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1. Bevezetés

A Coffea (kavé) fajokat az Egyenlité mentén szinte minden orszagban
termesztik. A FAO (Food and Agriculture Organisation of the United Nations)
szerint termesztése elérheti a 7 millio tonnat is évente (BAEZA et al. 2014). A
nemzetség szamos tagja termesztés szempontjabol nagy multtal rendelkezik,
fontos szerepet toltenek be a vilagpiacon és a kutatasban egyarant. A népszerii
ital-alapanyagként ismert ndvények napjainkban kereskedelmi szempontbol a
koéolaj utan masodik helyen allnak a vilagpiacon és tobb mint 50 orszagban
kozel 20 millié gazdalkodo csalad megélhetését biztositjak (DAVIS et al. 2007).

A jelentés koffein- és polifenol-tartalomnak koszonhetéen a Coffea
kivonatok szamos fiziologiai hatassal rendelkeznek, igy kozponti
idegrendszert stimulald, antioxidans, rakmegel6z0, gasztrointesztinalis,
antibakterialis és dermatologiai hatast jegyeztek fel. A tudomanyos
bizonyitékokkal alatimasztott jotékony hatdsok mellett azonban a kavé nem
megfeleld koncentracidban valdé alkalmazasa sulyos mellékhatasokat is
eldidézhet.

A legismertebb fajok, igy a Coffea arabica L., C. robusta L. Linden és
C. liberica Hiern. mellett vadon ¢él6 taxonok esetében viszonylag kevés
informacioval rendelkeziink biologiai és fitokémiai jellemz6ikrol.

2. Célkitiizések
A kavé tudomanyos adatai és tarsadalomra gyakorolt jelentds hatasa
alapjan a dolgozat célkitlizései a kdvetkezok voltak:

e a C. arabica, C. liberica és a C. benghalensis B. Heyne ex Schult.
hisztologiai és fitokémiai jellemzdinek, valamint antimikrobas hatasanak
Osszehasonlito vizsgalata, igy:

e akijeldlt 3 Coffea faj esetében a lomblevél, levélnyél és termés hisztologiai
jellemzése

o polifenolok mennyiségi és mindségi meghatarozasa a levél-, érett és éretlen
termés-kivonatokban HPLC modszerrel

e OsszcserzOanyag- €s Osszpolifenoltartalom meghatarozasa lomblevél- és
terméskivonatokban

e a 3 taxon termésfal- és magkivonatanak antioxidans vizsgalata ECL
(Enhanced Chemiluminescence), DPPH (2,2-diphenyl-1-picrylhydrazyl)
és ORAC (Oxygen Radical Absorbance Capacity) modszerekkel



e Jomblevél, termésfal és mag antimikrobas hatdsanak vizsgalata a 3 taxon
esetében korong- és agardiffuziés modszerrel

e a fentiek alapjan a C. benghalensis korabbi tudomanyos eredményeinek
kiegészitése uj adatokkal, a faj esetleges gazdasagi jelentdségének
vizsgalata 01j természetes antioxidans forrasok felkutatasa, valamint a kavé-
maradvanyok (hulladék) 4 felhasznalasi lehet6ségei révén.

3. Coffea taxonok hisztolégiai vizsgalata

3.1. Anyagok és modszerek
3.1.1. Mintaelokészités

A C. arabica, C. benghalensis és C. liberica mintait (lomblevél,
levélnyél, termés, hajtas) a Pécsi Tudomanyegyetem Botanikus Kertjébdl
gyujtottik 2014 és 2015 tavaszan (Pécs: tszf. magassag: 193 m, északi
szélesség: 46°04'59", keleti hosszusag: 18°13'59"). A kert adatai szerint a C.
arabica 2008-ban Konstanz-bol (Németorszag, tltetés: 2009. februar 26.), a
C. liberica 2011-ben Giessen-bdl (Németorszag, iltetés: 2012. aprilis 17.)
érkezett. A C. benghalensis szarmazasat tekintve nem allt rendelkezésre
elegend6 adat; a vizsgalt novény megkozelitdleg 10 éves. A novények nyaron
kint, téli id8szakban iiveghdzakban telelnek at (12-15 °'C, 40-60%
paratartalom).

Fajonként 2-2 egyedrdl gyiijtottiink mintakat (10-10 hajtas, levélnyél és
termés, valamint 20 lomblevél), amelyeket szobahémérsékleten, hiivos helyen
szaritottunk. Lomblevelek esetében 10 minta levélderitést, 10 minta fixalast
(96% etanol:glicerin:viz, 1:1:1) kovetben preparatumkészités soran keriilt
vizsgalatra. A vizsgalatokat a PTE GYTK Farmakognoziai Intézetben
végeztik.

3.1.2. Levélderités

A levélderités soran a szaritott mintakat 1x1 cm méretre vagtuk
mindharom faj esetében (20 db/novény). Elsé 1épésben forralas tortént 15 ml
vizben, ezutan 10% etanol:KOH 7:3 keverékében (15 ml, 3-4 perc), majd 5%
H202-ban (4 ml, 1 perc), amelyben &lltak is a mintak 10 percig. Ezt k6vetéen
desztillalt vizzel mosas, majd Gjabb forralas kovetkezett 96% etanolban, mig a
mintak elszintelenedtek. Ujabb desztillalt vizben tortént mosas utin a szintelen
mintakat targylemezre helyeztiik. Fajonként 10 mintat festés nélkiil, 10 mintat
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0,02% toluidinkékkel festve, 2-3 csepp Neo-Mounttal és fed6lemezzel
rogzitve készitettiink. A kész prepardtumok vizsgalata Nikon Eclipse 80i
mikroszkoppal és SPOT BASIC v4.0 program segitségével tortént.

3.1.3. Beagyazas és metszetkészités

Az etanol:glicerin:viz elegyében fixalt hajtas, levélnyél, lomblevél és
termés-mintakat mindharom taxon esetében 70% és 90% acetonnal (1-1 6ra),
100% acetonnal (1 éjszaka) és xilollal (2 6ra) kezeltiikk, majd Technovit 7100
milgyantdba agyaztuk. A 10 pm vastagsagl kereszt- és hosszmetszetek
készitése Anglia Scientific 0325 tipusu rotaciés mikrotommal tortént. A
metszeteket 50°C-on szaritottuk (Memmert Basic UNB200, 32 L, 2 éra), majd
0,02% toluidinkékkel festettiik (5 perc). Ezutan desztillalt vizzel mosas
(néhany masodperc), majd kezelés tortént 96% etanollal (2x5 perc),
izopropanollal (2 perc) és xilollal (2x10 perc). Végiil Neo-Mount fixaloval és
fedélemezzel fedtiik a kész preparatumokat.

A preparatumokat Nikon Eclipse 80i mikroszkoppal és SPOT BASIC
V4.0 program segitségével, a mikromorfologiai bélyegeket Image Tool 3.00 és
Image J programokkal (20 mérés/minta/névény) vizsgaltuk. A mért
paraméterek a kovetkezOk voltak: kutikula vastagsiga, epidermiszsejtek,
oszlopos ¢és szivacsos alapszoveti sejtek magassaga, szallitonyalabok
szélessége a lomblevélben és a levélnyélben (pm).

3.1.4. Statisztikai médszerek

A mikromorfometriai adatok elemzése Past 2.17b program segitségével
tortént. Els6 1épésként Shapiro-Wilk teszt segitségével vizsgaltuk az adatok
eloszlasat. A normal eloszlast adatok esetében az 6sszehasonlitast One-way-
ANOVA varianciaanalizis (Tukey paronkénti Osszehasonlitas) segitségével
végeztiik. Amennyiben az egyes csoportok esetében a normalitas nem teljesiilt,
Kruskal-Wallis ~ tesztet (Mann-Whitney paronkénti  dsszehasonlitas)
alkalmaztunk.

3. 2. Eredmények és értékelés
3.2.1. Levélderités

A C. arabica leveleire elagazasok nélkiili, vastag szallitonyalabok, a C.
benghalensis esetében kis elagazasok, mig a C. liberica esetében hossza



elagazasok jellemzOk. A babszem alaku zarosejtek melléksejtjeinek szama
mindharom taxon esetében 3 volt (anizocitikus sztoma).

3.2.2. Hisztologiai jellemzék
3.2.2.1. Coffea fajok leveleinek hisztologiai vizsgdlata

A vizsgalt kavéfajok lomblevél-szerkezete néhany kisebb eltéréssel kozel
azonosnak bizonyult. Az egysejtsoros abaxialis és adaxialis epidermiszt
vékony kutikula boritja mindharom faj esetében. Az arab kavé abaxialis (26,55
pm) és adaxialis (27,18 um) epidermiszsejtjei magasabbak, mig a libériai kavé
epidermiszsejtjeit szélesebbnek mértiik (36,67 és 32,66 pm).

Az arab és libériai fajokkal szemben a bengali kavé kutikulavastagsiga
mindkét epidermiszrétegen kiemelked6 (8,61 és 8,69 um). A dorziventralis
levelek heterogén mezofillummal rendelkeznek mindegyik faj esetében, amely
oszlopos (adaxialis epidermisz felé) és izodiametrikus sejtekbdl allo szivacsos
(abaxialis epidermisz felé¢) alapszoveti sejteket foglal magaban. A
kloroplasztiszokban gazdag oszlopos alapszoveti sejtek klorenchimat
alkotnak, amelyek az arab és libériai faj esetében egy sejtsorban, mig a bengali
kavéban két sorban helyezkednek.

A C. arabica levélen az adaxialis és abaxialis kutikula vastagsagat (5,06
és 3,57 um), valamint az epidermiszsejtek magassagat (26,55 és 27,18 pm)
nagyobbnak mértikk, mig az oszlopos és szivacsos sejtek (30,00 és 31,25 um)
kisebbek, eltérve korabbi irodalmi adatoktdl (FILHO 2006). Ennek okai a
vizsgalat soran alkalmazott eltéré modszerek és eltérd kornyezeti feltételek
lehetnek. Mindegyik faj esetében a szivacsos alapszoveti sejtek kozott
intercellularis tereket és Ca-oxalat kristalyokat figyeltiink meg. Bar a bengali
kavé oszlopos alapszoveti sejtei magasabbak (52,77 ¢és 13,88 pm), a
szallitonyalabok szélesebbek (267,93 pum) voltak, az arab kavé szivacsos
alapszoveti sejtjeit magasabbnak (31,25 és 38,20 um) mértiik.

A sztomak mezomorf helyzetliek; a szklerenchimasejtekkel koriilvett,
kollateralis zart szallitonyalabok fa- és hancselemekbél épiiltek fel kambium
nélkiil mindharom taxon esetében.

Statisztikai értékelés: Eltérések a C. arabica faj abaxialis epidermisz- és
szivacsos alapszoveti sejtek paramétereiben voltak megfigyelhet6k, ahol az
adaxialis epidermiszsejteket magasabbnak mértiik a C. liberica fajhoz képest.
AC. arabica levelének szallitonyalabjai szélesebbek voltak a C. benghalensis-
hez képest, mig ezutdbbi oszlopos alapszoveti sejtjei magasabbak, a kutikula



vastagabb volt a masik két fajhoz viszonyitva. A C. liberica abaxialis
epidermiszsejtjeit szélesebbnek mértiik 6sszevetve a masik 2 vizsgalt fajjal.

3.2.2.2. Coffea fajok levélnyelének hisztologiai vizsgdlata

A levélnyél hisztologiai paraméterei mindharom taxon esetében
hasonlonak  bizonyultak: egysejtsoros epidermisz, kollateralis  zart
szallitonyalabok,  izodiametrikus  sejtekb6l  4ll6  parenchima  és
szklerenchimasejtek figyelheték meg. A kozponti zart szallitonyalab kor
alakt, amely a C. arabica esetében 6, a C. benghalensis esetében 4 kisebb
nyalabban folytatodik. A C. liberica levélnyelében csak egy kozponti nyalab
figyelhetd meg. Ca-oxalat kristalyok jelenléte mindharom mintara jellemzd.
Az arab (39,75 és 38,25 um) és bengali kavé parenchimasejtjeinek (32,57 és
38,28 um) értékei hasonloak voltak, ennek ellenére a bengali kavé levélnyél
epidermiszsejtjei a szini és fonaki oldalon is magasabbak (23,17/19,49 és
20,94/18,39 um), a szallitonyalabok szélesebbek (287,51 um) voltak a masik
két fajjal szemben.

Statisztikai értékelés: A C. benghalensis levélnyele mutatta statisztikai
szempontbol a legtobb eltérést: az adaxialis és abaxialis epidermissejtek
szélessége ¢és az adaxialis kutikula vastagsaga is nagyobbnak bizonyult, mint
a C. arabica ¢és C. liberica értékei, mig a parenchimasejtek szélessége és
magassaga, valamint a szallitonyalabok szélessége kozel azonos volt a C.
arabica mért adataival. Az arab kavé levélnyél abaxialis epidermiszsejtjeinek
szélessége, a parenchima és kutikula vastagsaga megegyezett a libériai faj mért
értékeivel.

3.2.2.3. Coffea fajok hajtasanak hisztologiai vizsgdlata

A levélhez és levélnyélhez hasonléan a hajtast is egysejtsoros
epidermisz boritja mindharom faj esetében. Az elsddleges kéreg az arab
kavéban volt a legvastagabb (10-12 sejtsor), ezt kovette a bengali kavé (7-8
Sejtsor) és a libériai kavé (6-8 sejtsor). Ezek a sejtek izodiametrikusak az arab
és libériai, mig a bengali kavé esetében 5-6 soros kiils6 sejtekbdl és lapitott
belsé izodiametrikus sejtekbél allnak. A kozponti nyilt szallitonyaldbokat,
amelyek kambiumbél, fa- és hancselemekbdl allnak, egy sorban
szklerenchimasejtek veszik koriil mindegyik faj esetében. Az alapszoveti
sejtek mindharom taxon esetében izodiametrikusak. Bar a bengali kavé
epidermiszsejtjei a legmagasabbak mindkét oldalon (16,41 és 17,39 pm), a



libériai kavé esetében a parenchimasejtek bizonyultak a legmagasabbnak
(43,64 és 46,21 pm) a vizsgalt fajok kozott.

Statisztikai értékelés: A legmagasabb és legszélesebb parenchimasejtek
libériai kavé esetében voltak jelen, mig az epidermiszsejteket a bengali fajban
mértiik legmagasabbnak. Statisztikai szempontbo6l eltéréseket nem talaltunk az
epidermiszsejtek szélességében.

3.2.2.4. Coffea fajok termésének hisztologiai vizgsgdlata

A termések mindharom taxon esetében a nemzetségre jellemzd két
egymas felé¢ forduld magot tartalmazzak, amelyek kiilsé oldala domboru, az
egymassal szemben all6 oldalak lapitottak. A termésfalat minden esetben
egysejtsoros epidermisz boritja. Az alapszoveti sejtek foként izodiametrikusak.
A magok koriil kollateralis zart nyaldbok helyezkednek el. A bengali kavé
esetében 2-3 sorban hosszii szklereidak is megfigyelhetok. Az
epidermiszsejtek magassaga és szélessége kozel azonos volt az arab (11,22 és
15,07 um) és a bengali (17,22 és 13,35 pm) faj esetében; a bengali kavé
mutatta a legnagyobb parenchimasejteket (28,03 és 51,67 um magassag ¢€s
szélesség). A termések mérete miatt fénymikroszkopos vizsgalatot nem
tudtunk végezni, igy makroszkopos modszerrel és képen hasonlitottuk Gssze
jellemzdiket, teljes mikroszkopos kép készitése nélkiil.

Statisztikai értékelés: Az epidermiszsejtek a C. benghalensis és C.
liberica esetében voltak a legmagasabbak, mig a parenchimasejtek a C.
benghalensis esetében a legszélesebbek. Statisztikai eltéréseket nem talaltunk
a 3 vizsgalt taxon termés epidermiszsejtjeinek szélességében és magassagaban.

4. Coffea fajok fitokémiai vizsgalata
4.1. Anyagok és modszerek
4.1.1. Mintaelokészités

A 3 kijelolt faj fitokémiai vizsgalataihoz lomblevelet és termést
gyijtottiink a Pécsi Tudomanyegyetem Botanikus Kertjében 2014 és 2015
tavaszan (fajonként 2 egyedrél). A vizsgalatokat a PTE GYTK és SOTE
GYTK Farmakognoziai Intézetben, valamint a kolozsvari luliu Hatieganu
Orvosi és Gyogyszerészeti Egyetem Gyogyszertechnologiai és Biofarmaciai
Intézetében végeztiik.

A HPLC-ESI/MS vizsgalatokhoz a C. arabica és C. benghalensis
esetében 2,5 g szaraz és poritott levél, éretlen termésfal és termés szerepelt
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mintaként, amelyekb6l 5% etanol (47,5 ml) hozzaadasaval hidrolizalt és nem
hidrolizalt kivonatokat készitettiink.

A HPLC-ESI-MS/MS vizsgalatokhoz mindharom taxon el6zetesen
emlitett szaritott és poritott mintaibol kivonatot készitettink (Soxhlet,
metanol:desztillalt viz 70:30 v/v%). A kivonas 150 ml kivondszerrel tortént 8
oran at. Az oldoszer elparologtatasa utan (rotacios vakuumbeparlo, 60 °C)
visszamaradt mintat metanol-desztillalt viz keverékében oldottuk (5 ml, 70:30
vIV%). Az apolaris anyagokat petroleummal folyadék-folyadék kivonassal
eltavolitottuk. Vizsgalat el6tt minden minta esetében SPE tisztitasra (500
mg/3ml Supelco Supelclean LC-18 SPE, Sigma-Aldrich, Steinheim,
Germany) és sziirésre keriilt sor (Sartorius Minisart RC15 0,2 um, Goettingen,
Germany). A komponensek azonositasahoz klorogénsav standardot, valamint
szakirodalmi adatokat hasznaltunk.

Az 6sszpolifenol- és dsszcserzoanyagtartalmat 0,5 g szaraz és poritott
éretlen ¢€s érett termésfalban és magban vizsgaltuk 150 ml desztillalt vizzel,
majd melegitettiik (30 perc, 70 °‘C). A hiitott kivonatokat 250 ml-es lombikba
sziirtiik.

4.1.2. HPLC-ESI/MS

A polifenolokat LC/MS mddszerrel vizsgaltuk (Agilent 1100 HPLC
Series system, USA, UV detector, Agilent 1100 spektrofotométer LC/MSD
lon Trap VL). A kivonashoz (48 °C) forditott fazist oszlopot alkalmaztunk
(Zorbax SB-C18, 100x3.0 mm i.d., 3,5 um). A detektalas UV (330 nm és 17,5
perc, majd 370 nm) és MS modban tortént. Az MS rendszer ESI és negativ
modban mitkodott. A kapott adatokat Chem Station és Data Analysis software
(Agilent, USA) segitségével elemeztiik. A mozgofazisban metanol és 0,1%
ecetsav (V/v) szerepelt.

A 18 tesztvegylilet elucioja 35 percig tartott, amelyek a kovetkezok:
kaftar-, gentizin-, kavé-, klorogén-, p-kumar-, ferula- és szinapinsav, tovabba
hiperozid, rutin, miricetin, fizetin, kvercitrin, izokvercitrin, kvercetin,
patuletin, kempferol, apigenin és luteolin. A tgr =12.5 plusz jele valosziniileg a
cisz-ferulasavat jelolte.

4.1.3. HPLC-ESI-MS/MS

A nagyhatékonysagl folyadékkromatografias - tandem
tomegspektrometris vizsgalatokat Agilent 1100 HPLC késziilékkel kapcsolt,
elektroporlasztasos (ESI) ionforrassal szerelt Agilent 6410 harmas kvadrupol
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tomegspektrométerrel, negativ ionizaciés ilizemmodban végeztik. A
komponensek kromatografias elvalasztasahoz ZORBAX SB-C18 3.0x150 mm
3.5 um oszlopot hasznaltunk. A mozgofazis 0,3 v/v% ecetsav-viz elegye és
metanol, az oszlop hdmérséklete 25 °C volt. A mozgofazis dramlési sebessége
0,3 ml/perc, az injektalt mintamennyiség 5 pL volt. ESI koriilmények: nitrogén
gdz hémérséklete: 350 °C, porlasztd nyomasa: 40 psi (Nz), szaritd gaz aramlési
sebessége: 9 L/perc (N2), kapillarisfesziiltség: 3500 V, fragmentorfesziiltség:
100 V; a szerkezeti kiilonbségek miatt az {itk6zési energiat 10-50 eV kozott
valtoztattuk. Utkozési gazként magas tisztasagi nitrogént alkalmaztunk. A
spektrumokat m/z 70-1000 tartomanyban rogzitettiik (1 scan/masodperc) volt.
Az analizishez és az értékeléshez Masshunter B.01.03 software-t hasznaltunk.
A komponensek azonositdsdhoz a retenciés id6t, az UV- és
tomegspektrumokat, valamint irodalmi adatokat vettiink alapul.

4.1.4. Osszpolifenol- és dsszcserzoanyag-tartalom meghatirozisa

A fenti mintakat poritva 15 ml desztillalt vizben 30 percig melegitettiik.
A hitott kivonatokat 25 ml-re higitottuk, majd sziirést kdvetden minden
kivonat els6 50 ml-mennyiségét félretettiik.

a. Osszpolifenol-tartalom

A vizsgalat a EUROPEAN PHARMACOPOEIA 71 (2010) médszere alapjan
késziilt. A sziiredék 5 ml-ét desztillalt vizzel 25 ml-re higitottuk. A higitott
oldat 2 ml-ét 1 ml foszfor-molibdén-volframsav reagenssel és 10 ml vizzel
elegyitettiik, majd natrium-karbonat 290 g/l toménységi oldataval 25 ml-re
higitottuk. Az oldat abszorbancijat 30 perc elteltével Metertech UV/VIS
SP8001 spektrofotométeren 760 nm-en mértiik; kompenzald folyadékként
vizet hasznaltunk.

b. Bérporra nem abszorbedlodo polifenolok

A sziiredék 10 ml-ét 0,1 g borporral 60 percen at erdteljesen razattuk,
sziirtiik, majd a sziiredék 5 ml-ét vizzel 25 ml-re higitottuk. A higitott oldat 2
ml-ét 1 ml foszfor-molibdén-volframsav reagenssel és 10 ml vizzel
elegyitettiik, majd natrium-karbonat 290 g/l toménységii oldataval 25 ml-re
higitottuk. Az oldat abszorbanciajat 30 perc elteltével Metertech UV/VIS
SP8001 spektrofotométeren 760 nm-en mértiik; kompenzald folyadékként
vizet hasznaltunk.



¢. Osszehasonlité oldat
50 mg pirogallolt desztillalt vizzel 100 ml-re oldottunk, majd az oldat 5
ml-ét desztillalt vizzel 100 ml-re higitottuk. A higitott oldat 2 ml-ét 1 ml
foszfor-molibdén-volframsav reagenssel és 10 ml vizzel elegyitettiik, majd
natrium-karbonat 290 g/l toménységii oldataval 25 ml-re higitottuk. Az oldat
abszorbanciajat 30 perc elteltével Metertech UV/VIS  SP8001
spektrofotométeren 760 nm-en mértiikk; kompenzald folyadékként vizet
hasznaltunk.
Minden vizsgalatot kétszer végeztiink. A polifenoltartalmat a kovetkezd
képlettel szamoltuk (EUROPEAN PHARMACOPOEIA 71 2010):
Bdrporra nem abszorbealodo polifenolok: [62.5(A1-Az) m2]/As -my
m; = vizsgaland6 minta tdmege grammban
mz = pirogallol tdomege grammban
Osszes polifenol: [62.5A1"mp]/As -
my = vizsgalanddé minta tdmege grammban
mz = pirogallol témege grammban.

4. 2. Eredmények és megvitatasuk
4.2.1. HPLC-ESI/MS

HPLC-ESI/MS modszerrel a bengali és arab kavé levél, éretlen termésfal
és mag kivonatait vizsgaltuk. A bengali kavéban 9 polifenol-komponenst
azonositottunk, ezek kozott 5 fenolkarbonsav (kavé-, klorogén-, ferula-,
szinapin- és p-kumarsav) és 4 flavonol (kvercetin, izokvercetin, kempferol,
rutin) szerepelt. Fenolkarbonsavakat kimutattunk a levélben, az éretlen
termésfalban és magban is, mig flavonolok csak a levélben és a termésfalban
voltak jelen.

A bengali kavé esetében az éretlen mag nem hidrolizalt kivonataiban a
klorogénsav volt dominans komponens, mig az éretlen termésfalban legkisebb
mennyiségben rutin volt jelen. A levél hidrolizalt kivonataban kavésav nagy,
az éretlen termésfalban kempferol kis mennyiségben szerepelt.
Fenolkarbonsavak kozott kavé- és ferulasavak nagy mennyiségben a levél
hidrolizalt kivonataban, klorogénsav az éretlen termésfal nem hidrolizalt
kivonataban, p-kumarsav az éretlen termésfal hidrolizalt kivonataban volt
jelen. Mindkét faj levelének nem hidrolizalt kivonataban izokvercitrin és rutin,
hidrolizalt kivonatokban kvercetin ¢és kempferol szerepelt dominans
flavonolként. Irodalmi adatok alapjan az arab kavé termést hozo és nem termd
egyedei kozott polifenoltartalomban nem talaltak eltérést (SALGADO et al.
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2008). Az éretlen termésfal alacsony polifenoltartalmanak hatterében a
novények eltérd életkoriilményei allhatnak, amelyet jelen munkankban nem
vizsgaltunk.

A fenti modszerrel vizsgalt 2 taxon esetében kiilonbségek figyelhetok
meg a klorogén-, ferula-, p-kumar- és szinapinsavtartalomban, amelyet a
levélben és magban mértiink magasabbnak. Szinapinsav az arab kavé esetében
csak a levélkivonatban volt jelen. Flavonolok a bengali kavé levelében
szerepeltek nagyobb mennyiségben az arab kavéhoz viszonyitva.

4.2.2. HPLC-ESI-MS/MS

A vizsgalatok soran 25 fenoloid vegyiiletet hataroztunk meg, ebb6l 22 a
bengali mintdban volt jelen a kovetkezO6k szerint: 16 fenolkarbonsav-
szarmazék (pl. kaffeoil-kinasavak), 2 flavan-3-ol, 2 procianidin-dimer, 2
procianidin-trimer, egy xantonoid és 2 alifas trikarbonsav.

A novényekben azonositott fenoloid vegyiiletek Osszetétele néhany
kisebb eltéréstdl eltekintve hasonld a vizsgalt fajokban. A dominans
komponens minden kivonatban a klorogénsav volt. A 4-kaffeoil-kinasav (4-
CQA) és 5-kaffeoil-kinasav (5-CQA) minden mintaban jelen volt, kivéve a C.
arabica levél kivonataban. Dikaffeoil-kinasavak (diCQAS) és izocitromsaVv
szintén minden mintdban kimutathatoé volt. A 4,5-diCQA a bengali kavé
éretlen termésfal kivonatat kivéve, mig a 3,4-diCQA a libériai kavé érett
termésfalat és a bengali mintha éretlen termésfalat kivéve jelen volt minden
kivonatban. A legtobb (17) komponenst az arab kavé éretlen termésfalaban
mutattuk ki, ezt kdveti a bengali kavé érett termésfala és a libériai kavé
levélkivonata (16-16 komponens).

Coffea fajok levélkivonata

A 3-CQA minden levélkivonatban jelen volt a C. arabica dominans
komponenseként, mig a C. benghalensis és C. liberica esetében a 5-CQA a {6
komponens. Az 5-kumaroil-kinasav (5-CoQA) és az 5-CQA izomerek
eléfordulnak a libériai kavéban, mig a 4-CQA, diCQAs, ferulasav és
mangiferin minden mintaban kimutathaté volt. TREVISAN et al. (2016)
megfigyelése alapjan az 6sszmangiferin-tartalom magasabbnak bizonyult
azokban a levélkivonatokban, amelyek természetes fény hatasara fejlédtek. A
szakirodalmi adatokkal ellentétben (CONEJERO et al 2014) 5-kaffeoil-kinasavat
nem talaltunk a C. arabica levelében, mig procianidin-trimerek minden
levélmintaban megjelentek.
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Az eredmények a klorogénsav jelenlétét tamasztjak ald az arab kavé
esetében (KY et al. 2007), amelyet ezen faj mellett a bengali kavé nem
hidrolizalt levél- és termésfalkivonataiban az eléz6ekben ismertetett LC/MS
vizsgalatokkal mennyiségi szempontbol is meghataroztunk.

Eretlen termésfalkivonatok

A vizsgalt fajok éretlen termésfaladban 5-CQA, 4-CQA és
katechin/epikatechin voltak jelen dominans komponensként. Az arab és
libériai kavé mintaiban 3-CQA, 5-CQA, 4-feruoil-kinasav (4-FQA), 3,4-
diCQA, 3,5-diCQA és 4,5-diCQA is kimutathato volt. Bar ferulasav a bengali
mintaban alacsony mennyiségben szerepelt, a vizsgalatok alatamasztottak a
ferulasav el6z6 modszerrel tortént mennyiségi meghatarozasat.

Eretlen magkivonatok

F6 komponensként az éretlen magvakban 5-CQA szerepelt, amely
mellett 4-FQA, 4-CQA és 3-CQA voltak jelen. 5-CoQA és 5-FQA csak az arab
¢s libériai mintakban fordultak eld. A libériai kavé tartalmazott tovabba egy
procianidin-dimert és 5-CQA metil-étert is, amely az érett magban is
megjelent. A diCQA komponensek jelen voltak a C. benghalensis és a C.
arabica mintakban, mig a C. liberica mintabol kimutattuk a 3,4-diCQA és 4,5-
diCQA jelenlétét is. El6z6 vizsgalataink alapjan a ferulasav mennyisége
megegyezett a bengali kavé éretlen mag és levél nem hirdolizalt kivonataiban.
A fenolos vegyiiletek mellett a C. arabica éretlen magjaban izocitromsavat,
kaffeoil-hexozidot és katechint/epikatechint azonositottunk, mig 5-kaffeoil-
kinasav nem volt jelen.

Az eredmények alatdmasztjak el6z6 vizsgalataink eredményeit, amely
szerint a klorogénsavak haromszoros mennyiségben voltak jelen az arab kavé
éretlen magjanak nem hidrolizalt kivonataiban, mint a bengali kdvé mintaiban.

Erett termésfalkivonatok

Az éretlen mag kivonataihoz hasonldan a f6 komponens a 5-CQA, mig
a 4-CQA a legkisebb mennyiségben fordult el6. A bengali és arab kavé mintai
3-CQA, 5-CQA, 5-CoQA, 4-FQA és diCQA komponenseket is tartalmaztak,
mig a libériai kavéban el6fordult tovabba 4,5-diCQA, a bengali kavéban
flavan-3-ol és procianidin.
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Erett magkivonatok

A Dbengali és arab kavé esetében 5-CQA szerepelt dominans
komponensként, mig a 4-CQA, 5-CQA, 4-FQA és diCQAs kisebb
mennyiségben voltak jelen. A bengali kavéban 5-FQA-at is detektaltunk, a 5-
CQA ¢és 4-CQA izomerek mennyisége alacsonyabb volt a libériai kavéban.
Szintén kisebb mennyiségben fordult elé a mintdkban a 3-CQA, 5-CoQA, 4-
FQA ¢és diCQAs. Citromsavat kizarolag a C. liberica éretlen magja
tartalmazott. Ky et al. (2007) és CAMPA et al. (2005) korabban mar kimutatott
klorogénsavat a libériai mintadban, amely megerdsiti eredményeinket.
ASCENSION et al. (2004) vizsgalatai katechinek, epikatechinek, flavonolok,
antocianidinek, flavan-3-olok és hidroxi-fahéjsavak (pl. kaffeoil-kinasav) és
szarmazékaik, valamint p-kumaroil-kinasav tekintetében tamasztjak ala
vizsgalataink eredményeit, hangsulyozva az epikatechin jelenlétét az arab
kavéban (mennyisége meghaladta a proantocianidinek 90%-at).

4.2.3. Osszpolifenol- és dsszeserzoanyag-tartalom

A legjelentésebb cserzbanyagtartalmat az arab kavé levelében mértiik,
amelyet a bengali faj éretlen termésfala és a libériai minta levélkivonata kovet.
A vizsgalt komponensek legkisebb mennyiségben a ndvények érett
magkivonataiban és a libériai kavé éretlen termésfalaban fordultak eld.

A legmagasabb polifenoltartalom a novények leveleiben (legmagasabb
érték: arab kavé) és érett magvaiban, mig a legalacsonyabb a libériai kavé érett
termésfalaban volt megfigyelhetd. Magvak tekintetében a bengali kavé éretlen
magkivonata tobb cserzéanyagot tartalmazott, mint polifenolt.

Eredményeink meger6sitik el6z6 vizsgalatainkat, amely szerint a
bengali kavé érett magkivonata igen alacsony mennyiségben tartalmazott
cserzbanyagot, mig polifenoltartalma magasabb volt az arab és libériai mintak
érett magkivonatahoz képest.

Szakirodalmi adatok alapjan (NAIDDU et al. 2008) az
Osszpolifenoltartalom €s antioxidans hatds magasabb volt az arab kavé azon
éretlen magvaiban, amelyeknél a kivonds izopropanol és viz (60:40)
segitségével tortént. Az arab kavé érett termésfala esetében az
OsszcserzOanyagtartalom magasabb volt a bengali kavé mért értékénél, mig
ezutobbi rendelkezett a legmagasabb polifenoltartalommal.
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5. Coffea fajok antioxidans hatasanak vizsgalata
5. 1. Anyagok és modszerek
5.1.1. Mintael6készités

Az antioxidans hatas vizsgalatahoz a C. arabica, C. benghalensis, és C.
liberica mintakat a Pécsi Tudomanyegyetem Botanikus Kertjébdl gyiijtottiik
2014 és 2015 tavaszan (fajonként 2 egyedr6l). A 3 alkalmazott modszerhez
(ECL, DPPH, ORAC) az éretlen és érett termésfalat €s magot poritottuk (0,25
g/minta), majd a kivonas 5 ml 50% etanollal tortént. A kivonatokat 20 percig
razattuk (KL-2, Edmund Bithler GmbH, Germany), sziirtilk, majd 4 °C-on
sOtétben taroltuk a vizsgalatok kezdetéig (kevesebb mint 7 nap). A
lomblevelek antioxidans aktivitasat nem vizsgaltuk, mivel klorofilltartalmuk
miatt a kivonatok optikailag inhomogének voltak. Az antioxidans teszteléseket
a PTE AOK Laboratériumi Medicina Intézetében végeztiik.

5.1.2. 2,2-difenil-1-pikrazilhidrazil (DPPH) médszer

A modszer soran 4 mg DPPH-t 100 ml metanollal (0,1 mmol/l)
elegyitettiink, az oldat 1 hétig hiitben tarolva stabilnak bizonyult. Az
antioxidans kapacitas mérésekhez standard 96-lyukti microplate-et (Sarstedt)
hasznaltunk. A lyukakba 20 pl Trolox standardot/vakot/mintat és 180 ul DPPH
oldatot pipettaztunk, majd 30 perces, 25 °C-on sotétben torténd inkubalas utan
az abszorbanciat 517 nm-en vizsgaltuk.

5.1.3. Enhanced chemiluminescence (ECL) modszer

Reagensek: A vizsgalatokhoz 15 pU/ml POD oldatot frissen
készitettiink 1mg/ml BSA-t tartalmazo foszfat pufferben (PBS, pH=7,4)
higitva és azt a mérésekig jégen tartottuk. A H2O2 hasznalati reagens (1360 pM
H20>) szintén kdzvetleniil a vizsgalatok elott késziilt (10 M koncentralt oldatot
0,1 % citromsavval higitottunk), amelyet fényt6l védve jégen taroltunk a
vizsgalat teljes ideje alatt a stabilitds meglrzése céljabol. Az erdsitett
kemilumineszcencias (ECL) reagenst kiilon allitottuk eld luminol és p-
iodofenol 0,2 M borsav/iNaOH pufferrel valo higitasaval (pH=9,6). Ezt 4 °C-
on, sotét tivegben taroltuk. Standardként Troloxot hasznaltuk: 1 mM Troloxot
50% etanolban oldottunk, majd 4 °C-on taroltuk. A vizsgalatoktol fiiggéen a
Trolox oldatot a vizsgalat napjan 0-100 uM tartomanyba higitottuk ugyanazzal
a diluenssel, amelyet a mintakhoz is hasznaltunk.

ECL antioxidans modszer: A kemilumineszcens reakciot 96-lyuka
fehér optikai lemez (Perkin-Elmer) segitségével végeztiik. A hasznalati enzim
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munkaoldatot az ECL reagenssel elegyitettiik (200 uL POD + 70 uL ECL
reagens) ¢€s jégen tartottuk. A lemezen talalhato lyukakba 20 pl
Troloxot/vakot/mintat és 270 ul POD-ECL reagenst adtunk 8 csatornés
mikropipettaval. A reakcioé automatikusan indult 20 pl hideg hasznalati H20»
injektalasaval (végleges koncentracié a lyukakban: 0,97 pU/ml POD, 101,6
uM luminol, 406,4 uM p-iodofenol, 88 uM H20.). A kemilumineszcencias jel
intenzitasat 20 percig kovettiik.

5.1.4. Oxygen radical absorbance capacity (ORAC) médszer

A vizsgalathoz hasznalt 4 pM fluoreszceint (FL) 75 mM foszfat
pufferrel allitottuk el (pH=7,4), amely hiitében tarolva egy hétig stabil. A
hasznalati FL oldatot kdzvetleniil a vizsgalat elott készitettiik el 1:99 aranyu
higitassal (40 nmol/l FL foszfat pufferben). Az AAPH eldallitasa is foszfat
pufferrel tortént (400 mM). Standardként szintén Troloxot hasznaltunk. A
fekete optikai lemezeken taldlhato lyukakba (Perkin Elmer) 25 pul
vak/standard/minta és 150 pl hasznalati FL keriilt, ezutin a lemezeket
elomelegitettiik 37 °C-ra 20 percen at, sdtétben. A lemezek kiils6 lyukaiba 200
pl foszfat puffert adtunk, igy a lyukak 6x10-es matrixat alkalmaztuk a
vizsgalatok soran a jobb homérséklet tartdsa érdekében. A vizsgalat
automatikusan a 25 pl. AAPH injektalasaval indult, majd a fluoreszcenciat 80
percen at kovettilk (490/520 nm) 150 masodperces intervallumokban. A
végleges koncentracio a lyukakban: FL 30 nM, AAPH 50 mM, Trolox 0-33,3
pLM.

5.1.5. Antioxidans médszerek miiszeres hattere és az adatok értelmezése

Az ECL vizsgalatokhoz Biotek Synergy HT programozhato injektorral
ellatott lemezolvaso késziiléket alkalmaztunk. A vizsgalat kezdetekor, a H2O>
injektalasa utdn a fény detektalasa azonnal kezdetét vette 0,2 masodperces
mérési idovel lyukanként, ami 20 percig tartott 64 masodperces mérési
intervallumokban. A Trolox standardot 50% etanollal higitva alkalmaztuk,
amelynek végleges koncentracidja lyukanként 0-15 pM tartomanyban
mozgott. A mérésekhez 50% etanolbol 32x higitast készitettiink (n = 12
ismétlés/minta). A TAC (Total Antioxidant Capacity) értékeket a standardokra
kapott regresszios egyenes egyenletébdl szamoltuk ki, amelyet megszoroztunk
a higitasi tényez6ével és uM Trolox-eqvivalensben adtunk meg (TE). A TE
értéket minden minta esetében 1 g szaraz drogra vonatkoztattuk.
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A DPPH vizsgalatokhoz Perkin Elmer EnSpire Multimode olvasot
hasznaltunk abszorbancia modban és monokromatorokkal ellatva. A Trolox
standardot 50% etanollal hasznaltuk, amelynek végleges koncentracidja
lyukanként 0-25 uM tartomanyban mozgott. Az abszorbancia értékeket 517
nm-en olvastuk le 30 perces, 25 °C-on vald inkubalas utan (5 masodperces
razasokkal a mérések el6tt). Az antioxidans kapacitast a standardokra kapott
kalibracios egyenes egyenletével szamoltuk ki, illetve meghataroztuk a mintak
antioxidans kapacitasat az abszorbancia csokkenést %-ban kifejezve. Ehhez a
kovetkezé képletet hasznaltuk: (Avak — Aminta/Avak) X 100. A TAC értékek itt is
1 g szaraz drogra vonatkoztak és TE/g vagy % TAC/g-ként adtuk meg.

Az ORAC vizsgalatokhoz Biotek Synergy HT plate readert
alkalmaztunk fluoreszcens modban 37 °C-on 490 nm-es gerjesztési és 520 nm-
es emisszios szUrd beallitasokkal. A lemezek 20 perces elomelegitése utan a
37 °C-ra temperalt késziilékben az AAPH start reagenst automatikusan
injektaltuk a lyukakba. A mérések 80 percig tartottak 150 masodpercenkénti
mintavétellel, 100 gerjesztd impulzus/lyuk detektalasi modot alkalmazva
mindegyik mérési pontban. A TE szamitasa soran a megfeleld vakprobak
értékeinek fluoreszeens intenzitasait levontuk a Trolox-standard értékébol
(nettd gorbe alatti teriilet, nAUC), igy egy kalibracios egyenest kaptunk a
nAUC vs. Trolox koncentraci6 alapjan. A vizsgalt mintdk TE értékét a
standardok regressziés egyenletébdl szamoltuk 1 g szaraz drogra
vonatkoztatva.

5. 2. Eredmények és megvitatasuk

A vizsgalt kavémintak esetében antioxidans hatas kimutathaté volt az
alkalmazott 3 modszer segitségével. Az ECL és DPPH TE/g értékek laza
Osszefiiggést mutattak (R?=0,587, p=0,083 Student t-prébéval), mig az ORAC
vizsgalatok eredményei szignifikansan magasabbak wvoltak. Az ORAC
eredmények nem korrelaltak a masik két modszer eredményeivel. A
vizsgalatok pontatlansaga elfogadhaté volt (ECL: =<5%, DPPH: =<10%,
ORAC: =<2%, variacios koefficiensben kifejezve). A DPPH adatokat % TAC-
ban is kiszamitottuk (Id. 2.8 pont). Az ECL és DPPH % vizsgalatok soran
kapott antioxidans értékei kozott szorosabb Osszefliggést tapasztaltunk
(R?=0,6107, p=0,161 Student t-préba).

A legnagyobb eltérést a bengali kavé éretlen és a libériai kavé érett
termésfala esetében mért antioxidans értékek k6zott mértiik; a DPPH modszer
itt magasabb antioxidans kapacitast jelzett, mint az ECL modszer. Korabbi
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irodalmi adatokkal ellentétben (KIRAN et al. 2011) vizsgalataink soran
alacsonyabb antioxidans kapacitast figyeltink meg a bengali kavé érett
terméskivonatainal, mig ez az érték magasabb volt a ndvény éretlen termésfala
esetében DPPH modszer alkalmazasaval. Az alacsony R? értékek magyarazata
az alkalmazott modszerekben keresendd, amelyek eltéré gyokoket és gyok-
semlegesitést eredményeztek. Tovabbi ok lehet az alkalmazott detektor
molekulak és antioxidansok kiilonbozdsége.

Osszességében a vizsgalt mintdk kozott a libériai kavé érett
termésfalanak antioxidans kapacitdsa volt a legjelentdsebb. Bar ez a faj az
¢élelmiszeriparban kevésbé alkalmazott, az éretlen magok antioxidans hatasa
vetekszik az arab és robuszta kavé értékeivel (utobbi altalunk nem vizsgalt faj
esetében: irodalmi adatok alapjan).

6. Coffea fajok antimikrobas hatasanak vizsgalata
6. 1. Anyagok és médszerek
6.1.1. Mintael6készités

A 3 kavéfaj levél, éretlen és érett mag és termés mintakat a Pécsi
Tudomanyegyetem Botanikus Kertjébdl gytjtottik 2014 és 2015 tavaszan
(fajonként 2 egyedrdl). Mintanként 0,5 g-ot poritottunk, 5-5 ml 50% etanolt
hozzdadva melegitettiik ultrahangos vizfiirdén (Elmasonic S 30, Simex, 20
perc, 40°C), majd sziirtiik. A vizsgalatokat a PTE AOK Orvosi Mikrobiol6giai
és Immunitastani Intézetében végeztik.

6.1.2. Korong- és agardiffliziés modszer

A taptalajhoz 1 ml desztillalt viz és 38 g Mueller-Hinton agart f6ztiink
30 percig, majd 25-25 ml-t Petri-csészékbe ontottiink. A korongdifftizios
modszer soran 48 Petri-csészét hiitében taroltunk, mig a taptalaj megszilardult.
A baktériumtorzseket 1,5 ml NaCl 0,9% oldataban szuszpendaltuk, taptalajon
szélesztettiik, felsziniikre 5 mm atmérdji papirkorongokat helyeztiink,
amelyekre a kivonatok ¢és a tesztvegyiiletek keriiltek (10-10 pl). Az
agardiffuzios modszerhez 100-100 pl kivonatot mértiink a taptalajban
elokészitett lyukakba. Korongdiffuzioval mindharom faj esetében a levél, mag
és termésfal kivonatait, mig agardiffuzioval csak a levelet vizsgaltuk a
kovetkez6 Gram-pozitiv baktériumtorzsek ellen: MRSA (fert6z6 beteg
hemokultarajabol izolalva), Staphylococcus aureus (ATCC 29213), Bacillus
subtilis (ATCC 6633) ¢és Streptococcus agalactie torzsek (hiivelyvaladékbol
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izolalva). A S. aureus és B. subtilis térzsek nemzetkdzi torzsgyiijteményekbdl,
mig az MRSA és S. agalactic a PTE AOK Orvosi Mikrobiologiai és
Immunitastani Intézet Rutin Bakteriologiai Diagnosztikai Laboratoriumban
Klinikai mintakbol szarmaznak. Standard antibiotikumként 5 pg/ml
vankomicint hasznaltunk. A Petri-csészéket 37 °C-on 48 6ran at allni hagytuk,
majd a gatlasi zonakat mértitk (mm). A vizsgalatokat haromszor ismételtiik.

6. 2. Eredmények és megvitatasuk
6.2.1. Korongdiffiziés médszer

Eredményeink alapjan az arab kavé levélkivonata mutatta a
legnagyobb, mig a libériai kavé érett magkivonata a legkisebb gatlast a vizsgalt
torzsek ellen. A legkisebb gatlo hatast a libériai kavé éretlen termésfala és érett
magva, valamint a bengali kavé érett magkivonata mutatta (ezutobbi S.
agalactie és B. subtilis ellen).

A bengali kavé esetében kapott eredmények Osszehangban allnak
KIRAN et al. 2011 és KIRAN et al. 2012 adataival, ahol a szerzék a novény
Proteus vulgaris, Escherichia coli, Klebsiella pneumoniae, Salmonella
typhimurium, Streptococcus faecalis és Staphylococcus aureus elleni
aktivitasat mutattak ki. Az adatokat vizsgalatainkban a levél és éretlen
termések antimikrobés eredményeivel egészitettiik ki.

MRSA ellen a vizsgalt mintak kozott az arab kavé kivonata bizonyult
leghatasosabbnak, mig a bengali kavé érett termésfala a legkisebb gatlasi zonat
eredményezte. A B. subtilis esetében minden vizsgalt kivonat gatlé hatast
mutatott, amelyek kozott az arab és bengali kavé levélkivonatai bizonyultak
leghatékonyabbnak. A S. agalactie ellen az arab kavé levélkivonata mutatta a
legerGsebb, mig a libériai kavé éretlen termésfala a legkisebb gatld hatast.

6.2.2. Agardiffazios médszer

A novények levélkivonatainak eredményei alatamasztjdk a
korongdiffiizios médszerrel kapott adatokat. A modszerrel a legérzékenyebb
az MRSA és B. subtilis volt — amelyeknél a C. arabica és C. benghalensis
levélkivonatai mutattak a legerésebb gatlast —, mig legkevésbé a S. agalactie
torzs volt érzékeny.

Az irodalmi adatok szerint az arab kavé porkolt magvai gatld hatast
fejtettek ki B. subtilis ellen és S. aureus ellen (DAGLIA et al. 1994), amely a
magas klorogénsavtartalomnak és a Maillard reakcié soran (magporkoléskor)
keletkez6 termékeknek koszonhetd. Vizsgdlatainkban mindharom faj
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levélkivonata gatld hatast mutatott a fenti modszerrel a két torzs ellen. A
klorogénsavak, amelyeket minden vizsgalt kivonatban kimutattunk HPLC-
ESI-MS/MS modszerrel, korabbi irodalmi adatokhoz (Lou et al. 2011,
DAGLIA et al. 1994) hasonléan alatamasztjdk az arab kavé magvaiban
eléfordul6 fenolkarbonsavak antibakterialis hatasat.
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7. Uj eredmények osszefoglalisa
A kitlizott célok alapjan a Coffea arabica, C. liberica és C.
benghalensis  hisztologiai, fitokémiai és  antimikrobas hatdsanak

Osszehasonlitd vizsgalataval kiemeljiik a bengali kavé jelent6ségét. Az

elvégzett vizsgalatok alapjan munkank 0j eredményei a kovetkezok:

e Szovettani eredmények: a C. benghalensis levelei vastagabb kutikulaval és
2 sorban elhelyezkedd, magasabb oszlopos alapszoveti sejtekkel
jellemezheték. A faj levélnyelében ¢és szardban magasabb
epidermiszsejteket, termésében szélesebb és magasabb alapszoveti sejteket
figyeltiink meg a a C. arabica és a C. liberica adataival szemben.

o Fitokémiai eredmények: a vizsgalt fajok levelében, az érett és éretlen
termésfalban és magban 34 fenolos komponenst mutattunk ki HPLC
modszerrel. A bengali kavé éretlen termésfalaban mutattuk ki a
legmagasabb cserzéanyag- és polifenoltartalmat az arab kavé magas adatai
mellett, tovabba a bengali kavé érett termésfal- és magkivonata is magas
polifenoltartalommal rendelkezett.

e Az antioxidans hatas vizsgalata alapjan a vizsgalt mintdk ORAC
modszerrel mutattak a legnagyobb antioxidans értékeket, amely azonban
nem egyezett a DPPH és ECL modszerek eredményeivel. A bengali kavé
éretlen magva ¢és termésfala (DPPH modszerrel), valamint az érett
termésfal (ORAC) kivonata rendelkezett a legnagyobb antioxidans
aktivitassal. Az ECL vizsgalatok soran a libériai kavé kivonatai
rendelkeztek a legnagyobb értékekkel.

e Az antimikrobas vizsgalatok soran a 3 kavéfaj levél, éretlen és érett mag,
valamint a termésfal kivonatainak hatasat vizsgaltuk MRSA, Bacillus
subtilis, Streptococcus agalactie és Staphylococcus aureus torzseken
agardiffazios és korongdiffizios modszerrel. A bengali kavé kivonatai
hatasosnak bizonyultak a vizsgalt torzsek ellen. Habar leger6sebb
antibakterialis hatast a bengali €s arab kavé levélkivonata mutatta a B.
subtilis ellen, vizsgalataink alatimasztjak a bengali kavé antimikrobas
aktivitasat az arab és libériai kavé pozitiv eredményei mellett.

Eredményeink {1j tudomanyos adatokat szolgaltatnak a C. benghalensis,
mint vadon €16 és kevésbé tanulmanyozott kavéfaj szovettani és fitokémiai
jellemzéit, valamint antioxidans és antimikrobas hatasat tekintve, amely 1j
lehetdségeket és kihivasokat jelenthet a faj esetleges tovabbi fitokémiai és
farmakologiai vizsgalata soran.
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1. Introduction

Coffea species are well-known and widespread all over the world. They have
an important role in science because of their pharmacological role. They provide one
of the most sought products after petrol on the international market, and they also
provide an income for more than 20 million families in more than 50 countries every
year. In addition, coffee is one of the most widely consumed beverages worldwide
with an annual consumption rate of approximately 7 million tons according to Food
and Agriculture Organisation of the United Nations (FAO) (BAEzA et al. 2014).

Due to their significant caffeine and polyphenol content, Coffea extracts pos-
sess numerous physiological effects like activity on the central nervous system, as
well as antioxidant, anticancer, gastrointestinal, cardiovascular, antibacterial, and
dermatological effects. However, there are many previously reported scientific data
about these beneficial effects for human body, an inadequate utilization of coffee
can cause serious secondary effects.

However, the most famous species are Coffea arabica L., C. robusta L. Linden
and C. liberica Hiern., we can also find scientific data on wild coffee species and
subspecies cultivated in almost all continents, but these data are insufficient in the
recent literature.

2. Aims of the study

According to the previously mentioned great impact of coffee on scientific and
social field, the specific aims of this study were the followings:
e torealise a comparative histological, phytochemical and antimicrobial analysis
of three Coffea species: the well know C. arabica and C. liberica, and a less studied
wild species namely C. benghalensis B. Heyne ex Schult. as the followings:
e to observe, compare and measure the histological parameters of the leaf, the
petiole, and the fruit of the selected Coffea species
e to investigate the phytochemical variations, to identify and quantify some
polyphenolic compounds of the leaf, the immature and mature fruit of the selected
coffees by HPLC methods
e to compare the polyphenol, tannin and total flavonoid content of the leaf and
fruit of the selected coffees
e to investigate the antioxidant activity of the pericarp and seed of the selected
Coffea species by Enhanced Chemiluminescence (ECL), 2,2-diphenyl-1-
picrylhydrazyl (DPPH) and Oxygen Radical Absorbance Capacity (ORAC) assays
. to prove the antimicrobial effects of each coffee extract with disc and agar
diffusion against various microorganisms
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o finally, to complement the insufficient scientific data of C. benghalensis in the
mentioned aspects, to emphasize its importance and to find new sources of natural
antioxidants for nutraceuticals, as well as new utilization of wasted residues of coffee
products.

3. Histological study of the selected Coffea species
3.1. Materials and methods
3.1.1. Sample preparation

The stem, leaf, petiole, and immature fruits of C. arabica, C. benghalensis, and
C. liberica were collected in the Botanical Garden, University of Pécs in the spring
of 2014 and 2015 (Pécs: 193 m altitude above the sea level, 46°04'59" N and
18°13'59" E). According to the documentation of the garden, C. arabica was ordered
from Konstanz, Germany in 2008 (plantage into the garden: 02/26/2009), C. liberica
from Giessen, Germany in 2011 (plantage: 04/17/2012), while in the case of C.
benghalensis there are data only about the age of the plant (~10 years old). The plants
are outside in summer but in winter in greenhouse at 12-15 "C and 40-60% humidity.
Voucher specimens of each species were deposited and labelled with unique codes.
The studies were carried out at the Department of Pharmacognosy, University of
Pécs.

Samples were collected from 2 plants per each species: 10 leaves were air-dried
at room temperature in shade for leaf clearing method, and 10 other ones were fixed
in a mixture of 96% ethanol:glycerine:water (1:1:1) for the histological preparation.
Altogether 10-10 stems, petioles and fruits were also fixed in this mixture for
microscopical preparation of each species.

3.1.2. Leaf clearing method

For leaf clearing method the dried leaf samples were cut into 1x1 cm pieces
(20 pieces/plant). Firstly they were boiled with 15 mL distilled water, 10%
ethanol:KOH (15 mL; 7:3, for 3-4 min), and 4 mL 5% H,O, (1 min), then they were
kept without boiling in 5% H20, (10 min). After this, samples were washed with
distilled water and boiled with 96% ethanol until total decoloration. The samples
were washed again with distilled water, and then the colorless pieces were placed
onto slides. 10 pieces/species were left as unstained preparations, and 10 ones were
stained with 2-3 drops of 0.02% toluidine blue placed with eye-dropper onto the
surface of the pieces (5 min). Finally, they were covered with 2-3 drops of Neo-
Mount and cover glass. The stained and unstained slides were studied by Nikon
Eclipse 80i microscope and SPOT BASIC v4.0 program.



3.1.3. Embedding and preparation of the studied plant parts

The fixed stem, leaf, petiole, immature and mature fruit of each species were
dehydrated in acetone series (70% and 90% acetone for 1 hour each, 100% acetone
overnight), and in xylol for 2 hours. Samples were embedded in synthetic resin
(Technovit 7100) to perform a solid sample-holder block for further section. 10 pm-
thick cross sections were prepared from each sample, and longitudinal sections from
all fruits by rotary microtome (Anglia Scientific 0325). Each sample was placed onto
slides and dried at 50°C for 2 hours (exsiccator: Memmert Basic UNB200, 32 L).
After this, theye were stained with 0.02% toluidine blue (5 min), stored in distilled
water for some seconds, and then they were soaked in 96% ethanol (2x5 min), iso-
propanol (2 min) and xylol (2x10 min), and finally they were covered with Neo-
Mount and cover glass.

Histological features were studied by Nikon Eclipse 80i microscope and SPOT
BASIC v4.0, and the micromorphological characters were measured by Image Tool
3.00 and Image J programs (20 measurements per plant part of each species). The
measured parameters were the following: thickness of cuticle, height of epidermis,
palisade and spongy parenchyma cells, and width of vascular bundle in the leaf and
the petiole (um).

3.1.4. Statistical analysis

The micromorphometric data were compared with One-way ANOVA with
Tukey’s pairwise comparisons. If the normality assumption was violated, we applied
Kruskal-Wallis test with Mann—-Whitney pairwise comparisons. The normality of
data series was checked by using Shapiro-Wilk test. All statistics of data were
calculated with Past statistic software, version 2.17b.

3. 2. Results and discussion
3.2.1. Characters of cleared leaves

The venation type was different in the cleared leaf samples of the studied
coffees. The leaves of C. arabica can be characterized by thick main vascular
bundles without small branches among the veins. Those of C. benghalensis have
short branches, while long branches can be observed anastomised with each other in
C. liberica. The bean-shaped guard cells of the stomata are surrounded by 3
subsidiary cells in each species (anisocytic stoma).

3.2.2. Histological features on preparations
3.2.2.1. Histology of the leaves

The leaf structure of the selected Coffea species was similar including some
different markers. It is covered by a thin cuticle on the one-cell-layer epidermis of
both adaxial and abaxial surfaces in each species from which the one-cell-layer
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epidermis of Arabic coffee was reported earlier. However, the height of both abaxial
(26.55 pm) and adaxial (27.18 um) cells were higher in Arabic coffee, the width of
these cells (36.67 and 32.66 pm) was larger in Liberian coffee compared to the other
species.

Even though the proportions of the epidermal cells of Bengal coffee were not
significant, this plant had the thickest cuticle (8.61 and 8.69 pm) among the studied
species.

The dorsiventral leaves have heterogenous mesophyll in each plant, which
include elongated palisade cells towards the adaxial part and isodiametric spongy
parenchyma cells to the abaxial leaf surface. Palisade cells, which contain
chloroplasts forming chlorenchyma, extend in a single cell row in Arabic and
Liberian species, while they can be found in 2 rows in Bengal coffe. The measured
parameters of the leaf of Arabic coffee were different compared to an earlier study
(FILHO 2006): the height of the adaxial and abaxial cuticle (5.06 and 3.57 pm) and
the epidermis cells (26.55 and 27.18 um) were higher but those of the palisade and
spongy parenchyma (30.00 and 31.25 pm) were smaller in our investigation. Among
reasons, different techniques and various environmental conditions of the samples
can be presumably mentioned.

In each species, several intercellular spaces and Ca-oxalate rosette crystals can
be found among the spongy cells. However, the height and width of palisade cells
(52.77 and 13.88 um) of Bengal coffee were higher than those of the other two spe-
cies, Arabic coffee had the biggest spongy cells (31.25 and 38.20 um), while Bengal
coffee had the widest bundles (267.93 um). Stomata are located in mesomorphic
position at the same level with the abaxial epidermis cells in each species. The
vascular bundles of each plant consist of phloem and xylem elements composing a
collateral closed structure without cambium. At the upper part of the phloem
elements of the central veins, sclerenchyma cells surround the bundles in the middle
of the leaves in all species.

Statistical analysis: All measured histological parameters of the leaves were
statistically analysed. Differences were observed in the height of the abaxial epider-
mis and spongy parenchyma cells of C. arabica, while the height of the adaxial ep-
idermis cells was higher than in C. liberica. The width of the vascular bundles of
Avrabic coffe was higher than that of C. benghalensis. The hight and width of palisade
parenchyma cells, and cuticule thickness were higher in C. benghalensis than in the
other two species. In addition, the width of abaxial epidermis cells was bigger in C.
liberica than in the other selected species.

3.2.2.2. Histology of the petioles
Petioles were similar in their histological features in the studied plants. It is
covered by one-cell-layer epidermis in each plant. The collateral closed bundles,
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which consist of phloem and xylem elements similarly to the bundles of the leaf, are
surrounded by isodiametric parenchyma and sclerenchymatous cells. The central
bundle is circular closing on the adaxial surface of the petiole, which continues in 6
smaller bundles in Arabic, and 4 in Bengal coffee. Central bundle closes with itself
in the petiole of Liberian coffee. Ca-oxalate rosette crystals can be observed among
the isodiametric cells in each species. However, the measured values of parenchyma
cells were similar in Arabic (39.75 and 38.25 um) and Bengal coffee (32.57 and
38.28 um), Bengal coffee had the highest epidermis cells (23.17/19.49 and
20.94/18.39 um) and the widest bundles (287.51 um) in the petiole compared with
the other species.

Statistical analysis: All measured histological parameters of the petioles
were statistically analysed. The petiole of C. benghalensis can be described by most
statistical differences compared with the other two species: however, the width of
adaxial and abaxial epidermis, as well as the thickness of the adaxial cuticle of C.
benghalensis was higher than those of C. arabica and C. liberica, the height of adax-
ial epidermis, both height and width of parenchyma cells and the width of vascular
bundles of C. benghalensis were similar to C. arabica. In addition, the width of ab-
axial epidermis, parenchyma and cuticle thickness measured in Arabica was similar
to that of C. liberica.

3.2.2.3. Histology of the stems

Similar to the leaf and the petiole, the stem is covered by one-cell-layer
epidermis in each plant. The cortex consisting of parenchyma cells is thicker in
Avrabic coffee (10-12 cell rows), than in Bengal (7-8 rows) and Liberian coffee (6-8
rows). These cells are isodiametric in Arabic and Liberian, also isodiametric in the
outer 5-6 rows, but flattened in the internal rows in Bengal coffee. The vascular
elements form a concentric ringle in the middle of the stem which is surrounded by
one-cell-layer sclerenchyma in each plant. Among the phloem and xylem elements
a thin cambium layer extend. The medullary part in the middle of the stems is filled
with isodiametric parenchyma cells in all coffees. Even though Bengal coffee
presented the highest epidermis cells (16.41 and 17.39 um), Liberian coffee can be
described with the biggest parenchyma cells (43.64 and 46.21 um) in the stem.

Statistical analysis: All measured histological parameters of the stems were
statistically analysed. However, both the height and width of the parenchyma cells
were the highest in C. liberica, the epidermis cells were highest in Bengal coffee.
Statistical differences were not observed in the width of epidermis cells of the stud-
ied species.



3.2.2.4. Histology of the fruits

The fruit includes 2 bean-shaped seeds in each species which turn to each
other with their flattened side. The pericarps are covered by one-cell-layer epidermis.
The majority of the parenchyma cells are isodiametric. Collateral closed bundles can
be found around the seeds in each plant. In addition, the seeds of Bengal coffee are
surrounded by elongated sclereids in 2-3 rows which can be correctly observed in
fluorescent light. However, the height and width of epidermis cells were similar in
both Arabic (11.22 and 15.07 pm) and Bengal coffee (17.22 and 13.35 pm),
parenchyma cells were bigger in Bengal coffee (28.03 and 51.67 pm height and
width) than the other plants. Due to the large size of the fruits, the structure of the
whole cross sections could not be completely observed under microscope, therefore
the preparations were documented by macroscopy.

Statistical analysis: All measured histological parameters of the fruits were
statistically analysed. However, the epidermis cells were higher in C. benghalensis
and C. liberica than in C. arabica, the width of parenchyma cells was the highest in
C. benghalensis. Statistical differences were not observed in the width and height of
epidermis cells in the studied species.

4. Phytochemical study of the selected Coffea species
4.1. Materials and methods
4.1.1. Sample preparation

The samples of C. arabica, C. benghalensis and C. liberica were collected in
the Botanical Garden, University of Pécs in the spring of 2014 and 2015. Samples
were collected from 2 plants per each species. The analyses were carried out at the
Department of Pharmacognosy, University of Pécs and Semmeweis University, and
the Department of Pharmaceutical Technology and Biopharmaceutics, Faculty of
Pharmacy, “Iuliu Hatieganu” University of Medicine and Pharmacy, Cluj Napoca.

For HPLC-ESI/MS studies, 2.5 g of dried and ground leaf, immature pericarp
and seed were extracted with 5% ethanol (47.5 mL). Non-hydrolysed and hydrolysed
samples were prepared in the case of C. arabica and C. benghalensis. For the
hydrolysis the extracts were diluted with HCL 2N 1:1 and they were kept at 80 °C in
water bath for 60 min. The hydrolised extract was supplemented with distilled water
for further study.

For HPLC-ESI-MS/MS analyses, all samples were powdered and extracted
using Soxhlet-extraction method (70:30 v/v% methanol:distilled water). After
evaporation of the solvent the residues were redissolved in 5 mL 70:30 v/v%
methanol-water mixture. Apolar compounds were removed by liquid-liquid
extraction with petroleum ether if needed. The seed and pericarp extracts were used
until the appearance of the opalescence. Prior to evaluation, all samples were
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submitted to SPE purification (500 mg/3mL Supelco Supelclean LC-18 SPE
cartridges, Sigma-Aldrich, Steinheim, Germany) and they were filtered through
Sartorius Minisart RC15 syringe filters (0.2 pm, Goettingen, Germany). The
extractions were carried out with 150 mL solvent lasted 8 hours. Chlorogenic acid
was used as a standard compound, while the other compounds were identified by
data of scientific literature.

For the study of total polyphenol and tannin content, 0.5 g powdered
immature and mature pericarp and seed of each species were mixed with 150 mL
distilled water, and then they were heated on water-bath for 30 min at 70°C. The
cooled extracts were transferred quantitatively to a 250 mL volumetric flask, then
they were filtrated and used for the reactions.

4.1.2. HPLC-ESI/MS

Polyphenolic compounds were determined by LC/MS which is based on
earlier analyses, however, some modifications were added in our work. The major
one is the changing of the components of mobile phase (acetic acid instead of potas-
sium phosphate). The reason of this is to obtain supplementary information about
polyphenolic compounds. Due to overlapping of caffeic acid with chlorogenic acid,
as well as that of caftaric acid with gentisic acid, they were determined qualitatively
by LC/MS/MS method as the UV identification was not possible.

Chromatographic separations were performed on an Agilent 1100 HPLC Series
system (Agilent, USA) equipped with degasser, binary gradient pump, column ther-
mostat, autosampler, and UV detector. The HPLC system was coupled with an Ag-
ilent 1100 mass spectrometer (LC/MSD lon Trap VL). For the separation, a reverse-
phase analytical column was employed (Zorbax SB-C18, 100x3.0 mm i.d., 3.5 um
particle). The work temperature was 48 °C. The detection of the compounds was
carried out on both UV and MS modes. The UV detector was set at 330 nm until
17.5 min, then at 370 nm. The MS system operated by an electrospray ion source in
negative mode. The chromatographic data were processed using Chem Station and
Data Analysis software (Agilent, USA). The mobile phase was a binary gradient
prepared from methanol and solution of acetic acid 0.1% (v/v). The gradient method
was: 0 min 5 v/v% methanol, 35 min 42 v/v% methanol, 38 min 42 v/v% methanol,
45 min 5 v/v% methanol — rebalancing.

The MS signal was used only for qualitative analysis based on specific mass
spectra of each polyphenol. The UV trace was used for the quantification of the
identified compounds used MS detection. Using chromatographic conditions de-
scribed above, the used 18 polyphenol standards were eluted in less than 35 minutes.
These were the followings: caftaric, gentistic, caffeic, chlorogenic, p-coumaric, fer-
ulic, and sinapic acids, as well as hyperoside, rutoside, myricetin, fisetin, quercitrin,
quercetin, patuletine, hyperoside, isoquercitrin, kaempherol, apigenin, and luteolin.
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A signal was also observed at tr =12.5 which was presumably cis-ferulic acid. This
compound forms through the isomerisation from ferulic acid.

4.1.3. HPLC-ESI-MS/MS

Chromatographic analyses were performed on an Agilent 1100 HPLC Series
system coupled with an Agilent 6410 Triple Quadrupole mass spectrometer using an
electrospray ionsource in negative ionization mode. For separation, a ZORBAX SB-
C18 3.0x150 mm, 3.5 um column was used. As mobile phase A and B, 0.3 v/v%
acetic acid in water and methanol were used respectively with a gradient method as
follows: 0 min 10 v/v% B, 30 min 100 v/v% B, 35 min 100 v/v% B. The temperature
of the column was kept at 25 °C. The flow rate of the mobile phase was 0.3 ml/min
and the injection volume was 5 pL. ESI conditions were as follows: temperature:
350 °C, nebulizer pressure: 40 psi (N2), drying gas flow rate: 9 I/min (N.), capillary
voltage: 3500 V, fragmentor voltage: 100 V; according to structural differences,
collision energy was changed between 10-50 eV. High purity nitrogen was used as
collision gas. Full mass scan spectra were recorded over the range m/z70-1000 (1
scan/sec). Masshunter B.01.03 software was used for data acquisition and qualitative
analysis. For unambiguous identification, retention times, UV and mass spectra were
compared with literature data and those of authentic standards.

4.1.4. Total polyphenol and tannin content

The powdered samples were heated with 15.0 mL distilled water for 30 min.
The cooled extracts were diluted to 25.0 mL with distilled water, then they were
filtrated and the first 50 mL was discarded from each extract.
a. Total polyphenols

This method is based on the assay described in EUROPEAN PHARMACOPOEIA
7" ed (2010). 5.0 mL of the filtrate was diluted to 25.0 mL with distilled water, then
2.0 mL of the solution was mixed with 1.0 mL of phosphor-molybdo-tungstic
reagent and 10.0 mL of distilled water, finally it was diluted to 25.0 mL with a 290
g/L solution of sodium carbonate. After 30 min, the absorbance was measured at 760
nm (A1) against distilled water by Metertech UV/VIS SP8001 Spectrophotometer.
b. Polyphenols not adsorbed by hide powder

10 mL of the filtrate was mixed with 0.10 g of hide powder and shaken for 60
min. 5.0 mL of the filtrate was diluted to 25.0 mL with distilled water, then 2.0 mL
of this solution was mixed with 1.0 mL of phosphor-molybdo-tungstic reagent and
10.0 mL of distilled water. Then the mixture was diluted to 25.0 ml with a 290 g/L
solution of sodium carbonate. After 30 min, the absorbance was measured at 760 nm
(A2) against distilled water.



c. Pyrogallol standard solution for polyphenol content
50.0 mg of pyrogallol was dissolved in distilled water and diluted to 100.0 mL
with the same solvent. 5.0 mL of the solution was diluted to 100.0 mL with distilled
water, then 2.0 mL of this solution was mixed with 1.0 mL of phosphor-molybdo-
tungstic reagent and 10.0 mL water. This mixture was diluted to 25.0 ml with a 290
g/L solution of sodium carbonate. After 30 min, the absorbance was measured at 760
nm (A3) against distilled water.
Each analysis was performed in duplicate. Polyphenol contents were
calculated with the following formulas (EUROPEAN PHARMACOPOEIA 71 ed 2010):
Polyphenols not adsorbed by hide powder: [/62.5(41-Az) -m2]/As ‘my
m1 = mass of the sample to be examined in grams
m2 = mass of pyrogallol in grams

Total polyphenols: [62.5-41-m2]/As ‘my
m1 = mass of the sample to be examined in grams
m2 = mass of pyrogallol in grams

4. 2. Results and discussion
4.2.1. Compounds detected by HPLC-ESI/MS
Detection and evaluation of polyphenols

These analyses were carried out on the leaf, immature pericarp and seed sam-
ples of C. benghalensis and C. arabica.

Nine polyphenolic compounds involving 5 phenolic acids (caffeic acid,
chlorogenic acid, ferulic acid, p-coumaric acid, sinapic acid), and 4 flavonols
(quercetin, isoquercetin, kaempherol, rutin) were identified and quantified in the
samples of Bengal coffee. Phenolic acids were identified also in the leaf, immature
pericarp and seed, but flavonols appeared only in the leaf and the immature pericarp
of the species.

Some differences were found in the non-hydrolysed and hydrolysed extracts
of the leaf of Bengal coffee. In the non-hydrolysed extracts, chlorogenic acid was
the dominant compound in the immature seed, while rutin was identified as a least
component in the immature pericarp. In the hydrolysed extracts, caffeic acid was
detected in a large amount in the leaf, but kaempherol was observed only at a low
level in the immature pericarp. Phenolic acids (caffeic and ferulic acid) were found
in largest amount in the hydrolysed leaf extract, chlorogenic acid in the non-
hydrolysed and p-coumaric acid in the hydrolysed extracts of the immature seed.
Among the identified flavonols of the leaf in both species, isoquercitrin and rutin
were detected as dominant compounds in the non-hydrolysed extract, while
quercetin and kaempherol in hydrolysed ones. In earlier reports, according to the
protective role of polyphenol, the amounts of total phenols were the same in the
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leaves of fruit-producing and non-producing plants during plant development (SAL-
GADO et al. 2008). In the immature pericarp, each selected compound was
represented at a low level which is due presumably to various environmental factors
which were not studied in this work.

Compared the identified and quantified polyphenols of C. benghalensis and
C. arabica, some differences were found in the values of chlorogenic, ferulic, p-
coumaric and sinapic acid which occur in larger amount in the leaf and the seed of
Avrabic than in Bengal coffee, however, sinapic acid was observed only in the leaf of
Arabic coffee. In contrast, flavonols occur at a higher level in the leaf of C.
benghalensis than in C. arabica.

4.2.2. Compounds detected by HPLC-ESI-MS/MS

These analyses were performed in all samples of each studied coffee species.
Altogether 25 phenolic components were identified in the extracts of the studied
parts of all species. 22 compounds were found in Bengal coffee, and among them,
16 phenolic acid derivatives (e.g. caffeoylquinic acids), 2 flavan-3-ols, 2 procyanidin
dimers and 2 procyanidin trimers, a xanthonoid, and 2 aliphatic tricarboxylic acids
were qua-litatively characterized by comparison of their LC-ESI-MS/MS data with
literature and mass spectral data of reference compounds.

Phenolic compositions of the studied coffee species were similar with minor
differences. Chlorogenic acid was observed as main component in each extract. 4-
caffeoylquinic acid (4-CQA) and 5-caffeoylquinic acid (5-CQA) were detected in
each sample, except the latter was missing in C. arabica leaf extract.
Dicaffeoylquinic acids (diCQAS) were characteristic to most extracts, 4,5-diCQA
(24) was present in all samples, except Bengal coffee immature pericarp, while 3,4-
diCQA (22) was detected in each sample excluding the mature pericarp of Liberian
coffee and the immature pericarp of Bengal coffee. In addition, isocitric acid was
described in all samples. The most complex composition including 17 compounds
was detected in the immature pericarp of Arabic coffee, followed by the extract of
the mature pericarp of Bengal coffee, and the leaf extract of Liberian coffee (16
compounds each).

Coffee leaf extracts

3-CQA was present in all leaf samples, being the main compound of C.
arabica extract. 5-CQA was the main component of C. benghalensis and C. liberica.
5-coumaroylquinic acid (5-CoQA) and a further isomer of 5-CQA were present in
Liberian coffee. 4-CQA, diCQAs and ferulic acid, as well as mangiferin were de-
tected in all samples. The identification of mangiferin was in concordance with ear-
lier works (TREVISAN et al. 2016, CONEJERO et al. 2014). In addition, TREVISAN et
al. (2016) denoted higher total mangiferin content in the leaf of plants growing under
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natural full-sun conditions compared to other ones living in management used
organic treatment, which was not studied in our work.

In contrast to an earlier finding (CONEJERO et al 2014), we did not identified
5-caffeoylquinic acid in C. arabica, but procyanidin trimers were described in each
leaf sample.

The results underline the presence of chlorogenic acids in Arabic coffee
identified also earlier by Ky et al. (2007), which were previously detected in the non-
hydrolysed extracts of both leaf and immature fruit of Arabic and Bengal coffee in
our LC/MS studies.

Immature pericarp extracts

5-CQA was characterized as the main component of all samples, additionally,
4-CQA and catechin/epicatechin also were abundant in all studied species.
Moreover, Arabic and Liberian coffee contained 3-CQA, a further isomer of 5-CQA,
4-feruloylquinic acid (4-FQA), 3,4-diCQA, 3,5-diCQA and 4,5-diCQA, as well. Our
actually findings are in concordance with our previous studies as ferulic acid was
identified in both investigations. Even though, according to our previous studies, the
quantified ferulic acid concentration was insignificant in the immature pericarp of
Bengal coffee.

Immature seed extracts

The main compound of all coffee immature seed samples was 5-CQA,
followed by 4-FQA, 4-CQA and 3-CQA, in addition, 5-CoQA and 5-FQA were
identified in Arabic and Liberian coffees. The latter was characterized by the
presence of a procyanidin dimer and 5-CQA methyl ether that could be detected only
in both immature and mature seed of Liberian coffee. The diCQA compounds were
described for C. benghalensis and C. arabica, while Liberian coffee contained only
3,4-diCQA and 4,5-diCQA.

According to our previous studies, the ferulic acid concentration was the
same in the non-hydrolysed extract of the immature seed than in the leaf of Bengal
coffee. The results overlap with the findings of an earlier comprehensive work
mentioned the presence of chlorogenic acids (FARAH and DONANGELO 2006). Even
though, they also described these phenolic compounds in the immature seed of
Arabic coffee, we identified in plus isocitric acid, caffeoyl hexoside, and
catechin/epicatechin. However, they mentioned the presence of 5-caffeoylquinic
acid, this compound was not identified in our green seed sample of Arabic coffee.

The results overlap with our earlier work as the quantity of chlorogenic acids
were three times higher in the non-hydrolysed extract of the immature seed of Arabic
coffee than that of Bengal coffee.
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Mature pericarp extracts

Similarly to the immature seed samples, the main compound of the mature
pericarp extracts was 5-CQA, while 4-CQA was present in smaller amount in each
species. For Bengal and Arabic coffees, 3-CQA, 5-CQA, 5-CoQA, 4-FQA and
diCQA compounds were described, as well. Liberian coffee extract contained only
4,5-diCQA. Flavan-3-ols and a procyanidin compound were detected in Bengal
coffee.

Mature seed extracts

In the mature seed extracts, 5-CQA was identified as the main compound in
Bengal and Arabic coffee, while 4-CQA, 5-CQA 4-FQA and the diCQAs were
detected as minor components. In addition, Bengal coffee was characterized by the
presence of 5-FQA. The 5-CQA and 4-CQA isomers were detected with comparably
high intensity in Liberian coffee extracts. Minor components of the mature seed
samples were 3-CQA, 5-CoQA, 4-FQA and diCQAs. Only the sample of C. liberica
contained citric acid. Ky et al. (2007) and CAMPA et al. (2005) also identified and
quantified chlorogenic acids in the fruit of Liberian coffee, which results confirm
our more detailed studies. Catechin, epicatechin, flavonols, anthocyanidins, flavan-
3-ols and hydroxycinnamic acids like caffeoylquinic acid, its derivatives and p-
coumaroylquinic acid studied by ASCENSION et al. (2004) support our investigations
and underline that the constitutive units of Arabic coffee fruit was mainly
epicatechin, representing more than 90% of the proanthocyanidin units.

4.2.3. Total polyphenol and tannin content

The highest tannin content was found in the leaf of Arabic coffee followed
by the immature pericarp of Bengal coffee and the leaf of Liberian coffee. The least
tannin content was detected in the mature seed extract of each species and in the
immature pericarp of Liberian coffee.

The highest polyphenol content was measured in the leaf of each species
while the least content was observed in the mature pericarp of C. liberica. In addi-
tion, a high polyphenol concentration value was detected in the mature seed of all
three species. The leaf of Arabic coffee had the highest total tannin, polyphenol con-
tent compared to all parts of the studied species.

Related to the seed extracts, the total polyphenol content of immature seed of
Bengal coffee were lower than its tannin content. Our present results overlap with
our previous work as the total tannin content of the mature seed extract of Bengal
coffee was insignificant in comparison with the other plant parts. However, the scav-
enger activity of the mature seed extract of Liberian coffee was the highest, the total
polyphenol content of the mature seeds of Bengal coffee was higher than the mature
seeds of Arabic and Liberian coffee. In comparison with earlier studies (NAIDU et al.
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2008), the total polyphenol content and the antioxidant activity of green seed extract
of C. arabica were higher prepared with isopropanol and water (60:40) than in our
study. These differences could be explained by different extraction methods.

In the pericarp, even though the total tannin content of the mature pericarp
extract of Arabic coffee were higher than that of Bengal coffee, the total polyphenol
content of the mature pericarp of Bengal coffee was the highest in comparison with
the other species.

5. Antioxidant activity of the selected Coffea species
5. 1. Materials and methods
5.1.1. Sample preparation

The samples of C. arabica, C. benghalensis and C. liberica were collected in
the Botanical Garden, University of Pécs in the spring of 2014 and 2015. Samples
were collected from 2 plants per each species. The analyses were performed at the
Department of Laboratory Medicine, Medical School, University of Pécs.

For all used antioxidant assays (ECL, DPPH, ORAC), the immature and mature
pericarp, as well as the seed of each species were ground (0.25 g each) and extracted
with 5 mL 50% ethanol. The extracts were shaken for 20 min (KL-2, Edmund Biihler
GmbH, Germany), then they were filtered and stored at 4 °C in the dark until
analyses (less than 7 days). We could not study leaf samples because of chlorophyll
content which caused not clear solutions.

5.1.2. 2,2-diphenyl-1-picrylhydrazyl (DPPH) method

4 mg DPPH was prepared in 100 mL methanol (0.1 mmol/L) and kept in the
fridge being stable for at least 1 week. For absorbance measurements standard 96-
well microplates (Sarstedt) were applied. 20 uL Trolox standard/blank/sample and
180 uL. DPPH solution were pipetted into the wells by multichannel pipette, then
they were mixed, and the absorbance was read at 517 nm after 30 minutes incubation
in the dark at 25 °C.

5.1.3. Enhanced chemiluminescence (ECL) method

Reagents: Before the analysis, 15 pU/mL POD working solution was freshly
prepared from 1.5 U/mL POD stock stored at -20 °C in phosphate buffered saline
(PBS, pH=7.4) by dilution with BSA containing phosphate buffer, then it was kept
onice. A working reagent of 1360 uM H,O, was also freshly diluted with 0.1% citric
acid from 10 M concentrated stock solution and it was also kept on ice protected
from light. During the whole period of measurements these reagents were stored in
melting ice. Both working solutions were stable for at least several hours.
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The chemiluminescence detection reagent was prepared separately by
dissolving luminol and p-iodophenol in 0.2 M boric acid/NaOH buffer, pH=9.6 and
it was refrigerated at 4 °C in brown bottles with a shelf life of several weeks. Trolox
was used as standard in both assays. Trolox at 1 mM concentration was freshly
dissolved in 50% ethanol weekly and kept at 4 °C. Depending on the assay, Trolox
dilutions in the range of 0-100 uM were prepared on the day of the experiments with
the same diluents applied for the samples.

ECL antioxidant method: The chemiluminescence reaction was performed in
96-well white optical plates (Perkin-Elmer). The enzyme working solution and the
ECL reagent was premixed (200 uL POD + 70 uL ECL reagent) and kept on ice.
The wells were filled with 20 pL. Trolox/blank/sample and 270 pL of POD-ECL
reagent was pipetted into each well with an 8-channel micropipette. The reaction
was initiated by automated injection of 20 uL ice-cold H2O- in citric acid (final
concentrations of the components in the wells: 0.97 pU/mL POD, 101.6 uM luminol,
406.4 uM p-iodophenol, 88 uM H202). The chemiluminescence signal was followed
for 20 min.

5.1.4. Oxygen radical absorbance capacity (ORAC) assay

4 uM fluorescein (FL) stock was prepared in 75 mM phosphate buffer of
pH=7.4 (stable for 1 week in the fridge). The working FL solution was made freshly
diluting the stock with phosphate buffer at a 1:99 ratio (40 nmol/L). AAPH was also
prepared just before the measurements in phosphate buffer (400 mM). Trolox
standards were used as described above. Into each well of black optical plates
(Perkin Elmer) 25 pL of blank/standard/sample and 150 pL of diluted FL were
pipetted and the plates were preheated to 37 °C for 20 min. The outer wells of the
plates were filled with 200 uL phosphate buffer, and only the inner 6x10 matrix was
used for the assay. The reaction was initiated by automated injection of 25 pnL. AAPH
solution into each well, and fluorescence intensities were immediately monitored for
80 min (490/520 nm) at 150 s intervals. The final concentrations of the components
in the wells were as follows: FL 30 nM, AAPH 50 mM, Trolox 0 —33.3 uM.

5.1.5. Instrumentation and interpretation of data of antioxidant tests

For the ECL based measurements a Biotek Synergy HT plate reader equipped
with programmable injectors was used. After initiation of the reaction by injection
of H2O;, light detection was immediately started with 0.2 s measuring time/well for
20 min at 64 s measuring intervals. Trolox standards in 50% ethanol were applied in
the range of 0-15 uM final concentrations in the wells and a 32-fold dilution with
50% ethanol of plant extracts were used for the measurements (n = 12 replicates for
each sample). The total antioxidant capacity (TAC) of the extracts was calculated
from the regression equation obtained for the standards, multiplied by the dilution
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factor and expressed as uM Trolox equivalent (TE). TE for each plant extract was
referred to 1 g of initial dry material.

For the DPPH assay, a Perkin Elmer EnSpire Multimode reader was used in
absorbance mode, equipped with monochromators. Standardization of the assay was
done by application of 0-25 uM Trolox/well final concentrations in 50% ethanol,
and absorbance values were read at 517 nm after 30 min of incubation at 25 °C (with
5 s shaking before the measurement). Antioxidant capacities were calculated either
by using the equation of the calibration line or by expressing the antioxidant activity
of the extracts in % of the blank using the formula: (Aplank — Asample/ Ablank) *100. TAC
values were also referred to 1 g of dried plant and were given as TE/g or % TAC/qg.

For the ORAC assay the Biotek Synergy HT plate reader was used in
fluorescence mode at 37 °C with 490 nm excitation and 520 nm emission filter
settings. After 20 min incubation of the plate containing blanks/standards/samples
and FL at 37 °C, the AAPH start reagent was automatically injected into the wells
and readings were taken in every 150 s for 80 min with 100 intensity readings/well
at each measuring point. TE was calculated by subtraction of the fluorescence
intensities of the corresponding blank values from those of the Trolox standards (net
area under curve, nAUC), and this way a calibration line was obtained based on
nAUC vs. Trolox concentrations. TE data for the examined plants were obtained
from the regression equation of the standards and they were also referred to 1 g of
dry plant.

5. 2. Results and discussion

We could quantify the antioxidant activity by all three methods in each tested
plant extract. The ECL and DPPH TE/g values showed loose correlation (R?=0.587,
p=0.083 by Student’s t-probe) while those obtained for the ORAC assay were
considerably higher with a more uniform pattern and without correlation with the
other two assays’ data. The imprecision of the three assays was acceptable (ECL:
=<5%, DPPH: =<10%, ORAC: =<2%). The DPPH data were also calculated as %
TAC using the equation described in 2.8. Our results showed closer correlation
between the ECL method and the percentage antioxidant capacity obtained by the
DPPH technique (R?>=0.6107, p=0.161 by Student’s t-probe).

The biggest difference was found in the immature pericarp of C. benghalensis
and the mature pericarp of C. liberica where the DPPH method showed much higher
antioxidant capacity than the ECL and ORAC assay. In contrast to the data of KIRAN
et al. (2011), we found lower antioxidant activity in the case of the mature fruit
extract of C. benghalensis measured by DPPH assay, while the value of the immature
pericarp was higher in our study measured by DPPH method. For the reason of low
R? value, the different applied methods can be mentioned which resulted diverse
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radicals and diverse radical’s neutralization. In addition, the detector system and the
antioxidants also differ in the assays.

The scavenger activity of the mature pericarp of Liberian coffee was the most
significant among the studied plants. Although C. liberia is less used in trade, the
antioxidant effect of its green seeds is comparable to that of C. arabica and C.
robusta (latter species: based on literature data without analysis in ourk work).

6. Antimicrobial activity of the selected Coffea species
6. 1. Materials and methods
6.1.1. Sample preparation

The samples of C. arabica, C. benghalensis and C. liberica were collected in
the Botanical Garden, University of Pécs in the spring of 2014 and 2015. Samples
were collected from 2 plants per each species. The leaf, immature and mature seed
and pericarp (0.5 g) were powdered and extracted with 5 mL of 50% ethanol. The
solutions were heated on ultrasound water-bath (Elmasonic S 30, Simex) for 20 min
at 40°C, then they were filtered. The studies were carried out at the Department of
Medical Microbiology and Immunology, Medical School, University of Pécs.

6.1.2. Disc diffusion and agar diffusion methods

During the substrate preparation, a mixture of 1 L of distilled water and 38 g
of Mueller-Hinton agar was boiled for 30 min, and then 25-25 mL of it was poured
into Petri dishes.

For disc diffusion method, 48 discs were kept in refrigerator until the solution
was frozen. Bacteria were suspended in 1.5 mL NaCl 0.9%, then they were
separately applied onto the substrate. After this, filter paper discs were placed onto
the substrate with 5 mm diameter and 10-10 uL of the tested extracts and standard
solution were applied onto the discs.

For agar diffusion method, 100 puL of extracts were measured into the holes
made in the agar by sterile metal borers.

The leaf, seed and pericarp extracts were tested by disc diffusion, while the
leaf extracts additionally by agar diffusion against four Gram-positive bacteria
namely MRSA (isolated from a haemoculture of a septic patient), Staphylococcus
aureus (ATCC 29213), Bacillus subtilis (ATCC 6633), and Streptococcus agalactie
strains (isolated from a vaginal excretion). S. aureus and B. subtilis were taken from
international strain collections, while MRSA and S. agalactie were isolated from
clinical samples at the Bacteriological Diagnostic Laboratory, Department of
Medical Microbiology and Immunology, Medical School, University of Pécs. The
antibacterial activity (inhibitory zone measured in mm) of the studied coffee parts of
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were compared with commercial antibiotic 5 pg/mL vancomycin as standard. The
48 discs were incubated at 37 °C for 24 h. The The tests were carried out in triplicate.

6. 2. Results and discussion
6.2.1. Disc diffusion method

The leaf of Arabic coffee had the highest while the mature seed of Liberian
coffee the lowest inhibition against the tested strains. The lowest antimicrobial
activity is concerned to the immature pericarp and the mature seed of Liberian
coffee, as well as the mature seed of Bengal coffee which showed insignificant
inhibition for S. agalactie and B. subtilis. Our results are in concordance with earlier
data about antibacterial properties of the fruit of Bengal coffee tested against Proteus
vulgaris, Escherichia coli, Klebsiella pneumoniae, Salmonella typhimurium, Strep-
tococcus faecalis and Staphylococcus aureus (KIRAN et al. 2011, 2012) which we
completed with the detected inhibitory effect of the leaf and the immature fruit in
our work.

The strongest inhibitory effect against MRSA was observed in the leaf of
Arabic coffee, while the less one was found in the mature pericarp of Bengal coffee.
Against B. subtilis, which was most sensible bacteria, all extracts showed bigger
inhibitory zones, and among them, the most significant effect had the leaves of
Arabic and Bengal coffee. In the case of S. agalactie, the most inhibitory activity
was described in the leaf extract of Arabic coffee, but the less one in the immature
pericarp of Liberian coffee.

6.2.2. Agar diffusion method

The leaf extracts of each species were studied also by agar diffusion method.
The results overlap with our previous data related to the leaf extract tested by disc
diffusion method. The most sensible bacteria were MRSA and B. subtilis, while S.
agalactie admitted as the less sensible strains tested all plant extracts. In comparison,
the leaf extract of C. arabica and C. benghalensis showed the strongest antibacterial
effect against MRSA and B. subtilis used this assay.

The antibacterial effect of the roasted seeds of Arabic coffee was also re-
ported earlier against B. subtilis (DAGLIA et al. 1994). In addition, due to their
chlorogenic acid content and Maillard reaction products which are generated during
seed roasting, the extracts of Arabic coffee showed an inhibitory effect against e.g.
S. aureus (DAGLIA et al. 1994) which was also successfully tested in our study used
the leaf extract of the studied coffee species. Chlorogenic acids which were detected
in all species by HPLC-ESI-MS/MS support earlier results related to the antibacterial
effect of phenolic acids of the seed of Arabic coffee (Lou et al. 2011, DAGLIA et al.
1994).
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7. Summary and novel findings

Our study realised a comparative histological, phytochemical and antimicrobial

analysis of the widely known and cultivated C. arabica and C. liberica, and a less
studied C. benghalensis as a wild species. The determined aims of the work were
accomplished highlighting mostly new records of Bengal coffee as follows:

In histological aspect, the leaf of Bengal coffee can be characterised with thicker
cuticle and higher palisade cells extended in 2 rows, highest epidermis cells in
the petiole and the stem, and widest and highest parenchyma cells in the fruit
compared to C. arabica and C. liberica.

In phytochemical aspect, 34 phenolic compounds were identified by HPLC in
the leaf, immature and mature seed and pericarp of the selected plants which
suggest a significant chemical diversity of coffees. According to the methods of
Ph. Eur. 7.0, the leaf of Bengal, Arabic and Liberian coffee produced a high
phenolic content. The immature pericarp of Bengal coffee showed a significant
tannin, polyphenol and phenolic content besides to the high values of Arabic
coffee. In addition, the polyphenol value of the mature pericarp and the seed of
Bengal coffee were also high compared to the other plants.

Among the results of the performed antioxidant assays, ORAC technique showed
the highest values of each sample which did not correlate with the results of
DPPH and ECL methods. In the case of Bengal coffee, highest values were
detected in the immature seed and pericarp used DPPH, and in the mature
pericarp by ORAC method compared to the other studied coffee species. The
values measured by ECL assay were the highest in each studied part of Liberian
coffee.

In the antimicrobial assays tested the leaf, immature and mature pericarp and
seed by disc and agar diffusion methods, all studied parts of Bengal coffee
showed inhibitory activity against MRSA, Bacillus subtilis, Streptococcus
agalactie and Staphylococcus aureus. However, the most significant effect was
detected in the leaf of Bengal and Arabic coffee against B. subtilis, our studies
confirmed similar antimicrobial potential of Bengal coffee compared with Arabic
and Liberian species against the studied bacteria strains.

Our findings provide relevant new records on the histological and phytochem-

ical features, as well as the antioxidant and antimicrobial activity of the less studied
wild C. benghalensis which can present new opportunities and challenges for further
possible phytochemical and pharmacological studies of the species.
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