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Uvod

Druhy rodov Epiphyllum Haw., Hylocereus (Berger)
Britt. a Opuntia Mill. (Cactaceae — kaktusovité) sa vyuzi-
vaju najma ako okrasné rastliny — kaktusy, st vSak zname
aj vdaka svojim jedlym plodom. Plody rodu Hylocereus
sa nazyvaju pitaya / pitahaya alebo dracie ovocie, kym
plody rodu Opuntia volame opunciové figy.

O farmakologickom ¢i nutricnom vyzname plodov
rodu Epiphyllum v sG¢asnosti nie st dostupné ziadne §ta-
die. Kvety druhu Hylocereus undatus sa v 'udovom lieci-
tel'stve pouzivali na liecbu tuberkuldzy, bronchitidy,
mumpsu ¢i cukrovky a na urychlenie hojenia ran. Plody
rodu Hylocereus su predmetom vyskumov vdaka svojej
antioxidacnej, antiproliferativnej, antimikrobnej, antidia-
betickej a antihyperlipidemickej aktivite, ako aj pre svoju
schopnost’ ulah¢ovat' hojenie ran'>. Stonky niektorych
druhov rodu Opuntia st v Mexiku a Chile sucastou vyzi-
vovych doplnkov. Pouzivaji sa na prevenciu zalidocnych
vredov a ako doplnkova liecba diabetes mellitus. Plody
maji potvrdené antioxidacné, antidiabetické
a antihyperlipidemické u¢inky, pri¢om §tidie naznacuju aj
ich d’alSie biologické aktivity, ako napr. antiproliferativnu,
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antimikrobnu, protizapalovil a analgeticki. V l'udovom
lieCitel'stve sa niektoré¢ druhy rodu Opuntia pouzivali na
lie¢bu gastritidy a podporu hojenia ran a popalenin®”’.

Hlavné biologicky Uc¢inné obsahové latky pritomné
v jednotlivych druhoch rodov Epiphyllum, Hylocereus
a Opuntia su betalainy (fialové betakyaniny a oranzové
betaxantiny), flavonoidy, fenolové kyseliny a fenyl-
propanoidy, terpény a steroidy, polysacharidy a mastné
kyseliny. Zrel¢ plody vsetkych troch rodov by sa poten-
cialne mohli pouzit’ ako zdroj betaninu, prirodného farbiva
vyuzivaného v potravindrskom priemysle aj pod ndzvom
E162 — cviklové farbivo' .

Vyuzitie tazkych kovov je v priemysle roz§irené. Ich
uvolnovanie do ovzdusia, vody a pody narsa prirodzené
rozlozenie kovov v prirode. Rastliny dokézu prijimat’ che-
mické prvky z pddy, a niektoré neziaduce stopové prvky
dokazu kumulovat’ az na uroven, kedy sa stavaju toxicky-
mi. Tazkymi kovmi sa v tomto kontexte rozumejii najmé
48Cd, goHg a g,Pb. V SirSom zmysle ide aj o d’alSie toxické
prvky ako napr. 33As (pochadzajtci z urcitych pesticidov)
¢i ssBa. Stanovenie tazkych kovov sa vSeobecne vykonava
s pouzitim metod bud’ atdbmovej absorpcnej spektrofoto-
metrie (AAS) po kyslej hydrolyze vzorky, atomovej emis-
nej  spektrometrie s indukéne viazanou plazmou
(ICP-AES), hmotnostnej spektrometrie s induk¢éne viaza-
nou plazmou (ICP-MS) alebo rontgenovej fluorescencénej
analyzy (XRF). Eurdpsky liekopis / European Pharma-
copoeia (Ph. Eur. 10) presne urcuje limity pre jednotlivé
identifikované toxické necistoty (33As, 45Cd, 25Cu, goHg,
2sNi, 5,Pb)®.

Cielom naSej prace bolo identifikovat’ a stanovit
chemické prvky v Cerstvej Stave kaktusovych plodov —
Epiphylli, Hylocerei a Opuntiae fructus (25 vzoriek) ener-
go-disperznou rontgenovou fluorescencnou mikroana-
1yzou (EDXRF/p-XRF).

Experimentalna cast’
Rastlinny material

Plody rodu Epiphyllum Haw. pochéadzali zo stikrom-
nej zéahrady v Modre, Slovensko. Plody rodu Hylocereus
(Berger) Britt. boli nazbierané v Botanickej zéhrade
,»Fuvészkert“ v Szegede, Mad’arsko. Plody rodu Opuntia
Mill. pochadzali z Botanickej zahrady Univerzity Komen-
ského v Bratislave, Slovensko, a Botanickej zdhrady Uni-
verzity v Pécsi, Madarsko. Plody boli nazbierané
v septembri 2012 az 2018 a pochadzali z 5- az 10-ro¢nych
rastlin. Jednotlivé druhy uvedenych rodov celade
Cactaceae taxonomicky identifikovali systematicki botani-
ci danych botanickych zahrad. Vzorky plodov sa uskladni-
li na Katedre farmakognézie a botaniky (Univerzita Ko-
menského v Bratislave, Farmaceuticka fakulta, Sloven-
sko). Vzorky (1-25) pozostavali z Cerstvo lisovanej stavy
zmieSanej s metylceluléozou ako vehikulom (LACHEMA,
Ceska republika) v pomere 1 : 1 (sucha zmes sa nasledne
priamo vo vzorkovnici lisovala do tabliet s priemerom
12 mm).
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Pristrojové vybavenie

Philips Mini-Pal PW 4025 (MiniPal, PHILIPS ANA-
LYTICAL, Holandsko) energo-disperzny rontgenovy fluo-
rescencny analyzator (EDXRF) sa pouzil na identifikaciu
a stanovenie vzoriek® %, Podmienky merania (tab. I): RTG
lampa — 4sRh s 4Be okienkom, monokapilarna fokusécia,
tercik 79Au, napitie 4—12 kV, prad 100—1000 pA, atmosfé-
ra hélium alebo vzduch (1 bar), detektor s diddou Si-PIN
a anddou 4sRh. Vzorky sa analyzovali pocas 10-600 s; tri
paralelné stanovenia sa robili. Analytické vahy (ED2245-0
CE, SARTORIUS, Nemecko).

Validacia energo-disperznej rontgenovej
fluorescenénej analyzy

Pouzita analytickd metdda sa Ciastoéne validovala
v sulade s metodickymi pokynmi EMA a FDA'*™'¢. Zistili
sa validacné charakteristiky, ako presnost, spravnost,
opakovatel'nost’, Specifickost, linearita, limit detekcie
(LOD), limit kvantifikacie (LOQ), relativna smerodajna
odchylka (RSD), vytaznost a robustnost’. Série Standardov
pre kalibra¢né krivky sa analyzovali 3-razy denne pocas
3 roznych dni, teda sa robila validécia interday a intraday
na zistenie odchylok v ramci série a medzi sériami. Pres-
nost’ a spravnost’ — cielové hodnoty priemernej presnosti
v ramci série a medzi sériami skusok boli nizsie ako £+ 15 %
ocakavanej koncentracie. Pripravili sa dve vzorky Standar-
dov, analyzovalo sa Sest’ opakovani (n = 6) pri siedmych
koncentraciach v nizkom az vysokom rozsahu (0,25—
5,00 %); opakovatelnost’ vyhovuje; Specifickost’ bola do-
bra pre prka 11Na, |3A1, 15P, ng, zoca, 25F€, 27CO, 30211,
rovnako aj linearita (koeficient korelacie kalibraénych
kriviek v koncentraénom rozsahu 0,25-5,00 %) — ;Na
(NaCl): 0,9889, 13A1 (A1203)5 0,9896, 15P (NagHPO4):
0,9948, oK (KI): 0,9893, ,iCa (CaCO;): 0,9975, ,¢Fe
(FeS0,): 0,9957, »;Co (CoCl,.6H,0): 0,9977, 30Zn (ZnO):
0,9881; LOD [mg/100 g] — ;1Na: 0,02, ;3Al: 0,03, 15P:
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0,02, 19KZ 0,02, zocaZ 0,02, 26FCZ 0,02, 27COI 0,02, 302112
0,03; LOQ [mg/100 g] — 1Na: 0,07, ;3Al: 0,09, ;sP: 0,07,
19KZ 0,07, zocal 0,05, 26Fe: 0,06, 27COI 0,07, 3021’11 0,09,
vytaznost’ [mg/100 g] — ;Na: 0,09, 15Al: 0,09, ;sP: 0,10,
19K: 0,09, ,0Ca: 0,09, ,sFe: 0,09, ,,Co: 0,09, 30Zn: 0.10;
RSD [%] — 11Na: 40, ;3Al: 12, 1sP: 60, oK: 1, 5,0Ca: 40,
sFe: 2, »7,Co: 14, 30Zn: 40; robustnost’ sa verifikovala —
napr. modifikacia pripravy vzorky, vzorkovania (zrnitost’
vzoriek), homogenizacie, vlhkosti [%], teploty [°C], napé-
tia [kV], elektrického pradu [pA], asu [s], nosného plynu
a filtrov. Artefakty ako ,sNi, 33As, 4sRh a 9Au sa pocas
vyhodnotenia vysledkov odstranili.

Vypocet

Obsah pI'VkOV 11Na, 13A1, 15P, 19K, zoca, 25Fe, 27CO, 3()ZIl sa
vypocital podl'a poziadaviek Europskeho liekopisu / Euro-
pean Pharmacopoeia (Ph. Eur.). Robili sa 3 paralelné sta-
novenia. Udaje boli spracované pomocou programu
MS Excel. Dalgie identifikované prvky (5;Sc, 23V, 2Cr,
2sMn, Cu, 3,Ga, 3Ge, 34Se, 35Br, 40Zr, 46Pd, 43Cd, 4In,
so5n, s;Te, s3l, 54Xe, seBa, 53Ce, oNd, ¢1Pm, c;Sm, s:Eu,
64Gd, ¢5Tb, 6Dy, 67Ho, sEr, soTm, 70Yb, 7 Lu, 7,Hf, 73Ta,
7sRe, 760s, 7711, 78Pt, soHg, a ¢ T1) nemohli byt stanovené
v désledku chybajtcich soli vhodnych pre kalibraciu.

Vysledky a diskusia

Prvky analyzované v jednotlivych vzorkach boli ;;Na,
13Al, 5P, 10K, 20Ca, 218¢, 23V, 24Cr, 2sMn, 36Fe, 27Co, 29Cu,
s0Zn, 31Ga, Ge, 34Se, 35Br, 4Zr, 4Pd, 45Cd, 4ln, 5Sn,
soTe, 531, saXe, ssBa, 53Ce, 6oNd, 61Pm, 6Sm, sEu, Gd,
65Tb, 6sDy, 67HO, 6sEr, ¢oTm, 70Yb, 7;Lu, 7,Hf, 73Ta, ss5Re,
760s, 771, 75Pt, soHg, a ¢ T1. Ich pritomnost’ v jednotlivych
vzorkach vykazovala zna¢né odchylky (tab. II).

Obsah prvkov vo vzorkach sa vypocital pomocou
kalibraénych kriviek, ktoré sa pripravili pre prvky |;Na,

Tabul’ka I
Podmienky merania
Vzorky + $tandardy * Napitie Elektricky prad Cas Nosny plyn Filter

[kV] [HA] [s] (Cislo)
Vzorky 1-25 8 200 60 hélium ziadny (5)
NacCl 4 1000 600 hélium ziadny (5)
AL O4 5 900 120 hélium ziadny (5)
Na,HPO, 5 1000 30 hélium ziadny (5)
KI 8 500 180 vzduch tenky hlinikovy (1)
CaCO; 8 500 180 hélium tenky hlinikovy (1)
FeSO, 10 100 10 vzduch tenky hlinikovy (1)
CoCl,.6H,0 10 100 120 vzduch kaptonovy (0)
ZnO 12 100 180 vzduch kaptonovy (0)

*Standardy pochadzali z firmy LACHEMA, Ceska republika
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Tabul’ka II

Plivodni a metodické prace

Prvky identifikované v Cerstvej Stave z Epiphylli, Hylocerei a Opuntiae fructus

Vzorky * Plody (farba) Rok zberu Identifikované prvky
1. Epiphyllum sp. (fialové) 2012 13AL 15P, 19K, »7Co, 5, Te, s4Xe, 56Ba, s3Ce, 771Ir
2. Epiphyllum sp. (ruzové) 2012 15P, 20Ca, 21S¢, 2sMn, »6Fe, 52Te, 531, s4Xe, 62Sm, ¢3Eu, ¢5Tb, 771Ir
3. Epiphyllum sp. (zelené) 2012 1AL 15P, 10K, 20Ca, 23V, 2Cr, »Fe, »7Co, 35Br, 5,Te, oNd, 6;Pm,
64Gd, 65Tb, 77Ir
4. Hylocereus costaricensis 2012 19K, 20Ca, 26Fe, 31Ga, 3,Ge, 34Se, 6Dy, 75Re, soHg
(svetloruzové)
5. Hylocereus megalanthus 2012 15P, 19K, 20Ca, 26Fe, 31Ga, 34Se, 50Sn, ¢Dy, 51Tl
(biele)
6. Hylocereus undatus 2012 11Na, 19K, 20Ca, 26Fe, 30Zn, 50Sn, 70Yb
(svetloruzove)
7. Opuntia aurea 2016 19K, 20Ca, 27Co, 49In, ¢4Gd, sEr, 70YD, 75Re, soHg
(svetlooranzové)
8. Opuntia camanchica 2016 19K, 20Ca, »6Fe, 43Cd, 40ln, 7,Hf
(ruzové)
9. Opuntia camanchica 2017 19K, 20Ca, 27Co0, 46Pd, 49In, 4Dy, ¢sEr
(ruzové)
10. Opuntia camanchica 2018 19K, 20Ca, 26Fe, 49ln, ¢sTb, Dy, ¢;Ho, soHg
(ruzoveé)
11. Opuntia crinifera (Cervené) 2018 1AL 15P, 10K, 20Ca, 21Sc, »6Fe, 35Br, 49ln, 5,Te, 77Ir
12. Opuntia fragilis (fialové) 2016 11Na, 19K, 20Ca, 45Cd, 65Tb, ¢sDy, 7H0, ¢9Tm, 70Yb, 7,Hf
13. Opuntia humifusa 2016 19K, 20Ca, 3,Ge, 43Cd, 49ln, 45Tb, ¢sDy
(tmavofialové)
14. Opuntia humifusa 2017 19K, 20Ca, 7Co, 6Dy, sEr, 70Yb
(tmavofialové)
15. Opuntia humifusa 2018 19K, 20Ca, 26Fe, 30Zn, ¢sTb, ¢sDy
(tmavofialové)
16. Opuntia polyacantha 2016 19K, 20Ca, 26Fe, 34Se, 43Cd, 65Tb, 7;Lu
(tmavofialové)
17. Opuntia tomentella 2018 10K, 20Ca, 26Fe, 45Cd, 40In, 70YD, 7,.Hf, 5, Tl
(tmavocervené)
18. Opuntia zacuapanensis 2018 15P, 10K, 20Ca, 24Cr, 26Fe, 40ln, 531, s¢Ba, ¢;Pm, 64Gd, ¢5Tb, 77Ir
(tmavocervené)
19. Opuntia sp. (ruzové) 2016 15P, 19K, 34Se, 40Zr, 66Dy, 60Tm, 70YD, 73Ta, 7sRe
20. Opuntia sp. (tmavofialové) 2012 10K, 20Ca, 26Fe, 46Pd, 40In, s7Ho, 70YD, 760s
21. Opuntia sp. (purpurove) 2018 11Na, 19K, 20Ca, »6Fe, 30Zn, ¢Dy, 70YDb, 75Pt
22. Opuntia sp. (tmavocervené) 2015 27Co0, 32Ge, 4Pd, s, Te, ¢6Dy, 67H0, sEr, 9Tm
23. Opuntia sp. (svetlooranzové) 2018 19K, 20Ca, »6Fe, ¢sTb
24, Opuntia sp. (oranZoveé) 2012 19K, 20Ca, 26Fe, 27Co, 34Se, 66Dy, ¢7Ho, ¢sEr, 73Ta, soHg
25. Opuntia sp. (tmavooranzové) 2013 19K, 20Ca, 26Fe, 20Cu, 45Cd, 49In, ¢;Ho, goHg

*Vzorky 1-3, 19-25 nebolo mozné botanicky identifikovat’ na Groven druhu

13A1, |5P, 19K, zoca, 26F6, 27C0 a 3()ZI1 (V koncentraciach
0,25-5,00 % v metylceluldze). Obsah analyzovanych prv-
kov v jednotlivych vzorkach bol réznorody (tab. III), uve-
dené hodnoty su vysledkom troch paralelnych stanoveni.
Dalsie identifikované prvky (21Sc, 23V, 24Cr, 2sMn, 29Cu,
31Ga, 3,Ge, 34Se, 35Br, 407Zr, 46Pd, 43Cd, 49In, 50Sn, s5;Te, 531,

s4Xe, 56Ba, s3Ce, oNd, 1Pm, ,Sm, ;Eu, 64Gd, ¢5Tb, 6Dy,
67Ho, &sEr, 6oTm, 70Yb, 71Lu, 7,Hf, 73Ta, 7sRe, 70s, 7lIr,
7sPt, soHg a ¢ T1) nemohli byt stanovené.

Najviac zastupenym prvkom bol draslik (;9K), ktory
bol okrem jednej vzorky pritomny vo vsetkych vzorkach.
Jeho koncentracia bola 2,3 az 6,4 mg/100 g. Pritomnost’
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Tabul’ka I1I
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Obsah prvkov v Cerstvej Stave z Epiphylli, Hylocerei a Opuntiae fructus

Vzorky Obsah [mg/100 g]

11Na 13Al 1sP 19K 20Ca ke 27Co 30Zn
1. - 91,5 - 6,3 - - 28,2 -
2. - - 382,3 - 306,6 8,8 - -
3. - 70,5 - 3.8 306,0 9,6 25,5 -
4. - - - 5,6 304,4 8,3 - -
5. - - - 59 304,6 5,7 - -
6. 131,5 - - 5,8 305,0 4,9 - 296,2
7. - - - 4,5 303,7 - 21,8 -
8. - - - 4,3 305,2 3,9 - -
9. - - - 4.4 304,5 - 244 -
10. - - - 4,5 307,5 6,3 - -
11. - 86,9 261,6 3,8 302,9 10,9 - 324,0
12. - - - 5,7 304,1 - - -
13. - - - 5,8 307,2 - - -
14. - - - 5,4 303,9 - 27,6 -
15. - - - 6,4 303,9 4,6 - 4144
16. - - - 5,0 3006,1 9,3 - -
17. 100,9 - - 6,0 303,9 6,0 - -
18. - - - 4,1 305,1 2,3 - -
19. - - 330,4 4,8 - - - -
20. - - - 4,4 301,1 3,7 - -
21. - - - 23 305,1 2,3 - 191,6
22. - - - 3,7 - - 32,2 -
23. 131,5 - - 5,0 303,7 7,5 - -
24, - - - 5,7 303,6 8,0 13,9 -
25. - - - 4,5 303,9 52 - -
vapnika (,0Ca) bola dokazana vo vSetkych vzorkach Vzorky rodu  Hylocereus, ktoré pochadzali

s vynimkou troch, jeho mnoZstvo sa pohybovalo v rozpéti
od 301,1 do 307,5 mg/100 g. Tretim najviac zastGpenym
prvkom bolo Zelezo (x¢Fe), pritomné v 17 vzorkéch. Jeho
koncentracia bola 2,3 az 10,9 mg/100 g. NajvyssSia kon-
centracia sa zistila v pripade zinku (3¢Zn, 414,4 mg/100 g),
hoci bol pritomny iba v §tyroch vzorkach (tab. III).

Vo vzorkach rodu Epiphyllum, mnazbieranych
v stkromnej zahrade v Modre, Slovensko, boli najviac
zastapenymi prvkami 13Al, 19K, 50Ca, »sFe a »7Co. Najvys-
Sia koncentracia bola stanovena pre ;sP (382,3 mg/100 g),
bol vSak pritomny iba v jednej vzorke.

Dostupna je iba jedna cinska Stidia, ktord sa tyka
analyzy prvkov v kvetoch a stonkach druhu Epiphyllum
oxypetalum, kde bol obsah ,Mg, 9K, »Ca, ,sMn, »Fe,
20Cu a 3pZn hodnoteny pomocou plamenovej atdmovej
absorp¢nej spektrometrie (FAAS). Vysledky ukazali boha-
ty obsah »sMn, 56Fe, ,0Cu a 3pZn v kvetoch, pricom obsah
10K bol 69,764 mg/g, priblizne dvojnasobny v porovnani
so stonkami'’.
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z Botanickej zahrady v Szegede, Mad’arsko, obsahovali
najmi 9K, »0Ca a ,sFe, priCom »,Ca bol v tychto vzorkach
najdeny v najvacsom mnozstve (305,0 mg/100 g).

V pitayi (Hylocereus sp.) pochadzajicej z miestneho
supermarketu v Pekingu, Cina, boli menej znime stopové
prvky stanovené pomocou optickej emisnej spektrometrie
s induk¢ne viazanou plazmou (ICP-OES) po mikrovinove;j
extrakcii. Tato analyza preukazala pritomnost’ ;Sc (0,028
ng/g), sila (0,423 pg/g), siCe (0,139 pg/g), o7Ho (0,021
ng/g) a ¢Er (0,069 pg/g)'®. Ziadny z tychto stopovych
prvkov nebol identifikovany v naSich vzorkach plodov
rodu Hylocereus. Sajib a spol.' hodnotili obsah stopovych
prvkov atazkych kovov v plodoch Hylocereus undatus
pochadzajucich z miestneho trhu v meste Dhaka, Bangla-
dés. Ich vysledky, vyjadrené v mg/100 g jedlej Casti plo-
dov, teda v duZine, boli nasledovné: 4,50 |Na, 3,73 ,Mg,
16,14 19K, 5,81 20C3., 0,02 24CT, 0,03 25Mn, 0,03 26Fe, 0,05
20Cu, 0,44 30Zn, priCom sa nezistila pritomnost’ 33As, 45Cd,
soHg a g,Pb. V nasich vzorkach bol nizsi obsah K a vyssi
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obsah )Ca, Fe a 3Zn. V dalSej stadii autorov Hu
a spol.20 sa stanovil obsah prvkov ako ,sMn, Fe a 3pZn
v duzine a oplodi plodov rodu Hylocereus pochadzajucich
z Ciny pomocou plamefovej atémovej absorpénej spektro-
metrie (FAAS). Duzina plodov obsahovala 23,95 pg/g
2sMn, 104,75 pg/g »cFe a 66,40 pg/g 30Zn a oplodie obsa-
hovalo 129,65 pg/g »sMn, 52,15 pg/g Fe a 80,30 pg/g
30Zn. Fe bolo pritomné aj vo vSetkych nasich vzorkach
rodu Hylocereus (v mnozstve 4,9-8,3 mg/100 g), avsak
30Zn bol dokazany a stanoveny iba v druhu Hylocereus
megalanthus, pricom jeho koncentracia bola omnoho vys-
Sia (296,2 mg/100 g). ,sMn nebol pritomny v Ziadnej
z nasich vzoriek rodu Hylocereus.

Existuje niekol’ko §tadii, ktoré sa zaoberaju analyzou
prvkov v plodoch rodu Opuntia. Lagunas-Solar a spol.?'
merali obsah stopovych prvkov v opunciovych figach
(Opuntia sp.) pochadzajacich ztrhov a pol'nohospo-
darskych oblasti v Kalifornii a v oblasti Tlahuac (blizko
Mexico City). Ich vysledky (v mg/kg) — 3,3 Fe, 0,11
27CO, 1,60 23Ni, 3,8 29Cu, 16,2 3()ZI1 30,050 gsz‘ Diaz-
Medina a spol.22 dokazali pritomnost ;;Na, Mg, 19K,
20Ca, 24Cr, 2sMn, 56Fe, 2sNi, 29Cu, 30Zn v plodoch Opuntia
ficus indica pochadzajtcich z r6znych miest ostrova Te-
nerife. Stanovili obsah (v mg/kg): 6,25 ;|Na, 251 ;,Mg,
1583 19K, 263 zoca, 0,109 24CI', 3,03 25MIl, 1,98 Z(,Fe,
0,285 Ni, 0,389 »Cu a 2,05 30Zn. V d’alSej analyze sa
skiimala duzina plodov Opuntia dillenii z rdznych oblasti
okresu Mysuru, Karnataka, India, a stanovil sa obsah na-
sledujtcich prvkov (v mg/100 g prepocitané na vysusen
drogu): 124,3 ;;Na, 9,51 ;Mg, 1,16 5Al, 29,2 |sP, 876,3
19K, 17,6 2oca, 1,285 25MIl, 5,16 26Fe, 0,884 3()ZIl, 1,27
s¢Ba, okrem toho aj »4Cr, »9Cu a 34Se, ich koncentracie vSak
boli pod uroviiou detekcie®. Nage vzorky vykazovali vyssi
obsah 1;Na, 5P, 0Ca a 3pZn (tab. IIT) nez koncentracné rozpé-
tie, ktoré uvadzali spominani autori, a nizsi obsah ;oK.

Zaver

VnaSej praci sme identifikovali a stanovili prvky
v 25 vzorkach S§tavy zplodov roznych druhov rodu
Epiphyllum, Hylocereus a Opuntia. Ked'Ze tieto plody su
v mnohych krajindch sveta délezitou sucastou ludskej
potravy, je velmi dolezité poznat' obsah mineralov
a stopovych prvkov v nich, a taktiez lohu, ktort by mohli
zohrat’ v poskytovani Zivin nevyhnutnych pre zdravie ¢lo-
veka. Podl'a vysledkov nasho vyskumu sa $tavy kaktuso-
vych plodov zdaju byt dobrym zdrojom fosforu (isP),
vapnika (,0Ca) a zinku (30Zn). Aby sa pri ich konzumacii
zaroven garantovala bezpecnost’ konzumenta, je nevyhnut-
né sledovat, ¢i sa neprekraCuje obsah tazkych kovov.
Nase vysledky vyhovuji poziadavkam Eurdpskeho lieko-
pisu / European Pharmacopoeia (Ph. Eur. 10) pre tazké
kovy v rastlinnych drogach a pripravkoch z rastlinnych
drog. Mnozstva sledovanych tazkych kovov v naSich
vzorkach boli nizsie ako limit, ktory udava Ph. Eur. 10, ¢o
znamena, ze nas rastlinny material pochadza z ekologicky
vyhovujiiceho prostredia aje bezpetny na pouzitie
v potravinarskom alebo farmaceutickom priemysle.
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Slovakia; ° Institute of Pharmaceutical Technology and
Regulatory Affairs, Faculty of Pharmacy, University of
Szeged, Szeged, Hungary, Institute of Pharmacognosy,
Faculty of Pharmacy, University of Szeged, Szeged, Hun-
gary): Elemental Analysis of Epiphyllum, Hylocereus
and Opuntia (Cactaceae) Fruits by Energy-Dispersive
X-ray Fluorescence Microanalysis

Cactaceae are mostly known as ornamental plants,
though they can also be used as food (e. g. Epiphylli fruc-
tus, Hylocerei fructus — pitaya / pitahaya / dragon fruit,
Opuntiae fructus — Opuntia fig / tuna / prickly pear). Main
phytochemical constituents responsible for their pharma-
cological effects are betalains, terpenes and phenolics. The
subject of our work was the identification and quantifica-
tion of chemical elements in Epiphylli, Hylocerei and
Opuntiae fructus (25 samples) by energy-dispersive X-ray
fluorescence analysis. The plant material was obtained
from a garden in Modra, Slovakia (Epiphyllum Haw.);
Botanical Garden in Szeged, Hungary [Hylocereus
(Berger) Britt.]; Comenius University Botanical Garden in
Bratislava, Slovakia, and University of Pécs Botanical
Garden, Hungary (Opuntia Mill.). Fruits were collected in
September 2012-2018. We identified and quantified these
elements in the respective samples: 1Na, 13Al, 5P, 19K,
20Ca, xFe, »7Co, and 39Zn. The presence of these elements
showed considerable variations. Other identified elements
(218¢, 23V, 24Cr, 2sMn, ,0Cu, 31Ga, 3,Ge, 34Se, 35Br, 4Zr,
46Pd, 45Cd, gln, 50Sn, s5;Te, 531, s4Xe, ssBa, s3Ce, Nd,
61Pm, 62Sm, 63Bu, 64Gd, 65Tb, 66Dy, 67Ho, 6sEr, goTm, 70Yb,
71Lu, 72Hf, 73Ta, 75Re, 76OS, 7711', 73Pt, 80Hg, and g]Tl) could
not be quantified due to the lack of available salts suitable
for calibration.

Full text English translation available in the on-line
version.

Keywords: Epiphyllum Haw., Hylocereus (Berger) Britt.,
Opuntia Mill., energy-dispersive X-ray-fluorescence anal-
ysis (EDXRF/u-XRF), trace elements
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Introduction

Epiphyllum Haw., Hylocereus (Berger) Britt. and
Opuntia Mill. (Cactaceae) are widely used as ornamental
plants. Moreover, these species are also recognised for
their edible fruits. Hylocereus sp. is known as pitaya /
pitahaya or dragon fruit, while Opuntia sp. as the tuna fruit
or prickly pear.

To our knowledge, there are no studies regarding the
pharmacological or nutritional effects of Epiphyllum sp.
fruits. In folk medicine, flowers of Hylocereus undatus
were used to treat tuberculosis, bronchitis, mumps or dia-
betes, and to speed up wounds healing. Fruits have been
studied for their antioxidant, antiproliferative, antimicrobi-
al, antidiabetic, antihyperlipidemic, and wound healing
activities' . Opuntia sp. (stems) are used as nutritional
supplements in Mexico and Chile to prevent gastric ulcers
and as a complementary aid in the treatment of diabetes.
Fruits indeed have antioxidant, antidiabetic and antihyper-
lipidemic properties. Studies also indicate other biological
activities, such as antiproliferative, antimicrobial, anti-
inflammatory and analgesic. In traditional medicine,
Opuntia sp. was used to treat gastritis and to promote heal-

ing of wounds and burns®”.
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Major bio-active compounds present in Epiphyllum,
Hylocereus and Opuntia plants are betalains (violet beta-
cyanins and orange betaxanthins), flavonoids, phenolic
acids and fenylpropanoids, terpenes and steroids, polysac-
charides and fatty acids. Ripe fruits of all three genera
could potentially be used as a source of betanin, a natural
colorant used in food industry under the name E162 —
beetroot red' 7,

Heavy metals are widespread in industry. When re-
leased into the air, water and soil, they disturb the natural-
ly occurring distribution of metals. Plants extract elements
from the soil in which they grow and can cumulate these
undesirable trace elements up to toxic levels. Heavy met-
als in this context mean cadmium 4Cd, mercury goHg, and
lead g,Pb in the first place. In a broader sense, other toxic
elements, such as ;3As (from certain pesticides) and s¢Ba
are included. Determination of heavy metals is generally
performed by either atomic absorption spectrophotometry
(AAS) after acid digestion of the sample, inductively cou-
pled plasma-atomic emission spectrometry (ICP-AES),
inductively coupled plasma-mass spectrometry (ICP-MS)
or X-ray fluorescence analysis (XRF). The European Phar-
macopoeia (Ph. Eur. 10) exactly specifies limits for identi-
fied toxic impurities (33AS, 4ng, ngu, g()Hg, ngi, gsz)g.

The aim of our work was to identify and to quantify
chemical elements in fresh juice from Epiphylli, Hylocerei
and Opuntiae fructus (25 samples) by energy-dispersive
X-ray fluorescence microanalysis (EDXRF/u-XRF).

Experimental Parts
Plant Material

Epiphyllum Haw. fruits came from a private garden in
Modra, Slovakia. Hylocereus (Berger) Britt. fruits were
collected in the Botanical Garden “Fuivészkert” in Szeged,
Hungary. Opuntia Mill. fruits were harvested in the Come-
nius University Botanical Garden in Bratislava, Slovakia,
and in the University of Pécs Botanical Garden, Hungary.
All fruits were collected in September 20122018, from 5
to 10-years-old plants. The plant material was taxonomi-
cally identified by systematic botanists (dendrologists) of
the particular botanical gardens. Herbarium samples have
been deposited at the Department of Pharmacognosy and
Botany (Comenius University in Bratislava, Faculty of
Pharmacy, Slovakia). Samples (1-25) consisted of fresh
fruit juice mixed with methylcellulose as a vehicle
(LACHEMA, Czech Republic) inal:1 ratio (the dry
mixture was pressed into 12-mm-diameter tablets directly
in the sampler).

Equipment

Philips Mini-Pal PW 4025 (MiniPal, PHILIPS ANA-
LYTICAL, Netherlands) energy-dispersive X-ray fluores-
cence analyser was used to identify and quantify the sam-
ples”™*. Measurement conditions (Table I) applied were as
follows: X-ray tube — 4sRh with 4Be window, monocapil-
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lary focusing, s9Au target, voltage 4—12 kV, electric cur-
rent 100—1000 pA, 1 bar helium purge or air, and a detec-
tor with the Si-PIN diode and 4sRh anode. Samples were
measured for 10-600 s and the measurements were repeat-
ed in triplicate for each sample. Analytical balance was
used (ED2245-0 CE, SARTORIUS, Germany).

Validation of energy-dispersive X ray-fluorescence
analysis

The analytical method was partially validated, mini-
mum acceptance criteria were similar to the guidelines on
bioanalytical method validation by EMA and FDA'™S,
Key data are listed below to demonstrate the precision,
accuracy, repeatability, specificity, linearity, limit of de-
tection — LOD, limit of quantification — LOQ, recovery,
relative standard deviation — RSD, and robustness. Tripli-
cate sets of standard curve samples were analysed on
3 separate days to carry out the inter- and intraday valida-
tion. The target values for intra- and interassay precision
and accuracy were less than + 15% of the expected con-
centration, two standard samples were prepared, six repli-
cates (n = 6) at seven concentrations were used in the low
to high range (0.25-5.00%); repeatability was satisfactory;
the used method has a good specificity for 1;Na, ;3Al, 5P,
19K, 20Ca, »Fe, »7Co, and 3pZn, as well as linearity
(calibration standard curve correlation coefficients in con-
centration range of 0.25-5.00%) — ;;Na (NaCl): 0.9889,
13AL (AL,O3): 0.9896, |sP (Na,HPO,): 0.9948, ;K (KI):
0.9893, ,0Ca (CaCOs): 0.9975, »cFe (FeSO4): 0.9957, ,,Co
(CoCl,.6H,0): 0.9977, and 3Zn (ZnO): 0.9881; LOD
[mg/l()O g] — ”Na: 002, 13A11 003, ]5PZ 002, ngZ 002,
20Ca: 0.02, Fe: 0.02, ,;Co: 0.02, 30Zn: 003; LOQ
[mg/lOO g] — 11Na: 007, 13A15 009, 15P: 007, 19K5 007,
20Ca: 0.05, yFe: 0.06, »7Co: 0.07, 30Zn: 009; recovery
[mg/lOO g] — 11Na: 009, 13A15 009, 15P: 010, 19K5 009,
20Ca: 0.09, 6Fe: 0.09, ,;Co: 0.09, 30Zn: 0.10; RSD [%] —
11NaZ 40, |3A12 12, 15PZ 60, ]9KI 1, zocal 40, 26Fe: 2, 27COZ

Original and Methodical Papers

14, and 30Zn: 40; robustness was verified — e. g. modifica-
tion of sampling (granularity of samples), homogenisation,
humidity [%], temperature [°C], voltage [kV], electric
current [pA], time [s], carrier gas, filter. Artefacts, such as
2sN1, 33AS, 4sRh, and ;9Au were removed.

Calculation

The content of 11Na, 13A1, 15P, 19K, 20Ca, 26Fe, 27CO,
and 30Zn was calculated as requested by the European
Pharmacopoeia procedure. The quantification was based
on the mean value of 3 parallel measurements. Quantifica-
tion data were analysed using MS Excel. Other identified
elements (21SC, 23V, 24CI', 25Mn, 29Cu, 31Ga, 32G€, 34S€,
35Br, 4071, 46Pd, 43Cd, 4In, 50Sn, 5,Te, 531, 54Xe, s6Ba, 55Ce,
6oNd, 61Pm, 6;Sm, 6:Eu, 64Gd, 6sTb, 66Dy, 67Ho, esEr, goTm,
7()Yb, 71Lu, 72Hf, 73Ta, 75Re, 7608, 7711', 78Pt, gng, and g]Tl)
could not be quantified due to the lack of available salts
suitable for calibration.

Results and Discussion

The elements analysed in the individual samples were
11Na, 13AL 5P, 19K, 20Ca, 2S¢, 23V, 24Cr, 25Mn, yFe, »7,Co,
20Cu, 30Zn, 3:Ga, 3,Ge, 34Se, 35Br, 40Zr, 46Pd, 4Cd, 4In,
so5n, syTe, s3l, s4Xe, seBa, 53Ce, oNd, ¢1Pm, c;Sm, s:Eu,
64Gd, 5Tb, 66Dy, 67Ho, esEr, ¢oTm, 70Yb, 71Lu, 7,Hf, 73Ta,
7sRe, 760s, 771, 75Pt, goHg, and g, Tl. The presence of these
elements showed considerable variations (Table II).

The content of elements in the collected samples was
calculated from calibration curves. These were elaborated
for llNa, 13A1, 15P, ng, zoca, z(,FC, 27CO, and 3()Zrl (lrl con-
centrations of 0.25-5.00% in methylcellulose). The quanti-
fication was based on the mean value of three parallel
measurements. The content of the elements analysed
showed differences in the respective samples (Table III).
Other identified elements (3;Sc, 23V, 2Cr, 2»sMn, »Cu,

Table I
Measurement conditions
Samples + standards * Voltage Electric current ~ Time Carrier gas Filter
[kV] [LA] [s] (number)
Samples 1-25 8 200 60 He none (5)
NaCl 4 1000 600 He none (5)
AL O4 5 900 120 He none (5)
Na,HPO, 5 1000 30 He none (5)
KI 8 500 180 air Al-thin (1)
CaCO; 8 500 180 He Al-thin (1)
FeSO, 10 100 10 air Al-thin (1)
CoCl,.6H,0 10 100 120 air kapton (0)
ZnO 12 100 180 air kapton (0)

#Standards originated from LACHEMA, Czech Republic



Chem. Listy /74, 680—685 (2020)

Table II
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Elements identified in fresh juice from Epiphylli, Hylocerei and Opuntiae fructus

Samples *  Fruits (colour) Year of Identified elements
collection
1. Epiphyllum sp. (violet) 2012 1AL 15P, 19K, 27Co, 5,Te, s4Xe, s¢Ba, 53Ce, 771Ir
2. Epiphyllum sp. (pink) 2012 15P, 20Ca, 21Sc, 2sMn, x6Fe, 52Te, s3], s4Xe, 62Sm, g3Eu, ¢5Tb, 77Ir
3. Epiphyllum sp. (green) 2012 13Al, 15P, 19K, 20Ca, 13V, 24Cr, 56Fe, 27Co, 35Br, 5:Te, 6oNd, ¢;Pm,
64Gd, ¢sTb, 771t
4. Hylocereus costaricensis 2012 19K, 20Ca, 6Fe, 31Ga, 3,Ge, 34Se, Dy, 75Re, soHg
(pale pink)
5. Hylocereus megalanthus 2012 15P, 19K, 20Ca, 26Fe, 31Ga, 34Se, 50Sn, 6Dy, g1 T1
(white)
6. Hylocereus undatus 2012 11Na, 10K, »9Ca, »6Fe, 30Zn, 50Sn, 70Yb
(pale pink)
7. Opuntia aurea (pale orange) 2016 19K, 20Ca, 27Co0, 49In, ¢4Gd, 6sEr, 70YD, 75Re, goHg
8. Opuntia camanchica 2016 10K, 20Ca, »6Fe, 43Cd, 40In, 7, Hf
(pink)
9. Opuntia camanchica 2017 19K, 20Ca, 7Co0, 46Pd, 49In, 6Dy, ¢sEr
(pink)
10. Opuntia camanchica 2018 19K, 20Ca, x6Fe, 40ln, ¢sTb, 6sDy, ¢;Ho, soHg
(pink)
11. Opuntia crinifera (red) 2018 13Al 15P, 19K, 20Ca, 21Sc, »6Fe, 35Br, 49In, 5,Te, 77Ir
12. Opuntia fragilis (violet) 2016 11Na, 19K, 20Ca, 45Cd, 6sTb, 46Dy, ¢7HO, 69Tm, 70Yb, 7,Hf
13. Opuntia humifusa 2016 19K, 20Ca, 3,Ge, 45Cd, 49In, ¢sTb, ¢sDy
(dark violet)
14. Opuntia humifusa 2017 19K, 20Ca, 27Co, 6Dy, ¢sEr, 70Yb
(dark violet)
15. Opuntia humifusa 2018 19K, 20Ca, 26Fe, 30Zn, ¢sTb, gDy
(dark violet)
16. Opuntia polyacantha 2016 10K, 20Ca, »6Fe, 34Se, 43Cd, ¢5Tb, 71Lu
(dark violet)
17. Opuntia tomentella 2018 10K, 20Ca, 26Fe, 43Cd, 40In, 70YDb, 7,Hf, g, Tl
(dark red)
18. Opuntia zacuapanensis 2018 15P, 19K, 20Ca, 24Cr, 26Fe, 40ln, s3l, s¢Ba, ¢;Pm, ¢2Gd, ¢5Tb, 77Ir
(dark red)
19. Opuntia sp. (pink) 2016 15P, 19K, 34Se, 40Zr, 66Dy, 69Tm, 70YD, 73Ta, 75Re
20. Opuntia sp. (dark violet) 2012 10K, 20Ca, »6Fe, 46Pd, 40In, 7Ho, 70Yb, 760s
21. Opuntia sp. (purple) 2018 11Na, 19K, 20Ca, 2Fe, 30Zn, 4Dy, 70Yb, 75Pt
22. Opuntia sp. (dark red) 2015 27C0, 3,Ge, 4Pd, 52Te, ¢sDy, 67H0, csEr, oTm
23. Opuntia sp. (pale orange) 2018 19K, 20Ca, »6Fe, ¢5Tb
24. Opuntia sp. (orange) 2012 19K, 20Ca, 6Fe, 27Co, 34Se, ¢sDy, s7Ho, ¢sEr, 73Ta, so)Hg
25. Opuntia sp. (dark orange) 2013 19K, 20Ca, 26Fe, 29Cu, 45Cd, 49In, ¢;Ho, goHg

#Samples No 1-3, 19-25 could not be taxonomically identified by the botanists at species level

31Ga, »Ge, 34Se, 35Br, 4Zr, 4Pd, 45Cd, 4ln, 5oSn, 5;Te, 531,
s4Xe, 56Ba, s3Ce, soNd, 61Pm, Sm, 3Eu, 64Gd, ¢5Tb, ¢Dy,
¢7HO, &Er, oTm, 70Yb, 7;Lu, 7,Hf, 13Ta, 75Re, 70s, 77Ir,

7sPt, soHg, §1T1) could not be quantified.

The most prevalent element was potassium (;9K),
present in all but one sample. Its concentrations were 2.3—

6.4 mg/100 g. Calcium (,0Ca) was found in all but three
samples, while its concentrations ranged from 301.1 to
307.5 mg/100 g. The third most prevalent element was
iron (ycFe), present in 17 samples. Its amount was 2.3—
10.9 mg/100 g. The highest concentration was observed
for zinc (30Zn, 414.4 mg/100 g), although it was present in
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Table I1I
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Elemental content in fresh juice from Epiphylli, Hylocerei and Opuntiae fructus

Samples Content [mg/100g]

11Na 13Al 1sP 19K 20Ca 26Fe 27Co 30Zn
1. - 91.5 - 6.3 - - 28.2 -
2. - — 382.3 — 306.6 8.8 — -
3. - 70.5 - 3.8 306.0 9.6 25.5 -
4. - - - 5.6 304.4 8.3 — -
5. - — - 5.9 304.6 5.7 — -
6. 131.5 — - 5.8 305.0 4.9 - 296.2
7. - — - 4.5 303.7 - 21.8 -
8. — — — 4.3 305.2 3.9 — —
9. - — - 4.4 304.5 - 24.4 -
10. - - — 4.5 307.5 6.3 — -
11. — 86.9 261.6 3.8 302.9 10.9 — 324.0
12. — — — 5.7 304.1 — — —
13. - — — 5.8 307.2 - — -
14. - - - 5.4 303.9 - 27.6 -
15. — — — 6.4 303.9 4.6 — 414.4
16. - — — 5.0 306.1 9.3 — -
17. 100.9 — — 6.0 303.9 6.0 — -
18. - - - 4.1 305.1 2.3 — -
19. — — 330.4 4.8 — — — —
20. — — — 4.4 301.1 3.7 — —
21. - - - 2.3 305.1 2.3 - 191.6
22. - - - 3.7 — - 322 -
23. 131.5 — — 5.0 303.7 7.5 — —
24. — — — 5.7 303.6 8.0 13.9 —
25. - - — 4.5 303.9 5.2 — -

four samples only (Table III).

In Epiphyllum samples, collected from a private gar-
den in Modra, Slovakia, the most prevalent elements were
13AlL 19K, 20Ca, 56Fe, and ,;Co. The highest concentration
was observed for ;sP (382.3 mg/100 g), although it was
present in one sample only.

To our knowledge, there is only one Chinese study
regarding the elemental analysis of the genus Epiphyllum,
where the content of |2Mg, ng, zoca, 25MIl, 26Fe, ngu and
30Zn in the flower and stem of Epiphyllum oxypetalum
from China was detected by flame atomic absorption spec-
trometry (FAAS). The results showed rich contents of
2sMn, »Fe, 20Cu and 3¢Zn in the flower, while the content
of 1yK was 69.764 mg/g, approximately twice as much as
that in the stem'”.

Hylocereus samples, which came from the Botanical
Garden in Szeged, Hungary, contained mostly 19K, 5Ca
and ,¢Fe. ,0Ca was the most abundant element detected
(305.0 mg/100 g) in these samples.

In apitaya fruit (Hylocereus sp.) purchased from
a local supermarket in Beijing, China, trace rare earth ele-

ments were determined using microwave digestion cou-
pled with inductively coupled plasma optical emission
spectrometry (ICP-OES). This analysis showed the pres-
ence of ;Sc (0.028 pg/g), s;La (0.423 pg/g), ssCe
(0.139 pg/g), ;Ho (0.021 pg/g) a ¢Er (0.069 ng/g). None
of these trace elements was detected in Hylocereus fruits
in our analysis'®. Sajib et al." evaluated trace elements
and heavy metals content in the fruits of Hylocereus un-
datus from alocal market in Dhaka city, Bangladesh.
Their results expressed as mg/100 g of edible portion of
fruit pulps were: 4.50 of 1;Na, 3.73 of 1,Mg, 16.14 of (K,
5.81 of 20C3, 0.02 of 24CT, 0.03 of 25Mn, 0.03 of 26Fe, 0.05
of 29Cu, 0.44 of 3()Zn, while 33AS, 48Cd, 80Hg and 32Pb were
not detected. Our results showed lower content of oK and
higher content of ,,Ca, »sFe and 30Zn. Another study, con-
ducted by Hu et al®®, determined ,sMn, »sFe and 3,Zn trace
elements content in Hylocereus fruit pulp and peel (from
China) by flame atomic absorption spectrometry (FAAS).
Results showed that the fruit pulp contained 23.95 pg/g of
2sMn, 104.75 pg/g of ,cFe, and 66.40 pg/g of 30Zn, while
the peel contained 129.65 pg/g of ,sMn, 52.15 pug/g of
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2wFe, and 80.30 pg/g of 30Zn. xFe was also present in all
our Hylocereus samples (ranging from 4.9 mg/100 g to 8.3
mg/100 g), while 30Zn was quantified only in Hylocereus
megalanthus; however, its concentration was much higher
(296.2 mg/100 g). ,sMn was not detected in any of our
Hpylocereus samples.

There are a few studies regarding the elemental anal-
ysis of Opuntia fruits. Lagunas-Solar et al*' measured
trace elements in prickly pears (Opuntia sp.) from markets
and agricultural areas in California and Tlahuac, near
Mexico City. They recorded (in mg/kg) 3.3 of Fe, 0.11
of ,;Co, 1.60 of ,sNi, 3.8 of ,oCu, 16.2 of 3yZn, and 0.050
of gPb. Diaz-Medina et al.** reported the presence of
11Na, 2Mg, 19K, 20Ca, 24Cr, ,sMn, y6Fe, 23Ni, 20Cu, 30Zn in
Opuntia ficus indica fruits from different points on the
Tenerife island. Their results (in mg/kg) were 6.25 of
11Na, 251 of 12Mg, 1 583 of 19K, 263 of zoca, 0.109 of 24CI'
3.03 of 25Mn, 1.98 of 26Fe, 0.285 of ngi, 0.389 of ngu,
and 2.05 of 3pZn. In another analysis of Opuntia dillenii
fruit pulp from various localities of Mysuru district, Kar-
nataka, India, concentrations of different elements were
determined (in mg/100 g dry weight) as follows: 124.3
11Na, 9.51 |2Mg, 1.16 |3A1, 29.2 15P, 876.3 1()K, 17.6 zoca,
1.285 55sMn, 5.16 sFe, 0.884 30Zn, 1.27 s¢Ba; in addition to
that, also »Cr, ,Cu and 34Se but their concentrations were
below the detectable level®. Our samples showed concen-
trations of ;1Na, ;sP, ,0Ca and 3;pZn (Table III) above the
concentration range reported by previous authors was, and
a lower concentration of oK.

Conclusion

Chemical elements in 25 samples of Epiphyllum,
Hylocereus and Opuntia fresh fruit juice were identified
and quantified. As these fruits are an important part of
human nutrition in many countries of the world, it is cru-
cial to know their mineral and trace element content and
the role they could play in providing nutrients essential for
human health. According to our study, Cactaceae fruit
juices appear to be good sources of phosphorus (;5P), cal-
cium (»Ca) and zinc (50Zn). To ensure their safety for
human consumption, it is necessary to track non-
exceedance heavy metal content. Our results meet Europe-
an Pharmacopoeia (Ph. Eur. 10) requirements for heavy
metals in herbal drugs and herbal drug preparations. The
amounts of monitoring heavy metals in our samples were
below the limits specified in Ph. Eur. 10, which means that
our plant materials can be considered to come from an
ecologically clean locality and safe to be used in food and
pharmaceutical industry.
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Abstract

Cactaceae are mostly known as ornamental plants,
though they can also be used as food (e. g. Epiphylli fruc-
tus, Hylocerei fructus — pitaya / pitahaya / dragon fruit,
Opuntiae fructus — Opuntia fig / tuna / prickly pear). Main
phytochemical constituents responsible for their pharma-
cological effects are betalains, terpenes and phenolics. The
subject of our work was the identification and quantifica-
tion of chemical elements in Epiphylli, Hylocerei and
Opuntiae fructus (25 samples) by energy-dispersive X-ray
fluorescence analysis. The plant material was obtained
from a garden in Modra, Slovakia (Epiphyllum Haw.);
Botanical Garden in Szeged, Hungary [Hylocereus
(Berger) Britt.]; Comenius University Botanical Garden in
Bratislava, Slovakia, and University of Pécs Botanical
Garden, Hungary (Opuntia Mill.). Fruits were collected in
September 2012-2018. We identified and quantified these
elements in the respective samples: |1Na, 3Al, 5P, 19K,
20Ca, xFe, »7Co, and 3pZn. The presence of these elements
showed considerable variations. Other identified elements
(218¢, 23V, 2Cr, 2sMn, ,Cu, 31Ga, 3,Ge, 34Se, 35Br, 4Zr,
46Pd, 4sCd, 4In, 50Sn, 5,Te, s3I, saXe, seBa, s3Ce, ¢Nd,
61Pm, 62Sm, 63Bu, 64Gd, 65Tb, 6Dy, 67Ho, 6sEr, goTm, 70Yb,
71Lu, 72Hf, 73Ta, 75Re, 7605, 7711', 73Pt, gng, and ngl) could
not be quantified due to the lack of available salts suitable
for calibration.
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