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Juriéova, M., Rezkova, S., Moravcova, K., Fischer, J., Ceslova, L., 2018: Determination of 5-hydroxymethylfurfural and saccha-
rides in mead. Kvasny Prum. 64(2): 65-70

This work is focused on determination of 5-hydroxymethylfurfural (HMF), glucose, fructose and sucrose in meads. Reversed-phase
high performance liquid chromatography with spectrophotometric detection was used for the separation of HMF. Saccharides were se-
parated using hydrophilic interaction liquid chromatography with refractive index detector. These techniques were employed for determi-
nation of the content of HMF and saccharides in 23 samples of meads obtained from different producers. The content of these com-
pounds is strongly dependent on the technological process of mead production and could be used as a marker of mead quality. The
content of HMF is lower in samples obtained from beekeepers than in samples purchased in local stores.

Juriéova, M., Rezkova, S., Moravcova, K., Fischer, J., Ceslova, L., 2018: Stanoveni 5-hydroxymethylfurfuralu a vybranych sa-
charidi v medovinach. Kvasny Prum. 64(2): 65—-70

Tato prace je zaméfena na stanoveni 5-hydroxymethylfurfuralu (HMF), glukosy, fruktosy a sacharosy v medovinach. Pro stanoveni
HMF byla pouzita vysokouc¢inna kapalinova chromatografie v systémech s obracenymi fazemi se spektrofotometrickou detekci. Sacha-
ridy byly separovany s vyuzitim chromatografie hydrofilnich interakci s refraktometrickou detekci. Pomoci vySe zminénych separaénich
technik byl stanoven obsah HMF a sacharidii ve 23 vzorcich medovin ziskanych od rdznych vyrobct. Jejich obsah se liSil v zavislosti na
technologickém postupu vyroby medoviny a mohl by byt pouzit jako ukazatel kvality medovin. Obsah HMF byl niz$§i u vzorkdi medovin

ziskanych od véelafli nez u vzorki medovin ziskanych v mistni obchodni siti.

Keywords: Saccharides, 5-hydroxymethylfurfural, mead, liquid
chromatography

1 INTRODUCTION

Mead is an alcoholic beverage produced by fermentation of honey
solution using cultivated wine yeast. Further, spice, herbs, fruit juices
or hop can be added to honey/water mixture (Svecova et al., 2015).
The content of naturally formed alcohol is up to 15%. Currently, two
technological procedures are used for production of mead, which
differ by processing of honey aqueous solution before fermentation.
In case of boiled meads, the boiled honey aqueous solution is used,
when unwanted microorganisms are eliminated during boiling and
the proteins are precipitated as foam which is removed (Kahoun et
al., 2017). The cold way of production is simple mixing of honey
aqueous solution with yeast and followed by controlled fermentation.
High quality honeys whose taste and aroma are not destroyed by
boiling are necessary for this way of production (Cibulka, 2003).

Due to insufficient legislation for quality of meads there are pro-
ducers on the market that are using smaller amount of honey than it
is required by regulation of the Ministry of Agriculture of Czech Re-
public No. 335/1997 Coll. (280 g of honey for 1 litter of mead mini-
mal) or they are using low quality honey. Then, the consumer could
obtain product with low quality, which do not correspond with high
price. Therefore, the goal of this work is to find quality indicators of
meads that expose the low quality meads. These indicators could be
among others 5-hydroxymethylfurfural (HMF) and saccharides (glu-
cose, fructose and saccharose).

HMF and its derivatives (5-chlormethylfurfural a 5-sulfoxymethyl-
furfural) are cyclic aldehydes, which occurs in foods containing sac-
charides (Kalabova et al., 2003; Makawi et al., 2009; Spano et al.,
2006). They have cytotoxic, genotoxic and mutagenic effects and
they are suspected from carcinogenicity. They can cause irritation of
eyes, upper airways and mucosa. HMF practically does not occur in
fresh foods. Its content in honey/mead is highly influenced by tem-
perature and time of heating, condition of storage, type of saccha-
rides and amino acids, pH, water activity and concentration of metal
ions (Kahoun et al., 2017; Khalil et al., 2010; Pereira et al., 2011).

HMF arises in honey in small amount already during maturation in
honeycombs. Its concentration, besides above mentioned parame-
ters, depends also on aging, botanical origin, humidity, thermal and
photochemical stress of honey. Therefore, it is significant parameters

Kli¢ova slova: Sacharidy, 5-hydroxymethylfurfural, medovina,
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1 UVOD

Medovina je alkoholicky napoj vyrabény kvasenim vodného rozto-
ku medu s vyuzitim kulturnich vinnych kvasinek. Do smési medu
a vody Ize pfidat kofeni, byliny, ovocné §tavy nebo chmel (Svecova
et al., 2015). Obsah pfirozené vzniklého alkoholu se pohybuje okolo
15%. V soucasné dobé se pro vyrobu medoviny vyuzivaji dva tech-
nologické postupy, které se lisi Gpravou vodného roztoku medu pfed
kvasenim. U vafenych medovin se pouziva pfevafeny vodny roztok
medu, kdy béhem varu dochazi k usmrceni nezadoucich mikroorga-
nismU a zaroven k vysrazeni bilkovin do podoby pény, ktera je na-
sledné odstranéna (Kahoun et al., 2017). Nevafené medoviny se
pfipravuji pouhym smichanim vodného roztoku medu s kvasinkami
a néaslednym kontrolovanym kvasenim. Pro tento zplsob vyroby
jsou pouzivany vysoce kvalitni druny medd, jejichZ chut a vané neni
znehodnocena varenim (Cibulka, 2003).

Vzhledem k nedostate€nému legislativnimu osetfeni kvality medo-
vin, se na trhu vyskytuji vyrobci, ktefi pfi vyrobé medoviny pouzivaji
mensi mnozstvi medu, nez je dano vyhlaskou Ministerstva zemédél-
stvi €. 335/1997 Sb. (min. 280g medu na 1 litr medoviny) nebo pou-
Zivaji medy nekvalitni a spotfebitel tak za pomérné vysokou cenu
nedostane pozadovanou kvalitu. Cilem této prace je proto najit uka-
zatele jakosti medovin, které nekvalitni medoviny odhali. Mezi tyto
ukazatele by mohly patfit 5-hydroxymethylfurfural (HMF) a sacharidy
(glukosa, fruktosa, sacharosa).

HMF a jeho derivaty (5-chlormethylfurfural a 5-sulfoxymethylfurfu-
ral) jsou cyklické aldehydy, vyskytujici se v potravinach obsahujicich
sacharidy (Kalabova et al., 2003; Makawi et al., 2009; Spano et al.,
2006). Maji cytotoxické, genotoxické a mutagenni U¢inky a jsou po-
dezfelé z karcinogenity. Mohou zplsobovat podrazdéni o¢i, hornich
cest dychacich, klize a sliznic. V Cerstvych potravinach se HMF té-
méf nevyskytuje. Velky vliv na jeho obsah ma teplota a doba zahfi-
vani, podminky skladovani, typ sacharid( a aminokyselin, pH, aktivi-
ta vody a koncentrace kovovych iontdl (Kahoun et al., 2017; Khalil et
al., 2010; Pereira et al., 2011).

V medu vznikd HMF v malém mnozstvi jiz béhem zrani v plastech.
Jeho koncentrace zavisi, kromé jiz zminénych parametrll, jako je
teplota a pH, také na stafi medu, botanickém pavodu, vihkosti a ter-
malnim a fotochemickém stresu. Z toho ddvodu je vyznamnym para-
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for determination of freshness and quality of honey (Kahoun et al.,
2017; Kalabova et al., 2003; Makawi et al., 2009; Spano et al., 2006;
Svecova et al., 2015) and, further, it could be used for verification of
quality of mead.

Liquid phase separation techniques, as reversed-phase high per-
formance liquid chromatography (RP-HPLC) (Coco et al., 1996;
Costa et al., 1999; Kahoun et al., 2008; Kahoun et al., 2017; Makawi
et al., 2009; Spano et al., 2006; Svecova et al., 2015; ) or capillary
electrophoresis (Wong et al., 2012), are most often used techniques
for determination of HMF in honey. Spectrophotometric detection at
285 nm is commonly used, which corresponds to absorption maxi-
mum of HMF. Aqueous solutions of methanol or acetonitrile are fre-
quently used as a mobile phase.

High content of saccharides, mainly monosaccharides as glucose
and fructose, is in honey and mead, which determines most physical
and nutritional properties of these products. Hydrophilic interaction
chromatography is well suitable separation technique for analysis of
these saccharides (Mendes et al., 1998; Svecova et al., 2015). Due
to the lack of chromophore in molecule of saccharides, refractomet-
ric (RI) or evaporative light scattering detectors are commonly used
for detection. Mass spectrometry, spectrophotometric or fluorescent
detection can be used for detection of saccharides after their deri-
vatization (Harvey, 2011; Lamari et al., 2003). Further, saccharides
can be determined by gas chromatography, ion chromatography, gel
permeation chromatography or capillary electrophoresis (Ouchem-
oukh et al., 2010; Slimestad and Vagen, 2006; Wang and Fang,
2004).

2 MATERIALS AND METHODS

2.1 Samples of meads

Analyzed samples of meads (23 in total) were obtained from bee-
keepers from different location of Czech Republic (samples 1-12) or
purchased in local market (samples 13-23). Meads were stored in
fridge (4 °C) and opened before analysis. Prior the analysis, the
samples were diluted by water (HMF) or by 50% acetonitrile (sac-
charides) and filtrated using membrane syringe filter (nylon, 0.45 pm,
13 mm), Labicom, Olomouc, CR.

2.2 Chemicals and solutions

D(+)-glucose monohydrate, D(-)-fructose and saccharose in purity
for biochemistry were purchased in Merck (Darmstadt, Germany).
5-hydroxymethylfurfural (99%) was from Fluka (Buchs, Switzerland).
Gradient grade methanol and acetonitrile as mobile phase compo-
nent were from Merck. Deionized water was prepared by Milli-Q pu-
rification system (Millipore, Billerica, Massachusetts, USA).

Standard of HMF was dissolved in water (¢ = 200 mg-I") and from
this solution eight calibration solutions in range 0.3-15 mg-I"" were
prepared by dilution with water. Calibration solutions of saccharides
were prepared by dilution using 50% acetonitrile from standard solu-
tions of fructose and glucose (c = 60 g-I'") in concentration range 1.2
— 42 g-I" and from standard solution of saccharose (c = 30 g-I") in
concentration range 0.3 — 30 g-I'", both on eight concentration levels.
Standards and samples were filtrated using membrane syringe filter
(nylon, 0.45 pym, 13 mm), Labicom, Olomouc, CR.

2.3 Determination of HMF in meads

Liquid chromatograph HP 1090 with spectrophotometric detector
(Hewlett Packard, Palo Alto, California, USA) was used for analysis
of HMF. Separation was performed on Supelcosil LC-18-T column
(150 mm x 4.6 mm, particle size 5 ym), with corresponding guard
column (Supelco, Bellefonte, Pennsylvania, USA) using mobile
phase methanol:water (15:85, v/v). Flow rate was keep at 0.6 ml.
min-', injection volume 20 pl, temperature 25 °C and detection wave-
length 285 nm. Individual samples were measured for four times.

2.4 Determination of glucose, fructose and saccharose in
meads

Liquid chromatograph equipped with LC-20AD pump, CTO-20AC
column thermostat and RID-10A refractometric detector (all Shimad-
zu, Kyoto, Japan) and six port inject valve (Ecom, Praha, CR) was
used for analysis of saccharides. Columns Supelcosil LC-NH2 (250
mm x 4.6 mm, particle size 5 ym), Supelcosil LC-NH2 (150 mm x 3
mm, particle size 5 pm), both Supelco, and LUNA NH2 100 A (150
mm x 3 mm, particle size 3 ym), Phenomenex, Torrance, California,
USA, were used for optimization of separation. Final separation was
performed on Supelcosil LC-NH2 column (250 mm x 4.6 mm, particle

metrem pro ur€ovani Cerstvosti a kvality medu (Kahoun et al., 2017;
Kalabova et al., 2003; Makawi et al., 2009; Spano et al., 2006; Sve-
cova et al., 2015) a mohl by slouzit i k ovéfeni kvality medoviny.

Pro stanoveni HMF v €istém, filtrovaném, vodném roztoku medu
se nejcastéji vyuzivaji separacni techniky v kapalné fazi, jako vyso-
kouginna kapalinové chromatografie v systémech s obracenymi fa-
zemi (RP-HPLC) (Coco et al., 1996; Costa et al., 1999; Kahoun et
al., 2008; Kahoun et al., 2017; Makawi et al., 2009; Spano et al.,
2006; Svecova et al., 2015; ) nebo kapilarni elektroforéza (Wong et
al., 2012). K detekci se zpravidla pouziva spektrofotometrického de-
tektoru. VIinova délka, pfi niz se méfi, je dana absorp&nim maximem
HMF, které je pfi 285 nm. Jako mobilni faze se pouzivaji vodné roz-
toky methanolu nebo acetonitrilu.

V medu a potazmo v medovinach je obsazeno vysoké mnozstvi
sacharidu, pfedevSim monosacharidd glukosy a fruktosy, které uréu-
ji vétsinu fyzikalnich a nutriénich vlastnosti téchto produktl. Pro se-
paraci téchto sacharidd se nejCastéji vyuZiva chromatografie hydro-
filnich interakci (Mendes et al., 1998; Svecova et al., 2015). Z ddvodu
absence chromoforu se k detekci pouziva refraktometrického detek-
toru Ci detektoru rozptylu svétla. Hmotnostni spektrometr, spektrofo-
tometricky nebo fluorescenéni detektor se pro detekci sacharidll vy-
uzivaji zpravidla po pfedchozi derivatizaci (Harvey, 2011; Lamari et
al., 2003). Dal§i moznosti je stanoveni sacharidd s vyuzitim plynové-
ho chromatografu nebo pomoci iontové chromatografie, gelové
chromatografie i kapilarni elektroforézy (Ouchemoukh et al., 2010;
Slimestad a Vagen, 2006; Wang a Fang, 2004).

2 MATERIAL A METODY

2.1 Vzorky medovin

Celkem bylo analyzovano 23 vzorkd medovin, které byly poskyt-
nuty véelafi z rlznych oblasti CR (vzorky 1-12) nebo zakoupeny
v mistni obchodni siti (vzorky 13-23). Medoviny byly uchovavany
v lednici (4 °C) a otevieny pfed analyzou. Vzorky byly pfed analyzou
fedény vodou (HMF) nebo 50% acetonitrilem (sacharidy) a filtrovany
pomoci stfikaCkoveho filtru (nylon, 0.45 ym, 13 mm), Labicom, Olo-
mouc, CR.

2.2 Chemikalie a roztoky

D(+)-glukosa monohydrat, D(-)-fruktosa a sacharosa v Gistoté pro
biochemii byly zakoupeny u firmy Merck (Darmstadt, Némecko).
5-hydroxymethylfurfural (99%) dodala firma Fluka (Buchs, Svycar-
sko). Jako organickéa slozka mobilni faze byla pouzita rozpoustédia
methanol a acetonitril v Cistoté pro gradientovou eluci (Merck). Deio-
nizovana voda byla upravena Ccisticim zafizenim Milli-Q (Millipore,
Billerica, Massachusetts, USA).

Standardni roztok HMF (c = 200 mg.I"") byl pfipraven rozpusténim
HMF ve vodé. Z tohoto standardniho roztoku bylo pfipraveno osm
kalibraénich roztokd v rozsahu koncentraci 0,3 — 15 mg.I"'. Kalibraéni
roztoky sacharidd (na osmi koncentracnich hladinach) byly pfiprave-
ny ze standardnich roztokl glukosy a fruktosy (c = 60 g.I'") v rozsahu
koncentraci 1,2-42 g-I'' a sacharosy (c = 30 g-I'") v koncentraénim
rozsahu 0,3-30 g.I"". Pro pfipravu zasobnich i kalibraénich roztok(
byl pouzit 50% acetonitril. Pfipravené standardy a vzorky byly filtro-
vany pfes membranovy filtr (nylon, 0,45 ym, 13mm, Labicom, Olo-
mouc, CR).

2.3 Stanoveni HMF v medovinach

Pro stanoveni HMF v medovinach byl pouzit kapalinovy chromato-
graf HP 1090 LC vybaveny DAD detektorem, termostatem kolon
a autosamplerem (Hewlett Packard, Palo Alto, California, USA). Pro
separaci byla pouzita kolona Supelcosil LC-18-T; (150 x 4,6 mm, 5ym
Castice) s odpovidajici pfedkolonkou (Supelco, Bellefonte, Pennsyl-
vania, USA). Pritok mobilni faze o slozeni methanol: voda (15:85,
v/v) byl 0,6 ml.min', davkovany objem vzorkl 20 pl, teplota 25 °C
a vinova délka 285 nm. Vzorky byly proméreny Ctyfikrat.

2.4 Stanoveni glukosy, fruktosy a sacharosy v medovinach

Pro stanoveni sacharid byl pouzit kapalinovy chromatograf se-
staveny z €erpadla mobilni faze LC-20AD, termostatu CTO-20AC,
diferencialniho refraktometrického detektoru RID-10A (v§e Shimad-
zu, Kyoto, Japonsko) a Sesticestného davkovaciho ventilu (Ecom,
Praha, CR). Optimalizace separace byla provedena s vyuzitim kolo-
ny Supelcosil LC-NH2 (250 x 4,6 mm, 5 ym &astice) a Supelcosil LC-
-NH2 (150 x 3mm, 3 pym c¢astice), obé Supelco, a kolony LUNA
NH2 100A (150 x 3mm, 3 um ¢&astice), Phenomenex, Torrance, Ca-
lifornia, USA. Finalni separace probihala za izokratickych podminek
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Table 1 Regression parameters of calibration dependence, coefficient determination, limit of detection (LOD) and quantification (LOQ) for

individual compounds.

Tab. 1 Regresni parametry kalibracnich zavislosti, koeficient determinace, mez detekce a stanovitelnosti pro jednotlivé studované latky.

e s " 5 =
E:ﬂﬁtgzg y =77.29 (0.07) - x 0.9997 0.109 0.033
glucose y = 73.22 (0.05) - x 0.9999 0.156 0.047
gggﬁgfggze y =81.31 (0.07) - x 0.9995 0.253 0.076
HMF y=125.1(0.3) - x + 4.12 (1.58) 0.9997 0.052 - 10° 0.015-10°

*Standard deviations are given in the parentheses; intercept was not significant in case of saccharides.
*V zavorce jsou uvedeny smérodatné odchylky regresnich parametrl jednotlivych zavislosti.

size 5 ym) using mobile phase acetonitrile:water (80:20, v/v). Flow
rate was kept at 2 ml'‘min”, injection volume 20 pl and temperature
25 °C. Individual samples were measured for four times.

2.5 Statistical evaluation of experimental data

The calibration data for quantification of HMF, glucose, fructose
and saccharose in mead were measured at eight concentration lev-
els, each level four times (n = 4). The calibration data were fitted by
linear dependency using the least square linear regression in the
QCEXPERT 2.9 statistical program (TriloByte, Pardubice, Czech Re-
public) on the significance level 95% (o = 0.05). Pregibon, Williams,
L-R and McCulloh-Meter graphs were used to identify influential
points. The linearity of calibration curves was checked by inspecting
plots of residuals and the significance of intercept of regression
straight-lines was tested using Student’s t-test. Regression parame-
ters together with their standard deviations are shown in Table 1.
Limit of detection (LOD) and limit of quantification (LOQ) were calcu-
late as the concentration yielding signal-to-noise ratio S/N = 3 and
10, respectively. The calibration data were used for that purpose.
The coefficient of determination (Table 1) was for all compounds
higher than 0.99, demonstrating high linearity. The accuracy and pre-
cision was checked by measuring calibration solutions at two con-
centration levels for ten times. For that purpose the concentration
corresponding 80% of LOQ and concentration at half of calibration
curve was used. The relative standard deviations (RSD) did not ex-
ceed 5%. The repeatability was checked by measuring selected
sample for 15 times. The RSD was below 3%.

3 RESULTS AND DISCUSSION

3.1 Optimization of separation and determination of HMF in mead

The optimization was carried out using both HMF standard and
real samples. The isocratic elution with different concentration of
methanol (10, 15 a 20%, v/v) or acetonitrile (15%, v/v) in water was
tested. Different flow rate (0.6 — 0.8 ml.min"') and influence of acetic
acid addition (1%, v/v) to the mobile phase were tested. Optimal

e

40 4

30 4

A [maw)

8 Tima [min]

Fig. 1 Chromatographic separation of HMF in mead sample 7 (full
line) and mead sample 20 (dashed line)

Obr. 1 Chromatograficka separace HMF ve vzorku medoviny 7 (plna
¢ara) a vzorku medoviny 20 (pferuSovana ¢ara)

na koloné Supelcosil LC-NH2 (250 x 4,6 mm, 5 ym ¢astice) s mobilni
fazi acetonitril:voda (80:20, v/v). Pratok mobilni faze byl 2 ml.min”,
davkované mnozstvi 20ul a teplota kolony 25 °C. Vzorky byly promé-
feny Ctyfikrat.

2.5 Statistické vyhodnoceni experimentalnich dat

Kalibra¢ni zavislosti byly pro kvantifikaci HMF, glukosy, fruktosy
a sacharosy méfreny na osmi koncentrac¢nich hladinach s poctem
opakovani n = 4. Regresni parametry kalibracnich zavislosti byly vy-
hodnoceny statistickym programem QC Expert 2.9 (TriloByte, CR).
Ve v8ech pripadech byla experimentalni data proloZena linearni re-
gresi s vyuzitim metody nejmenSich ¢tvercd. Testovani probihalo
na hladiné vyznamnosti 95% (a = 0,05). Pomoci Pregibonova, Willi-
amsova, L-R a McCulloh-Meterova grafu byly identifikovany vlivné
body a po jejich odstranéni byly ur€eny regresni parametry spolu
s jejich smérodatnymi odchylkami a koeficienty determinace (tab. 1).
Déle byla testovana vyznamnost absolutniho €lenu. V pfipadé sa-
charid byl absolutni ¢len nevyznamny a pfimka prochazi nulou.
Mez detekce (LOD) a mez stanovitelnosti (LOQ) byl vyhodnocen
jako trojnasobek a desetinasobek odstupu signalu od Sumu (tab. 7).
Pro uréeni LOD a LOQ byla vyuzita kalibracni data. Pfesnost
a spravnost byla testovana promérfenim dvou kalibraénich roztokd
desetkrat. Pro tento GcCel byly vybrany kalibra¢ni roztoky odpovidajici
koncentraci v poloviné kalibracni kfivky a na hladiné 80% z LOQ.
Relativni smérodatna odchylka (RSD) neprekrocila 5%. Opakovatel-
nost byla ovéfena méfenim vybraného vzorku celkem 15 krat. RSD
byla pod 3%.

3 VYSLEDKY A DISKUZE

3.1 Optimalizace podminek a stanoveni HMF v medovinach

Proméfenim standard( a realnych vzorkd medovin byly optimali-
zovany podminky separace HMF v systémech s obracenymi fazemi
za izokratickych podminek s vyuzitim methanolu (10, 15 a 20%, v/v)
nebo acetonitrilu (15%, v/v) jako organického modifikatoru. Déle byl
testovan rdzny pritok mobilni faze (0,6 — 0,8 ml.min"") a vliv pfidavku
kyseliny octové (1%, v/v) do mobilni faze. Optimalni separace a od-
déleni HMF od ostatnich polarnich latek obsazenych v medovinach
bylo dosazeno pfi pratoku 0,6 ml.min™' s mobilni fazi 15% methanolu.
Retenéni ¢as HMF za téchto podminek byl 6,4 min. Finalni separace
dvou vzorkd medoviny lisici se koncentraci HMF je uveden na obr. 1.

Pro obsah HMF v medovinach prozatim neexistuji normy, avSak
ve vyhlaSce Ministerstva zemédélstvi €. 335/1997 Sb. je uvedeno,
Ze na vyrobu medoviny se musi pouzit minimalné 280kg medu
na 1000 litrd medoviny. Jestlize narodni legislativa ustanovuje maxi-
malni mnozstvi HMF na 40 mg.kg" medu (vyhlaska Ministerstva ze-
médélstvi €. 76/2003 Sb.), mél by se obsah HMF pfi pouziti minimal-
niho mnozstvi medu v medoviné pohybovat pfiblizné do 12 mg.I"
medoviny. U kvalitnich medovin je pro vyrobu 1 litru pouzito az 0,5kg
medu, ¢imz vzristad obsah HMF. Dal$i narGst mize byt zplsoben
kone€nou Upravou senzorickych vlastnosti produktu (doslazeni
a dobarveni). Pfi zohlednéni téchto skute¢nosti by mohl byt maxi-
malni obsah HMF v medovinach az 30 mg.I".

Vzhledem k tomu, ze HMF vzniké& pfi tepelné Upravé potravin ob-
sahujicich cukry, pfedpoklada se rozdil v obsahu HMF u medovin
pfipravenych rdznymi technologickymi postupy. Koncentrace HMF
u studovanych vzork medovin spolu s intervaly spolehlivosti je uve-
dena na obr. 2. Hranice 30 mg.I'" HMF nebyla pfekro€ena u Zzadného
ze vzorkl poskytnutych veelafi (vzorky 1-12), ktefi medoviny pfipra-
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separation, where HMF was eluted far enough from other polar
mead compounds, was achieved with mobile phase containing 15 %
of methanol in water and at flow rate 0.6 ml-min-'. Using these condi-
tions, retention time of HMF was 6.4 min. The final chromatographic
separation of two mead samples varying in concentration of HMF is
shown on Fig. 1.

Any regulation of HMF level in meads does not exist so far. The
regulation of Ministry of Agriculture No. 335/1997 Coll. concerning
the mead production only informs about minimum mass 280 kg of
honey which should be used for 1000 | mead. If national legislation
tolerates maximum level of HMF in honey 40 mg-kg™ honey (regula-
tion of Ministry of Agriculture No. 76/2003), the concentration of HMF
should be up to 12 mg-I" in case of minimal content of honey used.
The amount of honey for production of 1 | of high quality mead is up
to 0.5 kg, therefore the content of HMF in mead can be higher. Fur-
ther increasing amount of HMF can be caused by final modification
of sensoric properties of product (additional sweetening and colour-
ing). Taking into consideration all these facts, the maximal concen-
tration of HMF in meads could reach 30 mg-I-.

Since HMF arises during heat treatment of food containing sac-
charides, the difference between content of HMF in meads prepared
by various technological procedures is assumed. Concentration of
HMF in studied samples of meads together with their confidence in-
terval is shown in Fig. 2. The limit 30 mg-I"* of HMF was not overcome
in case of meads produced by beekeepers (samples 1-12), who pre-
pare meads by cold way. For so called honey wine (samples 4-8),
the concentration of HMF was under 10 mg-I". For sample 6, the
concentration of HMF was even under the limit of detection. In these
cases, the final products are not modified by additional sweetening
(caramel or honey) or colouring. The samples of meads obtained in
local markets (13-23), where the technological procedure is not
known, show higher difference in HMF concentration. The concen-
trations of HMF found in the samples were under the concentration
limit (30 mg-I") for all samples except 13, 14 and 20. In case of sam-
ples 13 and 14, the concentration of HMF exceeds even 65 mg-I'. It
can be caused by different technological procedure or using low
quality honey. On the other hand, the determined concentration of
HMF in samples 15 and 19 is below 10 mg-I". It corresponds well
with the cold way of technological procedure stated at the labels of
these two samples. The rest of the samples, which were bought in
local markets contain the HMF in the range of concentration 16.3—
25.7 mg.I". The concentrations of HMF in samples studied here are
many times lower than in study Svecova et al. (2015), where the
lowest observed concentration is 27 mg.I", while the highest concen-
tration reached 200 mg.I"". Wide range of different samples of meads
were studied by Kahoun et al. (2008), where the concentration of
HMF was below the limit value 30 mg.I"in case of 60% of tested
samples and 10% was very close to the value. The rest of the sam-
ples had the concentration of HMF in the range 40-158 mg.I"". Higher
amount of HMF was connected to same producer, therefore we can
assume, that the technological procedure can highly affect the con-
tent of HMF in mead. The heating of the honey during preparation of
mead does not cause so high increase of HMF, if the temperature
does not reach 100 °C (Kahoun et al., 2017). In that case the in-
crease of content of HMF could be 93%. Other factor affected the
content of HMF could be the mead storage. During storage of mead
at room temperature, the content of HMF could rapidly increases
(Kahoun et al., 2017).

3.2 Optimization of separation and determination of glucose,
fructose and saccharose

Optimization of saccharides separation was performed using three
columns differing in length and producers, which were packed with
the chemically bonded aminopropyl stationary phase. The suffucient
resolution of separated saccharides was achieved using Supelcosil
LC-NH, column (250 x 4.6 mm, particle size 5 ym). Further optimized
factors were concentration of acetonitrile in acetonitrile/water mobile
phase (75, 80 and 85 %, v/v), flow rate (1, 2 and 3 mlI-min"") and
temperature (25, 30, 35 and 40 °C). All experiments were carried out
under isocratic conditions due to the refractometric detection used.
Optimal conditions, with resolution of all separated compounds high-
er than 1.5, were as follows: mobile phase 80 % acetonitrile in water,
flow rate 2 mI-min™' and temperature 25 °C. Retention times of fruc-
tose, glucose and saccharose were 3.9 min, 4.6 min and 5.6 min,
respectively (Fig. 3).

Concentration of saccharides in meads cannot be compared with
honey legislation, because saccharides are degraded during fer-
mentation to the carbon dioxide and ethanol. Final product can stay

vuji nevafenym zplsobem. V pfipadé tzv. medovych vin (vzorky
4-8), kde u kone¢ného produktu nedochazi k uprave chuti pfislaze-
nim (karamel nebo med), pfipadné k Gpravé barvy, byla koncentrace
HMF pod 10 mg.l"", u vzorku €. 6 byla koncentrace HMF pod mezi
detekce. U medovin ziskanych v mistni obchodni siti (vzorky 13-23),
kde neni znam technologicky postup vyroby, je pozorovan vétsi rozdil
v obsahu HMF. U vzorkd medovin 13,14 a 20 byla koncentrace HMF
nad hranici 30 mg.I"", u vzorkd 13 a 14 bylo zjisténo vétsi mnozstvi
HMF (nad 65 mg.I'"), coz mGze byt zpdsobeno odlisnym technologic-
kym postupem nebo pouzitim méné kvalitniho medu. Ostatni vzorky
medovin zakoupenych v mistni obchodni siti mély koncentraci HMF
v rozmezi 16,3-25,7 mg.I". U vzorkd 15 a 19 byla dokonce zazname-
nana koncentrace HMF pod 10 mg.l". U téchto dvou vzorkd je na eti-
keté uveden zpUsob vyroby medoviny za studena. Koncentrace HMF
u nami studovanych vzorki jsou vSak stale mnohonasobné nizsi nez
prezentovala Svecova et al. (2015), kde nejnizsi pozorovana koncen-
trace byla 27 mg.I", zatimco nejvys$si koncentrace az 200 mg.I". Siro-
ka Skéala vzork( medovin byla rovnéz testovana ve studii Kahoun et al.
(2008), kde koncentrace HMF byla pod 30 mg.I'" u 60% z testovanych
vzorkld a 10% vzork( bylo tésné nad touto hranici. Zbylych 30% vzor-
ki se pohybovalo v rozmezi koncentraci 40-158 mg.I"". Vly$Sich kon-
centraci HMF bylo pozorovano vzdy u stejného vyrobce, z ¢ehoz Ize
usuzovat, Ze pouzita technologie pfi vyrobé& medoviny ovliviiuje obsah
HMF. Zahfivani medu nezplsobuje tak velky narlst koncentrace,
pokud med v pribéhu pfipravy medoviny neni vafen pfi 100 °C (Ka-
houn et al., 2017). V takovém pfipadé muze byt nardst obsahu HMF
az 93%. DalSim faktorem mize byt skladovani medoviny. Béhem
skladovani medovin pfi pokojové teploté mize obsah HMF také
rychle stoupat (Kahoun et al., 2017).

3.2 Optimalizace separace a stanoveni glukosy, fruktosy
a sacharosy
Optimalizace separace sacharidl byla provedena na tfech rizné
dlouhych kolonach s chemicky vazanou aminopropylovou stacionar-
ni fazi dodanych rliznymi vyrobci. Dostate¢né rozliSeni separova-
nych sacharidl bylo dosazeno na koloné Supelcosil LC-NH, (250 x
4,6 mm, 5um ¢astice). Optimalizovana byla rovnéz koncentrace ace-
tonitrilu ve vodé (75, 80 a 85%, v/v), prlitok mobilni faze (1, 2, 3 ml.
min) a teplota kolony (25, 30, 35 a 40 °C). VSechny experimenty
byly provedeny za pouZiti izokratickych podminek, coz je nezbytné
v pfipadé vyuziti refraktometrického detektoru. Optimalnich podmi-
nek separace, s rozliSenim v8ech separovanych latek vétSim nez
1,5, bylo dosazeno pfi pouziti mobilni faze 80% acetonitrilu ve vodé
pfi pritoku 2 ml.min" a teploté kolony 25 °C. Retenéni ¢asy fruktosy,
glukosy a sacharosy za uvedenych podminek byly 3,9 min, 4,6 min
a 5,6 min (obr. 3).
Koncentrace sacharidl v medoviné se nedaji porovnavat s legisla-
tivou pro med, protoze pfi kvaseni dochazi k odbouravani sacharidd
za vzniku oxidu uhli¢itého a ethanolu. Koneény vyrobek nemusi byt

Concentratian of HMF [mg- 1]
=
]
i

- -I_Il._‘l_l_l
=

13 14 15 16 17 18 19 20 21 23

L]
=

o
=

B3

Fig. 2 Concentration of HMF found in analysed mead samples. Sam-
ples 1-12 were from beekeepers, samples 13-23 were purchased in
local markets in Czech Republic. The values are presented with the
confidence interval on level of significance 95%.

Obr. 2 Koncentrace HMF stanovena v analyzovanych vzorcich me-
dovin. Vzorky 1-12 byly poskytnuty véelafi, vzorky 13-23 byly za-
koupeny v mistni obchodni siti. Hodnoty jsou uvedeny s intervalem
spolehlivosti na hladiné vyznamnosti 95%.
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Fig. 3 Chromatographic separation of standards of saccharides
Obr. 3 Chromatografickéa separace standard(l sacharidd

without any additional treatment or can be additionally sweetened by
honey, saccharose or invert sugar, which can be used also for
change of mead colour.

The concentration of saccharides determined in individual mead
samples is shown in Fig. 4. Only one mead (sample 15) is additional
sweetened by beet sugar. The concentration of saccharose in this
sample is 52.6 g-I". On the other hand, concentrations of fructose
(15.0 g'I") and glucose (15.4 g-I") found in this sample (sample 15)
were lower in comparison with rest of the samples. The concentration
of saccharose in other samples was below limit of detection. Very low
concentration of saccharides was determined in samples 4-7 (fructose
3.2-12.6 g'I" and glucose 1.3-5.1 g-I'"). These meads were prepared
by cold way and they were not additionally treated, so called mead
wine. The concentration of glucose and fructose in the rest of samples
was much higher and varied between 30.4 and 101.5 g-I'" for fructose
and 11.6 and 88.3 gl for glucose, which is in agreement with Svecova
et al. (2015). The ratio of concentrations of these two saccharides dif-
fers between the samples and can be caused by type of used honey,
technological procedure and additional flavouring.

4 CONCLUSIONS

This work was focused on determination of HMF, fructose, glu-
cose and saccharose in mead samples from different producers from
Czech Republic and Slovakia. Based on the information that 280-
500 g of honey is necessary to produce 1 litre of mead, the concen-
tration of HMF should not exceed 30 mg-I"" in case of cold way pro-
duced meads. Only three samples in our study overcame this limit
value. These samples were purchased in local markets and the tech-
nological procedure of their production is not known. Since the con-
tent of HMF was higher, the significant heat treatment of original ma-
terial or additional treatment of final product is assumed. The content
of saccharides gives information about type of honey used for prepa-
ration of mead and about final flavouring. The content of saccharides
and HMF increases with additional sweetening and colouring by
honey or caramel. This study revealed the additional sweetening of
mead by saccharose which is saccharides not commonly present in
honey in such a high concentration. The content of these monitored
compounds together with other selected parameters could be used
for quality control of meads and consumer protection.
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Fig. 4 Concentration of saccharides determined in studied mead
samples. Samples 1-12 were from beekeepers, samples 13-23
were purchased in local markets in Czech Republic. The values are
presented with the confidence interval on level of significance 95%
Obr. 4 Koncentrace sacharidll stanovena ve studovanych vzorcich
medovin. Vzorky 1-12 byly poskytnuty véelafi, vzorky 13—-23 byly
zakoupeny v mistni obchodni siti. Hodnoty jsou uvedeny s inter-
valem spolehlivosti na hladiné vyznamnosti 95%

dochucen nebo muze byt doslazen medem, sacharosou pfipadné in-
vertnim cukrem, kterym mize byt upravena také barva medoviny.

Koncentrace studovanych sacharidd v jednotlivych vzorcich me-
dovin je uvedena na obr. 4. Jedinou medovinou doslazovanou fep-
nym cukrem (koncentrace 52,6 g.I'") byla medovina €islo 15. Tato
medovina méla pak i niz§i koncentrace fruktosy (15,0 g.I"") a glukosy
(15,4 g.I""). Ostatni medoviny mély koncentraci sacharosy pod mezi
detekce. U vzorkG medoviny 4-7 byl patrny velmi nizky obsah sa-
charidd (fruktosa 3,2-12,6 g.I" a glukosa 1,3-5,1 g.I""). Jde o medo-
viny pfipravované za studena bez dodate¢ného doslazeni finalniho
produktu, tzv. medova vina. U ostatnich vzorkd je obsah glukosy
a fruktosy mnohonasobné vyssi (fruktosa 30,4-101,5 g.I" a glukosa
11,6-88,3 g.I""), coz je v souladu s praci Svecova et al. (2015). Po-
mér obsahu téchto cukrll neni u kazdého vzorku stejny, coz je zpd-
sobeno typem medu, ktery byl pro vyrobu medoviny pouzit a rovnéz
hraje roli postup vyroby medoviny a dodate¢né dochuceni.

4 ZAVER

Prace byla zaméfena na stanoveni 5-hydroxymethylfurfuralu, fru-
ktosy, glukosy a sacharosy ve vzorcich medovin ziskanych od riz-
nych vyrobct z Ceské Republiky a Slovenska. Vzhledem k tomu, Ze
na vyrobu 1 litru medoviny se musi pouzit 280-500 g medu, obsah
HMF u medovin vyrobenych tzv. za studena bez doslazeni a dobar-
veni by nemél byt vy§Si nez 30 mg.I". Tuto hodnotu pfekrocily v ram-
ci nasi studie tfi vzorky medovin, které byly zakoupeny v mistni ob-
chodni siti. U téchto vzorkd neni zndm technologicky postup jejich
vyroby, ale vzhledem k vysokému obsahu HMF se da usuzovat
na znaéné zahrati vychozi suroviny, ¢ na dodate€nou finalni Gpravu
produktu. Obsah sacharidi dava informaci o typu medu pouzitého
k vyrobé& medoviny a o jejim koneéném dochuceni. Pokud jsou me-
doviny doslazovany, dobarvovany medem ¢i karamelem, dochazi
ke zvyseni obsahu sacharidd, ale také HMF. V této studii bylo odha-
leno dochuceni medoviny sachar6zou, coz je sacharid bézné se
v medu nevyskytujici v tak vysoké koncentraci. Obsah studovanych
latek spolu s dal§imi vybranymi parametry by mohl slouzit ke kontro-
le kvality medoviny a ochrané spotfebitele.
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