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Activity of Enzymesand Trace Element Content in Bee Honey
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Abstract

Vorlova L., O. Celechovska: Activity of Enzymesand Trace Element Content in Bee Honey.
ActaVet. Brno 2002, 71: 375-378.

The objective of this study wasto assess the relation between the activity of enzymes (invertase
and diastase) and the contents of trace essential elements (Fe, Mn, Zn and Cu) and risk elements
(Pb, Cd and Hg). A collection of thirty honey samplesfrom various regions of the Czech Republic
was arranged into three groups by the botanical origin of honeys (blossom-rape, blossom-
multifloral and honeydew), and analysed. The differences in copper content reached high
significance (P < 0.01) between honeydew(1.5+ 0.4 mg - kg'1) and blossom-multifloral (0.7+ 0.5
mg- kg'1) or blossom-rape honey (0.3 + 0.2 mg kg'1) samples, and (P< 0.05) between blossom-
multifloral and blossom-rape honey samples. A significant correlation was found between the
activity values of invertase and diastase (r = 0.8072, P < 0.01), and between the enzyme activity
and the copper content (invertase/Cu r = 0.5192, P < 0.05; diastase/Cu r = 0.4868, P < 0.05). No
significant correlation was found between the enzyme activity and the content of
hydroxymethylfurfural (HMF). Honeydew contained higher concentrations of essential and risk
elements and simultaneously showed higher enzyme activity than honey blossom.

Invertase, diastase, essential metals, risk elements

Enzymes are the most important and also the most interesting honey components. They
are accountable for the conversion of nectar and honeydew to honey, and serve as a
sensitiveindicator of the honey treatment. In some countries, the specification of enzymes
isabindinglegal indicator (Bogdanov eta. 1987; Codex Alimentarius 1993; Oddo
et al. 1999). Even though the enzyme role was not found in human diet, the activity of
enzymes participates in the biological value of honey. The contents of essential trace
elements also participate in the nutritional value of honey and it is one of the factors
affecting the colour of honey. Literature presents a whole spectrum of physicochemical
propertiesof honeysfrom separate geographical regions, though mostly without any closer
specification of their botanical origins (Yilmaz and Y avuz 1999; Caroli et al. 1999,
Kump et al. 1996).

The objective of this study was to determine the enzyme activity of a-glucosidase
(invertase) and a- and R-amylase (diastase), the contents of hydroxymethylfurfural (HMF =
5-hydroxymethylfuran-2-carbal dehyde) and the contents of essential and risk trace elements
for three groups of honey samples sorted by their botanical origins; and then, to assess the
differences between these groups and to find out the influence of the particular analytes on
the activity of enzymes by statistical methods.

Materialsand Methods

A collection of thirty honey samples was analysed. All samples were obtained directly from beekeepers in
various regions of the Czech Republic during the year 2000. The honey samples were sorted by their botanical
origin into three groups: blossom-multifioral (n = 10), blossom-rape (n = 10), and honeydew (n = 10). In each
sample, we determined the enzyme activity of invertase and diastase and the content of essential (Cu, Fe, Mn and
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Zn) and contaminant (Cd, Pb, Hg) trace elements. Before being analysed, all honey samples were kept in glass
vessels a room temperature, and protected from light. The enzyme activity and the content of HMF were
determined within amonth after honey extraction.

Analytical methods used for the individual analytes:

The activity of enzymes

Invertase (a-glucosidase, EC 3.2.1.20) — measured by the method by Siegenthaler with spectrophotometric
evaluation (UV/V1S spectrometer Lambda 11, Perkin EImer, USA). The results are given in units of activity per
1 kg of honey (U/kg), alternatively as an invertase number (IN) (Bogdanov et al. 1997).

Diastase (a- and 3-amylase, EC 3.2.1.1, EC 3.2.1.2) — by the Shade method. The results are given as adiastase
number (DN) (Bogdanov et al. 1997).

HMF (5-hydroxymethylfuran-2-carbaldehyde aternatively 5-hydroxymethylfurfural) — measured by the
Winkler method (Bogdanov et al. 1997).

Cu, Fe, Mn, Zn - measured using a flame technique AAS (atomic absorption spectrometry, model Z-5000,
Perkin-Elmer, USA) after the dissolution of the sampleashin 0.2 mol/l HCI (ash —by burning in amuffle furnace
LM 312.11, MLW Germany; Bogdanov et a. 1997).

Pb, Cd — by an electrothermal technique AAS after the preceding mineralization by nitric acid in amicrowave
autoclave Uniclever (Plasmatronica, Poland). The atomic absorption spectrometer (model Z-5000) was set to the
conditions recommended by the manufacturer (Perkin-Elmer, USA). The used AAS method showed thefollowing
detection limits (defined as the concentration equivalent to 3 times the standard deviation of the analytical blank
signal, n=10: Cd = 0.25 ug-kg't, Pb = 4.5 ugkg™d).

Hg - the measurement was done on amercury analyzer AMA 254 (Altec Ltd., the Czech Republic). Detection
limit 0.01 ng Hg.

The precision and accuracy of the AAS methods was verified using the recovery test that ranged from 94.2% to
105.1%. Theresulting datawere processed by statistical package Unistat®, version 5.1. Themean val ues of analyte
concentrations and standard deviations were cal cul ated for each separate group of honey samples and submitted to
the correlation analysis and Student” st-test.

Resultsand Discussion

Fig. 1 showsthe content of the HMF and the essential elementsfor each separate group
of honey samples. The content of the HMF was very low for all three groups (blossom-
multifloral: 3.04 + 1.93; blossom-rape: 1.74 + 1.57; honeydew: 5.83 % 5.62

mg-kg). The content of the
essential trace elements (Fe,
Blossom-Raps Mn, Zn, and Cu) varied for each
Blossom-Multifloral group; however, only the Cu

124

° Honeydew content showed significant
- 1 differences (Tab. 1). The
% . concentrations of metals in
£ honeydew honeys found by us

are in agreement with those
3 foundby Yilmaz and Y avuz
(1999) and Rodriguez-
Otero etal. (1994). Except for
ol : the zinc concentration that
HMF Zn Fe Mn cu Kump etal. (1996) reported to
Fig. 1. Thecont_er_lt of theHMF and essential elementsin honeysgrouped be h|gher, the concentrations of
by botanical origin (mean + SD) the other dements were
consistent, too. The concentrations of metals in blossom-multifloral and blossom-rape
honey samples were lower than the concentrations in honeydew samples. To our
knowledge, there are no studiesthat would analyze systematically honeys grouped by their
botanical origin. Therefore comparison with literature references is difficult. Literature
datareport only the contents of the individual metalswithout sorting the honey samples by
their botanical origin.
The concentrations of potentially toxic elements (Pb, Cd, Hg — Table 2) were very low
(median Pb: 0.053 mgkg?l; Cd: 3.3 pugkg?, Hg: 1.2 pgkg?). Statisticaly significant
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Tablel
Stetisticaly significant differencesin the content of the particular components between three groups
of honey samples sorted by botanical origin (* P <0.05, ** P <0.01)

Honey Blossom-Rape Honeydew

Blossom- Cu CucafeD,z Hg',
Multifloral , D1asiass,
Invertase

— Cu™, Mn™, zn™

Blossom-Ri ] '
e Hg", Cd

differences(P < 0.05) werefoundinthe content of Cd and Hg between honeydew and blossom-
multifloral honey samples, and between blossom-rape and honeydew samples (Table 1),
which factually comports with our earlier work (Celechovska and V orlovéa 2001).

Table2
Content of risk elementsin honey samples (mean + SD)
Pb cd | Hg
Honey 1 1
(mgkg™) (Hgkg™)
Blossom-Rape 0.096 + 0.056 155+ 0.58 1.05+£0.17
Blossom-Multifloral 0.042 + 0.033 185+ 175 1.08 + 0.36
Honeydew 0.095 + 0.040 19.3 +13.9 1.91+0.58

Fig. 2 showsthe diastase and invertase activity values for three separate groups of honey
samples. Both enzymes showed statistically significant differences (P < 0.05) between
blossom-multifloral and honeydew honey
samples(Table1). Theenzymeactivity values | Diastase (DN)
found by us were higher than those published Invertase (IN)
by Golob and Plestenjak (1999) and
Yilmaz and Y avuz (1999) and lower than
values published by Oddo et a. (1999); the
honey samples examined in the above-
mentioned studies were from different
regions. After performing correlation analysis
between the activity valuesof enzymesandthe
content of essential and risk elements, we 0
found some  significant  correlative
dependences (P < 0.05) between the diastase
activity value and the Cu content (r = 0.49), and between the invertase activity value and the
Cu content (r = 0.52).

The highly significant correlation (P < 0.01, r = 0.81) between diastase and invertase
activity values is also in agreement with the study by Oddo et al. (1999). However, we
found no significant correlation between the enzyme activity and the HMF content.

Blossom-Rape Blossom-Multifloral Honeydew

Fig. 2. Activity of enzymesfor each honey group (mean + SD)

Enzymova aktivita a stopové prvky ve vcelim medu

Predmétem studie jsou vztahy mezi aktivitou enzymu (invertasy a diastasy) a obsahem
stopovych esencidlnich (Fe, Mn, Zn, Cu) a rizikovych (Pb, Cd a Hg) prvkl. Vzorky meda
byly ziskény od v&elaiti z riiznych oblasti Ceské republiky v roce 2000. Bylo analyzovéno
30 vzorkll medt rozdélenych do skupin podle pivodu (kvétové-fepkové, kvétové-smiSené
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a medovicové). Skupina medovicovych medl se statisticky vyznamné liSila v obsahu
esencidlnich i rizikovych prvki od ostatnich skupin. Méd vykazovala statisticky vysoce
vyznamny rozdil (P < 0,01) mezi medovicovymi 1,5 + 0,4 mg.kg! a kvétovymi-smiSenymi
0,7 £ 0,5 mg. kg nebo kvétovymi-fepkovymi 0,3 + 0,2 mg.kg! medy, statisticky vyznamny
rozdil (P < 0,05) mezi kvétovymi-smiSenymi a kvétovymi-fepkovymi medy. Byly nalezeny
signifikantni korelace mezi aktivitou invertasy a diastasy (r = 0,8072, P < 0,01), a mezi
enzymovou aktivitou a obsahem Cu (invertasa/Cu r = 0,5192, P < 0,05; diastasa/Cu r =
0,4868, P < 0,05). Nebyla nalezena statisticky vyznamnd korelace mezi enzymovou
aktivitou a obsahem HMF (5-hydroxymethylfurfural). Medovicovy med obsahoval vySssi
koncentrace esencidlnich a rizikovych prvkid a soucasné vykazoval vy$§i enzymovou
aktivitu neZ med kvétovy.
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