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Determination of Minerals in Thyme Honeys and Their
Contribution to Geographical Discrimination
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Twenty-four Spanish thyme honey samples were analyzed using inductively coupled plasma optical
emission spectrometry (ICP-OES). Twenty-four minerals were quantified for each honey. The elements
Al, As, Ba, Ca, Cr, Cu, Fe, K, Li, Mg, Mn, Na, P, Pb, S, Se, Si, Sr, and Zn were detected in all
samples; seven elements are very abundant (Ca, K, Mg, Na, P, S, and Si), and six are not abundant
(Al, Cu, Fe, Li, Mn, and Zn). Eleven of them are trace elements (As, Ba, Cd, Co, Cr, Ni, Mo, Pb, Se,
Sr, and V) at <1 mg kg~?. Classification of thyme honeys according to their origin (coast, mountains)
was achieved by pattern recognition techniques on the mineral data. By means of principal component
analysis, a good separation by geographical origin is obtained when scores for the two first principal
components are plotted. Classification functions of 11 metals (Al, As, Cr, Cu, K, Li, Mg, Na, P, S,
and V) were obtained using stepwise discriminant analysis and applied to classify correctly ~100%
of the honey samples.

KEYWORDS: ICP-OES; minerals; honey; thyme; cluster analysis (CA); principal component analysis
(PCA); stepwise discriminant analysis (SDA)

INTRODUCTION mineral content of honey reflects the presence of specific
minerals within the forage area of the hiv&@—9). The
@pplication of principal component analysis (PCA) and stepwise
discriminant analysis (SDA) was assessed to differentiate honeys
Jrom 10 Canadian province&@. Some minerals of Hungarian
acacia honeys were determined, and a relationship with those
of plants and soils was reportetll(); in addition, the mineral
ontent has been employed in an attempt to differentiate between
oneys produced both inside and outside Galicia (northwestern

Honey is one of the most complex foodstuffs produced by
nature, and certainly the only sweetening agent that can be use
by humans without processing. Honey is produced by honey
bees from carbohydrate-containing exudates produced by plant
and contains all of the trace minerals that are essential to
health: iron, copper, manganese, silica, chlorine, calcium,
potassium, sodium, phosphorus, aluminum, magnesium, etc. The::1
mineral content is closely related to the floral type, mineral

resources in the soil, and environmental or seasonal fadtprs ( Spain), using several statistical methods (12). .
; - In the Mediterranean area, thyme honeys are mainly produced
The mineral content of honey has been the subject of many .

. R . : . in Greece, Italy, Morocco, and Spain (13). Although there are
studies. A flow injection analysis coupled with atomic spec- ; - - ;
. . . some melissopalynological studiesd{17), the mineral char-
troscopy in order to determine the mineral elements of honey

; . - .7 acterization of this honey type is unknown, contrary to the
was used (R The mineral content in some honeys from Galicia . . . .
- . . . various studies carried out on other honey types, such as acacia,
(Spain) was analyzed using flame atomic absorption spectrom-

etry (3). High-performance ionic chromatography was used to chestnut, eucalyptus, lavender, and orangel§20).
y (s). nigh-pert . graphy . Thus, the goal of the present work is the study of the mineral
guantify minerals in some unifloral honeys of Italian origi). (

. . ; .__content of the thyme honey produced in Spain, using inductively
The mineral content in Moroccan honey was also studied using : e
. . - 7 coupled plasma optical emission spectrometry (ICP-OES). In
inductively coupled plasma atomic emission spectroméijy (

In addition. the mi | ition h 0 b loved addition, multivariate statistics, such as PCA and SDA, were
n addition, the minéral composition has also been employe applied in an attempt to differentiate between thyme honeys
for the purpose of geographical origin discriminatid@). (The

produced in coastal and mountain regions.
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Table 2. Emission Wavelength, Linear Working Range, and
Correlation Coefficient of the Calibration, for Each Mineral Determined

France

L T . .
{ N wavelength correlation linear
mineral (nm) coefficient range (mg L1
Al 266.039 0.99996 0-20.7
As 189.042 0.99993 0.018-5.20
Ba 455.403 0.99998 0.001-0.53
Ca 422.673 1 0-51.3
Cd 228.802 0.99999 0-0.52
i Co 228.616 1 0-0.52
Mediterranean Sea Cr 267.716 1 0-051
Cu 213.598 1 0.003-5.10
Fe 262.167 0.99991 0.022-5.10
K 766.490 0.99985 2.83-518
Li 670.784 0.99999 0.009-5.10
0 50 100 150 Mg 382.935 1 0.05-210
boocedd W Mn 259.373 0.99995 0.001-0.52
Mo 204.598 0.99997 0.001-0.51
Figure 1. Map of distribution of the honey samples: C01-C14, honey Na 589,592 0.99998 0.374-204
samples produced on the coast, M01-M10, honey samples produced in Ni 221.647 1 0-0.52
the mountains. P 255.493 0.99897 2.16-102
Pb 220.353 0.99999 0-0.52
Table 1. Operational Parameters for ICP-OES Measurements ge igé:g;g g:ggggg 0%2%_2_113
Si 212.412 0.99919 0.724-49.9
parameter Sr 407.711 0.99993 0.001-0.53
power (kW) 1.2 \ 311.838 0.99995 0-0.52
radio frequency (MHz) 27 Zn 334.502 0.99969 0.086-5.20
plasma gas flow rate (L min—?) 2
auxiliary gas flow rate (L min~?) 2
nebulizer gas flow rate (L min™7) 0.02 mL) was added to the resultant ashes, and the mixture was stirred on
nebulizer pressure (bar) 1 -
finsing time (s) 35 a heatlng plate to almost (_:omplete dryness. Then 10 mL Qf th«_a same
rinsing pump speed high acid was added, and the mixture was brought up to 25 mL with distilled
transfer time (s) 60 water. The emission wavelengths used, the correlation coefficients for
stabilization time (s) 20 the calibration straight line, and the working linear ranges found for
transfer pump speed high each metal in the ICP-OES determination are presentéichbie 2.

Results are expressed as milligrams of metal per kilogram of honey.
Statistical Analysis. The multivariate analysis statistical treatments
and 10 to mountain regions. The samples were taken directly from the were carried out using Statistica (25). Multivariate analysis involves
beekeepers, all professionals, and the extraction of honey from combscluster analysis (CA), PCA, and SDA.
was made by centrifugation. For the site of collection, Begire 1. The search for natural groupings in the samples is one of the main
All samples were unpasteurized and were taken no more than 3 monthsvays to study the structure of the data. CA describes the similarity
after extraction, stored in holders, and immediately transferred to the between honey samples included. It can also represent multidimensional
laboratory and kept at 6C. Analyses were made within a 6-month ~ space by mapping in two dimensions (26).
time period after harvesting. PCA is a display method to visualize the data structure in a lesser
Pollen Analysis. The botanical origin of the honeys was studied dimensional space. The original descriptors are rotated in such a way
using the techniques described by Mauriz&i) and Erdtman2?2). that the new variables, called principal components (PCs), are not
Slides were prepared with acetolysis by centrifuging 10 g of honey correlated and the first ones explain the major data variability. For a
dissolved in 20 mL of diluted sulfuric acid (5 g of,BQy/L) for 10 two-dimensional perspective, the data samples are projected onto the
min at 2500 rpm. The supernatant was decanted, and the sediment waglane formed by the first two PCs (score pla2yj.
washed twice with 10 mL of distilled water and then centrifuged. The ~ SDA is a well-known classification technique based on building new
sediment was extended on a slide, dried af@Qand then mounted axes called discriminant functions obtained by linear combination of
with stained glycerine gelatin. The number of the pollen grain (NPG) the selected descriptors that leads to the maximum ratio of between-
was counted in four different slides for each honey sample. For the classes sum of squares and within-classes sum of sq8ks (
identification of the pollen grains, the general key to pollen types was
used (23), and at least 500 pollen grains were identified among four RESULTS AND DISCUSSION
different slides for each honey sample. A minimum of 15% pollen from . .
Thymusspp. was required to consider these honeys as unifloral from | N€ results of pollen analysis of the sediment for the honey
a melissopalynological point of view. samples used in this work are briefly summarized. The NPG in
Apparatus. A Jobin-Yvon Ultima 2 ICP optical emission spectrom- 10 g of honey ranges between 27500 and 6400680% of
eter and an Ultrasonic nebulizer (U6000 ATCetac) were used for ~ the samples presented NPG value30000.
metal determination. The instrument was operated in the following The most frequent families found are Cistaceae, Fabaceae,
conditions (Table 1). o and Lamiaceae (present in 100% of the samples), Asteraceae
Reagents and SolutionsDistilled, deionized water of 18 & cm™* (95%), Boraginaceae and Resedaceae (90%), Myrtaceae (80%),
resistivity, obtaln(_ad from a l;/lI”I-Q systgm (Mllllpo_re), was used to Oleaceae and Scrophulariaceae (75%), Brassicaceae (70%),
prepare all solgﬂons. A 10% v/y solytlon of nitric acid (Panreac, Fagaceae (55%), and Apiaceae and Salicaceae (50%).
Barcelona, Spain) was used for digestion of the samples. Spex plasma ) .
standard (1000 mg1%) was used to prepare Al, As, Ba, Ca, Cd, Co, The only pollen type present in all of the samples along with
Cr, Cu, Fe, K, Li, Mg, Mn, Mo, Na, Ni, P, Pb, S, Se, Si, Sr, V, and Zn Thymussp. is Genistaf. Percentages are always referred to
reference solutions. pollen from nectar plants. Thyme honeys contained between
Procedures.The ashes were obtained by calcinations (60 of 15 and 73% pollen oThymus, according to under-representing
~5 g samples of honey to constant weigP#). Nitric acid (0.1 M, 5 the presence of this pollen type in the honeys. The most
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Table 3. Descriptive Statistical Data for Mineral Content in Thyme
Honeys 100
mean standard
mineral (mg kg™Y) range deviation 80
Al 1753 5.26-23.61 425 g
As 0.20 0.14-0.26 0.03 H
Ba 0.63 0.15-0.84 0.15 2 o
Ca 185.30 68.49-260.7 46.08 s
cd <0.01 0-0.01 0 g
Co 0.03 0-0.09 0.01 2 4
cr 0.23 0.02-0.40 0.10 g
Cu 2.44 0.34-5.81 1.55
Fe 6.19 3.65-11.52 1.93 2
K 716.68 175.13-1380.3 313.21
Li 8.04 2.25-15.6 429 Fﬁj
Mg 78.48 37.91-139.9 29.69 6
Mn 1.20 0.37-6.17 117 MMMMMCCCCCCMMMCMMCCCGCGCCC
Mo <0.01 0-0.04 0.01 Samples
Na 388.70 98.45-502.5 86.35 . . . .
Ni 013 0-051 0.10 F_|gure 2. Dendogram for honeys: complete linkage with Euclidean
P 52.49 12.82-96.7 22.50 distances.
Pb 0.16 0.04-0.26 0.04
g 33-3? 13-3;:856‘7‘ 18-47 The average total mineral content of thyme honey 500
Sie 106.36 20.63-239.4 51.59 mg kg1, a value that is above those of light to amber-light
Sr 0.66 0.17-2.52 0.54 unifloral honeys such as acacia, citrus, or lavender; it is on the
% 0.03 0-0.13 0.03 same level as that of brown honeys such as eucalyptus and is
Zn 1.78 0.75-2.48 0.50 fairly lower than that of dark honeys such as avocado, heather,

or honeydew (24, 11, 18—20,30).
In an attempt to establish differences between Spanish thyme

characteristic accompanying species are LegumindSakct honey produced in coastal and mountain regions, some chemo-
otome villosa, Cytisus baeticusGenista hirsuta and Ulex metric tools have been applied to the mineral data. Thus, CA,
borgiae), present in 100% of the samples, followeddmpium  pca, and SDA were applied as indicated in the previous section.
sp. andReseda luteol§90%) andEucalyptussp. (80%). Our For the CA, a similarity matrix §.24was constructed from

results agree with data reported by other authdfg),(who the autoscaled data. The elements of this similarity matrix were
analyzed the pollen content of seven thyme honeys from he Eyclidean distance of one object from the rest. The clustering
Valencia (eastern Spain). procedure used was the complete linkage method with the
The results of the 24 metals determined in thyme honey Eyclidean distances between objects. The results obtained
samples are summarizedTable 3, where we can differentiate  showed the presence of honey clusters; the data of minerals
three mineral groups: elements that are very abundant, elementgontained significant information to achieve a two-category
in a medium concentration, and trace elements. classification between thyme coast honeys and thyme mountain
The first group is composed of seven minerals (Ca, K, Mg, honeys. The results of CA are shown in a dendogrBigute
Na, P, S, and Si), the potassium being quantitatively the most 2). At a similarity level of~30%, two clusters were found for
important; it accounts for 45% of the total minerals quantified, several coast honey samples. Nevertheless, no specific groupings
which coincides with most authors, who consider this mineral for mountain honey samples were detected.
to be the most abundant in hone3g§. The sodium content is PCA was performed to provide a data structure study in a
very similar to that reported in Spanish eucalyptus hon&9% (  reduced dimension, covering the maximum amount of informa-
but higher than that found in Italian eucalyptus and Spanish tion present in the data. PCA represents the original data matrix
lavender honeys4( 20), the mean value being 388 mg kg as a product of two matrices, the score matrix and the loading
which represents-24% of the total mineral content. The third  matrix. This corresponds to the projection of the data matrix
most abundant mineral was calcium, with a average value of onto a few-dimensional spacEable 4 shows the factor-loading
185 mg kg*; this value is slightly less in sunflower and heather matrix obtained for the two factors and the variance explained
honeys (2). Silicon is present in average quantities (106 mg by each of them. The first principal component accounts for
kg™1), a value much higher than that found in some Spanish 33.19% of the variance and the second for 20.50%, the former
commercial honeys. Finally, with quantities never greater than peing strongly correlated with Ca, Cu, Li, Mg, S, and V and
78 mg kg'*, magnesium, phosphorus, and sulfur are present, the latter very specifically with Al, Cr, and Na, the cumulative
which agrees with the results found by the same autt@ys ( variance being 53.7%igure 3 represents the graphic distribu-
The second mineral group is composed of six elements (Al, tion of the samples according to their factor scores, showing a
Cu, Fe, Li, Mn, and Zn), aluminum being the most abundant, perfect separation between the thyme honey produced on the
with 17.53 mg kg as a mean, whereas the other minerals are coast and in the mountains, except for one sample, with higher

found with values of<8 mg kg values for the two factor scores, which separates it from both
The third mineral group is composed of As, Ba, Cd, Co, Cr, honey origins.
Mo, Ni, Pb, Se, Sr, and V, always present in valuescéfmg With respect to the SDA, a forward iterative inclusion of

kgL It is worth pointing out the low levels of cadmium and variables was performed to choose the parameters with a higher
lead, minerals appropriate for testing the contamination of the discriminant power. A tolerance of 0.01 was stated to eliminate
environment (31), which show the low levels of contamination the variables that provide superfluous information at a 99% level
in the atmosphere and water in the area where the thyme honeyalong with those previously included in the model. Taking into
is produced (32). account the results obtained in the PCA, the elements selected
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Table 4. Results of Principal Component Analysis Table 5. Cumulative Proportion of Total Dispersion and Standardized

Coefficients for Canonical Variable Obtained by SDA

factor 1 factor 2
Al -0.481527 0.683102 root 1
As -0.675058 -0.356985 Al -1.78536
Ba -0.637410 0.571862 As -1.96360
Ca —0.804693 0.340022 Cr —-2.20497
Cd -0.171240 -0.178841 Cu -2.30567
Co -0.277559 0.631170 K 2.87442
Cr 0.158132 0.883681 Li 431861
Cu —0.797716 —-0.362910 Mg 2.06617
Fe -0.019618 0.449948 Na 2.44585
K -0.684830 -0.093728 ] -5.06625
Li —0.779900 —0.465160 S -1.71728
Mg -0.786452 0.325682 v -1.68342
Mn -0.206308 0.393315 )
Mo ~0.597184 ~0.458477 e'ge"ﬁ!ue ; Iggggg
Na ~0.460335 0.693512 cumulative proportion -
Ni —0.616649 0.151920
P -0.648654 -0.185918
Pb -0.624024 0.288653 Table 6. Classification Functions for Thyme Honeys Obtained by SDA
S —0.781996 —0.066948
Se —0.347028 —0.383098 honey origin
Si -0.470179 0.626358 .
St 0560770 0273715 coast mountain
v -0.704463 -0.447808 Al 8.395 6.015
Zn -0.443689 -0.449511 As 2430.515 2028.697
% total variance 33.19 20.50 SL Szg;ig 223;82
X i . . .
cumulative variance (%) 33.19 53.70 K —0.281 ~0.224
Li -28.945 -22.423
Mg -1.226 —-0.826
Na -0.564 -0.410
2 P 6.121 4,753
S 2.809 2.135
o v 797.897 500.577
1 . constant —274.615 -181.615
(o] ° : Y
N ° °
5 0 Table 7. Classification Matrix for Thyme Honeys Obtained by SDA
3 o °
* ° ° % correction coast mountain
-1 coast 100 14 0
sierra 100 0 10
total 100 14 10
(o3
2
d .
> » o p 5 thyme honeys) and phosphorus (mear@l mg kgl.ln coast
Eactor 1 thyme honeys and mean 39 mg kg! in mountain thyme

honeys) appear to be the minerals that account for most of the
discrimination between the two honey classes.

Classification functions are linear combinations of the
variables selected by the statistical method; the coefficients and
constants for these functions are showi able 6. By applying

Figure 3. Plot of the first factor versus the second factor, for the
classification of honeys according to their origin: (O) coast; (@) mountain.

by stepwise discriminant analysis were as follows: Al, As, Cr,

Cu, K, Li, Mg, Na, P, S, and V. these functions to the samples, their validity can be verified

The discriminant algorithm calculates the canonical correla- according to the percentages of accuracy of each case in its
tions between the variables entered and the dummy variables 9 P 9 y

representing the two honey classes (coast and mountain) anqcorresponding grouprble 7). It. can _be obse_rved th_at all honey
the coefficients for the canonical variables. The first canonical s_amples were correctly classﬁu_ad into tohe|r previously estab-
variable (which accounts for the highest variability between lished classes (coastal, mountain) (100%).

honey classes) is that which best discriminates between the
honey types. The second is the next best linear function
orthogonal to the first canonical variable and accounts as well The thyme honeys produced in Spain are characterized by a
as possible for differences between honey classes not showrtotal average mineral content 6f1600 mg kg?!, potassium,

by this one, etc. The method extraats- 1 canonical variables, sodium, calcium, silicon, magnesium, phosphorus, and sulfur
n being the number of groups to discriminate between. being the most abundant elements, represertifig% of the
Therefore, Table 5 lists the cumulative proportion of total total mineral; this content places them between very dark and
dispersion, and the standardized coefficients for the unique amber honeys, which coincides with their intrinsic golden/dark
canonical variable. The higher the absolute value of a standard-amber color. On the other hand, thyme honeys from the
ized coefficient is, the more significant is the related selected continental regions (mountains) are characterized by their low
variable in the canonical variable. Lithium (me=an0 mg kg! mineral levels (mears 1300 mg kg?) and those from coastal

in coast thyme honeys and mean5 mg kg! in mountain regions by their high mineral levels (mean1900 mg kg?).

CONCLUSIONS
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This concurs with the results obtained in Canadian hon&gs (
showing that the mineral content of the honey is independent
of the floral origin, the geographical origin (maritime or
continental) and the extent of precipitation being the principal
reasons for these differences.
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