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Summary The assessment of geographical origin of honey is economically important for producers and consumers

as every region may present particular quality characteristics. In this study, honeys from the seven differ-

ent regions of Buenos Aires province (Argentina) were characterised by their antioxidant capacity (DPPH,

FRAP), total phenolic content (TPC), mineral composition, colour and ash. Honeys showed significant

differences among their antioxidant capacity (DPPH), ash, colour and mineral content (P ≤ 0.05). Besides,

a good antioxidant activity and low amounts of Cu and Zn (<1.0–1.5 and 0.7–1.8 mg kg�1, respectively)

were found in the samples. Significant Pearson’s correlations (P ≤ 0.05) among the different parameters

were found. Moreover, the linear discriminant analysis allowed the classification of honeys in their origi-

nal groups with a prediction success of 98%. The present results suggest that honeys could be correctly

classified by their geographical origin through their TPC, colour, ash and mineral concentrations.

Keywords Antioxidants, classification, honey, linear discriminant analysis, minerals, principal component analysis.

Introduction

Honey is a worldwide known product naturally made
by honeybees through the collection of nectar. It’s
sweet taste, light flavour and attractive colour make
this foodstuff a generally well-accepted sugar substitute
(Alves et al., 2013).

Moreover, it has been suggested that honey intake
increases serum antioxidant potential and may present
antitumour effects (Swellam et al., 2003; Ku�s et al.,
2014). The antioxidant activity of honey is the result
of phenolic compounds, peptides, organic acids,
enzymes, Maillard reaction products and, probably,
other minor components (Socha et al., 2011).

Honey composition is strongly associated to its
botanical origin and is closely related to the geographi-
cal area where honey is produced. The determination
of both, botanical and geographical origin, is a funda-
mental issue in the market because every region may

present particular quality standards that determine its
commercial value (Baroni et al., 2009). Therefore, the
assessment of honey origin is very important not only
for consumers but also for producers. The mineral
composition of honey reflects the mineral composition
of the forage area of the hive (Gonz�alez Param�as
et al., 2000). Hence, honey mineral content could pro-
vide valuable information in the geographical discrimi-
nation of samples.
The quality of Argentinean honeys is recognised

worldwide: this country is the second largest exporter
after China. Currently, the main export destinations of
the Argentinean market are Unites States (67%), Ger-
many (11%) and Japan (6%) (Blengino, 2013). More
than 50% of Argentine’s honey production is
accounted in the Buenos Aires province which can be
divided into seven regions. Honeys from these regions
have been characterised by its physicochemical param-
eters, oligosaccharide profiles and botanical origin
(Arias et al., 2003; Malacalza et al., 2005, 2007), but
the antioxidant capacity and mineral composition of
the entire province remain unstudied. Moreover, it has
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been documented that these parameters could provide
enough information for honey geographical discrimi-
nation (Pasquini et al., 2014). However, this model
was only evaluated to discriminate among three differ-
ent regions, and little work has been carried out in
order to find a successful method to discriminate
among a higher number of regions.

In this work, honeys from the seven regions of the
Buenos Aires province were studied. The mineral com-
position, antioxidant activity, colour, total phenolic
and ash contents were determined. The aims of this
study were as follows: characterise honeys from the
different Buenos Aires regions; determine possible rela-
tionships between the different parameters studied;
suggest possible pollution indicators; and find parame-
ters which best discriminate honeys from different
regions. Thus, this work proposes a significant achieve-
ment in honey classification, as an important number
of geographically close regions was analysed.

Material and methods

Honey samples

This study was carried out on samples of blossom
honey, collected from the province of Buenos Aires.
This province is divided into seven geographical
regions: Paranaense region (I), Espinal region, districts
of Talar (II) and Cald�en (III); Pampeana region,
districts Oriental (IV), Occidental (V) and Austral
(VI); and Monte region (VII) (Fig. 1). The number of

samples from the different regions used in the tests is
shown in Table 1. Due to limitations in the use of
equipments and the amount of sample, the determina-
tions were performed in different number of samples,
which were selected randomly. Also, some anomalous
data were discarded using box plot (Pellerano et al.,
2012).
To ensure that honey was not modified during the

extraction procedure, all samples were obtained by
cold extraction at the laboratory, by direct compres-
sion of the honeycombs, and then filtered through a
fine sieve, to remove impurities. Samples were stored
in the dark at �20 °C until analysis.
The botanical origin of the monofloral honey sam-

ples is detailed in Fig. 1. The rest of the samples were
multifloral honey.

Mineral content

Honey samples were accurately weighed (5 g) and cal-
cined in a furnace at 550 °C (IRAM 15932). The ash
was weighed, dissolved in 3 mL of concentrated nitric
acid and diluted (25 mL final volume). The concentra-
tions of Fe, Ca, Cu, Zn and Mg were determined in
the solutions by atomic absorption spectroscopy (di-
rect air-acetylene flame method) (APHA 2005a),
whereas K and Na were determined by atomic emis-
sion spectroscopy (flame photometry) (APHA 2005b).
Calibration curves were performed with standard solu-
tions of each metal ion (Chem-Lab) at 1000 mg L�1

concentration. Measurements were performed at least
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Figure 1 Regions of the Province of Buenos

Aires, Argentina, and the number of

monofloral samples collected in each area.
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in duplicate on a Shimadzu AA-6650 spectrophotome-
ter (Kyoto, Japan).

Total phenolic content (TPC) and antioxidant capacity

Honey aqueous solutions for antioxidant and TPC
determinations were prepared by dissolving 5 g of
honey in 5 mL of distilled water and sonicated for
5 min (Branson 2510, 2510e-DTH; Danbury, CT,
USA) (Beretta et al., 2005).

The Folin–Ciocalteau method was used to determine
the total phenolic content of honey solution, according
to the method described by Escuredo et al. (2011).
Absorbance was measured at 750 nm (Hitachi U-1900,
Tokyo, Japan) using gallic acid solution (250 lg mL�1)

as standard. Results were expressed as milligrams of
gallic acid kg�1.
Two different methods for antioxidant measurement

were performed over the samples: DPPH radical scav-
enging assay (Brand-Williams et al., 1995) and FRAP
assay (Benzie & Strain, 1996). Results were expressed
in terms of IC50

�1 (mL g�1) and lmol of Fe+2 g�1 of
honey, respectively.
All determinations were performed in duplicate. All

chemicals used were of analytical grade.

Honey colour

The colour of honey samples was measured using the
Pfund scale. Homogeneous liquid honey, without air

Table 1 Antioxidant activity (DPPH and FRAP), total phenolic content (TPC), colour, ash and mineral composition of honey from the

different regions of the Buenos Aires province

Region Paranaense I

Talar

II

Cald�en

III

Oriental

IV

Occidental

V

Austral

VI

Monte

VII

DPPH

(IC50
�1)

n 5 5 6 5 7 7 5

Mean 43.5 bc 31.2 ab 21.8 ab 39.0 abc 20.1 a 30 abc 47.4 c

SD 11.5 7.6 25.5 16.2 10.6 30.0 10.7

FRAP

(lmolFe+2 g�1)

n 5 5 6 5 6 6 5

Mean 2.4 a 2.6 a 1.9 a 2.7 a 1.8 a 1.7 a 3.8 a

SD 0.69 0.75 2.7 1.3 0.6 0.8 0.8

TPC

(mg kg�1)

n 5 5 6 5 7 7 5

Mean 616 c 663 c 428 a 569 bc 449 ab 395 a 693 c

SD 89.9 160.9 141.6 110.4 42.4 66.1 75.0

Colour Pfund n 8 6 6 9 7 11 8

Mean 51.1 b 20.6 a 8.2 a 24.8 a 11.2 a 18.49 a 53.6 b

SD 26.4 13.5 15.5 20.1 11.6 15.9 13.7

Ash

(g kg�1)

n 8 6 6 9 7 11 8

Mean 1.5 b 0.9 a 0.8 a 0.8 a 0.6 a 0.7 a 1.1 a

SD 0.5 0.4 0.4 06 0.3 0.4 0.4

Fe

(mg kg�1)

n 8 6 6 9 6 8 8

Mean 3.0 b 2.7 ab 0.7 a 1.1 ab 1.0 ab 2.0 ab 2.4 ab

SD 2.3 2.2 0.3 0.6 1.3 2.2 2.6

Zn

(mg kg�1)

n 8 6 6 9 6 8 8

Mean 1.6 d 1.6 d 1.3 bc 1.4 c 1.2 b 0.9 a 1.3 bc

SD 0.1 0.1 0.1 0.2 0.05 0.1 0.1

Cu

(mg kg�1)

n 8 5 6 9 6 8 8

Mean 1.2 d 1.1 d 0.9 cd 1.0 cd 0.6 a 0.7 ab 0.8 bc

SD 0.2 0.1 0.2 0.4 0.1 0.7 0.1

Mg

(mg kg�1)1
n 8 6 6 8 6 8 8

Mean 1.9 b 1.7 b 0.5 a 1.8 b 3.7 c 3.0 c 5.3 d

SD 0.8 0.7 0.4 1.1 0.4 0.9 0.9

Na

(mg kg�1)1
n 5 5 6 9 6 5 6

Mean 41.9 bc 34.8 ab 34.6 ab 46.2 cd 46.6 cd 26.1 a 55.1 d

SD 2.1 15.6 5.9 9.2 12.6 2.7 6.3

Ca

(mg kg�1)

n 8 6 6 8 6 8 7

Mean 40.7 b 38.1 b 27.1 a 38.2 b 35.2 b 25.5 a 40.8 b

SD 10.8 2.6 9.5 2.5 2.9 7.0 4.4

K

(mg kg�1)1
n 8 6 6 9 6 8 8

Mean 272 bc 285 c 155 a 268 bc 244 bc 237 b 382 d

SD 27.2 18.4 67.4 60.8 36.1 23.6 46.3

Different letters within each row indicate significant differences among regions (P ≤ 0.05).
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bubbles, was appropriately set in the Pfund colorime-
ter (Pfund Colour Grader 638 W1, Koehler Instru-
ment Co. Inc., 168-56, Douglas Ave, Jamaica V).
The colour was visually compared with standards
(colour Pfund) (IRAM 15941-2). Colour grades of
honey based on Pfund readings are as follows: aver-
age scale reading ≤8 mm: water-white; 8 < read-
ing ≤ 16: extra white; 16 < reading ≤ 34: white;
34 < reading ≤ 50: extra light-amber; 50 < read-
ing ≤ 85: light-amber; 85 < reading ≤ 114: amber;
reading > 114: dark.

Statistical analysis

Honey samples were classified according to their geo-
graphical origin. Results of DPPH, FRAP, TPC, col-
our, ash and the seven minerals analysed were
expressed as mean values and standard deviations
(SDs). To discard anomalous data, a preliminary
exploratory analysis was performed using box plots,
based on the median and the quartiles (Pellerano
et al., 2012). Then, the statistical differences were
obtained through an analysis of variance (ANOVA) fol-
lowed by Fisher’s test at 95% confidence level
(P ≤ 0.05).

Results were processed using multivariate chemo-
metric techniques involving principal component anal-
ysis (PCA) and linear discriminant analysis (LDA).
Before the chemometric analysis was performed, data
were normalised. The Kolmogorov test was used to
confirm the normal distribution (Hern�andez et al.,
2005; Grembecka & Szefer, 2013).

PCA was performed to identify the most important
variables related to the antioxidant activity (TPC,
DPPH, FRAP, colour and ash). This chemometric
technique was also performed to evaluate relation-
ships among the different minerals analysed (Fe, Zn,
Cu, K, Ca, Mg and Na). PCA is a powerful tool
which identifies similarities between samples and
reduces the number of dimensions that describe the
data by generating a new set of variables without los-
ing much information (Granato et al., 2010). The
maximal amount of variance contained in the original
data set is concentrated in the first principal compo-
nents.

Finally, linear discriminant analysis (LDA) was per-
formed with the samples in which all the assays were
accomplished. This methodology provides a discrimi-
nate model according to the descriptors previously
defined. LDA comprises linear combinations of inde-
pendent variables. These equations can be used to
determine to which group each sample most likely
belongs. Then, the probabilities of correct classification
were estimated using validation methods (Hern�andez
et al., 2005).

Results and discussion

Mineral content

According to Hern�andez et al. (2005), the mineral con-
tent of floral honey ranges from 1 to 2 g kg�1, and
depends on its floral origin, climatic conditions and
the extraction techniques. In this work, honey was
obtained by cold extraction at the laboratory to avoid
modifications during the extraction procedure. Thus,
honey mineral content would only depend on the floral
and/or geographical origin.
Table 1 summarises the data of the different sam-

ples, grouped by their geographical origin. In the
main, Buenos Aires honey is composed by K (76% of
the mineral content), Ca and Na (11% and 10%,
respectively) and only low concentrations of Cu
(0.95%), Mg (0.94%), Fe (0.55%) and Zn (0.34%).
The content of K and Na was similar to values
reported by Gonz�alez Param�as et al. (2000), whereas
the content of Ca and Mg was lower than values
reported by these authors in honey from the western
Spain. On the other hand, the content of Na and K
was lower than values reported by Nanda et al.
(2009). It must be considered that most samples anal-
ysed in the present work correspond to light honeys,
which contain lower mineral levels that dark honeys
(Vanhanen et al., 2011).
The heavy metal content of honey may be useful for

assessing the presence of environmental contaminants,
besides it could be an indicator of geographical origin
(Perna et al., 2012; Alves et al., 2013). It is known
from literature that trace elements such as Cu may be
considered indicators of contamination during the
honey processing (Baroni et al., 2009). Besides, Zn is
considered a potential air or soil contaminant of
anthropogenic origin. Fe is an important element in
the classification of monofloral honeys, but the inter-
pretation of its concentration among different regions
is more difficult (Bogdanov et al., 2007). In the present
work, the Zn and Cu concentrations were lower than
those reported by Bogdanov et al. (2007) and can be
considered lower than the toxic levels. Several authors
reported similar results in blossom honeys from Pales-
tine (Swaileh & Abdulkhaliq, 2013), Spain (Hern�andez
et al., 2005) and other Argentinean regions (Baroni
et al., 2009; Pellerano et al., 2012).
As detailed in Table 1, significant differences were

observed in the mineral content of honey from differ-
ent geographical regions (P ≤ 0.05). The highest con-
tent of the main minerals, K, Na and Mg, was found
in Monte (VII) region. This could be explained by the
high sodium content in the soil. Besides, Occidental
(V) and Oriental (IV) districts also showed consider-
able Na concentrations; this could be related to the
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catchment area of the river Salado where these regions
are situated (S�anchez et al., 1998).

As previously explained, samples analysed in the
present work showed low Zn and Cu content. The
regions which presented slightly high values of these
trace elements were Paranaense (I) and Talar (II)
(Table 1). The pollution of these regions could be
related to the contamination described in the R�ıo de la
Plata area (Ratto, 2010).

Antioxidant activity and total phenolic content

Antioxidant activity and total phenolic content of
honey from the different regions of Buenos Aires pro-
vince can be found in Table 1.

The scavenging activity against DPPH indicates the
overall hydrogen/electron donating activity of antioxi-
dants. Honey from Monte (VII) and Paranaense (I)
regions showed a higher scavenging ability than honey
from Occidental (V) region (P ≤ 0.05). The scavenging
ability of the honeys assayed was slightly lower than the
commercial honeys analysed by Beretta et al. (2005).

On the other hand, no significant differences
(P > 0.05) were found in the antioxidant profile of
honeys by the FRAP assay. This result suggests that
DPPH assay would be better than FRAP assay to dis-
criminate honey from different geographical origin.

The Folin–Ciocalteau assay was used to determinate
the total phenolic content (TPC) of the samples. Honey
from Monte (VII), Talar (II) and Paranaense (I) regions
presented a higher phenolic content than honey from
Cald�en (III), Occidental (V) and Austral (VI) regions
(P ≤ 0.05). The total phenolic content varied from 294
to 915 mg of gallic acid kg�1 of honey and was similar
to results reported by Isla et al. (2011) in honeys
obtained from north-western Argentina.

Ash content and colour

Colour is an important quality parameter of honey
and has considerably influence on the customer prefer-
ence. Besides, several works have reported positive

correlations between the honey antioxidant activity
and its colour or mineral content (Sant’Ana et al.,
2012; Ku�s et al., 2014).
Statistical analysis showed that honey from Occiden-

tal (V) region exhibited lower colour Pfund and
antioxidant values (DPPH assay) than honey from
Paranaense (I) and Monte (VII) regions (P ≤ 0.05). As
mentioned earlier, Paranaense (I) and Monte (VII)
regions showed a high concentration of phenolic com-
pounds, while Paranaense (I) region presented the
highest ash content (Table 1). Furthermore, Para-
naense (I) region showed the highest concentration of
Fe (Table 1). Previous works have indicated that
honey colour is possibly related to mineral content,
especially to trace elements such as Fe (Gonz�alez-
Miret et al., 2005; Sant’Ana et al., 2012). Results in
the present work indicate that honey colour is a com-
bination of various factors, including TPC and mineral
content.

Principal component analysis (PCA)

To provide a better understanding of the data, two
different PCAs were performed. In one assay, relations
among TPC, DPPH, FRAP, ash and colour were eval-
uated, while in the other, relations among the different
minerals analysed were considered (Fig. 2).
The loading plots (which indicate the direction of

each original variable) and the scores plot (which
defines the position of the mean values of the original
data in the new space), considering the antioxidant
capacity, colour Pfund and ash content as variables,
are displayed in Fig. 2a. The first two principal com-
ponents explained the 93.1% of the total variance
among samples. The loading plot showed that CP 1
accounts for 80.0% of the total variance, and included
most of the information concerning colour Pfund,
TPC (folin) and DPPH. In contrast, ash content is
mainly considered in CP 2, which explained 13.1% of
the total variance.
Honey from Monte (VII), Oriental (IV) and Talar

(II) regions was characterised by their antioxidant
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capacity, whereas honey from Paranaense (I) region
was better described by its ash content and colour
Pfund (Fig. 2a). These results are in agreement with
data of Table 1.

Pearson’s correlation coefficients were calculated to
evaluate the strength of relations between the variables
(Table 2a). As expected, high correlations (P ≤ 0.001)
were found between the two antioxidant assays per-
formed. Moreover, significant correlations were found
between TPC and FRAP (P ≤ 0.001) and between
TPC and DPPH (P ≤ 0.01). Some authors have indi-
cated that trace minerals could be related to the
antioxidant capacity of honeys as they can be electron
donors (Sant’Ana et al., 2012; Chua et al., 2013).
However, data obtained in the present work did not
show any correlation between the antioxidant capacity
and the trace mineral content (data not shown). From
these results, it can be assumed that the antiradical
activity of honeys from the Buenos Aires province
would be mainly explained by the phenolic con-
stituents. Beretta et al. (2005) reported similar conclu-
sions when analysed the antioxidant activity of
different monofloral honeys.

As can be seen in Table 2a, high correlations
(P ≤ 0.001) were found between colour Pfund and
FRAP or TPC. These results support the idea that
honey colour can be related to the antioxidant capac-
ity. Consistent with this result, Wilczy�nska (2014)
studied Polish honey, and had found that dark honey
showed the highest antioxidant activity as well as total
phenolic content. Besides, in the present work, a sig-
nificant correlation was found between ash and colour
(P ≤ 0.01) (Table 2a). These results reinforce the
hypothesis that the colour of honey from the Buenos

Aires province is determined not only by the TPC, but
also by the total mineral content.
Relations among the different minerals analysed

were also studied. Significant correlations were found
between Zn and Cu concentrations (P ≤ 0.01)
(Table 2b). Besides, significant correlations were found
between Fe-Zn and Fe-Cu (P ≤ 0.05). Fe can be found
in honey due to its natural presence or due to anthro-
pogenic contamination (Bogdanov et al., 2007). How-
ever, according to the present results, it could be
speculated that Fe content in Buenos Aires honeys
could be related to contamination. Similar conclusions
were found by Rashed et al. (2009) who found that
honeys in polluted areas presented higher concentra-
tions of Zn, Cu and Fe than honeys from unpolluted
areas.
The loading plot for all the minerals considered

(Fig. 2b) showed that the minerals analysed showed
positive contributions to PC1, which accounted for the
49.6% of the variance. On the other hand, Fe, Zn and
Cu contents show negative scores of PC2, which had
less contribution of the total variance (32.7%). The
score plot revealed that Talar (II) and Paranaense (I)
regions were better characterised by their content of
Fe, Zn and Cu, while Monte (VII) and Oriental (IV)
regions by their content of the major minerals. This
agrees with the results displayed in Table 1.

Linear discriminant analysis (LDA)

To find equations which best discriminate between
honeys from the different regions analysed, a discrimi-
nant analysis was performed. In a preliminary attempt,
only variables with a significant contribution to the
discriminant function model were considered
(P ≤ 0.05). However, although the ash content pre-
sented a slightly higher P-value (P = 0.06), it was also
considered in the LDA to acquire a better discrimina-
tion model (2.9% of classification error). Hence, the
LDA created a model that included TPC, colour
Pfund, ash content, and Fe, K, Ca, Mg, Zn and Cu
concentrations.
The first dimension (CV 1) accounted for 63.7% of

the data variance, separating the samples according to
their Zn and Mg concentrations, TPC and colour
Pfund. The second canonical variable (21.6% of vari-
ance) separates samples according to their K and Ca
concentrations. Finally, the third canonical variable
only accomplishes for the 10.8% of the variance. The
Wilks’ Lambda value for the proposed model indicates
a good discriminating power (P < 0. 0001). The pre-
sent results indicate that the best classification of
honey samples could be archived considering not only
by the mineral composition, but also by the TPC and
colour. Similar results were found by Gonz�alez Para-
m�as et al. (2000) in Spanish honeys. These authors

Table 2 Correlations between (a) antioxidant activity (DPPH and

FRAP), total phenolic content (TPC), ash and colour; (b) mineral

content (Fe, Zn, Cu, Mg, Na, Ca and K)†

(a) DPPH TPC FRAP Colour Ash

DPPH 1.00

TPC 0.51** 1.00

FRAP 0.65*** 0.77*** 1.00

Colour 0.54** 0.70*** 0.58*** 1.00

Ash 0.33 0.49** 0.43 0.52*** 1.00

(b) Fe Zn Cu Mg Na Ca K

Fe 1.00

Zn 0.82* 1.00

Cu 0.81* 0.94** 1.00

Mg �0.08 �0.42 �0.54 1.00

Na �0.14 0.06 �0.08 0.44 1.00

Ca 0.59 0.54 0.42 0.43 0.70 1.00

K 0.50 0.23 0.19 0.70 0.50 0.86* 1.00

†Significance values: *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001.
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found that the best discriminating power was found
when both the physicochemical characteristics and the
mineral content of honeys were considered.

The obtained LDA in this work presented excellent
predictive capacity according to the misclassification
table (Table 3); the original grouped cases were cor-
rectly classified with an error of 2.9%.

According to the LDA, the relation among nor-
malised variables was represented by the following
equations:

CV1 ¼ �0:86þ 2:08½Zn� � 1:65½Mg� � 1:33TPC
� 1:30 colour Pfundþ 1:07½K� þ 0:95½Cu�
þ 0:77ash� 0:39½Fe� � 0:19½Ca�

CV2 ¼ 0:14þ 3:40½K� � 1:34½Ca� � 1:24½Mg�
� 1:05TPCþ 0:98Colour Pfundþ 0:68½Fe�
þ 0:61½Zn� � 0:45½Cu� þ 0:34DPPH� 0:27ash

CV3 ¼ 0:08þ 1:65½K� � 1:64½Mg� þ 1:47½Zn�
� 1:07TPCþ 0:75Colour Pfund� 0:66 ash
� 0:3½Cu� � 0:02½Fe�

Conclusion

Honeys from the different regions of Buenos Aires
province were characterised according to their antioxi-
dant capacity and mineral composition. Although
results between DPPH and FRAP showed a good cor-
relation, DPPH seemed to be a more accurate way to
characterise the antioxidant capacity of honeys.

In the present work, the antiradical activity of hon-
eys could be explained mainly by the phenolic con-
stituents.

Honey colour was found to be a combination of
various factors, including TPC and mineral content.

Only low concentrations of Zn and Cu were
detected, but a good correlation between these ele-
ments and Fe was found. This might suggest that the
Fe content in the honeys analysed could be an indica-
tor of contamination.

The linear discriminant analysis showed that honey
samples could be correctly classified according to their
TPC, colour Pfund, ash content, Fe, K, Ca, Mg, Zn
and Cu concentrations. The honey antioxidant capac-
ity (FRAP and DPPH) did not contribute to the dis-
criminant function model and are not recommendable
parameters to classify honeys from different regions.
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