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Hydrogen peroxide and trace metals (K*, Ca?", Na*, Mg?*, Mn2*, and Li*) were determined in 14
samples of Brazilian commercial honeys. The method for the determination of H,O, is based on
selective oxidation of H,O, using an on-line tubular reactor containing peroxidase immobilized on
Amberlite IRA-743 resin. Reactors presented high stability for at least 2 weeks under intense use.
The results show a simple, accurate, selective, and readily applied method to the determination of
H,O; in honey. The trace metals were determined by capillary zone eletrophoresis. Mean contents
of 656, 69.1, 71.8, 36.0, 21.4, and 1.70 mg/kg were found, respectively, for K*, Ca?", Na*, Mg?*,
Mn2*, and Li* in the analyzed honeys. The cations were identified by comparison of the relative
migration times of their peaks with the Ba?* migration time used as reference. The electrophoretic
analysis was simple and rapid and did not require any other preparation of sample than dilution and
filtration.

KEYWORDS: Capillary zone eletrophoresis; honey; hydrogen peroxide; peroxidase immobilized; trace
metals

INTRODUCTION are in the range of 12 mmol/L (6). Dilution is needed for
Honey is a complex matrix of components, which presents a decreasing th.e acidity of the medium and for adjusting the pH
considerable analytical challenge. Honey is produced by bees/©" Proper action of glucose oxidase. West6h¢tated that the
from the nectar of plants, as well as from honeydew. Bees and level of hydrogen peroxide m_hone_y is essentially determined
plants are the sources of components such as carbohydrateé‘,’y the amount of catalase, which originates from flower pollen,
water, traces of organic acids, enzymes, aminoacids, pigment;@nd glucose oxidase, which originates from the hypopharyngeal
and others like pollen and wax arise during honey maturation glands of bees. Manzoori et al)(have proposed the spectro-
(1). The chemical analysis of honey can be attributed to three fluorometric determination of hydrogen peroxide in several
main purposes: determination of the geographical and botanicalhoney samples using the crude extract of kohlrdbiaésica
origin, verification of adulteration, and identification of phar- oleracea gongylodes), a rich source of peroxidase.
macological active compounds. Both the first and second points Strategies have been investigated to adapt quantification

assist Wilth cer(tiificatior; OL qua(ljityhof :]hed producTI, Whi‘f:h ish methods to the range of sample concentrations with low cost.
commont_y usi ast a I?O ’than t efthlr area a OWS_ or the | the analytical methods using enzymes, the reduction in cost
examo||na 1on o copdeq or 3 usefo °”eb¥ TS E," mle 'C'n_e' of the determination is generally associated with reduced enzyme
tH>Il rogeg peroxi ells a_gro uct of many Al\ﬁ (Lgma react|0tn§ consumption. Recently, various ion-exchange resins have gained
catalyzed by Several oXidase enzymes. _noneéys contain ., qiqerable significance not only for separation purposes but

peroxide, which imbues them with antibacterial properties. It ' . ; ;
also as carriers of catalytic active substances. Considerable

has been shown that the antibacterial activity of honey occurs - - . o . S
because of hydrogen peroxide generat@n). Therefore, the attention has been paid to their application for immobilization
: ’ of enzymes §—13). The resins should meet several require-

determination of hydrogen peroxide is important in the char- :
acterization and selection of honey samples for use as anMeNnts. Their porous structures must be strong enough to
antimicrobial agent. Hydrogen peroxide is generated by the Withstand the enhanced pressure usually applied in forced flow
enzyme glucose oxidase when honey is diluted, and maximumPioreactors. Furthermore, the membrane material must be
levels of hydrogen peroxide encontered in the diluted honeys chemically and physically resistant. These requirements can be
met by many aromatic and aliphatic polyamides. Therefore, a
* To whom correspondence should be addressesif32 3229 3314 resin prepared from these polymers is a suitable substrate for
e-mail renato.matos@ufjf.edu.br). the immobilization of enzymesl#). The covalent binding of
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the enzyme to the polymer matrix is one of the most prospective obtained by dissolution of the cations in deionized water. They were

methods for immobilization. stored at 4°C when not in use. All solutions were freshly prepared
The mineral content in floral honeys ranges from 0.020% to and filtered through a 0.46m membrane.
1.028%, with an average content of 0.169%6), The mineral Instrumentation and Procedure. In this work, a flow system was

employed for determination of the hydrogen peroxide. The solutions

content of honey is recognized as an environmental indicator e Ay . ;
were propelled by pressurization, utilizing an aquarium air pump to

at Ieast. since 1984. Tgklng into accpunt catlgns present in hor?ey'avoid the undesirable pulsation observed when peristaltic pumps are
potassium is predominant and calcium, sodium, and magnesiumemyioved (9, 26, 27). Control of the flow rate was done by adaptation
are present in minor quantities. Manganese, copper, iron, nickel,of the aquarium valve outlet with a pinched Tygon tube inserted in the
lithium, and cadmium are also present in honey as trace line. Teflon tubing of 0.5 mm i.d. was used throughout the flow system.
elements. The mineral and trace element content in honeyThe flow system used during the development of this work consisted
samples could serve as an indicator of environmental pollution of two lines. In the first, reagents were added to the system, and in the
and could assist in determining the geographical origin of honey. sgcond, the sample was introduced prior to mi>§ing in the reaction coil
Different methods for the determination of mineral content in With the reagents for color generation. A Shimadzu U.V.1601 PC
honey have been proposed in previous pagerég-20), some spectrophotometer operated from a microcomputer was used for

. Lo . colorimetric assays. Glass cuvettes with 1 cm optical path length and
of them with classification purposes, but always according to 1.5 mL volume were obtained from Helima Ltda (Concord, ON).

geographical origin. None has been used to establish a clas-—remperature control was achieved with a THERMOMIX 18 BU B

sification of honey according to its botanical origin. The thermostatic bath (Braun Biotech International). The temperature control
determination of cations in honey has been realized by variousfor all assay measurements to within0.1 °C was maintained by

procedures, including atomic absortion and emission spectros-performing all assay reactions at constant room temperature with
copy 1), X-ray fluorescence2@), flame emission photometry  thermally equilibrated reagents. The system consists of an aquarium
(23), inductively coupled plasma atomic emission spectrometry air pump, a pinch valve, sampling loop, a tubular reac@®r= 0.25

(24), and capillary zone electrophoresi®). Fodor and Molnar and 25 cm of Iength)_ with peroxidase chemically immobilized on
(25) have investigated environmental contamination in honey Amberlite IRA-743 resin, cuvettes, and a spectrophotometer.
produced in industrial areas. Recently, Torres etljlafialyzed _ With phenol and 4-aminoantipyrine concentrations present in suf-
11 clements n 40 honey sampls i diferent locaons i ST ALY e o colr enerson ripiaunoneie o)
Spain and of different botanical origins. Luque et &9 :

determined minerals in 25 honey samples and obtained good-l.-he generation of color by reaction of phenol (PhOH-aminoan-

e . ._tipyrine (Am—NH,) + H,0- in the presence of the peroxidase may be
results as to the classification of the samples according to the'rrepresented by the following overall reaction (28):
geographical origin.

In the present work, we describe a versatile method for the
spectrophotometric determination of micromolar hydrogen
peroxide in commercial Brazilian honey samples using an on-
line tubular reactor containing peroxidase immobilized on resin
(Amberlite IRA-743) and the determination of trace metals,(K
C&*, Na, Mg?t, Mn2t, and Li") using capillary zone
electrophoresis without any treatment of the honey samples.

peroxidase
_—

PhOH+ Am—NH, + 2H,0,
antipyrilquinoneimine dye- 4H,0

The concentrations of the principal ions"(KC&*, Na“, Mg?", Mn?*,

and Lit) were measured using a capillary electrophoresis system with
an automatic sampler and a YVis detector (CE Hewlett-Packard)
with indirect detection at 214 nm. Running buffer contained 10 mmol/L
imidazole of background electrolyte with the pH adjusted to 3.60 by
MATERIALS AND METHODS adding 1 mol/L acetic acid, which also serves as a complexing agent.
Prior to use, new capillaries were treated with 1.0 mol/L NaOH (10
min), purified water (30 min), and background electrolyte (30 min).
Fused-silica capillaries with 7am i.d. and 60 cm in length were

Preparation of the Enzymatic Reactor.The procedure adopted to
immobilize the peroxidase enzyme was fast and very simf)e (
Amberlite IRA-173 resin (originally manufactured for applications employed. The distance from the point of injection to the window of
involving boron extraction) was selected as support, which has active ,_jumn detection was 42.5 cm. Sample injection was carried out in

amine groups in its chemical structure. The enzyme immobilization p,qrodvnamic mode (50 mbar) during 5 s. The separation run was at
process begins with the addition of 100 of 0.1 % glutaraldehyde to ayconsglant voltage 0,525 KV a)t 25°Cgand' is achier\)/ed in 4.5 min
250 mg of resin, and this mixture was stirred for 5 min. Subsequently, |,qirect UV detection was performed at 214 nm. ' '

an amount of 200 units of enzymes was introduced into the mixture Samples. This work was carried out on 14 samples from Brazil.

and stirred for 10 min more. In the next step, the resin was transferred 1,4 samples were stored in the dark at room temperature prior to
to a length of Tygon tubing (2.5 mm i.d. and 25 mm long) having one 54 \ysis. For determination of hydrogen peroxide, 1 g of honey was
of its extremities closed with a thin layer of glass wool to assemble jisqq\ved in 10 mL of purified water and injected into the flow-injection

the reactor. At this point, the other extremity of the tubing was then gy qtem_ For the electrophoretic analysis, 2.5 g of honey was dissolved
closed with glass wool. To adapt the enzymatic reactor to a FIA (flow ;. o5 m of purified water, filtered through a 0.48n membrane, and

injt_ection ana_lysis) system, Fhe tubing (9'8 mm i..c_i) was att_ached at eaChinje(:ted directly without any other sample pretreatment. Each sample
of its extremities with the aid a small piece of silicone tubing (1.3 mm -« injected in triplicate.

i.d. and 5 mm long). Finally, the reactor was washed with 10 mmol/L
phosphate buffer solution (pH 7.0) to remove the excess of peroxidase.RESULTS AND DISCUSSION

Reagents and ChemicalsAll reagents used were of analytical grade . ) . .
and were used as received. Hydrogen peroxide and mono- and |mmobilized Peroxidase and Chemical Variables for

dihydrogen phosphate were obtained from Merck (Darmstadt, Ger- Determination of H,O,. The specific activities of free and
many). Phenol with greater than 99.5% purity and 4-aminoantipyrine immobilized peroxidase were determined spectrophotometrically
were obtained from Aldrich (Milwaukee, WI). Solutions were prepared (at 505 nm) under static condition8)( The method was based

by dissolving the solids in distilled water that was previously treated on the change of the solution color resulting from the oxidative
with a Nanopure system. Commercial peroxidase (EC 1.11.1.7, 115 coupling of 4-aminoantipyrine, phenol by hydrogen peroxide,
U/mg) was obtained from Sigma (St. Louis, MO). The Amberlite IRA- in the presence of the enzyme peroxidase. The properties of

743 ion-exchange resin and glutaraldehyde were obtained from Aldrich - - - . . -
(Milwaukee, WI). Aqueous stock solutions of phenol and 4-aminoan- peroxidase immobilized on Amberlite IRA-743 modified with

tipyrine were prepared using a 0.10 mol/L pH 7.0 mono- and dihydrogen 0-1 Wt % glutaraldehyde were studied to determine the optimum

phosphate buffer. Diluted solutions of hydrogen peroxide were preparedPH and temperature, reuse, and efficiency for the complete
daily using deionized water. oxidation of the hydrogen peroxide, a fundamental condition

Analytical standards of K Ca&*, Na", Mg?*, Mn?*, Li*, and for applications in the determination of hydrogen peroxide in
imidazole were obtained from Sigma. Stock standard solutions were honey. The activity of hydrogen peroxide at different pH values
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Measurements Figure 2. Repetitive injections of 1.5 x 10~° mol/L hydrogen peroxide in
different weeks. Conditions are as follows: 0.10 mol/L phosphate buffer
(pH 7.0); sample volume, 200 wL; flow rate, 1.5 mL/min; 4, 505 nm.
L e -0
0.06- B honey, the enzymatic reactor showed a loss in the enzyme
. activity after 50 injections, requiring construction of a new
reactor. When not in use, the reactors were stored in a freezer
8 0.04 at —20 °C.
% e Those reagents that directly influence formation of the
Rs! " absorbing species were evaluated to determine optimum con-
o) centrations that provide high absorbance without utilization of
g , a large excess of reagents. Various concentrations of phenol,
< 0.02 & 3000 peroxidase, and 4-aminoantipyrine were evaluated. The peroxi-
o 4000 dase and 4-aminoantipyrine gave no increase above 150 U/mL
{—e- 5000 and 0.5 mmol/L, respectively. Phenol over the range-4.B
—=—60C (B) mmol/L showed an increase in absorbance of 14%. The
0.00 : — s 3 s . optimum phenol, 4-aminoantipyrine, and peroxidase concentra-

tions have been determined to be 1.87 mmol/L, 0.5 mmol/L,
Measurements and 120 U/mL, respectively. A premixed reagent that includes

Figure 1. Activity of peroxidase (A) with used (<) and new (H) Amberlite p_h?gol, 4-a|1minoantipyrti)|i1€, perrloxidasbe, _an(cjj ph?]S[;]hate tln.Jffler
IRA-743 resin and (B) stabilities of the immobilized peroxidase at different ylelds results comparable to those obtained with the multiple

temperature values between 20 and 60 °C for repetitive injections of 1 x re?l%een}r#ﬂir%g 2¥5t2$}nvé?:rg F;Lecphafg f(Ijoa\l/Uyr.ate and sample
1075 mol/L hydrogen peroxide. Conditions are as follows: 0.10 mol/L P P

pho§phate buffer (pH 7.0); sample volume, 200 uL; flow rate, 1.5 mL/ ?ﬁcjtuc?gn\g%? g(l)%?f tgfdllég.xAls(’)egCr:gI?ECg;cri?ggé% rg:POC:(rilj: or
min; 4, 505 nm. as a function of the flow rate, varying from 0.5 to 5.0 mL/min,

was evaluated. At high flow rates, the peroxidase immobilized
varying from 4.0 and 9.0, with injection of 2QeL of 1.5 x in the tubular reactor was unable to transform hydrogen peroxide

1075 mol/L hydrogen peroxide, was studied. The optimum pH completely to antipyrilquinoneimine dye. A flow rate of 1.5

for peroxidase immobilized in the tubular reactor was 7.0. The ML/min was chosen as the most favorable, since it combines

activity of immobilized peroxidase using 2@@ of 1.0 x 1075 good reproducibility, high throughput, and lower consumption

mol/L hydrogen peroxide in used and new resin is shown in Of carrier solution. ) _

theFigure 1A, where similar results were obtained. The activity ~ The influence of the sample volume on the analytical signal

of peroxidase at different temperatures using 20f 1.0 x was also evaluated. Loops with internal volumes varying from

1075 mol/L hydrogen peroxide was also studied. The temper- 0 to 250uL were tested. When the volume of the sample was

ature of the system (enzymatic reactor and bobbin of reaction increased, the spectrophotometric signal increased, but the time

coil) was controlled using a thermostatic bath. The optimum required for each analysis also increased. A volume of;200

temperature for peroxidase immobilized onto Amberlite IRA- Was chosen as the working volume in subsequent experiments.

743 was determined to be 4C (Figure 1B). For all the volumes stuq[ed, the peroxidase immobilized in the
To examine the efficiency of the tubular reactor containing tubular reactor was sufficient to transform the hydrogen peroxide

immobilized peroxidase on the resin, experiments involving completely to antipyrilquinoneimine dye.

consecutive injections of hydrogen peroxide solutions were Calibration Plot. The calibration plot showed the propor-

performed. The response of the spectrophotometric sensor fortionality between the absorbance and hydrogen peroxide con-

injection of 200uL of 1.5 x 1075 mol/L hydrogen peroxide  centrations for successive injections of 20D of hydrogen

with immobilized peroxidase was determindigure 2 shows ~ Peroxide from 1 to 100umol/L. The hydrogen peroxide

the stabilities of peroxidase immobilized in Amberlite IRA-743 concentration was calculated using

resin. An important characteristic observed for the immobilized

enzyme was a storage stability of at least 2 weeks under intenseAbs = 7665.1[hydrogen peroxide] (mol/l5y 0.00333 (1)

use with hydrogen peroxide standard. After this period, a

decrease of about 30t5% of the enzyme activity was observed. The correlation coefficient obtained by linear regression was

When applied in the determination of hydrogen peroxide in 0.9995. The detection limit for the conditions adopted in the
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0.06 Table 1. Hydrogen Peroxide and Mineral Content (mg/kg) of Honey
Samples
sample  geographical cation” (mgrkg)
0.04 no. origin H,0, (mglkg) K* Ca?* Na* MgZ* Mn2+ Li*
3~ 1 Vigosa 1552 650 19.2 237 545 128 151
c 2 Teresopolis 1354 144 156 6.06 41.5 ND ND
g 3 Teresopolis 71+6 384 343 27.0 720 132 178
= 4 Teresopolis 131+6 291 340 377 16.0 ND 136
8 5 Teresopolis 28+1 758 509 79.6 252 ND 244
o 0.024 6  Teresopolis 910 476 19.2 60.3 22.8 146 1.60
< 7 Teresopolis 2144 412 184 21.7 200 0981 2.43
§  Espirito Santo 1585 435 56.0 302 248 ND ND
9  BeloHorizonte ~ 139+3 178 117 500 139 ND 213
10 Tabuleiro 142+4 758 140 46.1 499 100 ND
(A) 11 Coronel Pacheco 62 +3 140x10° 166 99.7 80.3 154 2.39
0.00 — . 12 CoronelPacheco 91+£3 915 87.4 416 422 593 247
0 1 2 3 4 5 6 13 VoltaRedonda ~ 1476  101x10% 102 651 119 ND 268
14 Juiz de Fora 47£1 137x10° 50.1 238 284 540 295
0.06 mean 109 656 69.1 718 360 214 170
Vain 28 144 10.2 377 11.9 0981 151
Vinax 214 140x10° 166 302 80.3 132 295
o aND: not detectable..
2 0.04
g present any significant difference in the results. ThgOH
5 concentration values determined by the two FIA method with
n standards and in six samples were compared using the linear
g 0.024 regression procedure and the paitadst (29). The confidence
interval for the slope and intercept were 0:87.03) and 0.04
+ 0.02umol™t L1, respectively, for a 95% confidence level.
(B) Taking into account these results, no significant differences
0.00 . r r . . between the methods were observed, which strongly indicates
0 1 2 3 4 5 6

the absence of systematic erroFigure 3 shows standard
addition calibration for three different samples of horEgble

0.06 1 shows results of the analyses performed by spectrophotometry
developed in this work using the enzyme immobilized on an
ion-exchange resin for 14 different samples (in triplicate).
Recovery experiments on honey solutions spiked with different
0.04 4 amounts of HO, were also carried out.

The method recoveries obtained for the hydrogen peroxide
ranged from 85% to 102%. Such values confirm the accuracy
of the proposed method. The results obtained in this work were
0.02- equivalent to that of Manzoori7§. This determination demon-
strated the potential of the method for the detection of hydrogen
peroxide in honey using peroxidase immobilized in a tubular
(C ) reactor. The very high sensitivity combined with the low volume
0.00 : : : : : of the flow cell allows us to work with small sample volumes

o} 1 2 3 4 5 6 and at low concentrations. These advantages offer a very
Hydrogen Peroxide, 10° mol L™ favorable way for the rapid analysis of hydrogen peroxide in
honey samples. The main disadvantage of the present method
was the fact of the honey inactivates the peroxidase after 50
3; (B) sample 5; (C) sample 7. injections, requiring construction of a new reactor.

Mineral Content. Mineral content was determined by
identifying and quantifying six cations (K C&", Na*, Mg?*,
Mn2*, and Li*), which represent more than 99% of the total
cations Figure 4). These cations were identified by comparison
of the relative migration times of their peaks with the?Ba
migration time used as a reference. These cations were quanti-
fied by using an external standard calibration.

Absorbance

Figure 3. Standard additions curves for three honey samples: (A) sample

present study was determined to be @riiol/L (3 times the
standard deviation of the blank) (29).

Determination of H,O, in Honey. To quantify hydrogen
peroxide in honey, the samples to be analyzed, after dilution
with phosphate buffer, were mixed on-line with phosphate buffer
solution used as the carrier solution. Manzoori et8lshowed
with when honey was diluted with phosphate buffer of pH 7.4,

the maximum concentration was reached sooner (after about Calibration curves were determined for several different
20 min). After about 30 min, the concentration decreased concentrations of a mixture of cation standard solutions. Each

rapidly. The results clearly showed that dilution of honey led qalibratiqn solution was injected in f[riplicate. Plotting concentra-
to the continuous release ofEh, which can act as a source of  tion against peak area and applying the least-squares method
antibacterial agent (7). produc_ed calibration curves for each compound. A regression
The assay uses phenol, 4-aminoantipyrine, and peroxidase?n@lysis for each cation was made.
chemically immobilized on Amberlite IRA-743 resin as color- ~ The detection limit was calculated gs+ 3s, wherey, is the
generating substrates. The spectrophotometeric method develaverage signal of 10 blank injections arsdthe standard
oped in this work that uses enzyme immobilized in the resin deviation. The quantification limit was calculatedsast 10s,
ion-exchange compared with the amperometric method did notwheres, is the average signal of 10 blank injections arttie
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by the method used.able 1 shows the results of the analyses
of 14 different samples (in triplicate) obtained for each cation.
Table 3 shows results obtained by other authdt§,(19-22,
24, 30-32). The results are close to those obtained in this work
in all cases.

The advantage of this method is that the separation and
quantification of the cations for electrophoretic analysis were
simple and rapid and did not require any other preparation of

0. Na sample other than dilution and filtration. It represents a great
K Ba Mg improvement for the determination of cations in honey samples
Ga Li because calcination of the samples is not necessary and thus
204 . . .
could be useful for routine analysis. The cation contents of honey
55 30 35 40 45 50 could be used to establish the geographical origin of samples.
Minutes ACKNOWLEDGMENT
Figure 4. Electropherograms of analyzed cations by proposed method
in (A) standard and (B) sample 4 (geographical origin, Teresopolis). Ba* The authors would | thank the Professor Richard Michael Grazul
was added as a reference compound for the calculation of relative for the revision of the English.

migration times.

Table 2. Detection and Quantification Limit Obtained with the Method LITERATURE CITED

of Standard Additions for Analyzed Cations in Honey (1) Torres, R. F.: Bernal, J. L. P.: Lépez, M. A. B.. MdahaM.
detection limit quantification limit C.; Sanchez, J. C. J.; Pérez, A. G. Mineral content and botanical
cation (umol L) (umol L) origin of Spanish honey§alanta2005,65, 686—691.
(2) Allen, K. L.; Molan, P. C.; Reid, G. M. A survey of the

gz+ 8(13;; 2‘337 antibacterial activity of some New-Zealand honeysPharm.
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20 0.68 181 389 77 ' 2003,9 (2), 267-273.

21 134 115 77 5 0.05 (7) Manzoori, J. L.; Amjadi, M.; Orooji, M. Application of crude
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24 0.66 76 0.7 source of peroxidase in the spectrofluorometric determination

30 0.47 48 96 37 3 of hydrogen peroxide in honey samplésal. Sci.2006, 22,

31 192 71 11 0.27 1201—1206.

32 103 130 30 (8) Matos, R. C.; Coelho, E. O.; Souza, C. F.; Guedes, F. A.; Matos,
M. A. C. Peroxidase immobilized on Amberlite IRA-743 resin
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The precision study comprised repeatability and reproduc- Flow-injection system with glucose oxidase immobilized on a
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and then diluted to the same volume. Furthermore, to test (*3) Hwang, H.; Dasgupta, P. K. Flow-injection analysis of trace
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analyzed with different concentrations of sample. If regression ;4 Watkins. B. A.- Parrish. D. D. Trainer. M.: Norton. R. B.: Yee

lines obtained from the comparison of recoveries are parallel, J. E. Factors influencing the concentration of gas-phase hydrogen-
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