 dekorativni vlastnosti se stala velmi oblibenou rostlinou

* https://il.wp.com/coffee-breaktime.com/wp-content/uploads/2017/10/How-to-Grow-Garlic-Over-the-Winter-2.jpg?w=630;
stazeno 15.9.2018

7 https://d1x143wvd30375.cloudfront.net/wp-content/uploads/2015/01/680px-Growing-garlic-
Fotolia_32628027_Subscription_Monthly_M.jpg; stazeno 15.9. 2018

# http://www.sseyyo.com/wp-content/uploads/2017/02/garlic.jpeg; stazeno 15. 9. 2018

¥ https://terradincognita.files.wordpress.com/2012/05/dscf3232.jpg?w=500&h=582; stazeno 10. 6. 2018; upraveno

™ http://botany.cz/foto3/nectaroscordumherb3.jpg; stazeno 10. 6. 2018

7 http:/fwww.pacificbulbsociety.org/pbswiki/files/Allium/Allium_tripedale2KS.jpg; stazeno 10. 6. 2018
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pestovanou po celém svéte. Charakteristickd je i svou pronikavou ¢esnekovou viini
a chuti. V Bulharsku je tato rostlina znamé pod mistnim nazvem ,,samardala® nebo
,medovy ¢esnek*. Pravé Bulharsko je zemi, kde A. siculum nachazi uplatnéni nejenom
jako léciva rostlina, ale také jako velmi oblibend soucast mistni kuchyné. Jsou to
nejcastéji listy, které Casto nahrazuji klasicky Cesnek a jsou zdrojem vyrazné chuti
salatd, polévek, omacek a celé fady dalich pokrmt. Cerstvé rostliny vyuZzivané
v kulinafstvi jsou k dispozici pouze v obdobi kvétna az Cervna. Z tohoto divodu
se rostliny susi a k dostani jsou naptiklad ve formé ochucené soli nebo drcenych
kofenicich smési.?’ ¥

A. tripedale (Obrazek 5c), druhy dosud znamy zastupce podrodu
Nectaroscordum, roste zejména v Iranu, Irdku, Turecku, Predkavkazsku
a Zakavkazsku. V zapadnim Iranu je tato rostlina hojné vyuZivana
v lidovém 1égitelstvi. Cerstvé nebo susené listy jsou v podobé kofeni béznou soudasti
stravy mistnich obyvatel. Tradi¢ni 1éCitelé pouzivaji tuto rostlinu napiiklad k 1é¢bé

ledvinovych a mogovych kament.®

2.3 Sirné slouceniny rostlin rodu Allium

Organické sirné slouceniny ¢esnekovitych rostlin jsou tvofeny jako soucast obrannych
mechanismi, které se v rostlindch aktivuji po narusSeni rostlinného pletiva.
Predpoklada se, Ze produkci téchto latek, které jsou charakteristické svymi velmi
vyraznymi organoleptickymi vlastnostmi (¢asto doprovazenymi silnymi slzotvornymi
ucinky), se rostliny snazi odradit byloZravce, zamezit rozvoji mikrobialniho napadenti,
pfipadné naldkat opylovace. Témto latkdm je také pfipisovana vétSina znamych

1é¢ivych u¢ink rostlin rodu Allium.®
2.3.1 S-Substituované derivaty cysteinu
S-Substituované derivaty cysteinu jsou vyznamnymi sekunddrnimi metabolity mnoha

vvvvv

S-alk(en)ylcystein-S-oxidy, které jsou hlavnimi prekurzory senzoricky a biologicky
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aktivnich organosirnych latek rostlin rodu Allium. V nenarusenych rostlinach jsou
S-alk(en)ylcystein-S-oxidy lokalizovany v cytoplazmé a enzym alliinasa (E.C. 4.4.1.4)
ve vakuolach.®® K rozkladu téchto prekurzori a nasledné tvorbé senzoricky aktivnich
sloucenin dochazi az béhem zpracovani rostlin, kdy se S-alk(en)ylcystein-S-oxidy
dostanou do ptimého kontaktu s alliinasou, ktera katalyzuje jejich rozklad.
Zastoupeni S-alk(en)ylcystein-S-oxidi se v riznych druzich ¢esnekovitych
rostlin vyrazné lisi. S-Allylcystein-S-oxid (alliin, 9) je majoritnim prekurzorem
VvV Cesneku, zatimco v cibuli mé nejvétsi relativni zastoupeni jeho polohovy izomer,
(E)-S-(1-propenyl)cystein-S-oxid (isoalliin, 10). Do soucasnosti bylo v ¢esnekovitych
rostlinach nalezeno a identifikovano celkem 11 S-substituovanych cystein-S-oxidd

a dve cyklické formy téchto latek (Obrazek 6).

9 COOH 9 COOH (I? COOH
S S S
_ \/kNHZ ~o \)\NHz Py \)\NHZ
methiin ethiin propiin
14) (16) 15)
(I)l COOH (l)l COOH 9 COOH
S S S
N NH, e % NH, NN NH,
alliin isoalliin butiin
)] o) #3))
o COOH o COOH o COOH
S s._S. K S
W NH, IO NH, M NH,
homoisoalliin marasmin S-(3-pentenyl)cystein-S-oxid
13) (20) 19)
O COOH O COOH
I
N S
A S \)\ NH, A NH,
\ NH =
S-(2-pyrrolyl)cystein-S-oxid S-(2-pyridinyl)cystein-/V-oxid
a7 (18)
o o
I I
. .
/EN COOH \)iN COOH
H H
cykloalliin homocykloalliin
1) a2

Obriazek 6: S-Substituované derivaty cysteinu cesnekovitych rostlin.
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Neobvyklou cyklickou sekundarni sirnou aminokyselinou, kterd se vyskytuje
v rostlinach rodu Allium obsahujicich isoalliin (10), je cykloalliin
(3-karboxy-5-methyl-1,4-thiazan-S-oxid, 11). Uloha této cyklické aminokyseliny je
vSak zatim neznama, nelze ani vyloucit moznost, ze vznikd pouze jako artefakt
cyklizaci isoalliinu (10) b&hem jeho izolace.®” Homolog cykloalliinu (11),
homocykloalliin  (3-karboxy-5-ethyl-1,4-thiazan-S-oxid, 12), byl identifikovan
v Cesneku sicilském (A. siculum), kde tato sekundarni aminokyselina doprovazi
homoisoalliin (13). Podobné jako u cykloalliinu (11) nelze jednoznaéné potvrdit
pfitomnost homocykloalliinu (12) Vv nenaruSenych rostlinaich. S nejvétsi
pravdépodobnosti k jeho vzniku dochazi cyklizaci homoisoalliinu (13).3!

Vyskyt péti zastupcl téchto sirnych aminokyselin je typicky pro nejcastéji
konzumované  Cesnekovité  rostliny. Jedna se o S-methyl-, S-allyl-,
(E)-S-(1-propenyl)-, S-propyl- a S-ethylcystein-S-oxid (methiin, 14; alliin, 9; isoalliin,
10; propiin, 15 a ethiin, 16). Dalsi dva derivaty cysteinu, a sice S-(2-pyrrolyl)cystein-
S-oxid (17) a S-(2-pyridinyl)cystein-N-oxid (18), byly izolovany z druhti rostoucich
(a Casto hojné konzumovanych) zejména ve stfedni Asii (napt. A. stipitatum,
Obrazek 7a), zatimco S-(3-pentenyl)cystein-S-oxid (19) byl doposud nalezen pouze
v semenech cibule rodu Allium cepa var. tropeana péstované v regionu Tropea
(Kalabrie).

Obrazek 7: a) Allium stipitatum;” b) Tulbaghia violacea — detail kvétu.”

Sloucenina S-(methylthiomethyl)cystein-Ss-oxid (trivialné marasmin, 20) se vyskytuje
zejména v rostlinach rodu Tulbaghia (Obrazek 7b) ¢i zastupcich podrodu
Melanocrommyum. Dva prekurzory obsahujici ctyfuhlikaty alifaticky postranni

fetézec, tj. S-butyl- (21) a (E)-S-(1-butenyl)cystein-S-oxid (13) (trivialn¢ butiin resp.

* https://www.biolib.cz/IMG/GAL/85251.jpg; stazeno 22. 10. 2018
” http://www.plantbook.co.za/wp-content/uploads/plantbook.co.za_tulbaghia-violaceal.jpg; stazeno 5. 4. 2018
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homoisoalliin), se vyskytuji vyhradné \% rostlinach podrodu
Nectaroscordum,?3/:33:38-40

Relativni zastoupeni S-substituovanych derivati cysteinu v nékterych
zastupcich ¢esnekovitych rostlin uvadi Tabulka I.

Tabulka I: Relativni zastoupeni a celkovy obsah S-substituovanych derivatl cysteinu ve vybranych
Cesnekovitych rostlinach.

rostlina/ cibule/ Cesnek/ por/ sicilsky ¢esnek/
Cast cibule strouzky nadzemni ¢ast cibulky

relativni zastoupeni [%]

alliin (9) stopy - 84 84 - stopy -
butiin (21) - - - - - - 5
homoisoalliin (13) - - - - - - 64
isoalliin (10) 78 85-87 11 42 92 81 -
methiin (14) 16 13-15 5 16 8 19 31
propiin (15) 6 - - - - stopy -
celkovy obsah [mg/g]® 0,56 + 0,03 12,7+ 0,4 1,44 +0,07 53+04
odkaz 40—43 40—43 40,43,44 31

2jdentifikace pouze v nékterych vzorcich
® celkovy obsah S-alk(en)ylcystein-S-oxidii v &erstvych rostlinach

S-Substituované derivaty cysteinu cibule kuchynské

V cibuli se vyskytuji celkem tfi S-alk(en)ylcystein-S-oxidy — isoalliin (10), methiin
(14) a propiin (15), Obrazek 8.

_A
V= o
(”) COOH (”) COOH o COOH
I
S S
S NN S A, PN N-.
isoalliin methiin propiin
(10) (14) (15)

Obrazek 8: Prekurzory sirnych sloucenin cibule kuchytiské.”

Methiin, vyskytujici se pravdépodobné ve vSech rostlinach rodu Allium, byl poprvé

izolovan v roce 1959 Virtanenem a Matikkalou.*® Carson a Wong*® posléze ur¢ili

* http://mww.vanderlans.com/wp-content/uploads/2016/08/van_der lans_uien_groep2.jpg; stazeno 18. 5. 2018
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absolutni konfiguraci na obou chirdlnich centrech methiinu jako Ss,Rc. Methiin je
ve vetsin€ druzich prekurzorem s druhym nejvys$sim relativnim zastoupenim (pfiblizné
15 %).

Propiin, jehoz vyskyt v cibuli je velmi variabilni, byl poprvé izolovan spolecné
s methiinem v roce 1959.%° Absolutni konfigurace propiinu publikovana Carsonem
a Wongem*® je taktéz Ss,Rc. Nékteré studie piitomnost propiinu v cibuli i dal§ich

414447 jiné ji naopak vyvraci, piipadné uvadi

druzich ¢esnekovitych rostlin potvrzuji,
detekci pouze stopového mnozstvi této slouceniny.*?** Toto zjisténi je vsak
V rozporu s nezanedbatelnym obsahem organosirnych sloucenin obsahujici propylovy
fetézec, které byly opakované nalezeny v extraktech cibule. Block a kol.*° ve své studii
stanovili relativni zastoupeni thiosulfinatti v cibulovém extraktu, pficemz mnozstvi
téchto latek obsahujicich propylovy fetézec se pohybovalo mezi 19-27 %. Wang
a kol.*® predpokladaji, ze piitomnost organosirnych latek s propylovymi skupinami,
navzdory stopovému obsahu propiinu, lze vysvétlit redukci LF (1) nebo sloucenin
obsahujicich 1-propenylovy fetézec.

Hlavni a zdaleka nejdilezitéjsi prekurzor senzoricky aktivnich sirnych
sloucenin v cibuli je ov§em isoalliin. Jeho relativni mnozstvi se zpravidla pohybuje
okolo 85 % vsech S-alk(en)ylcystein-S-oxidi piitomnych v cibuli. Objeveni isoalliinu
je pfipisovano finskym chemik@im Virtanenovi a Sparemu,? ktefi potvrdili, Ze tato
slou¢enina je prekurzorem latky zpUsobujici slzeni o¢i, tj. LF (1). Geometricka
konfigurace 1-propenylové skupiny isoalliinu byla stanovena az Carsonem a kol.
v roce 1966, ktefi urdili strukturu této latky jako (+)-(Rs,Rc)-(E)-S-(1-propenyl)-
cystein-S-oxid.

Enzymové katalyzovany rozklad S-alk(en)ylcystein-S-oxidi probiha dle
obecného schématu uvedené¢ho na Obrazku 9. Enzym alliinasa katalyzuje pfeménu
S-alk(en)ylcystein-S-oxidi na velmi reaktivni sulfenové kyseliny, které jsou
zakladnimi stavebnimi kameny naprosté vétsiny organosirnych sloucenin rostlin rodu
Allium. Pii této reakci dochazi k odstépeni aminoakrylové (21) a pyrohroznové
kyseliny (22).

12
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9 COOH alliinasa R: —CH,
) S\)\ > R—-SOH —CH,CH,CH;
R NH, —
—CH=CHCH;
S-alk(en)ylcystein-S-oxid sulfenova kyselina
COOH 0
_HO )J\ +  NH;
NH, COOH
aminoakrylova kyselina pyrohroznovi kyselina
@1 (22)

Obriazek 9: Obecné schéma enzymové katalyzovaného rozkladu S-alk(en)ylcystein-S-oxida.

V cibuli je vSak rozklad isoalliinu jesté vyrazné¢ komplexnéjsi. Divodem tohoto
specifického rozkladu je pifitomnost dvou odlisnych enzymovych systému. V cibuli
(a v men$i mife 1 v poru) je totiz kromé alliinasy ptitomen jesté dal§i enzym, a sice
LF-synthasa (LFS).1° Zatimco alliinasa katalyzuje rozklad isoalliinu (10) za tvorby
1-propensulfenové kyseliny (23), druhy z enzymt, LFS, katalyzuje pfeménu Casti
vznikajici 1-propensulfenové kyseliny na LF (1), slouceninu s Vyraznymi

slzotvornymi G¢inky (Obrazek 10).

0]
o COOH ..
T alliinasa LF-synthasa U
> X _ SOH > S
isoalliin (10) 1-propensulfenova LF ()
kyselina (23)
COOH 0
B0 Pe . NH,
NH, COOH
aminoakrylova Kkyselina pyrohroznova kyselina
[?3)) (22)

Obrazek 10: Schéma enzymové katalyzovaného rozkladu isoalliinu (10).
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2.4  Tvorba organosirnych sloucenin cibule kuchynské

Vyuziti cibule v lidovém IéCitelstvi a vSeobecné povédomi o jejich pozitivnich
ucincich na lidské zdravi (napt. uleva od bolesti, pozitivni vliv na kardiovaskularni
systém, mirnéni zanétl a symptomu astmatu a jinych dychacich onemocnéni) staly na
pocatku zajmu védecké komunity o identifikaci slouCenin, které nesou za tyto
biologické ucinky zodpoveédnost. Organosirné slouceniny cibule se tak staly hlavnimi
tématy velkého poctu studii, jejichz vysledkem byla identifikace Siroké skupiny
slou¢enin s mnohdy vyznamnymi biologickymi u¢inky (napf. antiastmatickymi,
protizanétlivymi, antitrombotickymi a antimikrobialnimi). Tyto organosirné
slou¢eniny v cibuli vznikaji enzymovym rozkladem svych prekurzord,
S-alk(en)ylcystein-S-oxidi. Jak bylo uvedeno v piedchozi kapitole, v cibuli se téchto
reakci ucastni dva odlisné enzymy — alliinasa a LFS. Obrazek 11 ukazuje velmi
pestrou paletu dosud zndmych organosirnych sloucenin, které enzymové
katalyzovanym rozkladem isoalliinu (10) a dalSich pfitomnych prekurzorl vznikaji.
Zakladni reakce, které¢ probihaji v cibuli po naruseni jejiho pletiva, uvadi
Obrazek 12. Isoalliin (10) podléhd enzymové katalyzovanému rozkladu za ucasti
enzymu alliinasy vedoucimu ke vzniku 1-propensulfenové Kkyseliny (23)
za soucasného odstépeni aminoakrylové kyseliny (21). Dal§i enzym, LFS,01
katalyzuje pfeménu 1-propensulfenové kyseliny (23) na LF (1). Naslednou reakci LF
a l-propensulfenové kyseliny vznika bis-sulfin (2). Vyrazné niz§i mnozstvi vzniklé
1-propensulfenové kyseliny, kterd neni pfeménéna LFS na LF, podléha kondenzaci
vedouci ke vzniku pfislusného thiosulfinatu. Tento symetricky thiosulfinat, S-(1-
propenyl)-1-propenthiosulfinat (24), je ovSem mimotfadné reaktivni a okamzité
izomeruje za vzniku bicyklickych zwiebelani (3), sultend (25), popf.
2,3-dimethylbutandithial-S-oxidu (26). Methansulfenova (27) a propansulfenova
kyselina (28), vznikajici enzymovym rozkladem methiinu (14) a propiinu (15), mohou
podobné jako 1-propensulfenova kyselina (23) také podléhat kondenzaci, ¢imz
dochazi ke vzniku rozsahlé skupiny latek, tzv. thiosulfinatii (24, 29—33),26:303151
Jednotlivé skupiny organosirnych latek vznikajicich v cibuli budou detailnéji

probrany v nasledujicich kapitolach.
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Obrazek 11: Dosud znamé organosirné slou¢eniny cibule kuchytiské.”*

" opravena struktura onioninu A (viz kap. 4.3.1)
" http://www.maahirfoods.com/images/onion.png; stazeno 17. 11. 2017

# https://www.readypac.com/wp-content/uploads/2016/04/Diced-Red-Onion-550x313.png; stazeno 17. 11. 2017
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Obrazek 12: Schéma tvorby nékterych orgasirnych slouc¢enin v cibuli.
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2.4.1 Thiosulfinaty

Thiosulfinaty jsou pravdépodobné nejvice prostudovanou skupinou sloucenin
vznikajicich v rostlinaich rodu Allium a bezesporu nalezi do skupiny biologicky
aktivnich sloucenin zejména pro své antimikrobidlni, antiastmatické a protizanétlivé
Gi¢inky (inhibuji 5-lipoxygenasu a cyklooxygenasu).>®* Ve &tyficatych letech
dvacatého stoleti zacalo byt jasné, Ze tyto slou¢eniny nejsou ptitomny v mechanicky
nenarusenych rostlinach, ale ze vznikaji enzymaticky katalyzovanym rozkladem jejich
prekurzori.>®** Typické organoleptické vlastnosti Cerstvé zhomogenizovanych
¢esnekovitych rostlin, pfedevsim jejich aroma a ostra chut’, jsou pfipisovany prave
thiosulfinatim.

Thiosulfinaty 1ze rozdé€lit do dvou skupin: i) symetrické thiosulfinaty, které
vznikly kondenzaci dvou molekul stejné sulfenové kyseliny, a ii) asymetrické
thiosulfinaty, které jsou tvoieny kondenzaci dvou rozdilnych molekul sulfenovych

kyselin (Obrazek 13).

0 R;,R,: —CH,
RS N s R, —~CH,CH,CH,

Obrazek 13: Obecna struktura thiosulfinatt vyskytujicich se v cibuli.

Biosyntéza thiosulfinati zacind enzymové katalyzovanym rozkladem jejich
prekurzort, S-alk(en)ylcystein-S-oxidu, pii kterém dochazi k tvorbé velmi reaktivnich
sulfenovych kyselin, jejichZ spontanni kondenzace vede k produkci zna¢né pestré
Skaly thiosulfinati (Obrazek 14).

Alliinasa vykazuje pii enzymovém rozkladu S-alk(en)ylcystein-S-oxidu
substratovou selektivitu. Rychlost rozkladné reakce je nésledujici: isoalliin > propiin
> methiin. Z divodu odli$né reaktivity S-alk(en)ylcystein-S-oxidi muze byt podstatna
¢ast nekterych sulfenovych kyselin (pochézejicich zejména z methiinu) tvorena
v pritomnosti thiosulfinati pochazejicich z S-alk(en)ylcystein-S-oxida, které jsou
alliinasou rozkladany rychleji. Vysledkem je vznik novych (,,smiSenych®)

thiosulfinatil i sulfenové kyseliny (Obrazek 14 a Obrazek 15).55%
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O COOH R',R?*: —CH,4
2L S\/LNH —CH,CH,CH;
2 ~CH=CHCHj,

O 1 S___R!
. > 2¢ RISOH = peSig
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R¥7>s \ s
2x  RZSOH 2x  RI!SOH
O
I
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(¢
Obrazek 14: Obecné schéma reakci sulfenovych kyselin a thiosulfinata.
JH
of 0 0
. é'\ ¥y Sspzg —= R 4 + RISOH R!, R R%: —CH,
RY S SSTUR? —CH,CH,CH,
R? ~CH=CHCHj

Obrazek 15: Mechanismus reakce thiosulfinatu se sulfenovou kyselinou.*’

Asymetrické thiosulfinaty vzdy tvoii dvojici polohovych izomert liicich se pozici
atomu kysliku. U thiosulfinatl, které ve své molekule obsahuji 1-propenylovy fetézec
navazany na thiolovou ¢ast, tj. RS(O)SCH=CHCHzs, Ize navic pozorovat tvorbu
(E/Z)-izomerd navzdory tomu, ze Vv cibuli se ptirozené vyskytuje pouze (E)-izomer
isoalliinu (10). Predpoklada se, ze (Z)-izomery vznikaji sigmatropnim pfesmykem
ptislusnych (E)-izomerl, jak je uvedeno na Obrazku 16. Thiosulfinaty typu

RSS(O)CH=CHCHg3 této izomerizaci nepodlé¢haji.
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R S R, Sy R S R: —CH,
i (\|k - o - i 9 —~CH,CH,CHj,
O~ O—> —CH=CHCH,
(&) 2)

R/S\ﬁ/\/ ‘_‘_’:%{T R/S\S/ﬁ
S I
(E) 2
Obriazek 16: Piedpoklddany mechanismus (E/Z)-izomerizace RS(O)SCH=CHCH3.%°

K rozkladu thiosulfinati dochézi z diivodu velmi labilni vazby mezi atomy siry jiz
za pomérn¢ mirnych podminek. Vznikaji tak pfislusné znacné reaktivni sulfenové

kyseliny a thioaldehydy (Obrazek 17).

/N
H 2_ = 1 2:—
9 ———  pSoy o+ REGSS RL,R%: —CH,
I,S@Q\ 5 ~CH,CH,CH,
RI>STOR
~CH=CHCH,

Obrazek 17: Rozklad thiosulfinata.

2.4.2 Slzotvorné latky

Sulfiny

Pozoruhodnou vlastnosti cibule, nikoli vSak ¢esneku, je pfitomnost dvou odlisnych
enzymu — alliinasy a LFS, které jsou nezbytné k tvorbé slouceniny
se specifickou funkéni skupinou CH=S=O0 (thial-S-oxid neboli sulfin) vykazujici
slzotvorné uc¢inky (Obrazek 18). K objeveni enzymu LFS, zodpovédného
za preménu 1-propensulfenové kyseliny (23) na LF (1), doslo az v roce 2002.1°
Ptedchozi studie ptedpokladaly, Ze k tvorbé této latky dochazi spontanni izomerizaci
1-propensulfenové kyseliny vznikajici z isoalliinu. V nedavné studii Silvaroli a kol.®
publikovali krystalovou strukturu a detailni mechanismus katalytického ucinku tohoto

enzymu na 1-propensulfenovou kyselinu.
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9 COOH 9 COOH
S S
X \)\NHz e \)\NHZ
isoalliin (10) alliin (9)
(eiasa] | i) |
X SOH e SOH
1-propensulfenova 2-propensulfenova
kyselina (23) kyselina (34)
reakce
0 0 0
/\/ S\S/\/ SN\ S /\/ S\S/\/
S-(1-propenyl)-1-propenthiosulfinat LF Q) allicin (35)

(24)

Obrazek 18: Porovnani enzymové katalyzovaného rozkladu isoallinu (10) a alliinu (9) pti zpracovani
Cesneku” a cibule.”

Elementarni slozeni LF (C3HgSO) bylo uréeno jiz v roce 1956.* Prekurzorem LF byl
zanedlouho poté identifikovan isoalliin,? ov§em ptvodné se piedpokladalo, Ze touto
slzotvornou slou¢eninou je 1-propensulfenova kyselina (23). Spravna struktura LF, tj.
propanthial-S-oxid (1, CH3CH2CH=S=0), byla ur¢ena az Brodnitzem a Pascalem
(1971),3 kterym se podafilo tuto latku pfipravit také synteticky.

Dimerizace LF byla studovana Blockem a kol. v roce 1980.* Dimer LF
(trans-3,4-diethyl-1,2-dithietan-1,1-dioxid, 36) je bezbarva kapalina s vyraznym
cibulovym aroma postradajici slzotvorné ucinky. Tato slouCenina je prvnim
izolovanym nasycenym derivatem 1,2-dithietanu. Pfedpokladany mechanismus

dimerizace LF uvadi Obrazek 19.*

B O 1 3dipoldmi B o B
>—S adice H S// . S//
H {1 — S\ - o
(H o Ny g
\Y
Bt
@)1 -

Obrazek 19: Tvorba a struktura dimeru LF (36).

” http://stylesatlife.com/wp-content/uploads/2014/04/Onion2.jpg; staZeno 2. 12. 2017
" https://www.bbcgoodfood.com/sites/default/files/glossary/garlic.jpg; stazeno 2. 12. 2017
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Bis-sulfin

Objeveni prvni piirozené se vyskytujici slouceniny ze skupiny bis(thial-S-oxidi) je
piipisovano spolupraci Blocka a Bayera.® Bezbarva sloudenina elementarniho slozeni
CeH10S202 byla identifikovana jako (Z,Z2)-2,3-dimethylbutandithial-S,S'-dioxid
(trivialné bis-sulfin, 2), Obrazek 20.

bis-sulfin (2)

Obrazek 20: Struktura bis-sulfinu (2).

Piedpokladanym mechanismem vzniku bis-sulfinu (2) v cibuli je thiofilni adice
1-propensulfenové kyseliny (23) na LF (1) nasledovana nukleofilnim atakem druhé

molekuly 1-propensulfenové kyseliny (23), Obrazek 21.°

O
I
=S H<O
/\/( a) thiQf'i[Ill' V\S/\/ o o
dice S S
T S 0 B - P Sji
| ~ S
H(:O Py ﬁ/\/ O/S\/\ O/’S\

23) (0)
bis-sulfoxid bis-sulfin (2)

Obrazek 21: Pfedpokladana tvorba bis-sulfinu (2).

Thioaldehyd-S-oxidy (sulfiny) se v pfirod¢ vyskytuji velmi vzacné. Do soucasné doby
jsou zndmy pouze Ctyii piirozené se vyskytujici sloueniny tohoto typu produkované
rostlinami — (Z)-propanthial-S-oxid (LF, 1) a (Z,2)-2,3-dimethyl-1,4-butandithial-S,S'-
dioxid (bis-sulfin, 2) (oba z cibule kuchynské — A. cepa), (Z)-butanthial-S-oxid (37)
(z Cesneku sicilského — A. siculum) a (Z)-fenylmethanthial-S-oxid (38) (z rostliny
Petiveria alliacea), Obrazek 22.393157
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Obrazek 22: Struktura dosud zndmych piirozend se vyskytujicich thioaldehyd-S-oxidt (sulfind). ™"+

2.4.3 Cepaeny

Vyzkumy, které predchédzely objeveni této pocetné skupiny organosirnych sloucenin,
byly zaméfeny na studium antialergennich a antiastmatickych ucinkti cibulovych

extraktt® a inhibi¢nich G&ink? cibule na srazlivost krve®®

s cilem izolovat slouceniny
zodpovédné za tyto ucinky. Z diivodu znacné nepiehlednych systematickych nazvi
ziskaly tyto slouceniny trividlni oznaeni cepaeny, vychazejici z botanického nazvu
cibule (A. cepa).®

Piedpoklada se, ze cepaeny pravdépodobné vznikaji interakci LF (1)

a sulfenovych kyselin.® Strukturu a mechanismus tvorby cepaenti uvadi Obrazek 23.

* https://www.organicfacts.net/wp-content/uploads/2013/05/Onion2.jpg; stazeno 2. 2. 2018

” https://images.fineartamerica.com/images/artworkimages/mediumlarge/1/allium-siculum-or-sicilian-honey-garlic-janet-
burdon.jpg; stazeno 2. 2. 2018; upraveno
 https://http2.mistatic.com/mudas-de-guine-cientifico-petiveria-alliacea-kit-2-mudas-D_NQ_NP_172011-
MLB20470812700_112015-F.webp; stazeno 2. 2. 2018
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R: —CH, Q Q
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—CH=CH-CH; O

Obrazek 23: Mechanismus tvorby cepaeni.?6:%8

2.4.4 Zwiebelany

Zwiebelany (némecky die Zwiebel = cibule) jsou zastupci strukturné neobvyklé
skupiny organosirnych latek s bicyklickym fetézcem, které podobné jako thiosulfinaty
a cepaeny patii mezi biologicky aktivni slouceniny cibule diky svym antiastmatickym
a¢inkam.>’ Jedna se o dvé izomerni slouCeniny elementarniho slozeni CeH100Sy,
jejichz  struktura byla wuréena jako <cis a trans-2,3-dimethyl-5,6-dithia-
bicyklo[2.1.1]hexan-5-oxid (cis-3 a trans-3 ) (Obrazek 24). Z hlediska koncentrace je
zastoupeni  cis-zwiebelanu  (cis-3) v cibuli = zhruba  tfikrat  vys$si

nez trans-izomeru (trans-3).%°

S>\ S>\
OB OB
Il Il
O O
trans-3 cis-3

Obrazek 24: Struktura zwiebelanu (3).

Piedpoklad, ze se zwiebelany (3) tvoii z S-(1-propenyl)-1-propenthiosulfinatu (24),
byl potvrzen oxidaci di(1-propenyl)disulfidu.” Bylo zjisténo, Ze cis-zwiebelan (cis-3)
se tvoii ze (Z,E)-24, popt. (E,Z)-24, zatimco trans-zwiebelan (trans-3) vznika
ze (Z,2)-24, nikoli viak z (E,E)-24.”%° Slou¢eniny 25a—d jsou bicyklické sulteny, které

se s nejvétsi pravdépodobnosti také podili na tvorbé zwiebelanti (Obrazek 25).’
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Obrazek 25: Tvorba 25a—d a cis-3 enzymatickym rozkladem isoalliinu (10).
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2.4.5 Nedavno objevené organosirné slouceniny cibule
Cepathiolany

Prvni slouceninu obsahujici thiolanové (tetrahydrothiofenové) jadro izolovali
z homogenizované cibule Yoshida a kol.}> a pojmenovali ji cepathiolan (4a,
Obrazek 26). V tomto trivialnim nazvu je zohlednén nejen botanicky nazev cibule
(A. cepa), ale i piitomnost thiolanového jadra. Nasledné¢ byl popsan i dalsi

stereoizomer této latky, pojmenovany cepathiolan A (4b).*®

S, ;S; wOH S, Csz wOH
\/\ S\(\) / \/\ S\(\) A

cepathiolan (4a) cepathiolan A (4b)
Yoshida a kol."? Aoyagi a kol 13

Obrazek 26: Struktura dosud znamych cepathiolant (4).

Navrzeny mechanismus tvorby cepathiolanti uvadi Obrazek 27. Dvé ze tfi molekul
1-propensulfenové kyseliny (23) se ucastni tvorby thiolanového kruhu a tieti tvofi
postranni fetézec thiosulfindtu. Thiolanovy kruh je pravdépodobné tvofen
dithio-Claisenovym pfesmykem 24 na 2,3-dimethylbutandithial-S-oxid (26),
ze kterého 1,3-dipolarni cykloadici vznika bicyklicky sulten (25), ktery dale rychle
reaguje s dalsi molekulou 1-propensulfenové kyseliny (23) za vzniku cepathiolanu
(4).13
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Obrazek 27: Pravdépodobny mechanismus tvorby cepathiolani (4).%3
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Onioniny

El-Aasr a kol.!! v roce 2010 z acetonového extraktu cibule izolovali a identifikovali
cyklickou slouceninu elementarniho slozeni CoH1602S>, kterou trividlné pojmenovali
onionin A (5a) (po objeveni dalSich stereoizomert byva oznacovan jako onionin Az).
V roce 2014 byly Noharou a kol.'* z cibule kuchymiské izolovany jesté dalsi dva
izomery onioninu A (5a) — onionin A2 (5b) a Az (5¢), Obrazek 28. Bylo ukazano,

7e onioniny A vykazuji vyznamnou protirakovinnou aktivitu,1:6%61

0 o 0 0
S _s. Wz NN Wz NN
\/\;_z/ H % (_7’ OH 7 q OH
onionin A (5a) onionin A, (Sb) onionin A; (5¢)

Obrazek 28: Struktury onioninu A (5a) a onionintt A,—As (5b-c).

Jak je z Obrazku 28 ziejmé, navrzené struktury onioninu A a A>-3 nejsou zcela
konzistentni. Zatimco navrzena struktura onioninu A obsahuje funkéni skupinu —SHO,
struktury onioninu Az a As obsahuji skupinu —SOH. Je vsak tieba zminit, Zze tyto
navrzené struktury vzbuzuji vazné pochybnosti ohledné jejich spravnosti, nebot’ obé&
uvedené sirné funk¢ni skupiny jsou mimotadné reaktivni. Sulfenové kyseliny se zatim
nepodaftilo izolovat z pfirodnich zdroji. Syntézu prvni stabilni sulfenové kyseliny
publikovali Goto a kol.,%?%3 pricemz zvysena stabilita t&chto laboratorné pfipravenych
kyselin byla docilena sterickym branénim vysoce reaktivni —SOH skupiny.
Mimot4adnou reaktivitu téchto latek dokazuje i védecka prace Blocka a kol.,*® ktefi
pomoci metody DART ve zpracovaném cCesneku poprvé identifikovali
2-propensulfenovou kyselinu (34) (vznikajici enzymovym rozkladem alliinu, 9)

a polocas jejiho rozpadu urcili na méné nez 1 s.
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Welsoniny

Dalsi dvé nedavno popsané sirné slouceniny, welsonin A; (7a) a Az (7b), byly
izolovany Noharou a kol.% v roce 2016 z acetonového extraktu cibule zimni

(A. fistulosum) spole¢né s onioniny Ai-3 (5a-c), (Obrazek 29).

O g CH; O g CH;
O O
S. S,
s ST\~ s s
EH EH |
on O on O
welsonin A (7a) welsonin A, (7b)

Obrazek 29: Struktura welsoninu A (7a) a Az (7b).

Kujouniny

Objeveni nové skupiny organosirnych latek, nesoucich ndzev podle japonského vyrazu
pro cibuli zimni (A. fistulosum) — ,,Kujou®, ze které byly izolovany, bylo vysledkem
studie Fukayaho a kol.'® Tato védecka skupina izolovala celkem tfi nové slouceniny:

kujounin Az (8a), A2 (8b) a Allium sulfoxid A (6) (Obrazek 30).

kujounin A, (8b) Allium sulfoxid A (6)

kujounin A, (8a)

Obrazek 30: Struktura kujouninu A; (8a), Az (8b) a Allium sulfoxidu A (6).

Meachanismy tvorby welsoninti, kujounint ¢i Allium sulfoxidu A jsou zatim ponékud
nejasné. Doposud nebyly publikovany ani zadné prace popisujici piipadnou

biologickou aktivitu téchto sloucenin.
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25 Zmény organoleptickych vlastnosti pfi  zpracovani

cesnekovitych rostlin

2.5.1 Barevné zmény

Tvorba intenzivné barevnych sloucenin je ¢asto pozorovanym jevem u mnoha rostlin
rodu Allium, véetné Cesneku, cibule a poru. V piipadé ¢esneku dochazi ke vzniku
vyrazn¢ modrého ¢i zeleného zbarveni. Rizové zbarveni 1ze pozorovat u cibule, poru
a Cesneku sicilského. Navzdory vizudlnimu rozdilu barevnych latek vznikajicich
v Cesneku a cibuli je mechanismus jejich tvorby velmi podobny. V obou piipadech
se jedna o naprosto spontdnni jev, ktery je vysledkem komplexnich, vicekrokovych
reakci, zahrnujicich enzymové i neenzymové faze. Barevné zmény béhem procesu

zelenani ¢esneku a ruzovéni cibule uvadi Obrazek 31.

Obrazek 31: Priib&h zelenani ¢esneku (horni obrazek) a riizovéni cibule (spodni obrazek).”

Zatimco barevné zmény probihajici v Cesneku byly dikladné studovany fadou

autorﬁ’17,18,20,65—68

obdobnym procestim v cibuli ¢i poru byla vénovana vyrazné nizsi
pozornost.””?%5=73 Diivodem mlize byt mnohem pomalejsi tvorba a niZ§i intenzita
zbarveni slouc¢enin odpovédnych za barevné zmény v cibuli a poru. Tyto pfirozené,
avsak technologicky velmi nezddouci procesy vyrazné snizuji kvalitu produktu,

a zpusobuji tak producentiim vysoké ekonomické ztraty.

* foto autorky
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Shannon a kol.”2 za hlavni prekurzor v procesu rizovéni oznacili isoalliin (10). Kubec
a kol.?% v roce 2015 identifikovali n&kolika barevnych sloudenin zodpovédnych
za ruzoveéni cibule a poru. Pravdépodobny mechanismus tvorby téchto barevnych
sloucenin Vv cibuli uvadi Obrazek 32. Podobné¢ jako v procesu zelenani cesneku jsou
I v pfipadé rizovéni cibule (popf. poru) klicovymi meziprodukty N-substituované
3,4-dimethylpyrroly (39),28 které jsou v cibulovém homogenatu tvofeny reakci
aminokyselin s thiosulfinaty obsahujici ve své molekule 1-propenylovy fetézec (tj. 24,
29a/b—30a/b).1"1%7 Tyto pyrrolové slou¢eniny (39) dale reaguji s (thio)aldehydy,
které se tvoii rozkladem thiosulfinatti (viz Obrazek 17). Radou nékolika naslednych
reakci dochazi ke vzniku barevnych sloucenin, které zplsobuji rtzové zbarveni

zpracované cibule.?°
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Obrazek 32: Mechanismus vzniku barevnych slougenin ve zpracované cibuli.?
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2.5.2 Zmény chuti

Horfknuti cibule

Podobneé jako tvorba vySe popsanych barevnych slou¢enin v rostlinach rodu Allium je
i produkce hotkych latek spontannim jevem, ke kterému dochdzi pfi bézném
mechanickém zpracovani cibule (napt. krajeni). Ackoli studiu barevnych zmén,
predevsim v ¢esneku a cibuli, byla vénovana fada védeckych praci, proces hotknuti
cibule béhem jejiho zpracovani je v tomto ohledu zcela neprobadanou oblasti.

Hotkym latkdm vznikajicim pfi zpracovani cibule byly az do soucasné doby
vénovany pouze dvé védecké publikace ze Sedesatych let minulého stoleti. V prvni
publikaci?! dospél autor k zavéru, ze tyto hotké latky z isoalliinu (10), hlavniho
prekurzoru organosirnych sloucenin cibule, nevznikaji. Tento zavér ovSem zcela
vyvratil svou nasledujici studii,?® ve které naopak tvrdi, Ze tvorba hotkych latek
ve zpracované cibuli disledkem enzymového rozkladu isoalliinu je (10). Autor se
ve své druhé¢ studii zabyval také organoleptickymi vlastnostmi produktii enzymovych
reakci riznych S-substituovanych derivatii cysteinu, jakoz i technologicky rizné
zpracované cibule. Vysledky téchto experimenti shrnuje Tabulka Il.

Tabulka 11: Organoleptické vlastnosti Cerstvé cibule, modelovych smési S-alk(en)ylcystein-S-oxidt
a cykloalliinu (11) po enzymové reakci s alliinasou v zavislosti na ¢ase. 2

¢as [min] 1 100 3|1 10 3 1 10 3 |1 10 30
substrat slzotvorné latky horkost ostrost aroma
relativni intenzita hodnocenych vlastnosti”
Gerstva cibule ++ - - - + ++ | ++ + - + 4 4+
isoalliin (10) x * - - £+ |+ 4 + £ 4+ ++
alliin (9) - - - - - - + ++ + A+t
propiin (15) - - - - - - + ++ + + ++
methiin (14) - - - - - - - + - + + +
cykloalliin (11) - - - - - - - - - - - -

*velmi intenzivni ++; silna +; vnimatelna +; Z4dn4 —

V Sedesatych letech minulého stoleti, ve kterych byly obé védecké studie
S. Schwimmera publikovany, bylo ovSem rozklicovani chemickych procesi
probihajicich pfi zpracovani cibule téméf ve svém pocatku. V této dobé bylo znamé
pouze elementarni slozeni LF (1)! (jeho struktura byla chybné oznacena jako

1-propensulfenova kyselina, 23),? spolu se strukturou thiosulfinatli a jejich prekurzori
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(fj. isoalliinu a ostatnich S-substituovanych derivati). Teprve od konce 80. let
minulého stoleti (tedy zhruba 20 let po publikaci obou praci S. Schwimmera) postupné
doslo k objeveni dalSich skupin organosirnych sloucenin vznikajicich rozkladem
isoalliinu (10), napt. zwiebelan (3),>" cepaent,®® bis-sulfinu (2),° cepathiolant
(4),1213 onionind A (5)** a kujounin@ (8),"° jak bylo popsano v piedchozich
kapitolach.

Organoleptické vlastnosti fady vySe uvedenych sloucenin byly studovany,
ovsem u zadnych z nich nebyla pozorovana hotka chut’.?® Struktura hotkych latek,
ptipadné¢ mechanismy jejich vzniku tak zGstaly az do soucasné doby zcela

neobjasnény.
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3  Experimentalni Cast

3.1 Chemikalie a materialy

Chemikalie

Acros Organics (Geel, Belgie)
L-alanin (99%), a-toluensulfonylfluorid (99%)

Fluka (Buchs, Svycarsko)
aktivni uhli, jodmethan (99%)

Lach-Ner (Neratovice, Ceskd republika)
dihydrogenfosforecnan draselny (p. a.), kyselina chlorovodikova (25%, p. a.), kyselina

mravenci (98%), siran amonny (p. a.), siran hofe¢naty (bezvody)

Lachema (Brno, Ceskd republika)
kyselina ethylendiamintetraoctova (99%), formaldehyd (36-38%, p. a.), kyselina
o-fosfore¢na (85%), hydroxid draselny (p. a.), peroxid vodiku (30%)

Penta (Praha, Ceska republika)
absolutni ethanol, fosfore¢nan sodny dodekahydrat (p. a.), glycerol bezvody (p. a.),
kyselina octova (99%)

Sigma Aldrich (St. Louis, MO, USA)

acetonitril (HPLC grade), diethylether (p. a.), dichlormethan (p. a.), kyselina
5,5'-dithiobis-2-nitrobenzoova, methanol (HPLC grade), pyridoxal-5-fosfat (> 97%),
2-sulfanylethanol, 4-sulfanylpyridin (95%), thiolan-S-oxid (96%), TRIS-HCI

Rostlinny material

Cibule kuchyniska (kultivar Swift, Ceska republika), pér zahradni (Holandsko)
a &esnek kuchyiisky (Cina) byly zakoupeny v mistnim obchodnim fetézci.
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Ostatni material

C8-SPE (1 g; 6 ml) kolonky — Supelco (Bellefonte, PE, USA), C18-SPE (10 g; 60 ml)
kolonky — Agilent Technologies (Santa Clara, CA, USA). Membranové PTFE filtry
(0,2 20,45 um; ¢ 13 a 25 mm) — Fisher Scientific (Waltham, MA, USA) a dialyza¢ni
membrana (¢ 23 mm; 12,4 kDa MWCO) — Sigma Aldrich (St. Louis, MO, USA).

3.1 Pristroje

HPLC separace byly provadény na pfistroji Dynamax SD-210 (Varian, Palo Alto, CA,
USA) s detektorem Varian PDA 335. Pouzivané kolony: analytické Kinetex C8 nebo
Biphenyl (100 A; 250 x 4,6 mm; 5 pm; Phenomenex). Pfi vyvoji separa¢nich metod
byly testovany také analytické kolony Kinetex C-18 a F5 (ob& 100 A; 250 x 4,6 mm;
5 wm; Phenomenex). K izolacim byly pouzity preparativni kolony Kinetex C-8 nebo
Biphenyl (100 A; 250 x 21,2 mm; 5 um; Phenomenex), C-8 Rainin Dynamax (100 A;
250 x 21,4 mm; 8 um; Varian). Nastfikovany objem vzorktl byl 20 ul (analytické
kolony) nebo 1 ml (preparativni kolony).

(+)ESI-HRMS data byla ziskana vyuzitim systému UltiMate 3000 RS (Thermo
Scientific, Waltham, MA, USA) vybaveného detektorem AB SCIEX TripleTOF 6600
(AB SCIEX, Framingham, MA, USA). Pouzité parametry: napéti na jehle +5,0 kV,
tlak zmlZovaciho plynu 35 psi, tlak susiciho plynu 60 psi, ionizaéni teplota 600 °C,
potencial coulombické exploze 60 V.

NMR analyzy byly provadény na spektrometru Bruker AVANCE III
(700 MHz) vybaveného kryosondou (Bruker, Billerica, MA, USA). *H a *C chemické
posuny byly vztazeny k signalim CHCls (6 7,27 a 77,00) nebo DMSO (¢ 2,50 a 39,60).
IC spektra byla ziskana reflektanénim méfenim na FTIR spektrometru Nicolet 6700
ve spojeni s MCT detektorem a mikroskopem Continuum (Thermo-Nicolet, Madison,
WI, USA). Parametry méfeni: spektralni rozsah 4000—650 cm™!, rozliseni 8 cm ',
pocet akumulaci spekter 128, apodizace Happ-Genzel.

GC/MS analyzy byly provadény na plynovém chromatografu Varian 3800
(Varian, Palo Alto, CA, USA) vybavenym hmotnostnim detektorem Varian 4000.
Vzorky (1 pl, split 1:10) byly vstfikovany na VF-5ms kfemennou kapilarni kolonu
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(30 m x 0,25 mm; tloustka filmu 0,25 pm; Varian). Provozni podminky byly
nasledujici: teplota nastfiku 180 °C, teplota detektoru 250 °C, nosny plyn helium
o pritoku 1,3 ml/min. Linearni teplotni gradient od 120 °C (prvni 3 minuty konstantni)
do 240 °C (10 °C/min).

Izolace enzymi byly provadény s vyuzitim chlazené centrifugy Universal 320
R (Hettich, Némecko) s vykyvnym rotorem o kapacit¢ 4x 200 ml s maximalné
15000 ot/min. Pro pfipravu vzorki na senzorickou analyzu byly vyuZity
ultramikrovahy Mettler Toledo XPR6UDS5 (Greifensee, Svycarsko) umoziujici
odecitatelnost 0,5 pg.

Pii thiosulfinatovém testu byl vyuzit spektrofotometr Biochrom WPA
Lightwave II (Biochrom, USA) vinového rozsahu 190—1100 nm s rozliSenim +2 nm

a fotometrickou ptesnosti £0,003 A. Pro méfeni byla pouzita kyveta z kiemenného

skla typu Q.

3.2 Gradienty pouzivané v HPLC

METODA A
pritok ¢as [min] H20 [%0] CH3sCN [%]
0:00 70 30
30:00 55 45
18,0 ml/min 42:00 5 95
48:00 5 95
50:00 70 30
kolona C-8 Rainin Dynamax (250 x 21,4 mm; 8 pm; 100 A)
METODA B
pritok ¢as [min] H20 [%] CH3CN [%0]
0:00 90 10
62:00 72 28
0,9 ml/min 63:00 5 95
69:00 5 95
70:00 90 10
kolona Kinetex C-8 (250 x 21,2 mm; 5 pm; 100 A)
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METODA C
pritok ¢as [min] H20 [%] CH3CN [%0]
0:00 88 12
80:00 67 33
19,1 ml/min 81:00 5 95
89:00 5 95
90:00 88 12
kolona Kinetex C-8 (250 x 21,2 mm; 5 um; 100 A)
METODA D
5 . H20 CH:CN
pritok €as [min] +0,1% HCOOH [%]  +0,1% HCOOH [%]
0:00 90 10
45:00 65 35
19,1 ml/min 46:00 5 95
54:00 5 95
55:00 90 10
kolona Kinetex C-8 (250 x 21,2 mm; 5 um; 100 A)
METODA E
5 . H20 CH:CN
pritok Cas [min] +0,1% HCOOH [%]  +0,1% HCOOH [%]
0:00 85 15
50:00 60 40
19,1 ml/min 60:00 5 95
69:00 5 95
70:00 85 15
kolona Kinetex C-8 (250 x 21,2 mm; 5 pm; 100 A)
METODA F
. « . H.0O CHsCN
pritok €as [min] +0,1% HCOOH [%]  +0,1% HCOOH [%)]
0:00 100 0
49:00 70 30
19,1 ml/min 50:00 5 95
54:00 5 95
55:00 100 0
kolona Kinetex Biphenyl (250 x 21,2 mm; 5 um; 100 A)
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METODA G
. s H.0 CHsCN
pritok Cas [min] +0,1% HCOOH [%]  +0,1% HCOOH [%]
0:00 100 0
49:00 60 40
19,1 ml/min 50:00 5 95
54:00 5 95
55:00 100 0
kolona Kinetex Biphenyl (250 x 21,2 mm; 5 pm; 100 A)
MeToDA H
pritok ¢as [min] H20 [%] CH3CN [%0]
0:00 88 12
86:00 67 33
19,1 ml/min 87:00 5 95
94:00 5 95
95:00 88 12
kolona Kinetex C-8 (250 x 21,2 mm; 5 um; 100 A)
METODA |
. s H.0 CHsCN
pritok Cas [min] +0,050 HCOOH [%]  + 0,05% HCOOH [%]
0:00 80 20
30:00 60 40
19,1 ml/min 31:00 5 95
39:00 5 95
40:00 80 20
kolona Kinetex C-8 (250 x 21,2 mm; 5 pm; 100 A)
METODA J
. « . H.0O CHsCN
pritok €as [min] +0,1% HCOOH [%]  +0,1% HCOOH [%)]
0:00 85 15
50:00 60 40
0,9 ml/min 60:00 5 95
69:00 5 95
70:00 85 15
kolona Kinetex C-8 (250 x 21,2 mm; 5 um; 100 A)
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3.3 lzolace hoikych sloucenin z extraktu cibule kuchynské

3.3.1 Priprava extraktu

Oloupana cibule o celkové hmotnosti 1006 g byla zpracovana pomoci kuchyniského
odstaviiovace (Catler JE 4010). U ziskané §t’avy byla pozorovana tvorba hotkych latek
jiz po deseti minutich. Celkem byla ziskand S$tdva ponechina stat 1 hodinu
pii laboratorni teploté, béhem které zacala byt vyrazné hoika. K piimé extrakci
hotkych latek bylo pouzito 2x 500 ml diethyletheru (DEE). Z divodu tvorby emulze
v délici nalevce bylo nutné vzorek odstiedit (10 000 rpm; 3 min). Organicka faze byla
odd¢lena a vodna faze byla opétovné extrahovana stejnym postupem. Organické faze
byly spojeny, po ¢astecném odpatfeni DEE byl extrakt piesusen bezvodym MgSOs,
prefiltrovan ptes mikrofiltr (PTFE; 0,45 um; o 25 mm) a nasledné byl zbyvajici objem
DEE zcela odpaten na rota¢ni vakuové odparce (t < 30 °C; RVO). Vysledny tmave
zeleny odparek byl dale rozpustén v 80 ml CH3CN a proteCenim pies kolonku
C18-SPE (10 g; 60 ml) zbaven chlorofylu. Z kolonky vytékal ¢iry Zluty roztok (pfi
pouziti C8-SPE k zachyceni chlorofylu nedochazelo). Po odpafeni CH3CN byl
vysledny roztok viskdzni, tmavé zluty s vyrazné hotkou chuti.

Celkem bylo vyse uvedenym postupem zpracovano 7,75 kg cibule. Metodou
ptimé extrakce bylo ziskano 4,56 g tmave zeleného extraktu. Po odstranéni chlorofylu
pomoci kolonky C18-SPE (10 g; 60 ml) bylo ziskano 2,44 g tmavé Zlutého visk6zniho

extraktu, ktery byl pted dal§imi analyzami uchovan pfi teploté¢ —28 °C.

3.3.2 Frakcionace extraktu

Cilem preparativni separace pomoci C8-HPLC/PDA bylo piipraveny extrakt
frakcionovat a u jednotlivych frakci nasledné stanovit intenzitu hotké chuti. Extrakt
z cibule (181 mg) byl rozpustén v 10 ml CH3CN/H20O (v/v; 50/50) a zfiltrovan
ptes mikrofiltr (PTFE; 0,2 um; @ 25 mm). Pomoci preparativni C8-HPLC/PDA
(Obrazek 33, Metoda A, nastfikovany objem 1 ml) byl extrakt béhem 10 analyz
rozdélen na 9 frakci (AC 1-9). Kazda frakce byla pomoci RVO (t < 30 °C) zbavena
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CH3CN a poté lyofilizovana. Vysledné extrakty ziskanych frakci byly pted dal§imi

analyzami uchovany pfi teploté —28 °C.

12 - Fr.  Fr. . Fr.  Fr.  Fr. Fr. . Fr. o Fr. Fr.
' ACl1 ' AC2 ' AC3 | AC4 | AC5 ! AC6 | AC7 ' ACS8 ! AC9

42 o _retencnicas

14,8 204 249 31,9 37,6
. . . . . [min]

20 30 40 50
Reten¢ni ¢as [min]

Obrazek 33: C8-HPLC/PDA chromatogram extraktu cibule kuchytiské — frakcionace (Metoda A).

3.3.3 Senzoricka analyza frakci AC 1-9 metodou TDA

Zamérem senzorické analyzy jednotlivych frakci extraktu z cibule metodou TDA
(z angl. taste dilution analysis) bylo stanoveni tzv. TD-faktoru, ktery se da
charakterizovat jako nejvyssi fedéni dané frakce, pii kterém lze jeSté¢ rozpoznat
hodnocenou chut. Senzoricka analyza frakci byla provadéna dle postupu Franka

a kol.”™

Smér senzorické analyzy

3

®
' D =

A
kt
o LN R N A B
absolutni ethanol 2x 4x 8x  16x 32x 64x 128x
redent

Obrazek 34: Piiprava vzorki pro senzorickou analyzu metodou TDA.™7

Extrakty jednotlivych frakci byly rozpuStény v 1 ml absolutniho ethanolu. Takto

pripraveny roztok byl déale postupné fedén pitnou vodou v poméru 1:1 (v/v)

* https://www.sks-science.com/images/225142LRGt.jpg; stazeno dne 13. 9. 2018; upraveno
7 https://www.nudenicotine.com/wp-content/uploads/2014/07/GLASS-VIAL.jpg; stazeno dne 13. 9. 2018; upraveno
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az do fedéni 128%. Od kazdého fedéni byly pfipraveny tfi vzorky (oznaceny A, B, C),
ptficemz dva z nich byly slepé (obsahovaly pouze absolutni ethanol a pitnou vodu
v daném poméru), jeden vzorek (nahodné oznacen A, B nebo C) obsahoval extrakt
dané frakce. Ukolem hodnotitelti bylo senzoricky otestovat pfipravené vzorky vzdy
ve sméru od nejvyssiho fedéni a oznacit vzorek, u které¢ho lze pfi daném fedéni
detekovat hotkou chut’ (Obrazek 34).

Senzorického hodnoceni frakei, které bylo provedeno ve dvou nezévislych
opakovanich, se ucastnili celkem CcCtyfi hodnotitelé (dvé zeny, dva muzi; vék
29-51 let). Vysledky vSech hodnotitelt byly aritmeticky zprimérovany a pro kazdou
frakci extraktu stanoven TD-faktor, jehoz hodnota je pfimo imérna intenzité hoiké

chuti hodnocené frakce.

3.3.4 Optimalizované HPLC metody

Frakce AC 4

Pro frakci AC 4 byla vytvofena optimalizovana metoda preparativni C8-HPLC/PDA
(Obrazek 35, Metoda B, nastfikovany objem 1 ml). Frakce AC 4 (26 mg) byla
rozpusténa v 10 ml roztoku CH3CN/H20 (v/v; 50/50) a zfiltrovana ptes mikrofiltr
(PTFE; 0,2 um; ¢ 13 mm). Z dGivodu dosud neznamé struktury slou¢enin odpovédnych
za hotkou chut’ cibulového homogenatu byly jimany i ¢asti bez pozitivniho signalu
PDA detektoru (Obrazek 35).

Jednotlivé frakce byly po odpafeni CH3CN (RVO, t < 30 °C) extrahovany
2x 100 ml DEE, spojené¢ organickée faze ptesuseny bezvodym MgSOs a zcela odpafeny
(RVO, t < 30 °C). Jednotlivé izolované slouceniny byly po extrakci podrobeny

orienta¢ni senzorické analyze a pted dalSimi analyzami uchovany pii teploté —28 °C.
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Obrazek 35: C8-HPLC/PDA chromatogram extraktu:

a) cibule kuchynské (Metoda A),
b) frakce AC 4 (Metoda B).
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Obriazek 36: C8-HPLC/PDA chromatogram extraktu:
a) cibule kuchyiské (Metoda A),
b) frakce AC 5 (Metoda C).

42

Retencni ¢as [min]



Experimentalni ¢ast

Frakce AC5

Pro frakci AC 5 byla vytvofena optimalizovana metoda preparativni C8-HPLC/PDA
(Obrazek 36, Metoda C, nastfikovany objem 1 ml). Frakce AC 5 (70 mg) byla
rozpusténa v 15 ml roztoku CH3CN/H20 (v/v; 50/50) a zfiltrovana ptes mikrofiltr
(PTFE; 0,2 um; @ 13 mm). Z diivodu dosud neznamé struktury sloucenin odpovédnych
za hotkou chut cibulového homogenatu byla jimana cela ¢ast chromatogramu, vcetné
¢asti bez pozitivniho signalu PDA detektoru (Obrazek 36b).

Separace byla provedena celkem v 15 opakovanich. Odpovidajici izolované
frakce byly spojeny a po odpaieni CH3CN (RVO, t < 30 °C) extrahovany 2x 100 ml
dichlormethanu (DCM), spojené organické faze piesuseny bezvodym MgSOg4 a zcela
odpafeny (RVO, t < 30 °C). Ziskané extrakty jednotlivych frakci byly podrobeny

orientacni senzorické analyze a pted dalSimi analyzami uchovany pfi teploté¢ —28 °C.

3.4 lzolace hoikych sloucenin z modelovych reakénich systému

Modelové reakce byly pouzity pro izolaci sloucenin, které s procesem hotknuti pfimo
souvisi, ale pti snaze o jejich izolaci z cibulového extraktu nebylo mozné dosahnout
uspokojivé HPLC separace zejména z divodu jejich koeluce s jinymi latkami
pfitomnymi v extraktu.

Pro modelové reakce byly pouzity isoalliin, methiin a alliinasa ziskana
z Cesneku kuchyiiského. Neékteré experimenty byly provadény také s vyuzitim

cibulového enzymového systému alliinasy/LFS, jak bude uvedeno déle.

3.4.1 lzolace alliinasy

Izolace byla provadéna dle postupu Shena a Parkina.>® Jednotlivé kroky probihaly
za snizené teploty (0—4 °C). Oloupané strouzky cesneku (500 g) byly vlozeny
do odstaviiovace, ziskand S§téava smichdana s 250 ml vychlazeného roztoku
0,1M KH2PO4 (pH =7,5; 10% glycerol; 5mM EDTA; 0,5mM a-toluensulfonylfluorid;
0,05% cystein a 10 uM pyridoxal-5-fosfat). Cesnekovy homogenat byl za sniZeného
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tlaku zfiltrovan pfes Biichnerovu ndlevku s platnem a filtrat odstiedén (9000 rpm;
15 min; 4 °C). Ziskany precipitat byl ze systému odstranén, k supernatantu byl
postupné ptidavan (NHs)2SO4 na tGroven 65% nasyceni a poté byla smés michana
po dobu 60 minut v ledové lazni. Po nasledném odstiedéni (9000 rpm; 20 min; 4 °C)
byl supernatant slit a precipitat rozpustén v minimalnim objemu extrakéniho pufru
(ptiblizn€ 25 ml). Takto pfipraveny roztok obsahujici alliinasu byl dialyzovan proti
destilované vodé (4 °C), ktera byla béhem prvnich 8 hodin dialyzy pravidelné ménéna
po 2 hodinach, v dalsi fazi dialyzy po 4—5 hodinach. Dialyza probihala celkem
48 hodin. Poté byl obsah dialyzaéni membrany rozdélen do vialek a lyofilizovan.
Aktivita ziskané alliinasy byla testovana na roztoku S-(2-pyrrolyl)cystein-S-oxidu,
ktery v pfitomnosti alliinasy zoranzovél.”™

Analogickym postupem byl izolovan enzymovy systém alliinasa/LFS z cibule

kuchynske.

3.4.2 Priprava S-alk(en)ylcystein-S-oxidu

Isoalliin byl izolovan Ing. Petrou Kugerovou dle postupu Carsona a kol.%° Synteticka

pfiprava methiinu byla provedena alkylaci L-cysteinu jodmethanem a néslednou

oxidaci H20,.7®

3.4.3 Modelova reakce A

Priprava extraktu

K modelové reakci A bylo pouzito 209 mg isoalliinu a 250 mg methiinu rozpus§ténych
ve 40 ml 0,5M KH2PO4 (pH = 7,0). K tomuto roztoku bylo piidano 243 mg ¢esnekové
alliinasy rozpusténé ve 20 ml 0,5M KH2PO4 (pH = 7,00; 25uM pyridoxal-5-fosfat;
10 % glycerol). Reakce probihala pfi mirném michani po dobu 1 min. Modelova
reakce byla extrahovana 2x 30 ml DCM. Z duvodu nedostatetného rozdé€leni
organické a vodné faze bylo nutné smés odstredit (10 000 rpm; 3 min). Organicka faze

byla odd¢lena a vodné opétovné extrahovana stejnym postupem. Organické faze byly
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spojeny, po ¢astecném odpareni DCM (RVO, t <30 °C) byl roztok pfesusen bezvodym
MQgSQg, ptefiltrovan pies mikrofiltr (PTFE, 0,2 um, ¢ 13 mm) a zbyvajici objem DCM
nasledné zcela odpatren (RVO, t <30 °C). Timto postupem byl ziskan mirn¢ viskdzni,
svétle zluty extrakt (40 mg), ktery byl pied dalSimi analyzami uchovan pfii teploté

—28 °C.

HPLC izolace sloué¢enin

Extrakt modelové reakce (40 mg) byl rozpustén v 10 ml okyseleného (0,1% HCOOH)
roztoku CH3CN/H2O (v/v; 20/80) a zfiltrovan pies mikrofiltr (PTFE; 0,2 um;
@ 13 mm). Pomoci preparativni C8-HPLC/PDA (Obrazek 37, Metoda D, nastiikovany
objem 1 ml) bylo jimano celkem sedm frakci (v chromatogramu oznaeny
PM 0.1-0.7), které byly po odpafeni CH3CN (RVO, t < 30 °C) lyofilizovany.
Po lyofilizaci byly frakce rozpustény v CH3CN, zfiltrovany pies mikrofiltr (PTFE;
0,2 um; ¢ 13 mm) a pomoci proudu dusiku zcela odpateny. Takto zpracované frakce
byly pted dal$imi analyzami uchovany pfi teploté —28 °C.

- 35,5-36,8 min

_ 1,5 - 33,8-35,1 min L =240 nm
£ i B
§ PM 0.2 PM 0.6 A=310nm
5 1 PM 0.1 \1 PM0.3 L
o
<
?0,57 \3”’:{/ : 5‘/ PM 0.7
S A A MJLV
L 0 ety ‘ w ‘

0 10 20 40 50

Retencni ¢as [min]

Obrazek 37: C8-HPLC/PDA chromatogram extraktu modelové reakce A: isoalliin, methiin a alliinasa,
reakce 1 min — izolace PM 0.1-0.7 (Metoda D).

3.44 Modelova reakce B

Priprava extraktu

K modelové reakci B bylo pouzito 1,02 g isoalliinu a 1,23 g methiinu rozpusténych
ve 200 ml 0,5M KH2PO4 (pH = 7,0). K tomuto roztoku bylo ptidano 1,02 g ¢esnekové

alliinasy rozpusténé ve 100 ml 500mM KH2PO4 (pH = 7,00; 25uM pyridoxal-5-fosfat;
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10 % glycerol). Reakce probihala pti mirném michéni v 500ml reakéni barice po dobu
3 hodin, béhem kterych smés vyrazné zhotkla. Modelova reakce byla extrahovana
2x 200 ml DCM. Z diivodu nedostatecného rozde€leni organické a vodné faze v délici
nalevce bylo nutné smés odstredit (10 000 rpm; 3 min). Organickd faze byla odd€lena
a vodna opétovné extrahovédna stejnym postupem. Organické faze byly spojeny,
po ¢astecném odpareni DCM (RVO, t <30 °C) byl roztok presusen bezvodym MgSQOg,
ptefiltrovan ptfes mikrofiltr (PTFE; 0,2 pm; ¢ 13 mm) a zbyvajici objem DCM
nasledné zcela odpatfen (RVO, t <30 °C). Timto postupem byl ziskan mirn¢ viskdzni,
svétle zluty extrakt (471 mg) velmi hotké chuti, ktery byl pfed dal§imi analyzami
uchovéan pii teploté —28 °C.

Celkem bylo timto zpisobem v nékolika véarkach pouzito 4,5 g isoalliinu,

5,8 g methiinu, 4,9 g alliinasy a ziskano 1,95 g extraktu.

Frakcionace extraktu metodou HPLC

Zamérem nasledujici preparativni C8-HPLC/PDA (Obrazek 38, Metoda E,
nastfikovany objem vzorku 1 ml) bylo frakcionovat extrakt modelové reakce B.
Extrakt modelové reakce B (471 mg) byl nafedén 4 ml okyseleného CH3CN
(0,1% HCOOH) a prote¢enim pies kolonku C8-SPE (1 g; 6 ml) zbaven latek, které by
se nevratné zachycovaly v HPLC koloné. Kolonka byla vyplachnuta 4 ml okyseleného
CH3CN (0,1% HCOOH). Vzorek, ke kterému bylo ptidano 8 ml okyselené destilované
vody (0,1% HCOOH), byl zfiltrovan ptes mikrofiltr (PTFE; 0,2 pm; ¢ 13 mm).
Pivodni extrakt (471 mg) byl tedy rozpustén celkem ve 24 ml okyseleného
(0,1% HCOOH) roztoku CH3CN/H20 (v/v; 50/50). Celkem byly pomoci preparativni
C8-HPLC izolovany tii frakce (PM 1, PM 2 a PM 3) v intervalech retenc¢nich ¢asti
uvedenych na Obrazku 38. VySe popsanym zpisobem bylo postupné zpracovano

celkem 1953 mg extraktu modelové reakce.
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Obrazek 38: C8-HPLC/PDA chromatogram extraktu modelové reakce B: isoalliin, methiin a alliinasa,
reakce 3 hod (Metoda E).

Najimané frakce byly po odpafeni CH3CN (RVO, t < 30 °C) extrahovany 3x DCM
v poméru 9/1 (vzorek/DCM; v/v), spojené organické faze byly presuSeny bezvodym
MgSOs a piefiltrovany ptes mikrofiltr (PTFE; 0,45 um; ¢ 25 mm). Zbyvajici objem
DCM byl nakonec zcela odpaien (RVO, t < 30 °C). Vysledné extrakty jednotlivych
frakei byly pfed dalSimi analyzami uchovany pii teploté —28 °C.

Optimalizované HPLC metody pro jednotlivé frakce modelové reakce B

Frakce PM 1

Cast frakce PM 1 (215 mg) byla nafedéna 20 ml okyseleného (0,1% HCOOH) roztoku
CH3CN/H20 (v/v; 20/80) a piefiltrovana ptes mikrofiltr (PTFE; 0,2 um; ¢ 13 mm).
Pomoci preparativni Biphenyl-HPLC/PDA (Obrazek 39, Metoda F, nastfikovany
objem 1 ml) bylo ze vzorku izolovéano celkem 14 frakei (v chromatogramu oznaceny
retenénimi Casy). Najimané frakce byly po odpafeni CH3CN (RVO, t < 30 °C)
lyofilizovany, poté rozpustény v CH3CN a po filtraci ptes mikrofiltr (PTFE; 0,2 um;
o 13 mm) kvantitativné pfevedeny do vialek (8ml). Po odfoukani veskerého CH3CN
dusikem byly vzorky pted dal§imi analyzami uchovany pfi teploté —28 °C.

Touto metodou bylo zpracovano celkem 215 mg frakce PM 1, ktery byl ziskan

reakci 4,5 g isoalliinu, 5,8 g methiinu a 4,9 g Cesnekové alliinasy.
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Frakce PM 2

Vzorek frakce PM 2 (32 mg) byl nafedén 11 ml okyseleného (0,1% HCOOH) roztoku
CH3CN/H20 (v/v; 20/80) a piefiltrovan ptes mikrofiltr (PTFE; 0,2 um; ¢ 13 mm).
Pomoci preparativni Biphenyl-HPLC/PDA (Obrazek 40, Metoda G, nastiikovany
objem 1 ml) bylo ze vzorku izolovano celkem 7 frakci (v chromatogramu oznaceny
reten¢nimi Casy). Najimané frakce byly po odpafeni CH3CN (RVO, t < 30 °C)
lyofilizovany, poté rozpustény v CH3CN a po filtraci ptes mikrofiltr (PTFE; 0,2 um;
@ 13 mm) kvantitativné pievedeny do vialek (8ml). Po odfoukani veskerého CH3CN
dusikem byly vzorky pied dal§imi analyzami uchovany pfi teploté —28 °C.

Touto metodou bylo zpracovdno celkem 109 mg frakce PM 2, kterd byla

ziskana reakci 3,5 g isoalliinu, 4,5 g methiinu a 4 g ¢esnekové alliinasy.

Frakce PM 3

Vzorek frakce PM 3 (162 mg) byl nafedén 14 ml roztoku CH3CN/H.O (v/v; 50/50)
a prefiltrovan pfes mikrofiltr (PTFE; 0,2 pm; ¢ 13 mm). Pomoci preparativni
C8-HPLC (Obrazek 41, Metoda H, nastfikovany objem 1 ml) byly ze vzorku
izolovany frakce PM 3.1 (retencni Cas 70,6—72,2 min) a PM 3.2 (retencni Cas
75,9—77,9 min). Najimané frakce byly po odpafeni CH3CN (RVO, t < 30 °C)
lyofilizovany, poté rozpustény v CH3CN a po filtraci ptes mikrofiltr (PTFE; 0,2 um;
@ 13 mm) kvantitativné pievedeny do vialek (8ml). Po odfoukani veskerého CH3CN
dusikem byly vzorky pted dal§imi analyzami uchovany pfi teploté —28 °C.

Celkové zpracované mnozstvi vzorku frakce PM 3 (162 mg) bylo ziskano
reakci 2,6 g isoalliinu, 3 g methiinu a 2,9 g Cesnekové alliinasy. Vytézky: PM 3.1
(7 mg) a PM 3.3 (12 mg).
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Obriazek 39: a) C8-HPLC/PDA chromatogram extraktu modelové reakce B (3 hod) (Metoda E).
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b) Biphenyl-HPLC/PDA chromatogram extraktu frakce PM 1 (Metoda F).
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Obrazek 40: a) C8-HPLC/PDA chromatogram extraktu modelové reakce B (3 hod) (Metoda E).

b) Biphenyl-HPLC/PDA chromatogram extraktu frakce PM 2 (Metoda G).
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Obrazek 41: C8-HPLC/PDA chromatogram extraktu:
a) modelové reakce B (3 hod) (Metoda E).
b) frakce PM 3 (Metoda H).

Frakce PM 3.1

Frakce PM 3.1 (7 mg) byla nafedéna 2 ml okyselené (0,05% HCOOH) smési
CH3CN/H20 (v/v; 50/50) a piefiltrovana ptes mikrofiltr (PTFE; 0,2 um; ¢ 13 mm).
Pomoci preparativni C8-HPLC (Obrazek 42, Metoda I, nastiikovany objem 1 ml)
byly ze vzorku izolovany celkem 4 frakce (v chromatogramu oznaceny retenénimi
Casy). Najimané frakce byly po odpaieni CH3CN (RVO, t < 30 °C) lyofilizovany, poté
rozpustény v CH3CN a po filtraci ptes mikrofiltr (PTFE; 0,2 pm; & 13 mm)
kvantitativné pievedeny do vialek (8ml). Po odfoukani veskerého CH3CN dusikem

byly vzorky pied dal$imi analyzami uchovany pfi teploté —28 °C.

Frakce PM 3.3

Frakce PM 3.3 (12 mg) byla natedéna 3 ml okyselené (0,05% HCOOH) smési

CH3CN:H20 (v/v; 50/50) a prefiltrovana pies mikrofiltr (PTFE; 0,2 um; @ 13 mm).

Pomoci preparativni C8-HPLC (Obrazek 43, Metoda I, nastiikovany objem 1 ml)
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byly ze vzorku izolovany celkem 3 frakce (v chromatogramu oznaceny retencnimi
¢asy). Najimané frakce byly po odpafeni CH3CN (RVO, t <30 °C) lyofilizovany, poté
rozpustény v CH3CN a po filtraci ptes mikrofiltr (PTFE; 0,2 pm; ¢ 13 mm)
kvantitativné pfevedeny do vialek (8ml). Po odfoukani veSskerého CH3CN dusikem

byly vzorky pied dalsimi analyzami uchovany pii teploté¢ —28 °C.
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Obrazek 42: C8-HPLC/PDA chromatogram extraktu:
a) modelové reakce B (3 hod) (Metoda E),

b) frakce PM 3 (Metoda H),
c) frakce PM 3.1 (Metoda I).
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Obrazek 43: C8-HPLC/PDA chromatogram extraktu:
a) modelové reakce B (3 hod) (Metoda E),
b) frakce PM 3 (Metoda H),
c) frakce PM 3.3 (Metoda I).

3.5 Thiosulfinatovy test

Ugelem provedenych spektrofotometrickych analyz izolovanych slou¢enin bylo
potvrdit/vyvratit pfitomnost aktivované disulfidické vazby —S(O)-S—, ktera je

charakteristicka pro thiosulfinaty. Analyza byla provedena dvéma odliSnymi postupy:

52



Experimentalni ¢ast

a) reakce s 2-nitro-5-thiobenzoatem (NTB):

NTB (40) byl syntetizovdn dle postupu Patchornika a Deganiho.”” V piitomnosti
thiosulfinatd reaguje NTB s aktivovanou disulfidickou vazbou —S(O)—S—
(Obrazek 44). Spektrofotometricky Ize tuto reakci potvrdit ubytkem absorbance

pfi vinové délce 412 nm jiz béhem nékolika minut.

SH 5~ S Ri2
0
2 + RI S< S R? _— = 2 + H,O
COOH COOH
NO, NO,
2-nitro-5-thiobenzoat (40) thiosulfinat
(NTB, A4 = 412 nm)
R!, R%: —CH;,
—CH,CH,CH;
—CH=CHCH;,4

Obrazek 44: Reakce 2-nitro-5-thiobenzoatu (40) s thiosulfinaty.

Spektrofotometricka analyza reakce izolovanych slouc¢enin s NTB (40) byla provedena
dle postupu Mirona a kol.”® Absorbance byla méfena v ¢asech 0; 1,5; 3; 6; 12 a 30 min

v intervalu vinovych délek 200—600 nm.

b) reakce s 4-sulfanylpyridinem (4-SP):

4-SP (Amax = 324 nm, 41) je komer¢né dostupna sloucenina, jejiz sulfanylova skupina
reaguje s thiosulfinaty (Obrazek 45). Spektrofotometricky lze prib&h reakce

pozorovat ubytkem absorbance pti vinové délce 324 nm.

S,
SH S/ 1,2
T
AN 2 AN
2 | _ + R! S\S/R _— > 2 | P + H,0O
N N

4-sulfanylpyridin (41) thiosulfinat

(4-SP, 4,4 = 324 nm) Rl RZ. CH
B e 3

—CH,CH,CH,
—CH=CHCHj,
Obriazek 45: Reakce 4-sulfanylpyridinu (41) s thiosulfinaty.
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Spektrofotometricka analyza reakce izolovanych sloucenin s 4-SP (41) byla provedena
dle postupu Mirona a kol.” Absorbance byla méfena v &asech 0; 3; 5; 10; 20; 30

a 60 min pii fixni vinové délce 324 nm.

3.6 Senzorické hodnoceni izolovanych sloucenin

Senzorické hodnoceni izolovanych latek, které po orienta¢ni senzorické analyze
vykazovaly hotkou chut, probihalo pomoci trojuhelnikového testu obdobnym
postupem jako v piipadé hodnoceni frakci AC 1-9 cibulového extraktu.

Senzoricky hodnocené vzorky byly natedény 50% roztokem absolutniho
ethanolu ve vodé na koncentraci 1,5 mg/ml. Takto pfipravené roztoky byly dale fedény
pitnou vodou v poméru 1:1 (v/v) az do fedéni 1024x. Od kazdého tedéni byly
pfipraveny tfi vzorky (ndhodné oznaceny A, B, C), pfi¢emZ dva z nich byly slepé
(obsahovaly pouze absolutni ethanol a pitnou vodu v daném pomeéru), jeden vzorek
(nahodné oznaden A, B nebo C) obsahoval extrakt daného vzorku. Ukolem hodnotitele
bylo senzoricky hodnotit pfipravené vzorky (objem 100 pl) vzdy ve sméru
od nejvyssiho fedéni a oznacit, u kterého lze pii daném fedéni identifikovat pfitomnost
vzorku. Senzorického hodnoceni, které bylo opakovano dvakrat, se ucastnilo celkem
pét hodnotitelt (téi Zeny, dva muzi, v€k 29-51 let). Vysledky vsech hodnotitelti byly

aritmeticky zprumérovany a pro kazdy vzorek byl stanoven prah vnimani.
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3.7 Proces ruzovéni

Cilem téchto experimentll bylo zjistit, zda se nékteré z izolovanych slou¢enin pfimo
ucastni procesu rizoveéni cibule. Testovana latka (0,5 pmol) byla rozpusténa v 0,5 ml
pufru (0,1M alanin v 0,1M KH2POs, pH = 5,5). K takto pfipravenému roztoku byl
po 1 hodiné reakce pii teplot¢ 40 °C piidan 1 pumol formaldehydu a roztok byl
ponechan pfi této teploté reagovat pies noc. Nasledujici den bylo v ptipad¢ pozitivni
reakce pozorovano riizové zbarveni, které bylo potvrzeno spektrofotometrickou

analyzou nérustem absorbance v intervalu A = 510—520 nm.

3.8 Tvorba hoikych latek v poru a ¢esneku

3.8.1 Izolace horkych latek z poru zahradniho

Cerstvy por zahradni o celkové hmotnosti 758 g byl opakované zpracovan pomoci
kuchynského odstaviiovace. Vznikla §tava byla ponechana stit 1 hodinu
pii laboratorni teploté, béhem které zacCala byt vyrazné horkd. K piimé extrakci
hotkych latek bylo pouzito 2x 500 ml DCM. Z divodu tvorby emulze v délici nélevce
bylo nutné vzorek odstredit (10 000 rpm; 3 min). Organickd faze byla odd¢lena
a vodna faze byla opétovné extrahovana stejnym postupem. Organické faze byly
spojeny, po casteném odpafeni DCM byl roztok presusen bezvodym MgSOa,
ptefiltrovan (PTFE; 0,45 um; ¢ 25 mm) a nésledné byl zbyvajici objem DCM zcela
odpaten (RVO, t <30 °C). Vysledny tmavé zeleny extrakt byl pred dal§imi analyzami
uchovan pii teploté —28 °C.

Po rozpusténi vzorku extraktu v okyselené (0,05% HCOOH) smési
CH3CN/H20 (v/v; 50/50) a zfiltrovani (PTFE; 0,45 um; ¢ 13 mm) byl vzorek
analyzovan pomoci HPLC-MS (Metoda J, nastfikovany objem 10 pl).
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3.8.2 Izolace horkych litek z ¢esneku kuchyiiského

Oloupané strouzky cesneku kuchyniského o celkové hmotnosti 263 g byly
zhomogenizovany spolu s ptidavkem 200 ml destilované vody kuchyiiskym mixérem
a ponechany 1 hodinu stat pii laboratorni teploté. Pfed extrakci byl homogenat
zfitrovan ptes Biichnerovu nalevku s platnem. K pfimé extrakci hotkych latek bylo
pouzito 2x 100 ml DEE. Z divodu tvorby emulze v délici nalevce bylo nutné vzorek
odstredit (10 000 rpm; 3 min). Organicka faze byla odd€lena a vodna opétovné
extrahovana stejnym postupem. Organické faze byly spojeny, po ¢aste¢ném odpaieni
DEE byl roztok pfesusen bezvodym MgSOs, ptefiltrovan pies mikrofiltr (PTFE;
0,45 pm; ¢ 25 mm) a nasledné byl zbyvajici objem DEE zcela odpafen (RVO,
t <30 °C). Vysledny zluty extrakt byl pfed dal$imi analyzami uchovan pii teploté
—28 °C.

Po rozpusténi vzorku extraktu v okyselené (0,05% HCOOH) smési
CH3CN/H20 (v/v; 50/50) a zfiltrovani (PTFE; 0,45 um; ¢ 13 mm) byl vzorek
analyzovan pomoci HPLC-MS (Metoda J, nastfikovany objem 10 pul).
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4  Vysledky a diskuze

4.1 Senzoricka analyza — metoda TDA

Prvotnim krokem pro identifikaci slou¢enin zodpovédnych za hotkou chut’ cibule byla
HPLC frakcionace extraktu homogenizované cibule a nasledné senzorické hodnoceni
ziskanych frakci metodou TDA (z angl. taste-dilution analysis). Oloupana cibule byla
zhomogenizovana pomoci kuchyiského odstaviiovade. Cerstvé ziskana §tava
vykazovala zpoc¢atku typicky ostré cibulové aroma a chut’ bez naznakl hoikosti.
Jiz po 10 minutach, béhem kterych byla §t'ava ponechana pti laboratorni teploté, bylo
mozné detekovat mirn¢ hotkou chut’, ktera se do 30 minut od pocatku reakce ménila
na velmi nepfijemnou, intenzivné hoikou. Po 60 minutach byla cibulovd Stédva
extrahovina DEE a  ziskany  extrakt byl rozd€len  preparativni
C8-HPLC/PDA celkem na 9 frakei, které byly senzoricky hodnoceny s cilem stanovit
intenzitu hotké chuti, tzv. TD-faktor (z angl. taste-dilution factor), pficemz intenzita
hotkosti jednotlivych frakci byla pfimo Umérnd hodnotdm jejich TD-faktorii

(Obrazek 46).
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Obrazek 46: C8-HPLC/PDA chromatogram extraktu cibule kuchyinské s uvedenymi hodnotami
TD-faktoru pro jednotlivé frakce (Metoda A).

Touto analyzou bylo zjisténo, ze hotkou chut’ o rizné intenzité bylo mozné detekovat
v 8 z celkovych 9 frakci, coz naznacCovalo, Ze hotkost zpracované cibule patrn€ nebude

zpusobovat pouze jedind sloucenina.
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4.2 Izolace a identifikace horkych sloucenin

V dalsi fazi identifikace sloucenin zodpovédnych za hotkou chut’ homogenizované
cibule byla pozornost primarn¢ zamétfena na frakce, které vykazovaly nejvySsi
intenzitu hotkosti (tzn. nejvyssi hodnoty TD-faktorti), a sice na frakce AC 4-7.
Pro tyto frakce byly vyvinuty optimalizované¢ HPLC metody, které diky lepsi separaci
pritomnych sloucenin umoznily jejich izolaci. Jednotlivé podfrakce izolované
preparativni C8-HPLC z frakci AC 4 a 5 (viz Obrazek 35b a 36b) byly podrobeny
senzorické analyze a v ptipadé, Zze vykazovaly hotkou chut’, byly déle analyzovany
spektroskopickymi metodami (MS, NMR, IC). Vysledky senzorické analyzy odhalily,
ze ve frakci AC 4 vykazovaly hotkou chut pouze podfrakce AC 4.A-D
(Obrazek 47b), zatimco ve frakci AC 5 byla zjisténa ptitomnost hoikych sloucenin
v podfrakcich AC 5.A—F (Obrazek 48b).

Pro frakce AC 6 a 7 nebylo i ptes vyuziti fady ruznych stacionarnich fazi (C8,
C18, F5, bifenyl) dosazeno uspokojivé separace pfitomnych sloucenin. Identita
hotkych latek byla v téchto frakcich zjisténa analyzou MS dat a naslednym vyuzitim

modelovych reakénich systémi, jak bude uvedeno v dalsich ¢astech této prace.
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Obrazek 47: C8-HPLC/PDA chromatogram extraktu:
a) cibule kuchyniské (Metoda A),
b) frakce AC 4 (podfrakce AC 4A—D vykazovaly hotkou chut’) (Metoda C).
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Obrazek 48: C8-HPLC/PDA chromatogram extraktu:
a) cibule kuchyiiské (Metoda A),
b) frakce AC 5 (podfrakce AC 5A—F vykazovaly hotkou chut’) (Metoda B).

Allithiolany A

(+)ESI-HRMS data slouceniny AC 4.A izolované z frakce AC 4 (tr = 50,5 min;
Obrazek 47b) odpovidala elementdrnimu sloZzeni CioH1802S4 (M + H]*
experimentalni 299,0261 Da, teoreticka 299,0262 Da; Tabulka VII).

13C NMR spektrum této latky obsahovalo celkem 10 signald, které odpovidaly
8 sp® (4 CHz a 4 CH) a 2 sp? (—-CH=) hybridizovanym atomtim uhliku. Dal§i NMR
experimenty (COSY, HSQC a HMBC) nasledné odhalily pfitomnost tiech vzajemné
izolovanych strukturnich podjednotek, a sice péti¢lenného 3,4-dimethyl heterocyklu
substituovaného v pozicich 2 a 5 spolu s jednou methylovou (CHs—) a jednou
1-propenylovou (CH3CH=CH-) skupinou. Methylova skupina v postrannim fetézci
vykazovala HMBC korelaci s uhlikem C-2, zatimco 1-propenylovd skupina
poskytovala HMBC signal s uhlikem C-5 (Obrazek 49). S piihlédnutim
k molekulovému vzorci zjisténému pomoci HRMS (tj. C10H1802S4) bylo ziejmé, ze
slou¢enina AC 4.A ve své molekule obsahuje 3,4-dimethylthiolanovy kruh

substituovany v pozicich 2 a 5. Struktura postrannich fetézcli a pozice obou atomu
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kysliku v molekule byla vyvozena na zakladé *C NMR, MS/MS a IC dat (P¥ilohy

3-6), jak je popsano nize.

COSY korelace

AV,

Obrazek 49: COSY a HMBC korelace pozorované u AC 4.A.

13C — 'H HMBC korelace

N

Hodnota *C NMR posunu methylové skupiny postranniho fetézce (6 24,9) byla
ve velmi dobré shodé¢ s literarnimi daty publikovanymi pro uskupeni CH3SS—, zatimco
13C NMR posuny uhliki CH=CH (6 130,7 a 138,7) a velikost interakéni konstanty
Jeh=cH (15,0 Hz) poukazovaly na piitomnost (E)-CH3CH=CHS(O)— skupiny
(Tabulka I11). Tento piedpoklad potvrzovala i MS/MS data naznacujici postupné
odstépeni fragmenti [C3HsS(O)—] a [CH3S—]/[CH3SS—] (t. 299 — 209 —
— 161/129 Da). Naopak zadné fragmenty, které by naznacovaly pfitomnost
C3HsS(O)S— nebo C3HsSS(O)— tetézct v molekule AC 4.A, ziskana MS/MS spektra
neobsahovala. Dominantni fragment m/z = 129 Da (odpovidajici [CsHoOS]")
poskytnul vyznamny dikaz o pfitomnosti 3,4-dimethylthiolan-S-oxidu ve struktuie
AC 4.A (podrobna MS fragmentace této latky je uvedena v Priloze 4).

Tabulka I11: Literarni prehled 3C NMR posunti skupin CHsCH=CH- a CHs— a IC signély slougenin

obsahujici rlizné sirné funké&ni skupiny 81317:38:39 58, 80, 81
13C NMR posuny (ppm, méieno v CDCls)

CHi-CH=CH- CHsyCH=CH-  CHg IC (em™)
sulfidy R—S— 1256 (E) 123.7 (E) 14.2-14.6
1259 (2) 123.4 (2)
disufidy R-SS—  129,7-1338(E) 1243-126,1 (E) 24,3249
128,5-1302(2)  127,1-128,5 (2)

S-oxidy R-S(O)-  1383-1384(E) 131,7-131.8 (E) 32.4-37.9 10351055
thiosulfingty R-S(0)S—  1357-137,7(E) 1292-133,1 (E) 42,1-428  1073-1095
R-SS(O)-  1433-1443 (E) 1155-1159 (E) 13,7-142
136,5-137,5(2)  116,7-117.2 (2)
thiosulfonity R-S(O)S— 1429 (E) 1334(E) 479486  1127-1131
R-SS(0)— 145,1 (E) 116,6 (E) 20,8
1394 (2) 116,9 (2)
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Navrzenou strukturu AC 4.A bylo mozné podpofit také IC spektrem této latky, které
obsahovalo vyrazny signal pfi vlno¢tu 1045 cm ™! charakteristickém pro sulfoxidovou
skupinu (—S=0), zatimco typicka IC absorpce thiosulfinatd (tj. latek obsahujici
—S(0)S— nebo —SS(O)— skupiny) se nachazi v intervalu vinoétd 1073—-1095 cm™'
(Tabulka I11). Dalsim dikazem potvrzujicim spravnost navrzené struktury byl
i negativni vysledek tzv. thiosulfinatového testu (viz kap. 3.5).”87 Negativni reakce
AC 4.AsNTB (40) i 4-SP (41) potvrdila absenci thiosulfinatové skupiny (tj. —S(O)S—
a —SS(0O)—) v molekule této slouceniny.

Na zékladé vsech vyse uvedenych dat bylo mozné jednoznacné urcit strukturu
slouceniny AC 4.A, ktera je uvedena na Obrazku 50. Systematicky nazev této latky
je 3,4-dimethyl-2-(methyldisulfanyl)-5-[(E)-1-propenylsulfinyl]thiolan-1-oxid.

O
?\ 1l
S 5 S 2 S\
Va4 S
AC4.A

Obrazek 50: Struktura slouceniny AC 4.A.

Detailni analyza HPLC-MS dat odhalila pfitomnost jest¢ n¢kolika dalSich slouc¢enin
shodného elementarniho slozeni jako AC 4.A, tj. C10H1802S4, které se vyskytovaly
ve frakci AC 3. MS/MS spektra téchto latek byla velmi podobnd, liSici se pouze
nepatrné v relativnich intenzitdch majoritnich fragmentli, coZ naznacovalo, Ze tyto
slouceniny budou patrné stereoizomery spiSe nez konstituéni izomery AC 4.A
(sloucenina obsahuje celkem 6 chiralnich center umozhujicich existenci
64 stereoizomerti) (PFiloha 3).

S cilem izolovat vySe zminéné izomery AC 4.A z frakce AC 3 pomoci
preparativni HPLC bylo testovano n€kolik riznych stacionarnich fazi (C8, C18, F5
a biphenyl). Zejména kvili koeluci dalsich sloucenin pfitomnych v extraktu se v§ak
nepodatilo dosdhnout uspokojivé separace téchto latek. Dal§i moznosti bylo izolovat
tyto slouc¢eniny z modelového reakéniho systému (modelova reakce B, viz kap. 3.4.4)
obsahujiciho isoalliin, methiin a alliinasu. V extraktu této modelové reakce,
analyzovaném pomoci C8-HPLC-PDA-MS/MS, byly nalezeny slouceniny s plné
identickymi retencnimi asy i MS/MS spektry jako ve frakci AC 3 extraktu cibule.
Preparativni C8-HPLC pak bylo z této modelové smési (spolu s AC 4.A = PM 2.7)
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izolovano celkem 7 dalSich izomerd (PM 2.2-2.6, Obrazek 51), které byly nésledné
charakterizovany pomoci MS, NMR a IC (P¥ilohy 3-6).

'_|1’2 ) a) Frakce
é PM 2
g 08 1 17,1 30,0
I
:‘0,4 J
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0 T
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Obrazek 51: a) C8-HPLC/PDA chromatogram extraktu modelové reakce B (isoalliin, methiin
a alliinasa, reakce 3 hod) (Metoda F).
b) Biphenyl-HPLC/PDA chromatogram extraktu frakce PM 2 —izolace PM 2.2-2.7, tj.
allithiolantt A;—Ag (Metoda G).

NMR data (Tabulka 1V) potvrdila pivodni ptedpoklad, ze vSech 7 sloucenin
izolovanych z modelového systému (piky PM 2.2-2.6, Obrazek 51b) jsou
stereoizomery AC 4.A (= PM 2.7). 3C NMR posuny uhlikii pfitomnych v obou
postrannich fetézcich (tj. v CH3— a CH3CH=CH— skupinach) se mezi jednotlivymi
stereoizomery liSily pouze nepatrné¢ a byly ve vyborné shodé¢ s daty pro CH3SS—
a CH3CH=CH(O)—- skupiny uvedenymi v odborné literatuie (Tabulka 111). *H NMR
analyza potvrdila ve vSech stereoizomerech geometrickou konfiguraci 1-propenylové
skupiny vyhradné E (Jch=cH = 14,9—15,1 Hz).

Tyto slou€eniny ptedstavuji zcela nove, v odborné literatufe dosud nepopsané
latky. S ohledem na jejich zna¢né nepiehledny systematicky nazev byly tyto
slouCeniny pojmenovany trividlnim nazvem allithiolany A. Tento trividlni nazev
v sobé zahrnuje pivod téchto latek (rod Allium) i jejich typicky strukturni znak

(pfitomnost thiolanového jadra).
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Allithiolany B

Dalsi latkou, ktera pti senzorickém hodnoceni vykazovala intenzivni hotkou chut,
byla slouc¢enina AC 5.D izolovana z frakce AC 5 (tr = 70,2 min; Obrazek 48b).
(+)ESI-HRMS data AC 5.D odpovidala elementarnimu slozeni Ci12H2002S4
(Tabulka VII).

Ackoli se izolovany vzorek jevil jako jeden HPLC pik, NMR analyza ukazala,
ze se ve skutecnosti jednalo o smés 3 majoritnich a 3 minoritnich izomernich latek
s nepatrné¢ odlisSnymi NMR posuny (Tabulka VIII). NMR analyza také jasné
prokazala pfitomnost shodného 3,4-dimethylthiolanového jadra pozorovaného
u allithiolanii A, spolu s pfitomnosti dvou rtiznych CH3CH=CH- skupin. Jedna
z téchto dvou skupin vykazovala HMBC korelaci s uhlikem C-2, zatimco druha
poskytovala HMBC signal s uhlikem C-5 (Obrazek 52).

COSY korelace

77 3C-'H HMBC korelace

Obrazek 52: COSY a HMBC NMR korelace pozorované u AC 5.D.

13C NMR posuny CH=CH uhlikii pfitomnych 1-propenylovych skupin byly
ve vyborné shodé¢ s literarnimi daty uvadénymi pro CH3CH=CHSS— resp.
CH3CH=CHS(O)— skupiny (Tabulka Ill).  Geometricka konfigurace
CH3sCH=CHS(O)— skupiny byla u vSech Sesti izomert vyhradné E (Jch=cH = 15,0 Hz),
zatimco CH3CH=CHSS- skupina byla pfitomna jak v E (majoritn¢), tak i Z (minoritng)
uspotadani (JcH=cH = 14,7 2 9,2 Hz).

IC spektrum AC 5.D obsahovalo (podobné& jako allithiolany A) intenzivni
absorpéni pas pii vinoétu 1034 cm™! (—=S=O skupina, PFiloha 6). Také MS/MS data
naznacovala velmi blizkou strukturni podobnost této slouceniny s allithiolany A.
Fragmenta¢ni drdha byla tvofena postupnym odstépovanim fragmenti [CsHsS(O)—]
a [CsHsS—)/[CsHsSS—] (. 325 — 235 — 161/129 Da), kdezto fragmenty
[C3Hs5S(0)S—]/[C3HsSS(O)—], které by poukazovaly na pfitomnost thiosulfinatové
skupiny, pozorovany nebyly (podrobné&jsi fragmentace viz PFilohu 4). S piihlédnutim
k vyse uvedenym spektralnim datim mohla byt struktura AC 5.D jednozna¢né urcena

jako 3,4-dimethyl-2-(1-propenyldisulfanyl)-5-[(E)-1-propenylsulfinyl]thiolan-1-oxid
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(Obrazek 53). Také tato latka nebyla v odborné literatufe doposud popsana.
Analogicky s trivialnim oznaCenim allithiolanit A byly tyto slou¢eniny oznaceny

trividlnim nazvem allithiolany B.

o ¢

\ S
S S\
allithiolan B

Obrazek 53: Struktura slougeniny AC 5.D (allithiolan B).

Celkem 6 chirdlnich center a jedna I-propenylovd skupina podléhajici
(E/Z)-izomerizaci umozinuje existenci 128 stereoizomerd allithiolanu B. Velmi
podobné hodnoty 3C NMR posunii odpovidajicich uhlikii poukazovaly na identickou
absolutni konfiguraci na chirdlnich centrech izolovanych allithiolani B (AC 5.D)
s allithiolany A4, As a As (Tabulky IV a V). Celkem Sest izolovanych izomerd
allithiolanu B tak bylo oznaceno (E/Z)-B4, (E/Z)-Bs a (E/Z)-Bes.

HPLC-MS analyzou extraktu cibulového homogenatu byla ve frakcich AC 5
a AC 6 zjisténa pfitomnost jest€ mnoha dalSich stereoizomert allithiolanu B. Jednalo
se napt. o piky AC 5.A—C a AC 5.E-F (Obrazek 48), které¢ byly pii senzorickém
hodnoceni oznaceny jako hotké. Vlivem ptitomnosti velkého poctu stereoizomerti
spole¢né s dal$imi koeluujicimi slouceninami vSak nebyly tyto vzorky ziskané

preparativni C8-HPLC vhodné pro NMR analyzu.
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Allithiolany C

HPLC-MS analyza extraktu cibule prokdzala také pfitomnost mnoha izomernich
sloucenin elementarniho slozeni C12H220.Ss4 (Tabulka VII), které v minoritnim
mnozstvi doprovazely allithiolany A a B. Z divodu velmi nizké koncentrace nebyly
provedeny pokusy o izolaci téchto sloucenin z cibulového homogenatu a jejich
struktura byla urcena na zéklad¢ ziskanych MS dat. MS/MS fragmentace téchto latek
byla zcela analogicka s fragmentaci allithiolanit A a B (viz Prilohu 4), diky cemuz
bylo zfejmé, Ze tyto slouCeniny, trivialné pojmenované allithiolany C, jsou
propylovymi homology allithiolanti A a B.

Hmotnostni spektra vSech allithiolani C obsahovala fragment m/z = 237 Da
odpovidajici odstépeni CH3CH=CHS(O)— skupiny z kvasimolekularniho iontu, které
bylo nésledovano odstépenim CH3CH2CH>S—/CH3CH2CH2SS— skupin (tj. 327 —
— 237 — 161/129 Da). Hmotnostni spektra naopak neobsahovala zadny fragment,
ktery by naznacoval ptfitomnost CH3CH2CH2S(O)— skupiny (PFiloha 4). Z téchto
pozorovani bylo mozné usoudit, Ze struktura allithiolanu C odpovidd vzorci

uvedenému na Obrazku 54.

o 9
S S\ S,
allithiolan C

Obrazek 54: Struktura allithiolanu C.

Allithiolany D

HPLC-MS analyza izolovanych hotkych podfrakci AC 5.A—5.F (Obrazek 48)
odhalila také piitomnost skupiny sloucenin elementarniho slozeni CisH2603Ss.
Pti pokusu o jejich izolaci pomoci preparativni HPLC vSak nebylo 1 pfes testovani
nékolika riznych staciondrnich fazi (C8, C18, F5 a bifenyl) dosaZzeno uspokojivé
separace zejména kvili koeluci se stereoizomery allithiolanu B a dalsich sloucenin.
V extraktu modelové reakce B (viz kap. 3.4.4) vsak byly nalezeny slouceniny s plné

identickymi retencnimi ¢asy i MS/MS spektry. Dva zéastupci téchto sloucenin
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pfitomnych v cibulovém homogenatu byly nakonec z této modelové smési izolovany
(PM 3.1.4 a PM 3.3.3, Obrazek 42c¢ a 43c) a spektralné charakterizovany.

(+)ESI-HRMS analyza ukazala, Ze ob¢ slouCeniny byly izomery
o elementarnim slozeni CisH2603Ss (Tabulka VII). Intenzita kvasimolekularniho
iontu [M + H]* = 415 Da byla velmi nizkd, zatimco MS/MS spektra obou slou¢enin
obsahovala intenzivni ion m/z = 397 Da (tj. [M + H]" — 18) naznalujici ptitomnost
hydroxylové skupiny v molekule. Tento piedpoklad byl podpofen také velmi
intenzivnim IC signalem pii 3350 cm™' (~OH), spolu s velmi vyraznou absopci pfi
1049 cm™! (-S=0) (P¥iloha 4 a 6).

NMR analyza potvrdila u obou latek (PM 3.1.4 a PM 3.3.3) pfitomnost jedné
(E)-CH3CH=CHS(O)— skupiny a dvou 3,4-dimethylthiolanovych kruht
substituovanych v polohach 2 a 5 (Tabulka VI). C NMR posuny jednoho
thiolanového kruhu odpovidaly hodnotdm pozorovanych u allithiolani A a B
(Tabulka 1V a V), zatimco NMR posuny druhého z kruht byly v dobrém souladu
s publikovanymi hodnotami pro cepathiolany (Tabulka XII).22!3 P#itomnost
vyménitelného atomu vodiku v jejich molekule byla potvrzena NMR analyzou
v DMSO-ds. Tento atom vodiku vykazoval COSY korelaci s H-2' a HMBC korelaci
s C-2'a C-3' (Obrazek 55).

COSY korelace

77 13C-'H HMBC korelace

Obrazek 55: COSY a HMBC NMR korelace pozorované u PM 3.1.4 (v DMSO-dg).

Vsechna vySe uvedena data (véetné MS/MS fragmentace, viz Priloha 4 a 6) byla
V plném souladu se strukturou uvedenou na Obrazku 56. Pro svou blizkou ptibuznost
S ostatnimi allithiolany ziskaly latky PM 3.3.3, resp. PM 3.1.4 trivialni oznaceni
allithiolany Dy, resp. Do.

o
S-S _-8—S._S<__oH
allithiolan D

Obrazek 56: Struktura allithiolanu D.

68



Vysledky a diskuze

AN-E

( usponpie

IN-F IN-E

AN-F

ougA010zodou — -0 *U 4

ZH A ¢ Aueisuoy rugyerdiur e widd A Auapaan nosl ¢ Aunsod 9xorwoyo

96'28 9.'05 19°€1 251 25y 1529 ¥0'28 06'9v L'91 1591 06'0% 9T'16 ETOET  9L'6ET 1181
e . g ,. , q g ot ¢ (97 (6'9 (9'7
ou Ty (w) @9 (59 (w) (Wep) | (ce1:p) (w) €op (o (w) ®0TP) | \yorbp)  o'GTbR) ‘' Pp) {900 q
ST’ T T 90'T 922 v6'E 69' e ve'T €T 122 se'e . . .
959 2L 502
£5'e8 Zr'Ts 6L'€T 00'9T 98'Ly 0E'79 6T'6L sz'ry 8T'GT v8'6T £0'8E 8848 90'0ET  [9'9ET 'Lt
o [(OX 0v'L'9 g g (I'9°0'6 o o ¢ (G9°T'oT g g (8'9°€L G (97 (6% (97 9p-OSNQ
©SP ggpp grree) L3P WP gryngy QO | G gprimy GO @B pgripy  ELP | garip sty 69 p)
'S 8LT e 622 20T 09'9 29 16'T
£6'28 1075 £9'ET 691 ST'SY 2629 82'18 Vo'oY 86'T 26'61 15'6E 8168 SZOST  /8'8ET 16'L1 'a
qou v p) NQNW mwuwv (op) (9P N@Nm mm%v (we'p) | (€2rip) (w) @op) o' (w) @®Lp) ”o.% uﬁce ”o% wé am”_ﬁé f12d5
'S 08T T 80'T 2z 207 69' 622 €T 82T ize v’ 829 Jo'9 66T
HO-Z Z £ ®HJ-E ___ °*HO-W v S z € *HO-€ HO¥ v S 3 .z £ opaignodzor
T uny faouvjoryy 1 ynay £roueiony —(0)SHO=HO*HO

2'%Q © T DUBOII[[e BIRP YIAN g; € Hy (1A BYINGRL

69



Vysledky a diskuze

Postup izolace allithiolant D1 a D2 z modelové smési B uvadi Obrazek 57
a Obrazek 58. Z obou vzorki byla také izolovana smés stereoizomert allithiolanu D
(v chromatogramech oznaceny jako allithiolany Dy), které byly nasledné vyuzity

pro senzorickou analyzu (dale kap. 4.2.1).

_ 1,2 4 a) Frakce
£ PM 3
% 0.8 1 34,6 51,0
1
$0’4 J
2
0 T T T ~ ._““"_T ________________________ A T 1
0 10 20 30 40 50 60 70
Retencni ¢as [min]
Eo’g ) b) PM 3.3 - 75,9-77,9 min
o
S 06 - N\
1l
=
?( 0,3
0 . 1 | T T
0 20 40 60 780
Retencni ¢as [min]

'_|0,4 1 C) allithiolan D, -+ 23,3-27.3 min
£0,3 - Ny
=
(:072 ] . 28.8-293min
."i.o 1 i | allithiolan D,
UL A i
< e

0 5 10 15 20 25 30 35

Retencni ¢as [min]
Obrazek 57: C8-HPLC/PDA chromatogram extraktu:
a) modelové reakce B (3 hod) (Metoda F),
b) frakce PM 3 (Metoda H),
c) frakce PM 3.1 — izolace allithiolanti D; a Dy (Metoda I).
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Obrazek 58: C8-HPLC/PDA chromatogram extraktu:
a) modelové reakce B (3 hod) (Metoda F),

b) frakce PM 3 (Metoda H),
c) frakce PM 3.1 —izolace allithiolanti D, a Dy (Metoda I).

Allithiolany E

HPLC-MS analyza extraktu cibulového homogenatu prokazala ve frakcich AC 3 a AC
4 pritomnost jesté jedné skupiny sloucenin izomernich s allithiolany D, tedy se
sumarnim vzorcem CisH2603Ss (Tabulka VII). MS/MS fragmentace téchto latek
naznacovala velmi blizkou strukturni podobnost s dalSimi zdstupci allithiolanii
(Pfiloha 4). Struktura téchto sloucenin, trivialné oznacenych jako allithiolany E, byla
urcena na zakladé MS/MS fragmentace. V diisledku pfitomnosti velkého mnozstvi

stereoizomeru sloucenin izolovanych pomoci preparativni C8-HPLC (allithiolany Ex,
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Obrazek 59b), ptipadné vlivem piitomnosti dalSich koeluujicich slou¢enin (vzorky
AC 4.B—4.D, Obrazek 47), nebyla interpretace NMR spekter ziskanych vzorku

mozna.
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Obrazek 59: C8-HPLC/PDA chromatogram extraktu:
a) cibule kuchynské (Metoda A),
b) frakce AC 3 — izolace skupiny stereoizomerd allithiolanu Ex (Metoda J).

Na rozdil od allithioland D byl kvasimolekularni ion allithioland E ([M + H]* =
415 Da) v hmotnostnim spektru snadno pozorovatelny, zatimco fragment
m/z = 397 Da (typicky pro allithiolany D) zcela chybél. MS fragmentace allithiolant
E zahrnovala po sob¢ nasledujici odstépeni dvou C3HsS(O)- skupin (tj. 415 — 325 —
— 215 Da). Vzhledem ke zjevné strukturni piibuznosti s allithiolany A—D bylo vysoce
pravdépodobné, Ze jedna z téchto skupin je navazana na uhlik C-5, zatimco druha
C3HsS(O)— skupina je soucasti postranniho fetézce CeH110S3— navazaného na uhlik
C-2 v 3,4-dimethylthiolanovém kruhu (PFiloha 4). Na zaklad¢ detailni analyzy
ziskanych HRMS dat (véetné MS/MS fragmentace a izotopického zastoupeni)
a s piihlédnutim ke strukturdm a mechanismim vzniku jiz zndmych organosirnych
sloucenin ¢esnekovitych rostlin, bylo ve struktufe allithiolanti E na atomu uhliku C-2
thiolanového kruhu mozné ocekéavat piitomnost postranniho fetézce strukturné
odpovidajicitho cepaenim. Navrzenou strukturu allithiolanti E, kterd je ve vyborné

shodé se vSemi ziskanymi MS daty, uvadi Obrazek 60.
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O O
O N
S s
ad \;_2? \S/K/
allithiolan E

Obrazek 60: Struktura allithiolanu E.

Allithiolany Fa G

Identifikace allithiolanti E byla podnétem pro potvrzeni piitomnosti také jejich
methylovych a propylovych homologi, jejichz tvorba v cibulovém homogenatu se
jevila jako velmi pravdépodobna (s ohledem na znamou strukturu cepaenti, viz kap.
2.4.3). HPLC-MS analyzou byly skuteéné¢ detekovany dvé skupiny sloucenin
odpovidajiciho elementarniho slozeni, tj. C13H2403Ss (allithiolany F) resp. C1sH2g03Ss
(allithiolany G), Tabulka VII. Z divodu velmi nizké koncentrace téchto slouc¢enin
v extraktu by vSak jejich izolace preparativni HPLC byla pouze obtiZné proveditelna.
Ziskana MS/MS data (Priloha 4) vSak byla v pfesvéd¢ivé shodé s navrzenymi

strukturami, které jsou uvedeny na Obrazku 61.

(0] (0) O O
(‘)é s (‘)é s
-l \S/K/ = \5—( \S/K/
allithiolan F allithiolan G

Obrazek 61: Struktury allithiolanti F a G.

Allithiolany H

Jak jiz bylo uvedeno v ptredchozim textu, v pifipad¢ frakci AC 6 a AC 7 nebylo
dosazeno jejich uspokojivé HPLC separace. Zaroven s né€kolika stereoizomery
allithiolanti B—D (pfitomnych ve frakci AC 6) odhalila HPLC-MS analyza téchto dvou
frakci pfitomnost jesté¢ dal§i skupiny sloucenin, jejichz MS/MS fragmentace se
vyrazn¢ podobala fragmentaci allithiolani A—G. Velmi nizké zastoupeni téchto
slouCenin, pfitomnost mnoha stereoizomerd a koeluce s tadou dalSich sloucenin

pfitomnych v extraktu byly divodem neuspé$sné HPLC izolace vzorku pro NMR
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analyzu. Struktura téchto sloucenin, které ziskaly trivialni oznaceni allithiolany H, tak
byla uréena vyhradné na zédkladé MS dat a pted provedenim dalSich analyz je vhodné
Jji povazovat pouze za pravdépodobnou.

(+)ESI-HRMS data allithiolant H odpovidala elementarnimu sloZeni
CisH2403Ss  (Tabulka VII). MS/MS fragmentace poukazovala na odlisnost
allithiolani H od ostatnich skupin allithiolanti pouze ve struktufe jednotky navazané
prostiednictvim disulfidické vazby k uhliku C-2 3,4-dimethylthiolanového jadra.
Elementarni sloZeni této strukturni jednotky odpovidalo CeHeOS (RDB = 2). MS/MS
fragmentace allithiolantt H byla (stejn¢ jako u vSech ostatnich skupin allithiolanti)
zahdjena odtrzenim skupiny CHsCH=CHS(O)— (tj. 413 — 323 Da) a pot¢é nasledovana
odstépenim skupiny CsHsOS— (tj. 323 — 195 Da) navazané na uhliku C-2. Odtrzena
skupina CeHoOS— navic dle MS/MS dat ve vyznamné mife nepodléhala dalsi
fragmentaci, coz s nejvétsi pravdépodobnosti poukazovalo na nepfitomnost snadno
odstépitelnych funkénich skupin v této ¢asti molekuly (PFiloha 4). Navrzena struktura
allithiolant H (Obrazek 62) je ve vyborné shod¢ se vSemi ziskanymi MS daty
(MS/MS fragmentaci i izotopovymi pomery).

o
S-S\ _S=S. _S_o
allithiolan H

Obrazek 62: Pravdépodobna struktura allithiolanu H.

Allithiolany |

Béhem pokusi o izolaci allithiolani A—H byla zjisténa ptitomnost jeste jedné skupiny
izomernich sirnych sloucenin s velmi podobnou MS/MS fragmentaci s ostatnimi
allithiolany (P¥iloha 4). Zastoupeni této skupiny slou¢enin bylo v ¢erstvé piipraveném
extraktu cibule velmi nizké. Vyraznéj$i mnozstvi vSak bylo pozorovano jako diisledek
rozkladu allithiolanit A—H b&hem jejich izolace. Elementarni slozeni téchto sloucenin,
trivialné pojmenovanych allithiolany I, dle HRMS dat odpovidalo CisH3004Se
(Tabulka VII).
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Preparativni C8-HPLC byla izolovana smés fady stereoizomert allithiolanu I
(PM 3.1.1 a PM 3.3.1, Obrazek 42c a 43c), ktera vsak z divodu své komplexnosti
nebyla vhodna pro NMR analyzu. Nicméné MS/MS fragmentace téchto latek byla
ve vyborné shod¢ s navrzenou strukturou (Obrazek 63). Allithiolany I tak piedstavuji
organosirné slouceniny se zdaleka nejvyssi relativni molekulovou hmotnosti
(Mr = 503,8 Da) spontann¢ vznikajici pii zpracovani cibule, které byly doposud

v cibuli identifikovany.

CI) o
|

Q
S S__S-S
/\/ﬂ

allithiolan I

o

11

S\%\

95]

Obrazek 63: Struktura allithiolanu I.
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Struktury celkem deviti skupin allithiolanii identifikovanych v cibulovém homogenatu

jsou souhrnné uvedeny na Obrazku 64.
0
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Obrazek 64: Struktura allithioland A—1.

76

0

O
|
S

0
S S\ _s. S-S,

allithiolan B
(C12H200,84)

allithiolan C
(C12H2,0,84)

(0] (,? O\\ N
& S ST
S S

Y ﬁ \S/K/

allithiolan E
(C15Hp60335)

(@) (0]

N

STN—

?
S S\ s,
Nﬁ S

allithiolan G
(Cy5H,503S5)

o O
| I

(@] (0]
\é S S—s S él

allithiolan I
(C1gH30045¢)



Vysledky a diskuze

Tabulka VII: (+)ESI-HRMS data allithiolanti A—1.

allithiolany elesrllzeir(latjir " M teoreticka = Z)Z)];rimentélnia RDB
A Ci10H180284 298,5 299,0262 299,0254-299,0269 2
B C12H200254 324,5 325,0419 325,0412-325,0421 3
C C12H220284 326,6 327,0575 327,0569-327,0581 2
D Ci15H2603Ss 4147 415,0558 415,0551-415,0566 3
E Ci15H2603Ss 4147 415,0558 415,0554-415,0567 3
F Ci13H2403Ss 388,7 389,0402 389,0398-389,0409 2
G Ci15H2503Ss 416,7 417,0715 417,0714-415,0724 2
H Ci15H2403Ss 412,7 413,0402 413,0397-413,0408 4
I Ci18H3004S6 503,8 503,0541 503,0535-503,0551 4

2hodnoty pozorované pro rizné stereoizomery
®RDB — pocet kruhti a dvojnych vazeb

4.2.1 Organoleptické vlastnosti allithiolant

Senzorick¢ hodnoceni izolovanych skupin allithiolani probihalo pomoci
trojuhelnikového testu. Hodnoceny byly allithiolany A, B, D a E (ostatni skupiny
allithiolantt nebyly ziskany v dostatecném mnozstvi ¢i Ccistoté). Chut vsech
testovanych allithiolant byla hodnotiteli charakterizovana jako nepfijemnd, kovovée
hotka, pretrvavajici v ustech i n€kolik desitek minut po hodnoceni. Nebyly pozorovany
zadné vyrazné rozdily v chutovych profilech testovanych allithioland. Chut
allithiolanti svym charakterem ptesn¢ odpovidala chuti pozorované u homogenizované
cibule, cozZ potvrdilo, Ze tyto latky jsou skutené jejimi klicovymi nositeli. Vysledky
senzorické analyzy (tj. stanoveni prahu detekce v jednotkach pg/ml) pro allithiolany

A, B, D a E testované ve vodném roztoku uvadi Tabulka VIII.

Tabulka VIII: Vysledky senzorické analyzy allithiolani A, B, D a E.
allithiolan A B D E

prah detekce [ng/ml] 30 30 15 30

S ohledem na typicky obsah hlavniho prekurzoru vSech allithiolanti, isoalliinu, v cibuli

(okolo 0,4-0,6 mg/g Cerstvé cibule)*®®? a stanovenym hodnotdm prahu detekce
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allithiolanti (tj. 15-30 pg/ml, Tabulka VIII) je mozné odhadnout, ze senzoricky
detekovatelné mnozstvi allithiolanG v homogenizované cibuli vznikne jiz
pii enzymovém rozkladu pfiblizné 10—15 % celkového mnozstvi isoalliinu ptivodné
pritomného v nenaruSené cibuli (pro tvorbu 1 molu allithiolani A—I je vyzadovano

3—6 moli isoalliinu).

4.2.2 Mechanismus tvorby allithiolant

Isoalliin (10) je zjevné hlavni prekurzor vSech skupin allithioland popsanych v této
praci. Tento ptedpoklad byl potvrzen pomoci modelovych reak¢nich systému
sestavajicich z isoalliinu, methiinu a alliinasy (popf. alliinasy/LFS). Bylo zjisténo, ze
allithiolany B—E a G-I byly tvofeny v modelovém systému obsahujicim pouze
isoalliin  (10), kdeZto souCasna piitomnost methiinu (14) byla vyzadovana
pro tvorbu allithiolani A a F. Zna¢né odliSnosti v tvorbé allithiolani v modelovych
experimentech byly pozorovany pii pouziti alliinasy izolované z cesneku
¢i enzymového preparatu z cibule (obsahujiciho spolu s alliinasou i LFS). Tvorba
allithiolan A—-D, H a I v modelovych reakcnich systémech byla bez rozdilu
pozorovana pii pouziti alliinasy izolované z Cesneku i cibule. Naopak v ptipade
allithiolani  E—G dochazelo k jejich tvorbé pouze v pfitomnosti komplexu
alliinasa/LFS z cibule, coz potvrdilo zasadni lohu LF v procesu tvorby téchto tfech
skupin allithiolant.

Kondenzaci 1-propensulfenové kyseliny (23), vznikajici enzymové
katalyzovanym rozkladem isoalliinu (10), se tvoti S-(1-propenyl)-1-propenthiosulfinat
(24). Tento vysoce reaktivni thiosulfinat podléha spontannimu rozkladu za vzniku
2,3-dimethylbutandithial-S-oxidu (26).98183 [_ze predpokladat, ze karbofilnim atakem
dalsi molekuly 1-propensulfenové kyseliny (23) na 26 dochazi k tvorbé 3,4-dimethyl-
2-(1-propenylsulfinyl)-5-sulfanylthiolan-1-oxidu (42), ktery je velmi pravdépodobné
spole¢nym meziproduktem vsech allithiolant (Obrazek 65).
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Obrazek 65: Navrzeny mechanismus vzniku 42.

Sulfanylova skupina 3,4-dimethyl-2-(1-propenylsulfinyl)-5-sulfanylthiolan-1-oxidu
(42) nasledné reaguje s dalsimi slouceninami, které soubézné vznikaji v cibulovém
homogenatu a nesou —SS(O)— nebo —SOH funk¢ni skupiny. Da se tedy predpokladat,
ze allithiolany A, B a D wvznikaji reakci 42 s CH3SS(O)R/CHsSOH,
CH3CH=CHSS(O)R/CH3CH=CHSOH resp. se sultenem (25) ¢i cepathiolany (4).
Zatimco allithiolany E a F (obsahujici cepaenovy postranni fetézec) vznikaji reakci 42
s odpovidajicimi cepaeny ¢i meziprodukty pii jejich tvorbé, allithiolany I jsou
pravdépodobné tvofeny oxidaci dvou molekul 42, ptipadné disproporcionaci
allithiolani A—H bé&hem jejich izolace (Obrazek 66 a 67).

Propylova skupina allithiolant C a G muze pochazet z propiinu
(S-propylcystein-S-oxid, 15), ktery je v nizkém mnozstvi piitomen v cibuli. Tento
predpoklad vSak neposkytuje vysvétleni tvorby allithioland C a G také v modelovych
systémech obsahujicich pouze isoalliin (10) a alliinasu, kde propylova skupina
nepochybné vznikla z 1-propenylové skupiny isoalliinu (10). Mechanismus vzniku

propylovych fetézct téchto sloucenin tak ziistava stale nejasny.
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Obrazek 66: Pravdépodobny mechanismus tvorby allithiolantt A—1.
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Obrazek 67: Mechanismus tvorby hlavnich skupin dosud znamych organosirnych slouc¢enin

ve zpracované cibuli.
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4.2.3 Tvorba allithiolani v dalSich zastupcich rostlin rodu Allium

Bylo zjisténo, ze tvorba allithiolanli neni zaleZitosti pouze cibule kuchynské.
HPLC-MS analyza totiz prokazala ptfitomnost vSech deviti skupin allithiolanti také
vV homogenatu poru zahradniho, pficemz relativni zastoupeni jednotlivych skupin
allithiolanti bylo v porovnani s cibulovym homogenatem ponékud odlisné. Por
obsahoval vyrazné vyssi relativni mnozstvi allithiolanit C a H, naopak zna¢n¢ méné
pak allithiolant E a F oproti cibulovému homogenatu (Obrazek 68). Tyto odliSnosti
V obsahu allithiolant jsou pravdépodobné dusledkem potlacené aktivity LFS v poru.
Z tohoto diivodu je tvorba allithiolant E a F nesoucich cepaenovy postranni fetézec,

které pro svou tvorbu vyzaduji LF, v péru vyrazné snizena.
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Obrazek 68: (+)ESI-HRMS analyza allithiolanii v extraktu:
a) cibule kuchynské,
b) poru zahradniho (zobrazeny jsou pouze MS signaly allithiolani, pfitomnost
ostatnich slou¢enin neni zachycena).

82



Vysledky a diskuze

V homogenizovaném ¢esneku naopak vyznamna mnozstvi allithiolanli nevznikala.
Jediné slouceniny ,,allithiolanového* typu, identifikované v ¢esnekovém homogenatu
ve veétsim mnozstvi, mély shodné elementarni slozeni jako allithiolany B (tj.
C12H2002S4). Ackoli meély tyto slouCeniny témeéf identicka MS/MS spektra
s allithiolany B, liSily se v HPLC reten¢nich ¢asech. Lze predpokladat, ze tyto
slouceniny byly patrné izomery allithiolani B obsahujicimi 2-propenylovou
(allylovou) skupinu namisto 1-propenylové skupiny. Tii stereoizomery téchto
sloucenin, trivialné nazvané jako garlicniny Ci, C2 a Cs, byly nedavno izolovany

z Sesnekového homogenatu (Obrazek 69).848

0
I

?
S SN S,
Nﬁ NN

Obrazek 69: Struktura garlicninu C.8485

Absence vyrazného mnozstvi allithiolanti A-1 v ¢esnekovém homogenatu vSak neni
ptekvapiva. Zatimco isoalliin je hlavnim prekurzorem organosirnych sloucenin
v cibuli, jeho obsah v ¢esneku vétSinou nepiesahuje 10 % celkového obsahu vsech
cystein-S-oxida (viz Tabulku 1). Jako disledek této odlisnosti pravdépodobné
v ¢esneku nevznika dostateéné mnozstvi 1-propensulfenové kyseliny nutné pro tvorbu
allithiolantt A—I, vyZadujici reakci 3 az 6 molekul této kyseliny. Navic v ¢esneku
z divodu neptitomnosti LFS nedochdzi k tvorbé LF, ktery je nezbytny pro tvorbu
allithiolantt E-G.

4.3 Izolace a identifikace dalSich organosirnych sloucenin

V pribehu izolace a identifikace slouc¢enin zodpovédnych za hotkou chut’ zpracované
cibule byla z ptipravenych extrakti (popt. modelovych smési) izolovana i cela fada
organosirnych slou¢enin, které hoikou chut’ nevykazovaly. Casto se vsak jednalo
o latky strukturné zajimavé, v nékterych ptipadech v odborné literatuie jeste
nepopsané. V nasledujicich oddilech je popséna jejich izolace a identifikace,
organoleptické vlastnosti, jakoZ 1 studium jejich role pfi tvorbé neZadouciho rizového

zbarveni cibule.
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4.3.1 Onioniny

Onioniny A

Vyhodnoceni dat ziskanych pii HPLC-MS analyzach extrakti cibule odhalilo spolu
s allithiolany A—I také ptitomnost fady slou¢enin elementarniho slozeni CoH1602S2
(M + Na]" experimentalni 243,0472-243,0488 Da; teoreticka 243,0484). MS/MS
spektra téchto latek byla velmi podobnd a naznacovala, ze tyto slouCeniny budou
patrné stereoizomery spise nez konstituéni izomery.

Nékolik téchto latek bylo posléze izolovano preparativni C8-HPLC
z modelového reakéniho systému obsahujiciho isoalliin, methiin a alliinasu (modelova

reakce B, viz kap. 3.4.4) (piky PM 1.8, PM 1.10 a PM 1.12—1.14, Obrazek 70).

. 12 47 a) Frakce
= PM 1
% 0.8 171
I
&.0!4 |
]
<
O T T
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l Retenéni ¢as [min]
— b)
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I 5 PM110 PMLI3 5y, 1y
W N \ /
= 1 0 s E
-} N © g
< O k L e = \‘ T < T T
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PM 1.12 Retencni ¢as [min]

Obrazek 70: a) C8-HPLC/PDA chromatogram extraktu modelové reakce B (isoalliin, methiin
a alliinasa, reakce 3 hod (Metoda F).
b) Biphenyl-HPLC/PDA chromatogram extraktu frakce PM 1 modelové reakce B
izolace PM 1.8, PM 1.10 a PM 1.12—1.14 (Metoda L).

Slouceniny s oznatenim PM 1.10 a PM 1.14 byly podrobeny detailnéjsi analyze
a jejich struktura byla uréena na zakladé NMR, IC a MS/MS dat. Ukézalo se, Ze oba
vzorky byly smési nejméné dvou stereoizomeri. >*C NMR spektrum kazdého izomeru
obsahovalo devét signalti odpovidajicich 7 sp® (3 CHs— a 4 CH) a 2 sp? (—CH=)

hybridizovanym atomtm uhliku. Dal§imi NMR analyzami bylo potvrzeno, Ze tyto
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uhliky tvoii péti¢lenny 3,4-dimethyl heterocyklicky systém substituovany v pozicich
2 a 5. Zbyvajici tii uhliky tvofily skupinu CH3CH=CH-. Mezi témito dvéma
strukturnimi jednotkami nebyly v COSY NMR spektru pozorovany zadné korelace.
V HMBC spektru vykazovala 1-propenylova skupina korelaci s uhlikem C-5, coz
naznacovalo spojeni t€chto dvou jednotek prostfednictvim heteroatomového mistku

(Obrazek 71).

COSY korelace

‘/' 7
‘\&Z/ 77 13C-'H HMBC korelace
4-Me' 3-Me

Obrizek 71: COSY a HMBC NMR korelace pozorované u PM 1.10 (DMSO-dg).

Hodnoty 13C NMR posuntt CH=CH uhlik@ (J 129,4-132,8 a 137,5-139,5) odpovidaly
literarnim udajim pro CH3CH=CHS(O)— skupinu (Tabulka I11). V souladu s timto
predpokladem byla i MS/MS fragmentace obsahujici snadno odstépitelny fragment
[CsHsS(0)-] (tj. 221—131 Da) a intenzivni IC signal pii 1040 cm™* odpovidajici
sulfoxidové skupin¢ (—S=0) (PFilohy 7, 8 a 13). Geometricka konfigurace ptitomné
1-propenylové skupiny byla na zékladé *H NMR dat (Jch=cn = 15 Hz) vyhradné E
ve vSech izolovanych stereoizomerech.

NMR experimenty provadéné v DMSO-ds potvrdily piitomnost jednoho
vymeénitelného atomu vodiku vykazujiciho korelace s H-2 a C-2/C-3 v COSY resp.
HMBC spektrech (Obrazek 71). Pfitomnost tohoto atomu vodiku v hydroxylové
skupiné (—OH) spie nez sulfanylové (—SH) potvrdil charakteristicky IC signal
pii 3350 cm ™! a také MS fragment [M — H,0]" = 203 Da (Prilohy 7, 8 a 13).

Vyse uvedena data tak jasné prokazala, Ze slouc¢eniny PM 1.10 a 1.14 jsou
stereoizomery (E)-3,4-dimethyl-5-(1-propenylsulfinyl)thiolan-2-olu (Obrazek 72).

O
S__S_oH
/\/ﬂ

PM 1.10
PM 1.14

Obrazek 72: Struktura PM 1.10 a PM 1.14.
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Slouceniny elementarniho slozeni CgH1602S2, nesouci trivialni oznaceni onioniny
A1—As, byly jiz diive popsany védeckou skupinou Nohary. Pro tyto latky vSak byly
navrzeny dv¢ odlisné struktury (Obrazek 73). Struktura onioninu A (5a) dle EI-Aasr
a kol.!! obsahuje ve své molekule thialovou funkéni skupinu —SHO (po objeveni
dalsich sterecoizomerti byva oznacCovan jako onionin Aj), zatimco onionin A>—A3
(5a—c), které jsou uvedeny v publikaci Nohary a kol.,'* ve své molekule obsahuji
—SOH skupinu. Pfitomnost obou téchto funkcnich skupin je vSak z divodu jejich

mimotadné reaktivity vysoce nepravdépodobna.

g g i {
S
S 1y, S I, S
\/\;_? ‘I 7 QA “OH ~ q “OH
onionin A, (5a) onionin A, (5b) onionin A; (5¢)

Obrazek 73: Struktury onioninu A; (5a)! a onioninti A;—As (5b—c).%*

Dukladné porovnani NMR dat izolovanych slou¢enin PM 1.10 a PM 1.14
(Tabulka IX) s daty publikovanymi pro onioniny A (Tabulka X) prokazalo u dvou
stereoizomerti (PM 1.14B a PM 1.10A) témé&f identické 'H a 3C NMR posuny,
multiplicity signalli i interak¢éni konstanty s hodnotami publikovanymi pro onioniny
A1 a A2. Zavéry provedenych analyz tedy potvrdily ptedpoklad, ze obé& struktury
onioninu A, navrzené El-Aasr a kol.,'! resp. Noharou a kol.,}* jsou nespravné.
Obrazek 72 uvadi strukturu onioninid A, ktera je v plné shod¢ s vysledky v§ech nami
provedenych analyz (NMR, HRMS, IC) (P¥ilohy 7,8 a 13). Zbylé dva izolované
stereoizomery, tedy PM 1.10B a PM 1.14A, byly analogicky pojmenovany trividlnimi

nazvy onionin Az a Aes.
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Tabulka IX: 'H a 13C NMR data vzorki PM 1.10 a 1.14.2

iZomer rozponstedlo 3 7 T 5 7 4CH, _ 3CHs 3 2 2-OH
1,96 6.5 6,17 2.26 2,00
: * : 4,06 : 1,19 1,09 : 5,11
(dd; 6,8; (dg; 15,1; (dqg,; 15,1; " (ddg; 10,8; N N (ddg; 10,8; . n.o.
CDCls 16) 6,8) 16) (d;5,2) 52 6,8) (d; 6,8) (d; 6,7) 3,6.6.7) (d; 3,6)
1787 13754 12943 7530 37,34 1982 1353 548 87,34
1-10A 187 6,38 6,52 06 2.23 11 006 1,90 5.18 o4
(dd; 6,8;  (dg; 15,0; (da; 15,0; V (ddg; 11,3; 7 5 (ddg; 11,3; (dd; 6,6; N
DMSO-ds 1.9 68) 16 @™ aen @D @8N T59'67) 59 (@66
1707 13618 13298 7267 4190 1810 1327 5270 8396
1,92 6,50 6,30
@68 (dg151L (dg151 90, 22 LB L2 S 813
CDC|3 1,6) 6,8) 1,6) ( , 711) (m) ( , 617) ( , 617) (m) ( , 715)
1785 137,00 13280 7282 37,34 1935 1566 5448 87,81
1-108 1,86 6,35 6,48 o 1,99 Lo 098 179 5,02 oo
(dd; 6,8; (dg; 15,0; (dg; 150, \'5 7y (dda; 1045 e d66) (dda;104; (dd;82; 17,
DMSO-ds  16) 6.9) 16 @74 4e7 @60 (68 Tgolse 7y @72
1725 13604 13337 7103 4192 1874 1488 5303 8681
191 6,46 6,00
: ’ ' 4,03 2,03 1,24 112 1,88 5,26
dd; 6,8; dq; 15,0; (dg; 15,0; ” ! . . ! . n.o.
CDCls ¢ 1,6) ¢ qﬁ 8) ¢ ql 6) (d;9,2) (m) (d;6,6)  (d;6,5) (m) (d; 8,5)
1785 13759 13154 7485 4098 1696 1509 5348 87,35
1-14A 119 6,29 6,40 2 2,05 116 005 1,90 5,10 o
@67 (155 (dg151; 20 (dg112 0 D (ddg1ig @70 O34
DMSO-de  15) 6.7) 15) @78 Tygeqn’ @67 (d67) Tagign Tagt  (@70)
1722 13569 13226 7566 4098 1696 1343 5278 8244
1,92 6,50 6,05
(dd; 6,8; (dg; 15,2; (dq; 15,2; d41049 218 dl_’go dl_’gS 1,99 dSI,gZ n. o.
CDCls 1,6) 6,8) 1,6) (d;5,9) (m) (d:6,7)  (d;67) (m) (d; 3,5)
1800 13953 13148 7901 4268 1813 1378 5480 8335
1-148
(dé;866,7; ( dqe;'ig,o; ( dqf'igo; 4,25 1,79 115 0,99 e dézgél; 6,23
DMSO-ds 1,5) 6,7) 15) (d; 8,5) (m) (d; 6,3) (d; 6,2) (m) 7,3) (d;7,3)
1712 13480 13241 72,87 4086 1685 1488 5269 8630

2 chemické posuny ¢ jsou uvedeny v ppm a interakéni konstanty J v Hz

®n. 0. — nepozorovano

Q
2 \S S OH
5 2
3 N 4 3
4-Me 3Me 4-Me 3-Me
PM 1.10 onionin A, (5a)
PM 1.14

Tabulka X: *H a 3C NMR data onionint A1, A, a Az.2

4-Me

3-Me

onionin A, 3 (Sb—c)

izomer rozpoustédlo 3' 2' 1 5 4 4-CHs 3-CHs 3 2 2-SHO

1190 . 6_'46 . 6_’03 . 4,01 2,16 1,28 1,05 1,97 4_’99 . 4,31

@69 (@150, (06138 (oo @6 @6  (m 0% oo
Alb CDCl3 1,7) 6,8) 1'7) Ee] 1 Oy 1 Oy 3'4) ’ i

18,3 139,6 131,7 79,2 42,9 18,1 13,9 55,0 83,5

1,95 6,52 6,15

Ghen (in Gyin SM 2 T L0 amo s
Az CDCls 1,7) 6,9) 1,7 i ) 9, ) 6, 73,

18,0 137,7 129,6 75,5 37,4 20,0 13,7 55,0 85,8

1,91 6,47 6,06 3,97 2,30 1,37 1,11 1,98 5,05 no
A coCls (d;6,9) (m) (d;137)  (d;57) (m) (d;64) (d73) (m) (d; 3,5)

17,9 1394 130,8 77,8 50,8 18,1 15,9 53,4 89,9

8 chemické posuny 0 jsou uvedeny v ppm a interak¢ni konstanty J v Hz

b El-Aasr a kol.1!
¢ Nohara a kol.**
4. 0. — nepozorovano
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Onioniny B

Nalezeni onionini A vedlo k hledani také jejich methylovych homologt, jejichz
pfitomnost v extraktu cibule byla velmi pravdépodobnd. Ne¢kolik sloucenin
s ocCekdvanym elementarnim slozenim (tj. C7H1402S2) bylo pomoci HPLC-MS
skute¢né detekovano ([M + Na]* experimentalni 217,0324-217,0331 Da; teoreticka
217,0327), ovSsem jejich obsah v extraktu byl natolik nizky, ze by jejich izolace
preparativni HPLC byla jen tézko proveditelna. Dvé z téchto slouc¢enin (PM 1.1 a PM
1.2, Obrazek 74) tedy byly izolovany z modelového reakéniho systému obsahujiciho
isoalliin a methiin (modelova reakce B, viz kap. 3.4.4) a nasledn¢ byly obé tyto latky
identifikovany pomoci NMR a MS (P¥iloha 8).

.—.1’2 7/a) Frakce
E PM 1
% 0.8 1 17,1
1
&0,4 |
-]
<
WWM%__&F
0 10 20 30 40 50 60 70
l Retencni ¢as [min]
g3 O
o PM1.1
S 2 A
1 PM 1.2
5 1 gf n” l
< 0 N L; " 78 : ‘ ‘ —
0 10 20 30 40 50

Retencni ¢as [min]

Obriazek 74: a) C8-HPLC/PDA chromatogram extraktu modelové reakce B (isoalliin, methiin
a alliinasa, reakce 3 hod (Metoda F).
b) Biphenyl-HPLC/PDA chromatogram extraktu frakce PM 1 modelové reakce B —
—izolace PM 1.1 aPM 1.2 (Metoda L).

Ziskana 'H a 3C NMR data (Tabulka X1) potvrdila v obou slou¢eninach piitomnost
peticlenného 3,4-dimethyl heterocyklu nesouciho dal$i substituenty v polohach 2 a 5,
spolu s jednou izolovanou CHs— skupinou a jednou —OH skupinou. Hydroxylovy
vodik vykazoval COSY korelaci s vodikem H-2, zatimco methylovd skupina

poskytovala HMBC signal s uhlikem C-5 (Obrazek 75). *C NMR posuny uhliku této
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methylové skupiny (0 35,2 resp. 37,4) byly plné v souladu s literarnimi udaji pro
skupinu CH3S(O)— (viz Tabulka I11).

Tabulka XI: 'H a 13C NMR dataPM 1.1a 1.2.

izomer  rozpoustédlo 1' 5 4 4-CHs 3-CHs 3 2 2-OH
2,58 4,01 2,49 1,34 1,14 2,07 5,15 4,00
PM11 cDCls (s) (d; 5,3) (m) (d; 6,8) (d;6,7) (m)  (dd;10,3;3,7) (d; 10,3)
=By 35,16 74,50 38,34 20,15 13,47 55,21 85,54
2,46 3,86 2,85 1,25 0,99 2,49 5,01 4,44
ey cock ©) (d; 65) (m) @70 (@71 (m) (br m) (br m)
37,38 77,04 40,16 14,76 13,78 51,56 87,80

2 chemické posuny ¢ jsou uvedeny v ppm a interakéni konstanty J v Hz
®n. 0. — nepozorovano

COSY korelace

77N !3C - 'H HMBC korelace

Obrazek 75: COSY a HMBC NMR korelace pozorované u PM 1.1.

Vsechna ziskana spektroskopickd data tak byla v naprosté shod¢ s predpokladanou
strukturou (Obrazek 76). Tato sloucenina, systematickym nazvem 3,4-dimethyl-
5-(methylsulfinyl)thiolan-2-ol, nebyla dosud v odborné literatue popsana. Analogicky
k trividlnimu nadzvu jejich 1-propenylovych homologi byly tyto dva stereoizomery

pojmenovany onionin B a Bo.

onionin B

Obrazek 76: Struktura onioninu B.

89



Vysledky a diskuze

Onioniny C

Spolu s onioniny A a B byly v extraktu cibule i v modelovych smésich nalezeny také
sloueniny sumarniho slozeni CoH1802S; ([M + Na]® experimentalni
245,0635—245,0643 Da; teoreticka 245,0640 Da). Z divodu jejich koeluce s jinymi
slozkami pfitomnymi v extraktu nebyly podniknuty pokusy o jejich izolaci pomoci
preparativni HPLC. Nicmén¢ ziskana MS/MS spektra (PFiloha 8) jasné naznacila, ze
se jedna o propylové homology onioninti A a B. Tyto latky, v odborné¢ literature rovnéz

dosud nepopsané, byly pojmenovany onioniny C (Obrazek 77).

onionin C

Obrazek 77: Struktura onioninu C.

4.3.2 Cepadithiolakton A

Sloucenina AC 5.G, charakteristicka svou velmi vyraznou absorpci v UV oblasti
(Amax = 310 nm), byla izolovana z frakce AC 5 extraktu cibule pomoci preparativni
C8-HPLC (& = 52,8 min, Obrazek 78b). HRMS data této latky odpovidala
elementarnimu slozeni CsH100S, ([M + H]" experimentalni 163,0248 Da; teoreticka

163,0246 Da).
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Obrazek 78: C8-HPLC/PDA chromatogram extraktu:
a) cibule kuchyiiské (Metoda A),
b) frakce AC 5 (Metoda B),
¢) 2D chromatogram frakce AC 5 (Metoda B).

NMR analyza odhalila v izolovaném vzorku pfitomnost celkem tfech stereoizomert.
V souladu se zjisténym elementarnim slozenim obsahovalo *C NMR spektrum
kazdého izomeru celkem Sest signald odpovidajicich dvéma CHs— skupinam
(0 12,4-17,3), ttem CH atomdm uhliku (6 50,0-89,5) a jedné C=X skupiné
(0 247,5-248,1). COSY, HSQC a HMBC NMR experimenty nasledné potvrdily, ze
tyto atomy uhliku tvofi péticlenny 3,4-dimethyl heterocyklus substituovany v pozicich
2 a 5. Ptitomnost jednoho vyménitelného atomu vodiku v molekule byla potvrzena
NMR experimenty provedenymi v DMSO-de. V COSY a HMBC NMR spektrech
vykazoval tento vodik korelace s H-5 resp. C-5/C-4 (Obrazek 79). V souladu s vyse
uvedenymi daty byly celkem tfi struktury uvedené na Obrazku 79.
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COSY korelace

77 13Cc-'H HMBC korelace

ojiz/SH Sj/i( SH sj/iz/OH

Obriazek 79: COSY a HMBC NMR korelace pozorované u AC 5.G (v DMSO-ds, horni obrazek).
Mozné struktury pro latku CsH100S; vyhovujici vyse uvedenym datiim (spodni obrazek).

Znaéné anomalni 3C NMR posun C=X uhliku (6 247,5-248,1) jasné odpovidal
y-dithiolanktonové skuping —SC(=S)CH—,® naopak vyvratil uspotadani odpovidajici
y-thiolaktonu —SC(=0)CH— nebo y-thionolaktonu —OC(=S)CH—, nebot *C NMR
posuny v téchto funkénich skupinach se pohybuji kolem 6 209 resp. 222 (Tabulka
XI1).878 Ptitomnost y-dithiolanktonové &asti v molekule byla také v naprostém
souladu s pozorovanym absorpénim maximem Amax = 310 nm (Amax y-thio-
a y-thionolaktond se pohybuji kolem 235 a 250 nm).2° IC spektrum AC 5.G obsahovalo

charakteristicky signdl pfi 3350 cm!

odpovidajici ptitomnosti —OH skupiny
v molekule, coz bylo podpoieno i MS/MS spektrem obsahujicim intenzivni ion
m/z = 145 Da (tj. [M + H]* — 18) (PFiloha 9 a 13).

Na zéklad¢ vySe uvedenych spektralnich dat mohla byt struktura izolované
sloueniny AC 5.G jednozna¢éné urcena jako S5-hydroxy-3,4-dimethylthiolan-
2-thion (Obrazek 80). Tato sloucenina dosud nebyla ve védecké literatuie popsana.
Dle vSech dostupnych informaci se navic jedna o viibec prvni pfirozené se vyskytujici

y-dithiolakton. Vzhledem k velmi blizké strukturni pifibuznosti s cepathiolany A

ziskala tato slou€enina trivialni ndzev cepadithiolakton A.

S j/i( B
cepadithiolakton A

Obrazek 80: Struktura cepadithiolaktonu A.
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Tabulka XII: 'H a *C NMR data cepadithiolakton®i Aj, Az a Az.2

izomer  rozpoustédlo 5-OH 5 4 4-CH; 3-CH3; 3 2
o 571 2,28 1,30 1,35 2,72
CDCl; o (d; 4,3) (m) d;7,1) (d; 6,7) (m)
85,44 50,66 14,10 16,21 50,24 248,13
A 7,00 575 « dzzofo N 118 1,26 « Zig N
DMSO-ds (d:70)  (@d8272) g g; 5 6') ; (d; 6,6) (d; 6,6) qé 6), ;
89,60 52,78 15,62 16,53 61,74 248,96
no 5,67 2,16 131 1,40 2,46
cocl, - (d: 7.8) (m) (d: 6.9) (; 6,7) (m)
89,51 54,07 16,42 17,28 62,73 246,45
Ae 6,76 5,77 (d d212120 g 1,15 1,24 (d 21(1) N
pMso-d, (@69 (@heeas) N @6 (d; 6.8) %8
86,43 50,12 14,03 16,13 59,72 251,05
o 5,62 2,85 1,03 1,29 3,35
cocl, - (d: 25) (m) @ (@ (m)
89,47 50,04 12,42 14,26 58,49 247,52
A 7,01 5,71 2,71 0,93 1,17 3,30
DMSO-ds (d; 6,5) (dd; 6,5; 3,2) (m) (d; 7,0) (d; 7,0) (m)
90,61 49,42 12,10 14,38 59,25 250,52

2 chemické posuny ¢ jsou uvedeny v ppm a interakéni konstanty J v Hz
b n. 0. — nepozorovano

3-Me 4-Me

cepadithiolakton A
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4.3.3 Cepathiolany
Cepathiolany A

Z extraktu modelové reakce A (viz kap. 3.4.3) byly preparativni C8-HPLC izolovany
také piky PM 0.4—0.6 (Obrazek 81). Na zaklad¢ ziskanych HRMS dat bylo ziejmé,
7e se jedna o stereoizomery elementarniho slozeni CoHi602Sz ([M + Na]*
experimentalni 275,0198-275,0206 Da; teoretickd 275,0205 Da). Vysledky NMR
(Tabulka X111), MS/MS a IC analyz jasné potvrdily, Ze izolované sloudeniny jsou
(E)-S-(5-hydroxy-3,4-dimethylthiolan-2-yl)-1-propenthiosulfinaty (PFilohy 10 a 13).
Dva stereoizomery téchto sloucenin, trivialné pojmenovanych jako cepathiolany A
a A, byly jiz diive popsany Yoshidou a kol.? a Aoyagim a kol.!2 Dle ziskanych NMR
dat témto dvéma znamym stereoizomerim odpovidaji laitky PM 0.6A a PM 0.6B,
zatimco slouc¢eniny PM 0.4, PM 0.5A a PM 0.5B jsou dal$imi, nové popsanymi

stereoizomery, které byly analogicky pojmenovany cepathiolany Az, As a Aes.

. 35,5-36,8 min

15 4 _ in B
,E‘ 33,8-35,1 min 'f; ! J =240 nm
S PMOSAB | | |i PM0O6AB —— /=310nm
§ PMO4 x| d i
oY) .

105 - 3
2 i
< 9 A A__/\/L L. /\ .

10 20 30 » 40 50
Retenéni ¢as [min]
Obriazek 81: C8-HPLC/PDA chromatogram extraktu modelové reakce A (isoalliin, methiin a alliinasa,
reakce 1 min) (Metoda M).

o

N
5 2
‘\ COSY korelace
4 3
N/ w 77\ C-!H HMBC korelace
3-M

e

X
N\
H

2! X
4

-Me

Obrazek 82: COSY a HMBC NMR korelace pozorované u PM 0.4 (v DMSO-ds).
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CepathiolanyBa C

Ptitomnost cepathiolanii A v cibulovém extraktu byla divodem pro hledani také jejich
methylovych a propylovych homologt, které dosud nebyly v odborné literatuie
popsany. Skupiny sloufenin ocekavaného elementdrniho slozeni (C7H1402S3
a CgH1802S3) byly skute¢né pomoci HPLC-MS v cibulovém extraktu nalezeny, ov§em
V koncentracich, které neumoznovaly jejich izolaci preparativni HPLC. Navzdory
tomu ziskana MS/MS spektra (Piiloha 11 a 12) poskytla pomérné presvéd¢ivy diikaz
o spravnosti navrzenych struktur (Obrazek 83). Methylové resp. propylové homology

cepathiolanu A tak ziskaly trividlni oznaceni cepathiolany B resp. cepathiolany C.

S-S\ _oH S-S\ _oH
S\\ — S\\

(0] (0)

cepathiolan B cepathiolan C

Obrazek 83: Struktury cepatiolanu B a C.

4.3.4 Mechanismy tvorby onioninii, cepadithiolaktonu a cepathiolanii

Jak jiz bylo uvedeno v Gvodni ¢asti této prace (viz kap. 2.4.3, Obrazek 27),
mechanismus tvorby cepathiolanii A, navrzeny Aoyagim a kol.'®, sestava z reakce
1-propensulfenové kyseliny (23) se sultenem (25) vznikajiciho z S-(1-propenyl)-
1-propenthiosulfinatu (24). Lze ptedpokladat, ze i ob& nové objevené skupiny
cepathiolanti (cepathiolany B a C) vznikaji analogickym mechanismem, tedy reakci

25 s methansulfenovou (27) resp. propansulfenovou kyselinou (28) (Obrazek 84).

H R: —CH3
) —CH=CHCH;
= S
S S OH
R-s
\
(0]
(25) cepathiolan A, B, C

Obrazek 84: Mechanismus vzniku cepathiolanii A, B a C.
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Cepadithiolakton A je patrn¢ tvofen rozkladem cepathiolani A—C dle schématu
uvedeného na Obrazku 85. Analogickym mechanismem dochazi k rozkladu
thiosulfinat na sulfenové kyseliny a thioaldehydy (viz kap. 2.4.1, Obrazek 17).

St S\_OH S= S\, _OH -~
2
s R O G
O
cepathiolan A (4) cepadithiolakton A 23)

Obriazek 85: Mechanismus vzniku cepadithiolaktonu A rozkladem cepathiolanu (4).

Vyse uvedeny mechanismus vzniku cepadithiolaktonu A je v plném souladu
s experimentalnimi pozorovanimi, nebot’ tvorba téchto latek byla zaznamendna béhem
NMR analyz cepathiolanii A. Pfi téchto métenich (v CDCls i DMSO-ds) dochazelo
k rozkladu cepathiolanti A za sou¢asného vzniku cepadithiolaktont A.

Naopak mechanismus tvorby onioninit A—C zustava nejasny.

4.3.5 Organoleptické vlastnosti

Senzorickou analyzu cepadithiolaktonu A (Obrazek 78b) a onioninu A (piky PM 1.10
aPM 1.14, Obrazek 70b) provadélo celkem 5 hodnotitell (3 Zeny, 2 muzi; 2951 let).
Obé testované slouceniny shodné vykazovaly jemné, pfijemné aroma, pfipominajici
tepelné¢ upravenou cibuli s houbovym ¢i mirn€ ofechovym nddechem. VSechny
hodnocené vzorky mély velmi podobnou chut, kterou bylo mozné popsat jako
ptijemné cibulovou ¢i cesnekovou. Na rozdil od allithiolanti Zadny ze vzorki
nevykazoval nepfijemnou, kovové hotkou chut. Chutovy préh detekce
pro cepadithiolakton A byl stanoven na 10 ppm, v ptipadé onioninu A na 5 ppm.
S ptihlédnutim k relativné nizkym prahtim detekce lze ptedpokladat, ze onioniny A
I cepadithiolaktony A pravdépodobné maji vyznamny vliv na chut’ i viini zpracované
cibule. Naopak prispévek jejich methylovych a propylovych homologt, tedy onioninti

B a C, je vzhledem K jejich mnozstvi pravdépodobné mén¢ vyznamny.
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4.4 Proces ruzovéni

Tvorba rizového zbarveni je Casto pozorovanym jevem pii zpracovani cibule (viz kap.
2.5.1). Prekurzorem téchto sloucenin byl oznacen isoalliin, pfipadné thiosulfinaty
obsahujici 1-propenylovy fetézec.!’1973

Za Gcelem zjisténi, zdali se nékteré ze sloucenin popsanych v této praci mohou
téz podilet na procesu ruzovéni, byla pomoci modelového systému testovana
schopnost allithiolanu B a D, onioninu A, cepadithiolaktonu A a cepathiolanu A tvofit
rizové zbarveni. Testovana latka byla smichana s vodnym roztokem alaninu.
Po 1 hodin¢ byl do tohoto modelového systému piidan formaldehyd. Tvorba
barevnych sloucenin byla pozorovana spektrofotometricky naristem absorbance pfi
vlnové délce 510 nm.

Vysledky téchto experimentd jsou zachyceny na Obrazku 86. Intenzivni
tvorbu barevnych latek bylo mozné pozorovat pouhym okem pouze u cepathiolanu A
(vialka 5), coz je v souladu s praci Kata a kol.”> Mnohem pomalejsi a vyrazné méné

intenzivni tvorba riZzového zbarveni byla zaznamenana v ptipad¢ onioninu A (vialka

2), zatimco ostatni testované latky poskytly negativni vysledek.

1 2 3 4 5

Obrazek 86: Tvorba rizového zbarveni testovanych latek: (1) allithiolan B, (2) onionin A, (3)
allithiolan D, (4) cepadithiolakton A a (5) cepathiolan A.

Ziskané vysledky naznacuji, Ze schopnost cepathiolanu A podilet se na tvorbé
riZzového zbarveni je spojena s ptfitomnosti skupiny CH3CH=CHS(O)S— spiSe nez
S ptitomnosti thiolanového jadra. To odpovida i zavérim piedchozich studii, které
oznac¢ily za hlavni prekurzory téchto barevnych latek thiosulfinaty obsahujici

1-propenylovou skupinu. 171973
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5 Z.avér

Tato disertacni prace ukazala, ze kaskada reakci vyvoland enzymové katalyzovanym
rozkladem isoalliinu je vyrazné¢ komplexnéjsi, nez se doposud predpokladalo.
V pribéhu této prace se podatfilo dokazat, ze spolecné s LF, thiosulfinaty, cepaeny,
zwiebelany, bis-sulfiny, onioniny A a cepathiolany A pfi zpracovani cibule spontanné
vznikd jesté dalsi, mimotadné rozsahla skupina dosud neznamych sloucenin trivialné

pojmenovanych allithiolany A—I (Obrazek 87).

o

o o 9 o
\ S \ S \\ S
S S, S S, S S,
o~ j_? s— o~ j_? S W j_( SN
allithiolan A allithiolan B allithiolan C
(C10H180554) (C12H0,84) (C12Hp0,8))
O (6] O
o I 0 I g\
S
§__S__s-5._S__on S_S_ s v
allithiolan D allithiolan E
(Cy5H60585) (C15Hp603S5)
Q ('g N Q E O\\S/\/
S S S S
P j_? A o~ j_? A
allithiolan F allithiolan G
(C13H240585) (Cy5Hp303S5)
(0] (0] (@]
C\)\ I C\)\ X I 9
S S _s—s._S_o S S\ _S—=S. _S_s
allithiolan H allithiolan I
(Cy5H40585) (C18H30043¢)

Obrazek 87: Struktury nové identifikovanych skupin allithiolanti A—1I.

Allithiolany mohou negativné ovlivnit organoleptické vlastnosti homogenizované
cibule kvuli jejich intenzivné hotké chuti. Jelikoz je do tvorby allithiolani zapojeno
3—6 molekul 1-propensulfenové kyseliny, 1ze odhadnout, Ze allithiolany nalezi mezi

slouCeniny, k jejichz tvorbé je vyuzita velmi podstatna cast z celkového mnozstvi
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1-propensulfenové kyseliny, ktera je formovana enzymové katalyzovanym rozkladem
isoalliinu.

Pfitomnost neznamych slouc¢enin molekulové hmotnosti 298 (C10H1802S4),
324 (C12H2002S4) a 326 Da (C12H2202S4) Vv cibulovych extraktech byla pozorovana
Blockem jiz pied 25 lety.*’ Tento autor predpokladal, Ze tyto slou¢eniny by mohly byt
skupinou izomerd se strukturou podobnou cepathiolanim A, ve které je hydroxylova
skupina nahrazena skupinou CHsCH=CHS(O)—. Vysledky této diserta¢ni prace vSak
ukazaly, ze témito neznadmymi slouCeninami jsou s nejvétsi pravdépodobnosti
allithiolany A, B a C.

Ackoli je tvorba allithiolanii ve zpracované cibuli technologicky velmi
nezadouci, jedna se o zcela pfirozeny jev. Na zdkladé provedenych experimentt 1ze
prohlasit, ze patrné¢ nebude mozné vzniku allithiolan( zabranit bez soucasné ztraty
charakteristickych senzorickych vlastnosti, pro které si cibule ziskala oblibu po celém
svété. Patrné nejlepSim doporucenim pro bézné konzumenty, jak ptedejit zhorknuti
cibule, je, aby cibuli zpracovévali az tésné pted jejim vlastnim pouzitim.

Z dtvodu pohodInéjsiho kuchyniského zpracovani ddva mnoho spotiebitelll
prednost kultivarim cibule, které vykazuji pouze mirné slzotvorné ucinky
(tzv. tearless onions). U béznych odrid cibule je vétsina 1-propensulfenové kyseliny
LFS okamzité¢ pfeménéna na slzotvorny LF, zatimco u vyslechténych ¢i geneticky
modifikovanych odriid cibule je aktivita LFS vyrazné snizena.®® Vysledky ziskané
Vv této praci vSak naznacuji, Zze potlacenim aktivity LFS se cibule pravdépodobné stane
béhem jejiho zpracovani mnohem nachylnéjsi ke vzniku nepiijemné hotké chuti
Vv dtsledku zvySené tvorby allithiolani. Z téchto diivodl pak I1ze konstatovat, Ze cibule
s potlacenou aktivitou LFS pravdépodobné nebude pfili§ vhodna pro primyslové

zpracovani.

Sji?OH
cepadithiolakton A
CeH (0S8,

Obriazek 88: Struktura nové identifikované slouceniny cepadithiolaktonu A.

Kromé¢ allithiolanh A-1 se v priabéhu této prace podafilo izolovat

a identifikovat jesté n€kolik dalSich, v odborné literatuie dosud nepopsanych sloucenin

obsahujicich 3,4-dimethylthiolanovy skelet. Mezi tyto nové objevené latky patfi tfi
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stereoizomery cepadithiolaktonu A (Obrazek 88), které jsou s nejvetsi
pravdépodobnosti prvnimi znamymi zastupci pfirozené¢ se vyskytujicich y-dithio-
laktonti. Senzorické vlastnosti téchto sloucenin byly na rozdil od allithiolanti pfijimany
pozitivné. Hodnotitelé ptirovnavali jejich chut’ a vini k tepelné upravené cibuli nebo
¢esneku s houbovym ¢i ofechovym nadechem.

Béhem izolace a identifikace hotkych latek cibule kuchyiiské byly izolovany
také slouceniny elementarniho slozeni CoH1602S2, které se jiz staly soucasti dvou

studiitt

a pro sviij pavod ziskaly trivialni oznaceni onioniny A. Rozporuplné zavéry
téchto praci byly divodem pro ovéteni jejich struktury. Provedené analyzy potvrdily
ptedpoklad, Zze piivodné navrzené struktury onionintt A jsou nespravné. Na zakladé
prukaznych spektroskopickych dat byla struktura onionint A urCena jako

(E)-3,4-dimethyl-5-(1-propenylsulfinyl)thiolan-2-ol (Obrazek 87).

onionin A; (5a) onionin A,_; (Sb—c)
El-Aasr a kol.'! Nohara a kol.'*
N J
Y
? ? ?
S—_S\_OH S—_S\_OH S_S\_oH
onionin A (5) onionin B onionin C
opravena struktura C,H,,0,S, CoH,30,S,

Obrazek 89: Publikované struktury onioninu A (5a—c)'*'*a opravena struktura (5), struktury nové
identifikovanych onioninti B a C.

Spolu s onioniny A byly v cibuli identifikovany jesté dvé dalsi, ve védecké literatuie
dosud nepopsané skupiny jejich methylovych a propylovych homologt, trivialné
nazvanych onioniny B a C (Obrazek 89). Dal§imi nové nalezenymi skupinami

organosirnych slou¢enin jsou také cepathiolany B a C (Obrazek 90).
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S

S OH S OH
S\\ — S\\
o (0]
cepathiolan B cepathiolan C
C7H,40,85 CoH 50,85

Obrazek 90: Nové identifikované organosirné slouceniny cibule — cepathiolan B a C.

Podobné¢ jako cepadithiolaktony A byly i onioniny A ze senzorického pohledu
hodnotiteli pfijimany kladn¢ a jejich chut’ a viin€ byly pfirovnavany K tepelné upravené
cibuli nebo ¢esneku s houbovym ¢i ofechovym nadechem.

Nezodpoveézenou otdzkou ovSem stale zustavaji biologické vlastnosti nove
objevenych skupin 3,4-dimethylthiolani popsanych v této praci. Vzhledem
k celosvétové popularité cibule se tak studium biologické aktivity téchto latek zda byt

nanejvys aktudlni.
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7 Pouzité zkratky

4-SP
COSY
DART
DCM
DEE
DMSO
El

ESI
FAO

FTIR
GC
GC/IMS
HMBC
HPLC
HRMS
HSQC
IC
IUPAC
LF
LFS
MCT
MS
MS/MS
MWCO
NMR
NTB
PDA
ppm
PTFE
RDB

4-sulfanylpyridin

correlation spectroscopy

direct analysis in real time

dichlormethan

diethylether

dimethylsulfoxid

electron impact

electrospray ionization

Food and Agriculture Organization of the United
Nations

Fourier transformation infrared spectroscopy
gas chromatography

gas chromatography/mass spectrometry
heteronuclear multiple bond correlation

high performance liquid chromatography
high resolution mass spectrometry
heteronuclear single quantum correlation
infracerveny

International Union of Pure and Applied Chemistry
lachrymatory factor

lachrymatory-factor synthase
mercury-cadmium-tellurite

mass spectrometry

tandem mass spectrometry

molecular weight cut-off

nuclear magnetic resonance
2-nitro-5-thiobenzoat

photodiode array

parts per million

polytetrafluorethylen

rings and double bonds
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rpm
RVO
SPE
TD
TDA
UV-vis

rotations per minute
rotaéni vakuové odparka
solid phase extraction
taste dilution

taste dilution analysis

ultraviolet-visible
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Priloha 1: [UPAC nazvy allithiolani A—L.
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(E)-3,4-dimethyl-2-(methyldisulfanyl)-5-(prop-1-en-1-
ylsulfinyl)thiolan-1-oxid

3,4-dimethyl-2-(prop-1-en-1-yldisulfanyl)-5-((E)-prop-1-en-1-
ylsulfinyl)thiolan-1-oxid

(E)-3,4-dimethyl-2-(prop-1-en-1-ylsulfinyl)-5-
(propyldisulfanyl)thiolan-1-oxid

(E)-2-((5-hydroxy-3,4-dimethyltetrahydrothiophen-2-
yl)disulfanyl)-3,4-dimethyl-5-(prop-1-en-1-ylsulfinyl)thiolan-
1-oxid

3,4-dimethyl-2-((E)-prop-1-en-1-ylsulfinyl)-5-((1-(prop-1-en-
1-ylsulfinyl)propyl)disulfanyl)thiolan-1-oxid

(E)-3,4-dimethyl-2-((1-(methylsulfinyl)propyl)disulfanyl)-5-
(prop-1-en-1-ylsulfinyl) thiolan-1-oxid

(E)-3,4-dimethyl-2-(prop-1-en-1-ylsulfinyl)-5-((1-
(propylsulfinyl)propyl)disulfanyl)thiolan-1-oxid

(E)-5-((3,4-dimethyl-1-oxido-5-(prop-1-en-1-
ylsulfinyl)tetrahydrothiophen-2-yl)disulfanyl)-3,4-dimethyl
thiolan-2(3H)-on

(E)-5,5'-disulfanediylbis(3,4-dimethyl-2-((E)-prop-1-en-1-
ylsulfinyl)thiolan-1-oxid)



Priloha 2: [UPAC nazvy onioninit A-C, cepadithiolaktonu A a cepathiolanti A-C.



onionin A
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(E)-S-(5-hydroxy-3,4-dimethylthiolan-2-yl)prop-1-en-1-

sulfinothioat

S-(5-hydroxy-3,4-dimethylthiolan-2-yl)methansulfinothioat

S-(5-hydroxy-3,4-dimethylthiolan-2-yl)propan-1-

sulfinothioat



Priloha 3: MS/MS spektra allithiolant A;-s.
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Priloha 4: MS/MS spektra allithiolanit A—1.
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(+)ESI MS/MS spectrum of allithiolane B
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(+)ESI MS/MS spectrum of allithiolane D
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(+)ESI MS/MS spectrum of allithiolane G
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(+)ESI MS/MS spectrum of allithiolane |
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Piiloha 5: NMR spektra allithiolanu As.



1.74

'H NMR spectrum of allithiolane A,

3-CH,

4-CH,

92T~ 9 §
2T~ =
o | ZT— @
~N | sz &
R azi— —% o g
)
i
=]
N T2} «
— r 1 @0
65T~ it
661"
00z~ 2
2 |00z~ L
-
L X 1
o~
< =
ase
MZ\ g
Lt 0
u‘z:\\t &
8T
8[2*_ oo
8Le~C - N
8L L
szzf -
6L2 ©
6L .2 e g
oa'z/ o~ S¥E
182— 99'E—
- & g
o {he— o [—
86 §— ~N

[r]
559
S5'9—~
559/ |
o
" L
£597) | &
| £59 o
| 859 /
| 859
659 | 2
099" =}
199"
199— 5
z9'9 | 3
A y:

‘ 12"

6.8 6.6 6.4

Frog

Feor
Fose

Foos

o

}[6‘!

1.0

1.6 14 12

1.8

2.0

28 26 24 22

34 32 3.0
f1 (ppm)

52 5.0 48 46 44 42 40 38 3.6

58 5.6 54

6.2 6.0



(wdd) 1y
ST 0z S¢ 0€ SE O S+ 0SS SS 09 S9 0L S 08 S8 06 S6 00T SOT OI7F SIT O0CT SC€T OET SET 0T S¥T
1 1 1 i 1 1 1 N 1 1 " 1 1 1 1 i 1 1 s 1 1 " !

I} ] | — I} ] 1 ! " I} ]

sl z 5
_ e :
¥ . % g
..\..WW = i A ,_z % 3
Seh IR R 4
g HO¥ v ¢

2y auejolyM|[e Jo windads YIAIN Dy | PH2




(udd) 13

ST

(wdd) 73
0E ) 54

1 " Il Il 1 " 1

St 0°s

S'9

S°G+

06+

Sb+

0"

S°E-

Ay

072

S'14

0°T-

Ho€

-

|

S [4

8y auejoly3ijje Jo wniads ASOD

-N\-P

Bi——
-N\.-F




(dd) 4

01

ST

0Z

s'C

(wdd) 24
0e St 0t St

0°s

S'S

09

S99

0ST+

0bT

0ET~

021+

07T~

00T~

06~

08+

04~

09

06

0€-

0¢-

0T~

P e—— -N

-F

)

PHY

«

. F
Ho-v

———.¢

Ho¢e

8y auejolyljje jo wniads JDSH

..N\..—.



(wdd) 14

Hov
uf

(wdd) z3
G9'E 0L'€E SL'E O08E GSB8E 06E GS6'E 00+ ST ST 0°€
" Il 1 L 1 1 1 1 1 1 1 1 1
£8
Sb
@
0t
28 ®
4 [
184 . m, =
T 0€-
o
2 2
08 } [or s
0Z+
6 A @ [
ST+ 0
= W
¢ 14
§ ¢ v £ N

fy auejolyl||e Jo wndads JDSH JO spelap



(dd) 4

01

ST

0Z

s'C

(wdd) 24
0e St 0t St 0's s

09

S99

0ST+

0bT

0ET~

021+

07T~

00T~

08+

04~

09

06

0T~

e o

-N

-F

)

PHY

«

. F
Ho-v

———.¢

Hoe

ug

<t

8y auejoiyije Jo wnsoads JGINIH

..N\.-F



(wdd) 74

vz

Sz

(wdd) 74
97 re 8T

6¢C

S8+
o.an.
S'18+
c.wa,
508+
0708+
S'64
o.mhl.

S'8/

084~

)

—
-

S

-

5

LAl
14

(wdd) 14

9°€ L€

(wdd) 74
8'€

6°€

0y

T

-.N

T —— .-—‘

@
l

Sy auejolyl||e Jo wnidads JGINH JO s|ieIap



Ptiloha 6: IC spektra allithiolanti Ai-g, B4, D a E.
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Piiloha 7: MS/MS spektrum onioninu A.
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Piiloha 8: MS/MS spektrum onioninu A, B a C.
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Piiloha 9: MS/MS spektrum cepadithiolaktonu A.
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Piiloha 10: MS/MS spektrum cepathiolanu A.
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Piiloha 11: MS/MS spektrum cepathiolanu B.
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Piiloha 12: MS/MS spektrum cepathiolanu C.
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Piiloha 132: IC spektra onioninu A, cepadithiolaktonu A a cepathiolanu A.
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Piiloha 14: EI/MS spektrum cepadithiolaktonu A.
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ABSTRACT: The compounds responsible for the bitter off-taste of processed onion (Allium cepa) were studied. Using a series
of sensory-guided HPLC fractionations, the existence of nine groups of hitherto unknown sulfur compounds has been revealed.
On the basis of spectroscopic data (MS, NMR, and IR), it was found that these compounds, trivially named allithiolanes A—],
are members of a large family of structurally closely related derivatives of 3,4-dimethylthiolane S-oxide, with the general
formulas of C,H,0,S,, C,H,0;S;, and C,H,0,Ss (x = 1018, y = 18-30). The presence of multiple stereoisomers was
observed for each group of allithiolanes. Allithiolanes possess an unpleasantly bitter taste with detection thresholds in the range
of 15—30 ppm. Formation pathways of these newly discovered sulfur compounds were proposed.

KEYWORDS: allithiolane, Allium cepa, bitter, cepaene, cepathiolane, garlicnin, isoalliin, off-taste, onion, onionin,
taste-dilution analysis, thiolane S-oxide

B INTRODUCTION At the time of the publishing of the two pioneering reports of
Schwimmer,"” the only known isoalliin-derived species were
thiosulfinates and the lachrymatory factor (although the latter
compound was erroneously believed to be 1-propenesulfenic
acid). Since then, understanding of the chemistry taking place
during onion processing has extended enormously. The correct
structure of the lachrymatory factor of onion, propanethial S-
oxide, has been established,>* and the exact mechanism of its
formation has been clarified.”® Furthermore, a great number of

Onion (Allium cepa L.) is one of the most popular vegetables
worldwide, attributable mostly to its typical pungent aroma,
strong taste, and potent lachrymatory effects. Thanks to these
sensory properties, onion is an important ingredient of many
meals of nearly all national cuisines. In the food industry, it plays
an essential role in the production of numerous products, such as
spices, soups, canned food and pickles, sausages and other meat

products, salads, and ketchups and dressings, among many other sulfur compounds formed upon the disruption of onion
others. tissue have been discovered, such as zwiebelanes,” cepaenes,8’9
Typical food-industry or culinary usage of onion involves bis(sulfine),"” cepathiolanes,n’lz and onionins A" (Figure
chopping, slicing, mincing, pureeing, or other mechanical 1). Organoleptic characteristics of some of these compounds
disruption of the bulbs. During these steps, the onion sometimes were evaluated, but none were reported to exhibit a bitter taste.'®
acquires an unpleasantly bitter taste, which develops within In this work, we aimed to identify the compounds responsible
several minutes after comminution of its tissue. The formation of for the bitter off-taste of processed onion by sensory-guided
this bitter off-taste represents a serious issue for food companies, HPLC fractionation and subsequent spectroscopic character-
because it may negatively affect the organoleptic quality of many ization. Identification of these compounds may possibly help to
products containing onion. develop technological procedures to prevent or minimize their
Despite its significant negative impact on the taste character- formation.

istics of processed onion, only two papers dealing with this

puzzling phenomenon have thus far been published. In the first B MATERIALS AND METHODS

report,’ Schwimmer concluded that the bitter principle was not Chemicals and Plant Material. Pyridoxal 5-phosphate, 4-
directly derived from isoalliin (1), the key precursor of the sulfur sulfanylpyridine, 2-sulfanylethanol, and 3,5'-dithiobis(2-nitrobenzoic
sensory-active compounds of onion. Contrary to his initial acid) were obtained from Sigma-Aldrich. Isoalliin, methiin, crude garlic
paper, Schwimmer reported in a follow-up study” that the
formation of the bitter off-taste was in fact a consequence of the Received: June 14, 2018
enzyme-catalyzed cleavage of isoalliin. However, the identity of Revised:  July 18, 2018
the bitter principle or principles has remained completely Accepted: July 25, 2018
unknown until now. Published: July 25, 2018
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Figure 2. HPLC separation of the extract of homogenized onion (top) and optimized HPLC separation of fractions 4 and S (bottom). Only the labeled
peaks exhibited a bitter taste.

alliinase, and the alliinase—lachrymatory-factor-synthase (LFS) system variety, Czech Republic), leek (The Netherlands), and garlic (China)

from onion were obtained as described previously.'”~"* Onion (Swift were purchased in a local store.
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General Methods. HPLC separations were achieved by using a
Dynamax SD-210 binary pump HPLC system (Varian) employing a
Varian PDA 335 detector. (+)ESI-HRMS data were obtained by using
an UltiMate 3000 RS system (Thermo Scientific) equipped with an AB
SCIEX TripleTOF 6600 (AB SCIEX). The needle voltage was +5.0 kV.
Other ion-source parameters were as follows: curtain gas, 35 psi;
nebulizer and drying gas, 60 psi; turbo-gas temperature, 600 °C; and
declustering potential, 60 V. Spectra were collected using a collision
energy of 45 V with a spread of +15 V.

NMR spectra were recorded on a Bruker AVANCE III 700 MHz
spectrometer equipped with a cryoprobe (Bruker Biospin). "H and *C
chemical shifts were referenced to the signals of residual CHCl; (5 7.27
and 77.00, respectively) or DMSO (6 2.50 and 39.60, respectively). IR
spectra were recorded on a Nicolet 6700 FTIR spectrometer equipped
with an MCT detector and a Continuum microscope (ThermoFisher)
in the range of 4000—650 cm™" at a resolution of 8 cm™". A Mettler
Toledo XPR6UDS ultramicrobalance was used for preparing samples
for sensory analysis.

Preparation of Extracts. Onion. Peeled onion bulbs (1006 g) were
homogenized with a kitchen juicer (Catler JE 4010) and allowed to
stand at room temperature for 1 h. The juice was extracted with diethyl
ether (2 X 500 mL), the ether portions were dried over MgSO,, and the
solvent was removed at reduced pressure (<30 °C) to yield a greenish,
viscous residue. Several batches of onion (7.75 kg in total) were
processed in a similar manner. The extracts obtained from the
individual batches were combined (4.56 g), dissolved in CH;CN (80
mL), filtered (0.45 yum, PTFE), and passed through a C-18 SPE column
(10 g, Agilent) that was washed with CH;CN (50 mL). The solvent was
removed at reduced pressure (<30 °C) to yield a dark-yellow, viscous
residue with an unpleasant bitter taste (2.44 g).

Leek and Garlic. White parts of leek (130 g) were mixed with H,O
(100 mL) and finely homogenized with a kitchen blender (Braun
PowerBlend MX 2050). After standing at room temperature for 1 h, the
slurry was filtered through cheesecloth, and extracted with diethyl ether
(2 X 100 mL). The ether portions were dried over MgSO,, and the
solvent was removed at reduced pressure (<30 °C) to yield a greenish,
viscous residue, which was dissolved in CH;CN (10 mL), filtered (0.4S
um, PTFE), and passed through a C-18 SPE column (1 g, Agilent). The
solvent was removed at reduced pressure (<30 °C) to yield an intensely
bitter tasting, dark-yellow, viscous residue. The extract of homogenized
garlic was prepared analogously. In all cases, centrifugation (2400 rpm,
2 min) was used to separate the layers during the extraction step.

The profiles of allithiolanes present in the extracts of onion and leek
shown in Figure 7 were determined by HPLC-MS using a Kinetex C-8
column (250 X 4.6 mm, S pm, Phenomenex). The mobile phase
consisted of 0.1% formic acid in both H,O (solvent A) and CH;CN
(solvent B). The following gradient was used: A/B 85:15 (0 min),
60:40 (50 min), 5:95 (60 min), 5:95 (69 min), and 85:15 (70 min).
The flow rate was 0.9 mL min™".

Taste-Dilution Analysis (TDA). A portion (181 mg) of the solvent
extract of onion juice was dissolved in 10 mL of CH;CN/H,O (50:50)
and filtered (0.45 yum, PTFE), and aliquots (1 mL) were loaded on a
Rainin Dynamax 100 A preparative C-8 column (250 X 21.4 mm, 8 ym,
Varian). The mobile phase consisted of H,O (solvent A) and CH;CN
(solvent B). The following gradient was used: A/B 70:30 (0 min),
55:45 (30 min), 5:95 (42 min), 5:95 (48 min), and 70:30 (50 min).
The flow rate was 18.0 mL min~". The effluent was separated into nine
fractions as shown in Figure 2. The corresponding fractions obtained
from 10 runs were combined, the solvent was removed at reduced
pressure (<3S °C), and the aqueous portions were freeze-dried. The
residues were dissolved in 2 mL of aqueous ethanol (50:50) and then
stepwise diluted 1:1 with tap water. The serial dilutions of each fraction
were presented to a sensory panel (three women and three men) in
order of increasing concentration. The dilution at which a bitter taste
could just be detected was determined as the taste-dilution (TD) factor.
TD factors determined by the assessors in three different sessions were
averaged.

Isolation of the Bitter-Tasting Compounds from Onion Juice.
Fraction 4. A portion (26 mg) of fraction 4, obtained as described
above, was dissolved in 10 mL of CH;CN/H,O (50:50) and filtered
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(0.2 um, PTFE), and aliquots (1 mL) were loaded on a preparative
Kinetex C-8 column (250 X 21.2 mm, 5 ym, Phenomenex). The mobile
phase consisted of H,O (solvent A) and CH;CN (solvent B). The
following gradient was used: A/B 90:10 (0 min), 72:28 (62 min), 5:95
(63 min), 5:95 (69 min), and 90:10 (70 min). The flow rate was 19.1
mL min~". The effluent was separated into 1S subfractions. The
corresponding subfractions obtained from 10 runs were combined,
freed of the solvent, and evaluated by sensory analysis. The bitter-
tasting samples (labeled as 4A—D in Figure 2) were freeze-dried and
further analyzed by spectroscopic methods.

Fraction 5. A portion (86 mg) of fraction S, obtained as described
above, was dissolved in 20 mL of CH;CN/H,O (50:50) and filtered
(0.2 pum, PTFE), and aliquots (1 mL) were loaded on a preparative
Kinetex C-8 column (250 X 21.2 mm, 5 ym, Phenomenex). The mobile
phase consisted of H,O (solvent A) and CH;CN (solvent B). The
following gradient was used: A/B 88:12 (0 min), 67:33 (80 min), 5:95
(81 min), 5:95 (89 min), and 88:12 (90 min). The flow rate was 19.1
mL min~". The effluent was separated into 13 subfractions. The
corresponding subfractions obtained from 18 runs were combined,
freed of the solvent, and evaluated by sensory analysis. The bitter-
tasting samples (labeled as SA—G in Figure 2) were freeze-dried (yields
1.6—7.2 mg) and further analyzed by spectroscopic methods.

After preliminary NMR analysis, sample SE was dissolved in 3 mL of
CH,CN/H,O (50:50) containing 0.05% formic acid. Aliquots (1 mL)
of this solution were loaded on a preparative Kinetex C-8 column (250
X 21.2 mm, S ym, Phenomenex). The mobile phase consisted of 0.05%
formic acid in both H,O (solvent A) and CH;CN (solvent B). The
following gradient was used: A/B 80:20 (0 min), 60:40 (30 min), 5:95
(31 min), 5:95 (39 min), and 80:20 (40 min). The flow rate was 19.1
mL min~". The fraction eluting at t; = 28.8—29.3 min was collected.
The corresponding fractions obtained from three runs were combined,
the solvent was removed at reduced pressure (<30 °C), and the
aqueous portion was freeze-dried to obtain 0.3 mg of allithiolane D,
(see the Supporting Information).

Model Experiments. Isoalliin (30 mg) and methiin (30 mg) were
dissolved in 4 mL of 0.5 M KH,PO, buffer (pH 7.0). This solution was
placed in an 8 mL vial, and 2 mL of a garlic alliinase solution (30 mg of
crude alliinase in 2 mL of 0.5 M KH,PO,/10% glycerol/25 uM
pyridoxal S-phosphate) was added. After being stirred for 3 h at room
temperature, the mixture was extracted with CH,Cl, (2 X 2 mL). The
combined CH,Cl, portions were dried over MgSO, and evaporated at
reduced pressure (<30 °C) to yield a viscous residue, which was further
analyzed by HPLC-MS using the methods described above.

Experiments with the alliinase—LFS system obtained from onion
were performed analogously. In some cases, these experiments were
done in the absence of methiin. Because of the complexity of the
experimental procedures, full experimental details about the isolation of
allithiolanes A and D from the model systems can be found in the
Supporting Information.

Thiosulfinate Test. The collected allithiolanes were mixed with 2-
nitro-5-sulfanylbenzoate or 4-sulfanylpyridine according to the
procedures described by Miron et al.>>>! These assays were performed
with allithiolanes A, B, D, E, and L.

Determination of Taste Thresholds. The following samples of
allithiolanes were tested: (a) the fraction of allithiolanes A,_g obtained
from the model mixture, (b) fraction SD (allithiolanes B, _¢), (c)
allithiolanes D, obtained from fraction F—III-B, and (d) allithiolanes
E, isolated from fraction 3 (see the Supporting Information). Purities of
the tested samples were checked by HPLC-MS.

The taste thresholds were determined with a triangle test by six
panelists (three women and three men, ages 29—51) who had been
previously trained to recognize bitter tastes using caffeine and quinine
hydrochloride solutions. Allithiolanes were dissolved in absolute
ethanol, and the tested samples were prepared by serial 1:1 dilutions
with tap water. The blank samples were prepared by serial 1:1 dilutions
of ethanol with tap water. The samples were presented in order of
ascending concentration. The threshold values evaluated in three
different sessions were averaged. The values between individuals and
separate sessions differed by not more than one dilution step.

DOI: 10.1021/acs jafc.80b03118
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Table 1. (+)ESI-HRMS Data of Allithiolanes A—I

allithiolanes elemental composition M,
A CoH 50,84 298.5
B C1,Hy00,8, 324.5
C C,H,,0,8,4 326.6
D C15H,6058s 4147
E C,5H,605S¢ 4147
F C13H,,058s 388.7
G C,sH,505S; 416.7
H CysH,,0,8, 4127
I CisH500,86 503.8

[M + H]" caled found” RDB”
299.0262 299.0254—299.0269 2
325.0419 325.0412—-325.0421 3
327.0575 327.0569—327.0581 2
415.0558 415.0551—-415.0566 3
415.0558 415.0554—415.0567 3
389.0402 389.0398—-389.0409 2
417.0715 417.0714—415.0724 2
413.0402 413.0397—413.0408 4
503.0541 503.0535—503.0551 4

“Values observed for different stereoisomers. “Number of rings and double bonds.

B RESULTS AND DISCUSSION

Peeled onion bulbs were finely homogenized using a kitchen
juicer. The freshly obtained juice had the typical sharp oniony
taste without perceptible bitter notes. Upon standing at room
temperature, the juice became slightly bitter within 10 min, and
it acquired an unpleasantly bitter taste after 30 min.

Taste-Dilution Analysis (TDA). To identify the com-
pounds primarily responsible for the bitter taste, a series of
HPLC fractionations were performed. The bitter juice was
extracted and aliquots of the extract were separated by
preparative C-8 HPLC into nine fractions that were
subzszequently evaluated by taste-dilution analysis (TDA, Figure
2).

The results obtained by TDA indicated that not a single
compound but rather several components were responsible for
the observed bitter taste. In the next stage, our attention was
primarily focused on the most intensely bitter tasting fractions,
i.e,, fractions 4—7. These fractions were chromatographed using
optimized methods to achieve better separation of individual
components. The samples collected by preparative C-8 HPLC
from fractions 4 and S were subjected to sensory analysis, which
revealed that many of them exhibited a bitter taste (Figure 2).
These bitter-tasting samples were subsequently characterized by
spectroscopic methods (MS, NMR, and IR). On the other hand,
no satisfactory HPLC separation was achieved for fractions 6
and 7. The identities of the bitter principles present in these two
fractions were therefore deduced from HPLC-MS data, as
described below.

Allithiolanes A. (+)ESI-HRMS data of bitter-tasting
compound 4A isolated from fraction 4 corresponded with the
elemental composition of C;oH;30,S, ([M + H]* found
299.0261 Da, caled 299.0262 Da; Table 1). Its '*C NMR
spectrum contained 10 signals attributable to eight sp® (four
CH;— and four CH) and two sp* (—CH=) hybridized carbons
(Table 2). Additional NMR experiments (COSY, HSQC, and
HMBC) revealed the presence of three mutually isolated
structural subunits: a five-membered 3,4-dimethyl heterocycle
substituted at positions 2 and S together with CH;— and
CH;CH=CH- groups. The methyl group showed a long-range
correlation with carbon C-2, whereas the 1-propenyl moiety
exhibited HMBC correlations with carbon C-S of the ring (see
the Supporting Information). Taking into consideration the
molecular formula determined by HRMS, it was obvious that the
compound possessed the 3,4-dimethylthiolane core shown in
Figure 3. The structure of the side chains and positions of the
two oxygens in the molecule were deduced on the basis of '*C
NMR, MS/MS, and IR data, as described below.

The *C NMR shift of the side-chain methyl group (& 24.9)
was perfectly consistent with literature data reported for the
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CH,SS— moiety, whereas the '*C NMR values of the CH=CH
carbons (6 130.7 and 138.7) suggested the presence of a
CH;CH=CHS(O)— group (Table 2). 59121823726 g
assumption was supported by the MS/MS-fragmentation
pattern, showing a sequential loss of fragments [C;HS(O)—]
and [CH;S—]/[CH,SS—] (i.e, 299 — 209 — 161/129 Da). On
the other hand, no fragments indicating the presence of
C3HS(0)S— or C;HSS(O)— groups were observed. The
formation of a dominant fragment with m/z 129 Da
corresponding to [C4H,OS]* provided significant evidence for
the presence of the 3,4-dimethylthiolane S-oxide ring in the
molecule (see the Supporting Information for detailed MS-
fragment assignment). The IR spectrum of the compound
contained a strong absorption band at 1045 cm™, attributable to
a sulfoxide group (—S=O) rather than a thiosulfinate
functionality (IR bands of — S(O)S— and —SS(O)— typically
appear in the region of 1073—1095 cm™). Finally, the
compound did not react with 2-nitro-5S-sulfanylbenzoate or 4-
sulfanylpyridine, confirming the absence of a thiosulfinate
moiety (—S(0)S— or —SS(0)—) in the molecule.”**’

The geometric configuration of the 1-propenyl group was
determined by 'H NMR to be E (Jo—cy = 15.0 Hz). Thus, the
structure of the isolated compound was determined to be 3,4-
dimethyl-2-(methyldisulfanyl)-S-[ (E)-1-propenylsulfinyl]-
thiolane 1-oxide (Figure 4).

Inspection of HPLC-HRMS data revealed that numerous
other species with the same elemental composition as
compound 4A (ie., C;;H;30,S,) were also present in fraction
3. Their MS/MS spectra were very similar, differing only slightly
in the relative intensities of the major fragments (see the
Supporting Information), which indicated that the compounds
were stereoisomers rather than constitutional isomers of 4A
(with 6 chiral centers, 64 stereoisomers of the compound may
exist). Despite testing several stationary phases (C-8, C-18, FS,
biphenyl), no satisfactory HPLC separation was achieved to
isolate the individual compounds because of their coelution with
other components present in fraction 3. We therefore decided to
generate these compounds in a model system consisting of
isoalliin (1), methiin (2), and alliinase. Indeed, compounds
having retention times and MS/MS spectra fully identical to
those of the species present in the onion-juice extract were also
found in the model mixture (see the Supporting Information).
Along with compound 4A, seven of its isomers were
subsequently isolated from the model mixture by preparative
HPLC and characterized by MS, NMR, and IR (Tables 1 and 2).
The NMR data confirmed our initial assumption that all these
compounds, which we named allithiolanes A;—A,, were
stereoisomers of 4A (allithiolane Ag). "*C NMR shifts of the
side-chain CH;— and CH;CH=CH- groups varied only
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slightly among the individual isomers, and all were perfectly (Jeu—cu = 15.0 Hz), whereas the CH;CH=CHSS— moiety

consistent with the literature data reported for the CH;SS— and was present in both E (major) and Z (minor) arrangements

CH,CH=CHS(O)— moieties, respectively.>”'*>'#>372¢ In all (Jeuecn = 14.7 and 9.2 Hz, respectively).

allithiolanes A, _g, the 1-propenyl group was present exclusively The MS/MS data indicated a very close structural similarity of

in the E configuration (Jog—cy = 14.9—15.1 Hz). these compounds to allithiolanes A. The major MS-
Allithiolanes B. (+)ESI-HRMS data of compound SD fragmentation pathway consisted of a sequential loss of

isolated from fraction S (Figure 2) corresponded with the fragments [C3HS(O)—] and [C3HS—]/[C3HSS—] (i.e.
elemental composition of C;,H,,0,S, (Table 1), and its IR 325 — 235 — 161/129 Da), whereas no fragments

spectrum contained an intense absorption band at 1034 cm™ corresponding to the loss of C;H;S(O)S— or C;HSS(O)—
(—S=0 group). groups were observed (see the Supporting Information). Taking

Although the isolated sample appeared as a single HPLC peak, into consideration all the above spectroscopic data, the
NMR analysis showed that it was in fact a mixture of three major structures of these compounds, named allithiolanes B, were

and three minor stereoisomers with slightly different NMR shifts unambiguously determined to be 3,4-dimethyl-2-(1-propenyl-
(Table 2). NMR experiments proved the presence of the same disulfanyl)-S-[ (E)-1-propenylsulfinyl]thiolane 1-oxide (Figure

3,4-dimethylthiolane core that was observed in allithiolanes A, 4).
together with two different CH;CH=CH— groups (Figure 3). With 6 chiral centers and 1 isomerizable 1-propenyl group,
3C NMR shifts of the CH=CH carbons of the two 1-propenyl 128 stereoisomers of allithiolanes B may exist. Comparison of
groups were in accordance with literature data reported for the NMR data of the isolated stereoisomers showed that their '*C
CH;CH=CHSS— and CH;CH=CHS(O)— functionalities, shifts were very similar to the values of the corresponding
respectively.””'>'®>*72° The geometric configuration of the carbons in allithiolanes A,, A5, and Ag strongly suggesting
CH;CH=CHS(O)— group was exclusively E in all six isomers identical absolute configurations at the chiral centers of these
8788 DOI: 10.1021/acs jafc.8b03118
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compounds. Thus, we named the six isolated isomers
allithiolanes (E/Z)-B,, (E/Z)-Bs, and (E/Z)-Bg, respectively.
HPLC-MS analysis showed that many other stereoisomers of
allithiolanes B were present in fractions 5 and 6. We isolated
some of the other species (peaks SA—C and SF in Figure 2) by
preparative HPLC, but the collected samples were not suitable
for NMR analysis because of the presence of numerous
stereoisomers together with some other coeluting components.

Allithiolanes C. HPLC-MS analysis revealed that allithio-
lanes A and B were accompanied by minor amounts of species
with the elemental composition of C;,H,,0,S, (Table 1).
Because of their low abundance in the extract, we did not
attempt their isolation by preparative HPLC, and the structures
of these compounds, named allithiolanes C, were determined
solely on the basis of MS data. Their MS/MS-fragmentation
pattern very closely resembled those of allithiolanes A and B (see
the Supporting Information), making it obvious that allithio-
lanes C were their propyl analogues. The mass spectra of all
allithiolanes C contained a fragment of m/z 237 Da (ie., [M +
H]* — 90), corresponding to the loss of the CH;CH=
CHS(O)— group from the quasimolecular ion. On the other
hand, no fragments indicating the presence of a CH;CH,CH,S-
(O)— moiety were found in their mass spectra. These
observations provided conceivable evidence that the propyl
group was connected to the disulfide moiety at C-2 rather than
to the sulfinyl group at C-S (Figure 4).

Allithiolanes D. (+)ESI-HRMS data of bitter-tasting
compound SE isolated from fraction 5 corresponded with the
elemental composition of C;sH,c05Ss (Table 1). The intensity
of ion [M + H]" at 415 Da was very low, whereas the MS/MS
spectrum contained an intense ion with m/z 397 Da (i.e., [M +
H]* — 18), indicating the presence of a hydroxyl group in the
molecule. This assumption was also supported by a broad IR
band around 3350 cm™' (—OH) together with a very strong
band at 1049 cm™, attributable to the —S=0 group.

Preliminary NMR analysis showed that the collected sample
was a very complex mixture of stereoisomers not suitable for
structure determination. After further HPLC fractionation of
SE, we obtained one stereoisomer (allithiolane D,) that eluted
as a well-separated peak. NMR experiments revealed in
allithiolane D, the presence of one (E)-CH;CH=CHS(O)—
group and two 3,4-dimethylthiolane rings substituted at
positions 2 and S (Figure 3). >C NMR shifts of one of the
thiolane rings corresponded with the values observed in
allithiolanes A and B. On the other hand, NMR shifts of the
second ring were in accordance with the data reported for
cepathiolanes.'”'> NMR experiments performed in DMSO-dj
confirmed the presence of one exchangeable hydrogen in the
molecule. This hydrogen showed correlations with H-2’ and
with C-2’ and C-3’ in the COSY and HMBC spectra,
respectively (Table 3). On the basis of the above evidence, it
could be unambiguously concluded that allithiolane D,
corresponded to the structure shown in Figure 4.

HPLC-MS analysis showed that many other stereoisomers of
allithiolane D, were present in fractions S and 6 (in theory, 1024
stereoisomers may exist). We generated these compounds in a
model mixture consisting of isoalliin and alliinase. Along with
allithiolane D,, we isolated and spectrally characterized another
isomer (allithiolane D,) from the model system (Table 3). Most
of the other stereoisomers, however, did not elute as well-
separated peaks suitable for isolation by preparative HPLC.

Allithiolanes E. Inspection of HPLC-MS data showed that
another group of compounds isomeric with allithiolanes D was
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Table 3. 'H and '*C NMR Data of Allithiolanes D, and D,"

allithiolane D, allithiolane D,
atom CDCl, DMSO-dg CDCl,
3" 1.99 (dd, 6.9, 1.6) 1.91 (dd, 6.9, 1.6) 2.05 (dd, 6.9,

1.6)
17.91 17.42 18.11
2 6.57 (dq, 15.0,6.9)  6.32 (dq, 15.0, 6.9) 6.22 )(dq, 15.0,
.9
138.87 136.67 139.76
17 6.28 (dg, 15.0,1.6)  6.60 (dq, 15.0, 1.6) 6.566)(dq, 15.0,
1.
130.25 130.06 130.13
5 3.64 (d,7.8) 420 (d, 7.3) 3.35 (d, 10.9)
89.18 87.88 91.16
4 227 (m) 2.02 (ddq, 10.1, 7.3,  2.21 (m)
6.8)
39.57 38.03 40.90
4-CH,; 1.28(d, 6.4) 1.16 (d, 6.8) 1.32 (d, 6.4)
19.92 19.84 16.51
3-CH, 1.32(d,62) 1.17 (4, 6.5) 1.34 (4, 6.3)
15.98 15.18 16.47
3 2.29 (m) 2.29 (ddq, 12.5,10.1,  2.17 (m)
6.5)
46.04 4425 46.90
2 3.69 (d, 12.3) 3.71 (d, 12.5) 3.69 (d, 12.2)
81.28 79.19 82.04
5 4.02 (d, 94) 435 (d, 9.0) 3.94 (d,9.7)
62.92 64.30 62.51
4 2.24 (ddq, 12.2,94, 2.11 (ddgq, 11.8,9.0, 226 (m)
6.6) 6.7)

45.15 47.86 44.52
4-CH; 1.08 (d, 6.6) 1.13 (4, 6.7) 1.06 (4, 6.5)
14.69 16.00 14.52
3'-CH, 1.11(d,6.7) 0.94 (d, 6.7) 1.11 (4, 6.8)
13.63 13.79 13.61

3 1.80 (ddq, 122, 4.1, 1.78 (ddq, 11.8,4.0,  1.77 (m)
6.7) 6.7)
51.07 51.12 50.76

2/ 5.17 (d, 4.1) 5.17 (dd, 5.6, 4.0) 5.15 (d, 4.1)
82.93 83.53 82.96

2.0H nol’ 5.97 (d, 5.6) n.o.

“Chemical shifts (5) are given in parts per million, and coupling
constants (J) are given in hertz. ®Not observed.

present in fractions 3 and 4. The MS/MS-fragmentation pattern
of these species indicated their very close structural resemblance
with the other groups of allithiolanes (see the Supporting
Information). As a consequence of the presence of a multitude
of stereoisomers, '"H NMR spectra of the samples collected by
preparative HPLC (peaks 4B—D in Figure 2) were immensely
complex, making their interpretation impossible. The structures
of these compounds, trivially named allithiolanes E, were
therefore determined on the basis of detailed evaluation of their
MS/MS-fragmentation and isotopic patterns.

In contrast to allithiolanes D, ion [M + H]" at 415 Da was
easily observable in the mass spectra of these compounds,
whereas the fragment with m/z 397 Da, a typical MS feature of
allithiolanes D, was completely absent. The major MS-
fragmentation pathway of allithiolanes E consisted of consec-
utive losses of two C;HS(O)— groups (ie., 415 — 325 — 215
Da). Provided that one of these groups was bound to carbon C-
S, it was obvious that the second was part of the C{H;,OS;— side
chain connected to the C-2 of the 3,4-dimethylthiolane ring. On
the basis of the collected MS data, including the MS/MS-

DOI: 10.1021/acs jafc.80b03118
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Figure S. Formation pathways of principal sulfur compounds present in homogenized onion.

fragmentation and isotopic patterns as well as the known Allium
chemistry, it could be deduced that this side chain had the
cepaene-like structure shown in Figure S (see the Supporting
Information).

Allithiolanes F and G. The identification of allithiolanes E
prompted us to search also for their methyl and propyl cepaene-
like homologues whose presence in the extract seemed to be
likely. Indeed, two groups of compounds with the expected
elemental composition (i.e., C;3H,,0,Ss and C;sH,305S;) were
found by HPLC-HRMS. Because of their low amounts and
coelution with other components present in the extract, isolation
of these compounds by preparative HPLC was not feasible.
Nevertheless, collected MS/MS data provided conceivable
evidence that these species, named allithiolanes F and G,
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respectively, corresponded to the expected structures shown in
Figure 4.

Allithiolanes H. As mentioned earlier, no satisfactory HPLC
separation was achieved for fractions 6 and 7. Along with several
stereoisomers of allithiolanes B—D present in fraction 6, HPLC-
MS analysis of these two fractions revealed the presence of
another group of compounds with a fragmentation pattern very
closely resembling those of allithiolanes A—G (see the
Supporting Information). Because of the relatively low amounts
of these compounds and their coelution with other components,
we did not succeed in isolation of a sample of these species
suitable for NMR analysis. The structures of these compounds,
named allithiolanes H, were therefore determined solely on the
basis of MS data and should be considered tentative.

DOI: 10.1021/acs jafc.80b03118
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(+)ESI-HRMS data of allithiolanes H corresponded with the
elemental composition of C;sH,,0,Ss (Table 1). The MS/MS
fragmentation clearly suggested that allithiolanes H differ from
the other groups of allithiolanes only in the structure of the unit
connected via the disulfide bond to C-2. It could be deduced
from MS data that this unit had the elemental composition of
Cs¢HoOS (RDB = 2). MS/MS fragmentation of these
compounds was initiated by the cleavage of the CH;CH=
CHS(O)— group from the molecule (i.e, 413 — 323 Da),
followed by the loss of the C4HyOS unit (i.e., 323 — 195 Da)
connected to C-2. The latter unit broke away without
undergoing any further extensive fragmentation, indicating the
absence of some easily cleavable functional groups. On the basis
of these observations, we propose that the C;HyOS unit has the
thiolactone structure shown in Figure 4. The collected MS data,
including MS/MS-fragmentation and isotopic patterns, corre-
sponded perfectly with the structure proposed for allithiolanes
H.

Allithiolanes I. During our attempts to isolate allithiolanes
A—H, we noticed the presence of another type of isomeric sulfur
compounds showing an MS/MS-fragmentation pattern closely
analogous to those of the other groups of allithiolanes (see the
Supporting Information). These species were present at only
very small levels in the extract, but increasing amounts were

formed as a consequence of the decomposition of allithiolanes
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A—H during isolation. HRMS data showed that their elemental
composition corresponded to the formula of C;3H;,0,S¢ (Table
1). We isolated these compounds by preparative HPLC as a
mixture of numerous stereoisomers not suitable for NMR
analysis. However, MS/MS-fragmentation and isotopic patterns
were perfectly consistent with the structure shown in Figure 4.
These compounds, named allithiolanes I, represent the heaviest
sulfur species (M, = 503.8 Da) spontaneously formed in
comminuted onion tissue to be reported thus far.

Taste Characteristics of Allithiolanes. Taste character-
istics of allithiolanes A, B, D, and E were evaluated. The tastes of
all tested allithiolanes could be described as unpleasantly bitter
with metallic notes. No significant differences were observed
among the taste profiles of the four tested groups of allithiolanes.
Detection thresholds for allithiolanes A, B, D, and E in water
were determined to be 30, 30, 15, and 30 ppm, respectively.

Taking into consideration a typical content of isoalliin in
onion (about 0.4—0.6 mg/g of fresh weight)'”*” and the taste
thresholds determined (i.e., 15—30 ppm), it can be estimated
that organoleptically detectable levels of allithiolanes in
homogenized onion are reached when approximately 10—15%
of the isoalliin present in the intact tissue is converted into these
bitter-tasting compounds (considering that 3—6 mol of isoalliin
are required for the formation of 1 mol of allithiolanes A—T).

DOI: 10.1021/acs jafc.80b03118
J. Agric. Food Chem. 2018, 66, 8783—8794
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Figure 7. HPLC-HRMS traces of allithiolanes A—H present in the extracts of homogenized onion (top) and leek (bottom). Other coeluting

components present in the extracts are not displayed.

Formation Pathways. Isoallin (1) is obviously the
principal precursor of all groups of allithiolanes described in
this study. This assumption was confirmed by model experi-
ments employing isoalliin, methiin (2), and alliinase. Allithio-
lanes B—E and G-I were produced in the model system
containing only isoalliin, whereas the concomitant presence of
methiin was required for the formation of allithiolanes A and F.
Allithiolanes A—D, H, and I were generated in the model
mixtures employing a crude alliinase preparation from either
onion or garlic. In contrast, allithiolanes E—G required for their
formation the onion enzyme system containing both alliinase
and LFS. The latter observation implies that lachrymatory
propanethial S-oxide (), formed by the catalytic action of LFS
(not present in the garlic enzyme preparation) on 1-
propenesulfenic acid, is involved in the production of these
three groups of allithiolanes.

Self-condensation of 1-propenesulfenic acid (3), formed by
the alliinase-catalyzed cleavage of isoalliin, yields S-(1-propenyl)
1-propenethiosulfinate (6). This highly reactive thiosulfinate
spontaneously undergoes a facile [3,3]-sigmatropic rearrange-
ment to 3,4-dimethylbutanedithial S-oxide (10).”**

We propose that a carbophilic attack of another molecule of 1-
propenesulfenic acid on 10 affords 3,4-dimethyl-2-(1-propenyl-
sulfinyl)-S-sulfanylthiolane 1-oxide (13), which in turn reacts
with the —SS(O)— or —SOH functionalities of various
compounds simultaneously formed in disrupted onion tissue
(Figure S). Thus, 13 reacts with CH;SS(O)R and CH,SOH,
CH,;CH=CHSS(O)R and CH;CH=CHSOH, or sultene
(11) and cepathiolanes (12) to produce allithiolanes A, B, and
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D, respectively. Allithiolanes E and F, containing cepaene-like
side chains, are presumably formed by the reaction of 13 with
the corresponding cepaene intermediates 14, 16, and 17 or 15,
18, and 19, respectively. Allithiolanes H may be formed by
oxidation of allithiolanes D. Allithiolanes I are probably
generated by oxidative coupling of two molecules of 13 or by
disproportionation of allithiolanes A—H during their isolation
(Figure 6).

The propyl group of allithiolanes C and G can originate from
propiin (S-propylcysteine sulfoxide) which may be present in
minor quantities in the intact onion tissue. However, our
experiments showed that allithiolanes C and G (together with
propyl-containing thiosulfinates and cepaenes) were also
formed in model systems consisting of only isoalliin and crude
alliinase—LFS. The propyl side-chain group present in these
compounds thus unambiguously originated from the 1-propenyl
group of isoalliin. Nevertheless, the mechanism operative in the
transformation of this group into the propyl moiety remains
unclear.

Allithiolanes in Other Allium Species. The formation of
allithiolanes is not restricted only to onion tissue. We found that
all nine groups of allithiolanes were formed also in homogenized
leek, with their relative proportions being somewhat different
from those observed in onion (Figure 7). In the leek
homogenate, remarkably higher relative amounts of allithiolanes
C and H were found. In contrast, considerably lower levels of
allithiolanes E and F were present in the homogenized leek. The
latter observation is probably a consequence of the suppressed
activity of LFS in leek, resulting in lower formation of cepaenes.

DOI: 10.1021/acs jafc.80b03118
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In homogenized garlic, on the other hand, no significant
amounts of allithiolanes A—I were detected. The only
allithiolane-type compounds found in homogenized garlic at
higher levels were species with the same elemental composition
as allithiolanes B (i.e., C;,H,,0,S,). Although these species had
nearly identical MS/MS spectra to those of allithiolanes B, they
differed in HPLC retention times. It is likely that these
compounds were the allyl analogues of allithiolanes B. Three
stereoisomers of these compounds, called garlicnins C,, C,, and

Cs, were recently isolated from garlic homogenates (Figure
8)'29,30

(0]

|
+

- (0]
\ S+
S N
Ve d j_( STN=

Figure 8. Structure of garlicnins C.

The absence of significant amounts of allithiolanes A—I in
processed garlic is not surprising. Although isoalliin is the major
flavor precursor present in onion, it typically accounts for not
more than 10% of the total cysteine sulfoxide pool in garlic."” As
a consequence of this difference, the supply of 1-propenesulfenic
acid in homogenized garlic tissue is not plentiful enough to allow
for the formation of allithiolanes A—I, which require 3—6
molecules of this acid. Furthermore, lachrymatory propanethial
S-oxide (5), which is essential for the generation of allithiolanes
E—G, is not formed in garlic.

Concluding Remarks. This study shows that the cascade of
reactions following the enzyme-mediated cleavage of isoalliin
(1) is considerably more complex than thought so far. Along
with propanethial S-oxide, thiosulfinates, cepaenes, zwiebelanes,
bis(sulfine), onionins A, and cepathiolanes, another very large
family of hitherto unknown compounds, trivially named
allithiolanes, is spontaneously formed in onion homogenates.
These thiolane S-oxide based compounds may negatively affect
the organoleptic properties of homogenized onion because of
their unpleasant bitter taste. Taking into account the number of
molecules of 1-propenesulfenic acid incorporated into allithio-
lanes A—I (i.e., 3—6), it can be estimated that allithiolanes
belong to compounds whose formation consumes a major
portion of this acid generated from isoalliin.

As a result of the existence of a multitude of stereoisomers,
allithiolanes do not form intense, nicely shaped peaks during
HPLC separation, but they rather elute as poorly resolved and
mutually overlapping mixtures of isomeric and homologous
compounds (Figure 7). Owing to this fact, these compounds are
not easily observable when optical detectors (e.g., UV or PDA)
are used for their analysis.

The existence of a series of unknown compounds with masses
298 (C,oH;50,S,), 324 (C,,H,,0,S,), and 326 Da
(C;,H,,0,S,) in onion extracts was already observed by
Block®! 25 years ago. He proposed that these species could be
a family of homologous isomers with structures similar to
cepathiolanes (12), with the hydroxyl group being replaced with
CH,;CH=CHS(O)—. We believe, on the other hand, that the
unknown compounds were in fact allithiolanes A, B, and C,
respectively, as we did not detect any other species with the
respective masses by HPLC-MS.
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Chopping onions is usually associated with watery and stinging eyes. But after
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the onions are diced and the tears are dried, the vegetable pieces can
N Researchers have identified the
2011 sometimes develop an unpleasant bitter taste. Now, one group reports in compounds behind the off taste in

ACS' Journal of Agricultural and Food Chemistry that they have identified previously processed cnions.

Al unknown compounds causing this off-taste. Credit: GCapture/Shulterstock.com
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Thanks to enions’ characteristic taste and strong smell, they are one of the most
2008 popular vegetables around the world. Onions are known for their versatility —
2007 people frequently eat them raw or add them to numerous dishes as they cook

But as onions are chopped and processed for cooking, a bitter taste that could
R affect the taste of the resulting meal can sometimes develop. Very little is known
o Thanks to onions’ characteristic taste and strong smell, they are one of the most
2w popular vegetables around the world. Onions are known for their versatility —
2007 people frequently eat them raw or add them to numerous dishes as they cock.

But as onions are chopped and processed for cooking, a bitter taste that could
2006

affect the taste of the resulting meal can sometimes develop. Very little is known
about why this particular phenomenon occurs. Previous research has shown
News Releases
that onions release a compound called lachrymatory factor upon being cut that
Fenttion causes eyes to water and sting. In addition, scientists have also concluded that
several sulfur-based compounds are also formed when the enien is chopped,
Science Podcasts but none of these caused a bitter taste. So Roman Kubec and colleagues wanted
to identify the bitter onion compounds.
ACS in the News

Cutting-Edge Chemistry The team processed onions with a kitchen juicer. Freshly obtained juice was not
bitter, but after 30 minutes, it developed a strong bitter taste. The group
performed sensory-guided high-performance liquid chromatography to identify
the compounds that formed over time in the onion juice. The researchers
discovered nine groups of new sulfur compounds in the onion juice, which they
dubbed allithiolanes. These compounds form spontaneously when the onion is
damaged. The allithiolanes were not limited to onions; further testing showed

they were also present in leeks, and one of the groups was found in garlic.

The researchers acknowledge funding from the Grant Agency of the University of
South Behemia, the National Program of Sustainability and the Ministry of
Education of the Czech Republic

Note: ACS does not conduct research, but publishes and publicizes peer-reviewed

scientific studies.
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Scientists uncover origins of that
bizarre off-taste presentin some
onions

A culinary thriller invelving enions that has plagued scientists for years has lastly been solved. Not lengthy after
we discovered the difficult physics behind the snapping of spaghetti, a group of researchers primarily based
within the Czech Republic claims to have answered one other kitchen thriller. Freguent onion eaters is perhaps

conversant in the considerably

A culinary thriller involving enions that has plagued scientists for years has lastly been solved.

Not lengthy after we discovered the difficult physics behind . a group of researchers

primarily based within the Czech Republic claims to have answered one other kitchen thriller.

Frequent onion eaters is perhaps conversant in the considerably disagreeable discovery of a peculiar bitter

style discovered throughout the contents of an in any other case commeon selection.
The phenomenon happens when an onion is chopped or processed for cooking, ensuing within the bitter style.
For years, little or no was recognized about why this explicit phenomenon happens.

Earlier analysis recommendead that onions launch a compound known as lachrymatory issue syntase when

minimize, ensuing within the acquainted stinging of eyes, inflicting somebody to tear up.

Scientists concluded that a number of sulphur-based compounds are additionally fashioned when the onion

is chopped, however none of those brought on a bitter styla.

9 new compound teams

In a paper printed to the American Chemical Society’s the

researchers described an experiment that noticed them processing onions with a kitchen juicer.

Whereas freshly obtained onion juice was regular, after 30 minutes it was discovered to develop a robust,
bitter stylo.

With this info, the group went about looking for what precisely occurs on this intervening period of time.

To do that, the researchers carried out sensory-guided high-performance liquid chromatography with the
intention to establish the compounds that fashioned over time within the cnion juice.

Because it turned out, they found 9 totally different teams of sulphur compounds within the juice, now dubbed

allithiolanes.
The compounds had been discovered to type spontaneously when an onion is broken.

Not restricted to onions, allithiclanes had been additionally found in a few of its family, akin to leeks, with one of

many teams present in garlic as properly.
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Weep no more: Chemists in the Czech Republic today say they've found the bitter
chemicals that spoil the taste of one of the world's most popular processed
vegetables — onions. pubs.acs.org/action/doSearc...




Here's Why Raw Onions Taste Bitter

Home » Health » Here's Why Raw Onions Taste Bitter

Most of us must've experienced a bitter taste of raw onions though we bought good ones from the market and the fact
that they don't look rotten. Then what's the reason behind it? ACS’ Journal of Agricultural and Food Chemistry has finally
identified several compounds that develop when a raw onion is cut that seem to be causing the smell

WHY ONIONS MAKES YOU CRY

Earlier researches have shown that onions release lachrymatory which is a compound when it is cut open. This
compound is the culprit for watery eyes of the person cutting an onion. Along with this compound the scientists have
also found that many sulfur-based compounds also form in the onion after it is cut up though these weren't the cause of
the bitterness. Which is when Roman Kubec and his colleagues took up the task of identifying them.

JOIN POSTS DISHLISTS RECIPES ~ EVENTS STREET SOCIAL DRINK BUSINESS HEALTH

To figure out which compounds caused the bitterness in onions, the team began by processing the onions in a juicer.
They found that the fresh juice wasn't bitter, but kept aside for half an hour, it developed a strong, bitter taste. After this
occurrence, a sensory-guided high-performance liquid chromatography was performed to find out the compounds that
had formed in the onion juice in the half an hour. They found nine groups of sulfur compounds in the juice which the
researchers called as allithiolanes. These allithiolanes seem to form spontaneously when onions are damaged, cut or
juiced. These were also identified in leeks and a group was found in garlic as well.

We simply think that cutting onions only when you want to consume it immediately can be your safest bet. Even
keeping chopped onion in some water has worked out for us so you can try that too.
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Scientists discover origins of that weird off-taste found in some onions

A culinary mystery involving onions that has plagued scientists for years has finally been solved.

Not long after we found out the complicated physics behind the snapping of spaghetti, a team of researchers
based in the Czech Republic claims to have answered another kitchen mystery.

Frequent onion eaters might be familiar with the somewhat unpleasant discovery of a peculiar bitter taste found
within the contents of an otherwise regular variety.

The phenomenon occurs when an onion is chopped or processed for cooking, resulting in the bitter taste.
For years, very little was known about why this particular phenomenon occurs.

Previous research suggested that onions release a compound called lachrymatory factor syntase when cut,
resulting in the familiar stinging of eyes, causing someone to tear up.

Scientists concluded that several sulphur-based compounds are also formed when the onion is chopped. but
none of these caused a bitter taste.

Nine new compound groups

In a paper published to the American Chemical Society's Journal of Agricultural and Food Chemistry, the
researchers described an experiment that saw them processing onions with a kitchen juicer.

While freshly obtained onion juice was normal, after 30 minutes it was found to develop a strong, bitter taste.

With this information, the team went about trying to find what exactly happens in this intervening amount of
time.

To do this, the researchers performed sensory-guided high-performance liquid chromatography in order to
identify the compounds that formed over time in the onion juice.

As it turned out, they discovered nine different groups of sulphur compounds in the juice, now dubbed
allithiolanes.

The compounds were found to form spontaneously when an onion is damaged.

Not limited to onions, allithiolanes were also discovered in some of its relatives, such as leeks, with one of the
groups found in garlic as well.
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Why onions can taste bitter
L fR dinkch

Thursday, 23 August, 2018

Onions are commonly used in a number of meals,
both cooked and raw. But you may have noticed
they not only bring tears to yours eyes but can also
leave a bitter taste in your mouth.

This happens when they are chopped or
processed, but it was not known why. Published in
ACS's Journal of Agricultural and Food Chemistry,
scientists have found it is down to previously
unknown compounds they called allithiolanes.

Previous research has shown that onions release
a compound called lachrymatory factor when cut

that causes eyes to water. Several sulfur-based compounds are also formed when the onion is

chopped, but none of these caused a bitter taste.

Roman Kubec and colleagues processed onions with a kitchen juicer and found fresh juice was not
bitter, but it developed a strong bitter taste after 30 minutes. After performing sensory-guided high-
performance liquid chromatography, the researchers discovered nine groups of new sulfur compounds

— allithiolanes. These compounds form spontaneously when the onion is damaged.

“Allithiolanes possess an unpleasantly bitter taste with detection thresholds in the range of 15-30 ppm,

the study paper stated.

n

Further testing revealed they were also present in other popular vegetables such as leeks and garlic.

Image credit: ©stock.adobe.com/au/Olga Lyubkin
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The origin of off-taste in onions — Allithiolanes

[ Biology,Chemistry,News @ Ausgust 15,2018

Chopping onions is usually associated with watery and stinging eyes. After the onions are diced and the tears are
dried, the vegetable pieces can sometimes develop an unpleasant bitter taste. Now, one group reports in ACS'
Journal of Agricultural and Food Chemistry that they have identified previously unknown compounds causing this
off-taste.

Thanks to onions’ characteristic taste and strong smell, they are one of the most popular vegetables around the
world. Onions are known for their versatility — people frequently eat them raw or add them to numerous dishes as
they cook. But as they are chopped and processed for cooking, a bitter taste that could affect the taste of the
resulting meal can sometimes develop. Very little is known about why this particular phenomenon occurs.

Previous research has shown that onions release a compound called lachrymatory factor upon being cut that causes
eyes to water and sting. In addition, scientists have also concluded that several sulfur-based compounds are also
formed when the onion is chopped, but none of these caused a bitter taste. So Roman Kubec and colleagues wanted
to identify the bitter onion compounds.

The team processed onions with a kitchen juicer. Freshly obtained juice was not bitter, but after 30 minutes, it
developed a strong bitter taste. The group performed sensory-guided high-performance liquid chromatography to
identify the compounds that formed over time in the onion juice. The researchers discovered nine groups of new
sulfur compounds in the onion juice, which they dubbed allithiolanes. These compounds form spontaneously when
the onion is damaged. The allithiolanes were not limited to onions; further testing showed they were also present in
leeks, and one of the groups was found in garlic.
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Why chopped onion is bitter after a while

New sulphur compounds are formed when onion is cut - s-cphoto

Scientists point to new sulphur compounds formed
when onion is cut

NEW DELHI, AUGUST 20

Ever wondered why onion tastes awful when diced pieces are exposed to the air
for a while? Science may have an answer to explain this foul taste associated
with the bulbous vegetable.

A team of Czech chemists has found that leaving chopped onion pieces exposed
to air for as little as 30 minutes leads to the formation of new sulphur
compounds, hitherto not known to exist. The scientists, led by Roman Kubec of
the University of South Bohemia in the Czech Republic, reported their findings
in American Chemical Society’s Journal of Agricultural and Food Chemistrylast
week.

Its characteristic taste and flavour have made onion one of the most popular
vegetables worldwide. It is an important ingredient of most meals of nearly all
nationalities. In the food industry, the bulbous vegetable plays an essential role

-

in the production of numerous products, such as soups, canned foods, pickles,
salads and meat products like sausages.

L
But, as onions are chopped and processed for cooking, a bitter taste could leave G
+
the resulting meal unsavoury sometimes. Very little, however, is known about
why this particular phenomenon occurs, despite its significant negative impact in

on the taste of processed onion. There have been only two papers dealing with

o

this puzzling phenomenon, in the past, according to the scientists.

In the first paper, published more than 50 vears ago, Sigmund Schwimmer, a
scientist with the US Department of Agriculture, concluded that the bitter
ingredient was not derived from isoalliin, the key precursor of the sulphur

3
K

o

sensory-active compounds which cause eyes to water and sting. However, in a

D

subsequent paper, Schwimmer opined that isoalliin may have some role in the
formation of a bitter taste. But the identity of the substances that contributed to
the foul taste remained elusive, prompting Kubec and colleagues to probe
further.

[t runs in the family

The team processed onions with a kitchen juicer. Freshly obtained juice was not
bitter, but after 30 minutes, it developed a strong bitter taste. The group
performed sensory-guided high-performance liquid chromatography to identify
the compounds that formed over time in the onion juice. The researchers
discovered nine groups of new sulphur compounds in the onion juice, which
they dubbed allithiolanes.

These compounds form spontaneously when the onion is damaged.

Interestingly, the allithiolanes are not limited to onions but are also present in
other onion family vegetables such as leeks and garlic.

Published on August 20,2018



o EurekAlert! | avaaas

The Global Source for Science News

NEWS MULTIMEDIA MEETINGS PORTALS ABOUT

PUBLIC RELEASE: 15-AUG-2018

The origin of off-taste in onions

AMERICAN CHEMICAL SOCIETY

E | SHARE | O PRINT =% E-MAIL

Chopping onions is usually associated with watery and stinging eyes. But after the onions are
diced and the tears are dried, the vegetable pieces can sometimes develop an unpleasant
bitter taste. Now, one group reports in ACS' fournal of Agricultural and Food Chemistry that they
have identified previously unknown compounds causing this off-taste.

Thanks to onions' characteristic taste and strong smell, they are one of the most popular
vegetables around the world. Onions are known for their versatility - people frequently eat
them raw or add them to numerous dishes as they cook. But as onions are chopped and
processed for cooking, a bitter taste that could affect the taste of the resulting meal can
sometimes develop. Very little is known about why this particular phenomenon occurs.
Previous research has shown that onions release a compound called lachrymatory factor
upon being cut that causes eyes to water and sting. In addition, scientists have also concluded
that several sulfur-based compounds are also formed when the onion is chopped, but none
of these caused a bitter taste. So Roman Kubec and colleagues wanted to identify the bitter
onion compounds.

The team processed onions with a kitchen juicer. Freshly obtained juice was not bitter, but
after 30 minutes, it developed a strong bitter taste. The group performed sensory-guided
high-performance liquid chromatography to identify the compounds that formed over time in
the onion juice. The researchers discovered nine groups of new sulfur compounds in the
onion juice, which they dubbed allithiolanes. These compounds form spontaneously when the
onion is damaged. The allithiolanes were not limited to onions; further testing showed they
were also present in leeks, and one of the groups was found in garlic.

wHHE

The researchers acknowledge funding from the Grant Agency of the University of South
Bohemia, the National Program of Sustainability and the Ministry of Education of the Czech
Republic.
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Scientists discover origins of that
weird off-taste found in some
onions

by Colm Gorey
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A culinary mystery involving onions that has plagued
scientists for years has finally been solved.

Not long after we found out the complicated physics behind the
snapping of spaghetti, a team of researchers based in the Czech
Republic claims to have answered another kitchen mystery.

Frequent onion eaters might be familiar with the somewhat
unpleasant discovery of a peculiar bitter taste found within the
contents of an otherwise regular variety.

The phenomenon occurs when an onion is chopped or processed for
cooking, resulting in the bitter taste.

For years, very little was known about why this particular
phenomenon occurs.

Scientists concluded that several sulphur-based compounds are also
formed when the onion is chopped, but none of these caused a bitter
taste.

Nine new compound groups

In a paper published to the American Chemical Society’s journal of
Agricultural and Food Chemistry, the researchers described an
experiment that saw them processing onions with a kitchen juicer.

‘While freshly obtained onion juice was normal, after 30 minutes it
was found to develop a strong, bitter taste.

0000609

With this information, the team went about trying to find what
exactly happens in this intervening amount of time.

To do this, the researchers performed sensory-guided high-
performance liquid chromatography in order to identify the
compounds that formed over time in the onion juice.

As it turned out, they discovered nine different groups of sulphur
compounds in the juice, now dubbed allithiolanes.

The compounds were found to form spontaneously when an onion is
damaged.

Not limited to onions, allithiolanes were also discovered in some of
its relatives, such as leeks, with one of the groups found in garlic as
well.

RELATED: RESEARCH, CHEMISTRY, FOOD
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Revealing Onion's Chemical Secrets
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Chopping onions is usually associated with watery and stinging eyes. But after the onions are
diced and the tears are dried, the vegetable pieces can sometimes develop an unpleasant bitter
taste. Now, one group reports in ACS’ Journal of Agricultural and Foed Chemistry that they have
identified previously unknown compounds causing this off-taste.

Thanks to onions’ characteristic taste and strong smell, they are one of the most popular
vegetables around the world. Onions are known for their versatility — people frequently eat
them raw or add them to numerous dishes as they cock. But as onions are chopped and
processed for cooking, a bitter taste that could affect the taste of the resulting meal can
sometimes develop. Very little is known about why this particular phenomenon occurs. Previous
research has shown that onions release a compound called lachrymatory factor upon being cut
that causes eyes to water and sting. In addition, scientists have also concluded that several
sulfur-based compounds are also formed when the onion is chopped. but none of these caused
a bitter taste. So Roman Kubec and colleagues wanted to identify the bitter onion compounds.

The team processed onions with a kitchen juicer. Freshly obtained juice was not bitter, but after
30 minutes, it developed a strong bitter taste. The group performed sensory-guided high-
performance liquid chromatography to identify the compounds that formed over time in the
onion juice. The researchers discovered nine groups of new sulfur compounds in the onion juice,
which they dubbed allithiolanes. These compounds form spontaneously when the onion is
damaged. The allithiolanes were not limited to enions; further testing showed they were also
present in leeks, and one of the groups was found in garlic.

This article has been republished from materials provided by the American Chemical Society.
Note: material may have been edited for length and content. For further information, please
contact the cited source.
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Chopping onions is usually associated with watery and stinging eyes. But after the onions are diced and the tears are
dried, the vegetable pieces can sometimes develop an unpleasant bitter taste. Now, one group reports in ACS' Journal
of Agricultural and Food Chemistry that they have identified previously unknown compounds causing this off-taste.

Thanks to onions’ characteristic taste and strong smell, they are one of the most popular vegetables around the world.
Onions are known for their versatility — people frequently eat them raw or add them to numerous dishes as they cook.
But as onions are chopped and processed for cooking, a bitter taste that could affect the taste of the resulting meal
can sometimes develop. Very little is known about why this particular phenomenon occurs. Previous research has
shown that onions release a compound called lachrymatory factor upon being cut that causes eyes to water and sting.
In addition, scientists have also concluded that several sulfur-based compounds are also formed when the onion is
chopped, but none of these caused a bitter taste. So Roman Kubec and colleagues wanted to identify the bitter onion
compounds.

The team processed onions with a kitchen juicer. Freshly obtained juice was not bitter, but after 30 minutes, it
developed a strong bitter taste. The group performed sensory-guided high-performance liguid chromatography to
identify the compounds that formed over time in the onion juice. The researchers discovered nine groups of new sulfur
compounds in the onion juice, which they dubbed allithiolanes. These compounds form spontaneously when the onion
is damaged. The allithiolanes were not limited to onions; further testing showed they were also present in leeks, and
one of the groups was found in garlic.

The researchers acknowledge funding from the Grant Agency of the University of South Bohemia, the National
Program of Sustainability and the Ministry of Education of the Czech Republic.

"Allithiclanes — Nine Groups of Newly Discovered Family of Sulfur Gompounds Responsible for the Bitter
Off-Taste of Processed Onion”
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RESEARCHERS DISCOVER THE ORIGINS OF THE STRANGE TASTE IN SOME
BULBS

© August16,2018 I Health @& 3Views
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A culinary mystery with onions that has been plagued scientists for years has finally been solved.

Mot long after we discovered the complicated physics of the spagetti's snap, a team of researchers in the

Czech Republic claims to have responded.

Frequent bulbs can be familiar with the somewhat unpleasant discovery of a remarkable bitter taste

found within the contents of a otherwise plain black.
The phenomenon occurs when an onion is chopped or processed for cooking, resulting in

Previous research suggested that onion releases a compound called lachrymatory factor synthase when

cut, resulting in the familiar stinging of the eyes, causing someone to tear up.

Researchers concluded that several sulfur-based compounds are also formed when the onion is hacked,
but none of these caused ab

Nine New Compound Groups

In a paper published in the American Chemical Society's Journal fournal of Agricultural and Food

Chemistrythe researchers described an experiment that saw them processing onion with a kitchen juicer.

While freshly caught onion juice was normal, after 30 minutes it was found that it developed a strong,
bitter taste.

With this information, the team tried to find what exactly happens during this intermediate time. 1

9659003] To do this, the researchers performed sensory controlled high performance liquid
chromatography to identify the compounds formed over time in onion juice.

As it turned out, they discovered nine different groups of sulfur compounds in juice, now dubbed

allitiolans.
The compounds were found to form spontaneously when an onion was damaged.

Mot restricted to onion, alliticlans were also discovered in some of the relatives h as leek, with one of

those found in garlic.
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Chopping onions is usually associataed with watery and stinging eyes. But after the onions
are diced and the tears are dried, the vegetable pieces can sometimes develop an
unpleasant bitter taste. Now, one group reports in ACS' Jeumnal of Agricultural and Food
Drones [ UAV Chemistry that they have identified previously unknown compounds causing this off-taste.
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Education & careers  yegetables around the world. Cnions are known for their versatility -- people frequently
Financial aat them raw or add them to numerous dishes as they cook. But as onions are chopped
and processed for cooking, a bitter taste that could affect the taste of the resulting meal
can sometimes develop. Very little is known about why this particular phenomenon occurs.
Pravious research has shown that onions release a compound called lachrymatory factor
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Forage crops upon being cut that causes eyes to water and sting. In addition, scientists have also
Fungicide resistance concluded that several sulfur-based compounds are also formed when the onion is
chopped, but none of these caused a bitter taste. So Roman Kubec and colleagues

EovamveszdiEng wanted to identify the bitter onion compounds.

technology

Genomics The team processed onions with a kitchen juicer. Freshly obtained juice was not bitter, but
after 20 minutes, it developed a strong bitter taste. The group performed sensory-guided

Heat tolerance
high-performance liquid chromatography to identify the compounds that formed owver time

Herbicide resistance ik onion juice. The researchers discovered nine groups of new sulfur compounds in

Indoor farming the onion juice, which they dubbed allithiolanes. These compounds form spontaneously
Tee=nain when the onion is damaged. The allithiclanes were not limited to onions: further testing

O showed they were also present in leeks, and one of the groups was found in garlic.
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Bilim insanlari Sogan ile ilgili Sasirtici Bilgilere Ulasti!

Yemeklerin ve kultiramaziin vazgecilmez sebzesinden birisi olan soganin neden aci oldugu yapilan arastirmalar ile ortaya
cikti. Bilim insanlan sogan tzerinde yaptiklar arastirmada oldukga ilging bilgilere ulasti! Sebebini bilmedigimiz bir¢ok
konuda bizleri aydinlatan, gezegenimiz ve yasam hakkinda bilgiler sunan bilim insanlan bakalim sogan hakkinda nasil
bilgiler elde etti?

Yemeklerin olmazsa olmazlan arasinda yer alan sogan diger sebzelerin aksine goz yasartic ve ac etkilere sahip. Meyve ve
sebzeler hakkinda bilinmezleri agiklayan arastirmacilar Cek Cumhuriyeti merkezli olan bir ekip kurarak soganin nasil ve
neden aci oldugu sorusuna agikhik getirdi.

Pisirdiginizde tadi oldukca lezzetli ve tath olan sogan ¢ig olarak tukettiginizde hatta dogradiginizda bile icerisinde ki
lakriyomatuar faktor sentaz olarak isimlendiren bilesik sebebiyle gozleri yasartir.

Taze bir sogan suyu normal bir tat verirken aradan gegen yanm saat diliminden sonra aci bir tada doniigen so§an suyu
hakkinda da arastirma yapildi ve bunun sebebini bulmak icin sogan suyu icerisinde ki bilesiklerin oncesi ve sonrasi
aragtinildi.

Yapilan arastirma sonucunda; sogan suyu icerisinde 9 farkh kikirt bilesigi tespit edildi. Allithiolanes diye adlandinlan bu
madde sodan herhangi bir zarar gordii§i zaman agiga ¢ikti. Sodjan zarar gordiigi anda bu 9 farkh bilesik harekete gecti.
Soganda gerceklesen bu durumun pirasa gibi sebzelerde de gorildigi anlagildi.
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The origin of off-taste in onions
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Summary:  Chopping onions is usually associated with watery and stinging eyes. But after the
onions are diced and the tears are dried, the vegetable pieces can sometimes develop
an unpleasant bitter taste. Now, one group reports that they have identified previously
unknown compounds causing this ofi-taste.
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and the tears are dried, the vegetable pieces can
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one group reports in ACS' Journal of Agricultural
and Food Chemistry that they have identified previ-
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Thanks to onions’ characteristic taste and strong smell, they are one
of the most popular vegetables around the world. Oniong are known
for their versatility — people frequenthy eat them raw or add them to

4 numerous dishes as they cook. But as onionz are chopped and pro-
cessed for cooking, a bitter taste that could affect the taste of the
resulting meal can sometimes develop. Very little is known about
why this particular phenomenon occurs. Previous research has
shown that onions releaze a compound called lachrymatory factor
upon being cut that causes eyes to water and sting. In addition, sci-
entistz have alzo concluded that several sulfur-based compounds
are alzo formed when the onion is chopped, but none of these
caused a bitter taste. So Roman Kubec and colleagues wanted to
identify the bitter onion compounds.

The team processed onions with a kitchen juicer. Freshhy obtained
juice was not bitter, but after 30 minutes, it developed a strong bitter
taste. The group performed sensory-guided high-performance liquid
chromatography to identify the compounds that formed owver time in
the onion juice. The researchers discoverad nine groups of new
sulfur compounds in the onien juice, which they dubbed allithiclanes.
These compounds form spentaneously when the onion is damaged.
The allthiolanes were not limited to onions; further testing showed
they were also present in leeks, and one of the groups was found
in garlic.



E] i Tosemilibi A Sdilet Poslat zpravu | +++

sciTOdag ks () Komentai

SciToday
SdTodar 15. srpenv 9:13 - Instagram - @

SciToday

@sciToday.net Chopping #onions is usually associated with watery and stinging eyes, after

the onions are diced, the vegetable pieces can sometimes develop an
unpleasant bitter taste.
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The Origin of Off-Taste in Onions
USAghet - 08/28/2018

Chopping onions is usually associated with watery and stinging eyes.
But after the onions are diced and the tears are dried, the vegetable
pieces can sometimes develop an unpleasant bitter taste. Mow, one
group reports in ACS' Journal of Agricultural and Food Chemistry that
they have identified previously unknown compounds causing this off-
taste.

Thanks to onions’ characteristic taste and strong smell, they are one of
the most popular vegetables around the world. Qnions are known for their
versatility — people frequently eat them raw or add them to numerous
dishes as they cook. But as onions are chopped and processed for
cooking, a bitter taste that could affect the taste of the resulting meal
can sometimes develop. Very little is known about why this particular
phenomenaon occurs. Previous research has shown that onions release a
compound called lachrymatory factor upon being cut that causes eyes to
water and sting. In addition, scientists have also concluded that several
sulfur-based compounds are also formed when the onion is chopped, but
none of these caused a bitter taste. So Roman Kubec and colleagues
wanted to identify the bitter onion compounds.

The team processed onions with a kitchen juicer. Freshly obtained juice
was not bitter, but after 30 minutes, it developed a strong bitter taste.
The group performed sensory-guided high-performance liquid
chromatography to identify the compounds that formed over time in the
onion juice. The researchers discovered nine groups of new sulfur
compounds in the onion juice, which they dubbed allithiolanes. These
compounds form spontanecusly when the onion is damaged. The
allithiolanes were not limited to onions; further testing showed they were
also present in leeks, and one of the groups was found in garlic.

The researchers acknowledge funding from the Grant Agency of the
University of South Bohemia, the National Program of Sustainability and
the Ministry of Education of the Czech Republic.

The American Chemical Society, the world's largest scientific society, is
a not-for-profit organization chartered by the U.S. Congress. ACS is a
global leader in providing access to chemistry-related information and
research through its multiple databases, peer-reviewed journals and
scientific conferences. ACS does not conduct research, but publishes
and publicizes peer-reviewed scientific studies. Its main offices are in
Washington, D.C_, and Columbus, Ohio.
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Bilim insanlari, Sogan Hakkindaki Sasirtici
Gercekleri Ortaya Koydular

Tarafindan yedi24 - Afustos 17, 20M12 @& 62 ™ 0

s (I (N2 B @3

Ozellikle Tiirk kiiltiiriinde yemeklerin ana maddelerinden birisi olan sodan,
simdi de bilim insanlarimin ilgi odadgr haline geldi. Sodan hakkinda daha dnce
duymadidimiz bilgileri asiga gkaran bilim insanlari, bu maddenin acr

olmasimin sebebini buldu.

Bizler haberdar clmasak da bilim insanlan gezegenimiz ve yasam hakkinda gesitli
arastirmalarda bulunuyorlar. Bu noktada bilmedigimiz ve belki de sebebini merak
ettifimiz sevyleri acikhda kavusturan arastiriclar, bu defa muhtemelen her giin
tiikettifimiz bir gida maddesini ele aldilar Gzellikle bizim kiltirimizde tahmin
edecediniz Uzere neredeyse her yemelkte sodan kullanilyor. Buna ek olarak sade veya
cig olarak tiketilebilen sodan, diger sebze ve meyvelerin aksine ac ve giz yasarticl bir

etkiye sahip.

Daha oncesinde spagettilerin birbirine yapizmaszinin altinda yatan karmasik fizik
sebeplerini gézen arastirmacilar, simdi bir baska mutfak gizemini daha aydinlatiyor. Gek
Cumhuriyeti merkezli olusturulan ekip, sofanin sahip oldudu ac tada agikhik getirdiler
Gvyle ki pisirildidinde tath olan sodan, cid olarak kesildiginde lakriyomatuar faktir sentazi

denen bir bilesidi salgilar ve bu da gézlerin yasarmasina sebep olur.

Gte yandan taze sodan suyu normal bir tada sahipken, aradan 30 dakika zaman
gectijinde suyun gigli, ac bir tada sahip cldudu tespit edilmistic Bu durumun Gzerinde
duran ve =uyun herhanagi bir etki olmamasina karsin neden acididimni sorgulayan bilim

insanlari, sofan suyunun igerisinde olan bilesiklerin éncesini ve sonrasimi karsilastirdilar.

Ortaya gikan sonuglara bakildifinda, sodan suyunda allithiolanes diye adlandirilan bir
maddeye rastlandi. 9 farkh lkilkirt bilegigi tezpit edilen madde, aslina bakacak olursaniz
=odan herhangi bir zarar gordiudi anda agia cikiyordu. Etki aldifr anda bilesiklerin
harekete gectifini ifade eden bilim insanlar, benzer durumun pirasa gibi bazi sebzelerde

mewvecut oldufunu belirtti.

Kaynak : https://fwww.webtekno.com/bilim-insanlari-sogan-hakkindaki-sasirtici-

gercekleri-ortaya-koydular-h51759.html
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