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Abstract

A capillary electrophoresis system for the simultaneous determination of cations in honey samples has been developed. The complete
separation and quantification of KC&*, Na*, Mg?*, Mn?*, Ni?* and Li*, which represent more than 99% of the total content of cations in
honey, can be achieved in 4 min with only a dilution and filtration of the honey sample. Electrolyte solution was composed by 10 mM imidazole
as the carrier buffer and background absorbance provider and acetic acid as the complexing agent (pH 3.60). The running voltage was + 25 kV
at 25°C. Indirect UV detection was achieved at 185 nm. Under the optimum conditions the detection limits ranged from 0.02 to 48.2 mg/kg
and the quantification limits have ranged from 0.41 to 48.7 mg/kg. Precision data in honey samples analysed have shown repeatability and
reproducibility RSD (%) lower than 2.84 and 6.62%, respectively. Recoveries of cations in honey samples analysed have ranged from 88.5
to 101.8%. These cations were identified by their relative migration times with regard‘tonBaation time used as reference standard and
they were quantified by using an external standard calibration. Twenty-five honey samples were analysed to test the proposed method. Mean
contents of 1.2 10°, 93, 85, 54, 11, 1.9 and 2.3 mg/kg were found, respectively, foid&*, Na*, Mg?*, Mn?*, Ni®* and Li* cations in
analysed honeys. These results were similar than the obtained by other authors.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction to enable a classification rule to identify honeys, according to
their geographical origin. Finally, Terrab et ] also stud-
Honey is a complex matrix which minerals are minor- ied minerals of honeys and they obtained good results in the
ity components. The mineral content in floral honeys ranged classification of the samples, according to their geographical
from 0.020 to 1.028% with an average content of 0.1§9p/4 origin.
Taking into account cations presentin honey, potassiumisthe Some authors have determined cations in honey by dif-
predominant and in minor quantity there are calcium, sodium ferent procedures, like atomic absorption and emission spec-
and magnesium. Manganese, copper, iron, nickel, lithium or troscopy[3,5-10] X-ray fluorescenc§ll], flame emission
cadmium are also in honey as trace elements. The mineralphotometry{9] or inductively coupled plasma atomic emis-
and trace element content in honey samples could give ansion spectrometrj4,12—17]
indication of environmental pollution and herewith also an Tacking into account these references, all procedures car-
indication of the geographical origin of hong3]. Latorre ried out a mineralization and/or a digestion of the samples
et al.[3] determined nine metals in honey samples and they previously to their determination except the method of Barisic
concluded that the metal profile provided enoughinformation et al.[11]. Nevertheless, in this method, majority minerals as
K*, Na" or Mg?*, were not determined. These previous treat-
"« Corresponding author. Fax: +34 981 594912, ments of the samples made analytical determinations longs
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For these reasons the aim of this work is the investigation  After all analysis of the day, the capillary was also washed
ofthe capillary electrophoresis technique for the development with 10 mM NaOH (10 min) and purified water (30 min).
of a rapid and simple method for the determination of cations ~ Sample injection was carried out in a hydrodynamic mode
in honey without any treatment of the sample. It was the first during 30 s. The separation run was at a constant voltage of
time that a capillary electrophoresis method was applied to +25kV at 25°C and it is achieved in 4 min. Indirect UV
honey. detection was achieved at 185 nm.

2.5. Samples

2. Experimental
This work was carried out on 25 samples from Gali-

2.1. Chemicals cia (Northwestern Spain) labelled as “IndicatiXeogafica
Protexida-Mel de Galicia”. The samples were stored in dark-
Analytical standard-grade % Ba&2*, C&*, Na", Mg?", ness at room temperature until analysis. These samples were

Mn2*, Ni2*, Li* and imidazole were obtained from Sigma. classified according to their colour determined by the method

Stock standard solutions were obtained by dissolution of of Brice et al.[18], in light and dark honeys. Light honeys
cations in purified water and stored at@. The water was  were considered water white, extra white and white honeys

purified by passage through a Ultra Pure water system Milli- and extra light amber, light amber and amber of Brice et

Q plus from Millipore. al. classification had correspondence with dark honeys. This
Acetic acid and sodium hydroxide pellets were analytical- method is Official in the AOAC19]. The samples were also
reagent grade and supplied by Merck. classified according to their geographical origin in the four

Galician regions.
Forthe electrophoretic analysis 1 g of honey was dissolved
in 10 ml of purified water, filtered through a 0.4 mem-
k- brane and injected directly without any other sample treat-
ground electrolyte. The pH was adjusted at a 3.60 value by ment. Each sample was injected in triplicgte. This a'mount of
adding 1 M acetic acid, which is also a complexing agent. honey (1 9/10 mi) was the greatest quantity to obtain a good

The buffer solution was freshly prepared and filtered through respanse without interferences. - S
a0.45.m membrane. All standars and samples were injected in triplicate. All

statistical analysis were made with Statgrapliay.

2.2. Buffers and pH adjustment

Running buffer contained 10 mM imidazole of bac

2.3. Apparatus

. _ ) 3. Results and discussion
Separation was carried out on a Waters Capillary lon Anal-

yser (CIA System, 1.3 version) equipped with & positive  Fist of all, working with standard solutions, 10 cations
power supply and a UV detector with a 185 nm wavelength (K*, B&*, C&*, Na*, Mg?*, Mn2*, Ni2*, C®*, Li* and
filter. Fused-silica capillaries with 3om 1.D. and 60cm in Cu?*) were separated and identified by the present elec-

length were used. The distance from the point of injection trophoretic method. When this method was applied to honey
to the window of on-column detection was 52.5 cm. Electro- samples K, C&*, Na', Mg2*, Mn?*, Ni2* and Li* cations

pherograms were collected and plotted by the data acquisition,ye e jgentified and quantifieéig. 1), which represent more
system Millennium 2010 v. 2.15 with specific option CIAfor - 1,3 9904 of the total content of total catidfis These cations
capillary electrophoresis (Waters Associates, Inc. Milford, \ere identified by comparison of the relative migration times
MA, USA). A Crison micropH 2002 pH meter (Crison Instru-  f their peaks with the B4 migration time used as reference

ments S.A., Alella, Barcelona, Spain) and a Selecta Agimatic- compound. These cations were quantified by using a external
S magnetic stirrer (Selecta, Abrera, Barcelona, Spain) weregiandard calibration.

also used. The electrolyte was filtered with membrane filters
Phenomenex 0.45m, AFO-0504 (Phenomenex, CA, USA). 31 Detection and quantification limits

2.4. Electrophoretic procedures The detection limit was calculated ag+ 3s, wheres,
is the average signal of 10 blank injections (absolute area

Prior to use, new capillaries were treated with the follow- value of each cation migration timel%) and s the standard
ing wash cycle: (i) 10 min with purified water, (i) L0 min with  deviation. The quantification limit was calculatedsas 10s,
1 M NaOH, (iii) 10 min with 10 mM NaOH, (iv) 30 minwith  wheres, is the average signal of 10 blank injections and s
purified water and (v) 60 min with the background electrolyte. the standard deviatidi21]. The detection limits ranged from
The (i) and (i) steps were omitted for daily conditioning ofthe  0.02 mg/kg for Lt to 48.2 mg/kg for K and the quantifica-
capillary and, between injections, the capillary was washed tion limits ranged from 0.41 mg/kg for Kif to 48.7 mg/kg
with 2 min running electrolyte. for K*.
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Fig. 1. Electropherograms of analysed cations by the proposed method in a light honey (A) and a dark honéy (@)sBaded as reference compound for
the calculation of the relative migration times.

3.2. Calibration curves

Calibration curves were determined for several different
concentrations of a mixture of cations standard solutions.
Each calibration sample was injected in triplicate. Plotting Table 1

concentration against peak areaand applying the least Squarel§ecoveries (%) obtained with the method of standard additions for analysed
cations ang-value from ANOVA test for the comparison of the slopes of

method O,btalm_ad Ca“,bra,tlon graphs for each.corrj pOl.Jn(.Zi. EaChregression lines obtained when matrix effect was studied
plot was linear in a wide interval from quantification limits to

10 g/kg for K*, 200 mg/kg for C&", 400 mg/kg for N& and Cimon Recovery (%} SD p-value
Mg?2*, 100 mg/kg for M+ and N#* and to 50 mg/kg for L. K. 96.7+25 08209
A regression analysis with each cation was madp-value ce 1004+ 1.2 as368
ATE] y \ p-valu Na* 1005+ 1.1 02223
in the ANOVA test of 0.0000 was obtained for all cations. g2+ 100.9+ 1.8 Q1535
Since thep-value is less than 0.01, there is a statistically mn2* 101.8+ 3.3 02603
significant relationship between area and concentration at theNi** 88.5+ 2.9 Q7322

Li* 99.7+ 1.7 02423

99% confidence level.
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Table 2
Cations content (mg/kg) of analysed honeys
No. of sample Geographical origin Colour Cation (mg/kg)

K* (x 10%) ca* Na* Mg2* MnZ* Ni2* Lit
1 A Coruha Light Q68 109 102 21 12 ND 1.6
2 A Coruia Light Q70 92 64 22 10 ND 2.0
3 A Coruha Light Q76 88 75 22 8.0 ND 2.8
4 A Coruia Light Q62 91 154 22 5.5 ND NQ
5 A Coruha Dark 078 89 45 17 11 ND 1.3
6 A Coruia Dark 080 90 81 20 6.4 ND 2.0
7 Lugo Dark 095 62 64 27 6.0 ND 3.2
8 Lugo Dark 081 179 219 25 8.1 ND 1.4
9 Lugo Dark 086 60 166 20 ND ND 2.4
10 Lugo Dark 050 50 90 36 7.0 ND ND
11 Lugo Dark 079 75 221 19 3.8 0.3 NQ
12 Lugo Dark 061 56 68 18 2.3 1.5 1.8
13 Lugo Dark 099 76 91 35 6.7 ND 1.8
14 Lugo Dark 120 87 53 56 11 ND 1.8
15 Lugo Dark 140 101 67 52 11 ND 2.8
16 Ourense Dark .33 146 26 209 7.9 ND 3.2
17 Qurense Dark .33 125 31 204 6.3 ND 2.9
18 Ourense Dark 87 88 40 130 8.1 ND 0.93
19 Qurense Dark 31 62 87 27 7.8 ND 3.6
20 Ourense Dark .38 106 39 69 29 ND 2.2
21 Qurense Dark .89 136 47 205 51 ND 2.1
22 Pontevedra Light .66 116 56 18 13 ND NQ
23 Pontevedra Dark .97 77 101 20 4.5 ND 2.1
24 Pontevedra Dark 47 76 67 41 12 4.7 3.6
25 Pontevedra Dark .04 89 72 22 18 1.1 ND
Mean 122 93 85 54 11 1.9 2.3
SD 085 30 52 62 10 2.0 0.77
Vhin 0.50 50 26 17 23 0.25 0.93
Vmax 4.38 179 221 209 51 4.7 3.6

ND: not detectable. NQ: not quantificable.

3.3. Precision analysing each sample of honey on three different days over
about one month.
The precision study has comprised repeatability and repro-
ducibility assays. They were developed in three different 3.3.1. Migration times
honeys, which contained low, medium and high cations lev-  When a capillary electrophoresis analytical method is
els. The repeatability was established by injecting five times developed, a common problem is the great variation in the
the same honey. The reproducibility was determined by absolute migration timef22]. A possible solution was the

Table 3
Cations content (mg/kg) obtained by other authors

Author Cation (mg/kg)

K* (x 10°) ca*t Nat Mg?* Mn2* Ni2* Li*
[1 0.94 (0.10-4.7) 50 (5-266) 47 (6-400) 27 (7-126) 2.2 (0.2-9.5) - -
[5] 0.65 (0.19-1.12) 88 (56-120) 98 (63-133) 38 (3-73) 21 (19-23) - -
[6] 1.34 (0.68-2.01) - 115 (62-168) 77 (34-120) 5 (2-8) <0.2 0.05 (0.02-0.08)
7 0.47 (0.44-0.50) 48 (41-54) 96 (90-102) 37 (33-41) 3.0 (2.6-3.4) - -
[8] 0.68 (0.05-6.78) 120 (51-420) 87 (22-476) 55 (7-173) 3.9 (0.4-45) 0.23(0.01-3.37) -
[10] - 192 (15-654) - 71 (7-547) 11 (0-214) 0.99 (ND-1.70) 0.27 (0.15-1.20)
[11] - 66 (22-110) - - 0.8 (0.1-1.4) 0.05 (0-0.10) -
[12] 0.66 (0.13-2.16) - - 76 (36—220) 0.7 (0.1-2.0) - -
[13] 1.03 (0.15-3.89) - - 130 (68-166) 30 (4-58) - -
[14] 0.43 (0.07-1.81) - - 105 (24-324) 2.0 (0.3-5.0) - -
[15] 0.22 (0.21-0.89) 124 (61-280) - 35 (11-90) 0.8 (0.2-2.0) - -
[17] 0.68 (0.14-2.61) 181 (110-248) 389 (256-501) 77 (37-139) - - -

Mean (VMin - VMaX)-
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use of relative migration times respect to a reference com- the colour of the honeys because the contentofé&", MgZ*
pound[23,24] Ba?* was used as reference compound for the and Li* cations were greater in dark honeys and*Niation
identification of cations in honey samples because it was notwas only detected in dark samples. Results obtained & Ca
presentin honey samples at the detection limit of this method. and Mr#* were similar in both honey types.

Inthe study of precision of migrationtimes better resultswere  Tacking into account the geographical origin of the sam-
obtained for relative migration times. The relative standard ples an important variability in honey cations content was
deviations (RSD%) of the repeatability and the reproducibil- found too. To test whether this variability was significantly
ity were <0.44 and<0.56% for relative migration timesand gn one-way ANOVA test was made with each component

<1.55 and<2.27% for absolute migration times. and results different statistically significant were found for
K*, Mg?* and Mrf*. We have made then a multiple range
3.3.2. Honey content test (Fisher's least significant difference procedure) for these

The relative standard deviations (RSD%) of the repeata-
bility and the reproducibility were<2.84 and<6.62%. For
areas, a one-way analysis of variance was performed to test . ]
whether there were significantly differences between dupli- 4F .
cates of injection triplicates and repetitions (five for repeata- 1
bility and three for reproducibility). If thp-value of the--test
was greater than 0.05, there was not a statistically significant
difference at 95% confidence level. ghvalues studied were

% ]
greater than 0.05 so we can conclude that precision is good - é ]

(X 1000)
5

K (mg/kg)

for the determination of cations in honey samples by the pro- [ -f— %‘
posed method. C

A Coruna Lugo Qurense Pontevedra

3.4. Recovery
Geographical Origin
We have established the accuracy of the cation analysis by

using the method of standard additions. Different amounts of 240F 3
each cation standards were added to equal volumes of the - ]
sample and then diluted to the same voluiable llists the - ]
percentage of recoveries obtained for each cation. Further- 160 ]
more, to test whether there was a matrix effect, recovery assay . ]
must be analysed with different concentrations of sample. If
regression lines obtained from the comparison of recoveries
were parallel, we can conclude that there was not a matrix r ]
effect. Honey samples at two different concentrations were 40 é J' T =
analysed and parallel lines were tested with the analysis of A ]
the slopes of the regression lines with an ANOVA test. If
the p-value for the slopes was greater than 0.I8b{e J),
statistically significant differences among the slopes for the
various volumes of sample at the 90% or higher confidence
level were not found. Therefore, there was not a matrix effect 60 B
for the determination of cations in honey samples by the pro- F ]
posed method.

200 -

120 .

Mg (mg/kg)

80F &

A Coruna Lugo Qurense Pontevedra

Geographical Origin

50 -

a0f <
3.5. Content of cations of honeys analysed E 3

30F ]

Mn (mg/kg)

The cations content of 25 honey samples analysed is
shown inTable 2 Table 3summarizes results obtained by i E
other author$1,5-8,10-15,17]As you can see these results 10 EE' %l L —
are close to those obtained in this work in all cases except for g ]
Li*, which we obtained higher results. However, two authors
only determined this cation and they have obtained very dif-
ferent results between them.

Fig. 1shows electropherograms of alightandadark honey. Fig. 2. Box and Whiskers plots of the content df,ig?* and Mr?* cations

A Vari?-bi”ty in the quanti.tati.v_e composition of catio.ns WaS in honey samples analysed classified, according to their geographical origin
found in honeys. This variability could have any relation with  (95% confidence level).

20F : -

A Coruna Lugo Qurense Pontevedra

Geographical Origin
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cationsin order to know which regions could be differentiated [3] M.J. Latorre, R. P&a, S. Garim, C. Herrero, Analyst 125 (2000)
and results showed that honey samples from Orense region  307.
could be identified at the 95% confidence |eVég. 2shows [4] A. Terrab, A.G. Gustavo, M.J. 18z, F.J. Heredia, J. Sci. Food Agric.

. . 83 (2002) 637.
the Box and Whiskers plots of these three cations contents ) ;| “zodiguez-otero, P. Paseiro, J. Simal, L. Terradillos, A. Cepeda,
classified, according to their geographical origin. J. Apic. Res. 31 (2) (1992) 65.

[6] M.J. Latorre, R. PBa, C. Pita, A. Botana, S. Gasg C. Herrero,
Food Chem. 66 (1999) 263.
4. Conclusions [7] M.E. Conti, Food Contr. 11 (2000) 459.
[8] A.M. Gonzalez Pararas, J.A. ®mez, R.J. Gaia-Villanova, T.
The proposed method allows the separation and quan-  Rivas, R. Ardanuy, J. &chez, J. Sci. Food Agric. 80 (1) (2000)
tification of cations K, Ca&*, Na*, Mg2*, Mn2*, Ni?* and 157. _ _
R . - . [9] P. Przybylowski, A. Wilczynska, Food Chem. 74 (2001)
Li™ in honey samples by capillary electrophoresis in 4 min 289
of analysis for the first time. These cations represent more[1q] J. pevilliers, J.C. D, M. Marenco, F. Poirier-Duchene, N. Galand,
than 99% of the total content of cations in honey. The elec- C. Viel, J. Agric. Food Chem. 50 (2002) 5998.
trophoretic analysis was simple, rapid and did not require [11] D. Barisic, A. Vertacnik, J.J. Bromenshenk, N. Kezic, S. Lulic, M.

any other preparation of sample than dilution and filtration. Hus, P. Kraljevic, M. Simpraga, Z. Seletkovic, Apidologie 30 (1999)

. . o : 277.
_It means a great Improvementin the d_etermmatlon of Cat_IOI’IS %12] M.J. Diez, C. Andés, A. Terrab, Int. J. Food Sci. Technol. 39 (2004)
in honey samples because a calcination of the samplesisnot 157

necessary and it could be useful for routine analysis. The[13] A. Terrab, M.J. Dez, F.J. Heredia, Int. J. Food Sci. Technol. 38
cation contents of honey could be used to establish the geo-  (2003) 379. . _
graphical origin of samples. [14] A. Terrab, M.J. Dez, F.J. Heredia, Int. J. Food Sci. Technol. 38
(2003) 387.
[15] A. Terrab, M.J. Dez, F.J. Heredia, Int. J. Food Sci. Technol. 38
(2003) 395.
[16] A. Terrab, D. Hernanz, F.J. Heredia, J. Agric. Food Chem. 52 (11)

. . (2004) 3441.
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