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Abstract The present study aimed to differentiate Mimosa
scabrella Bentham (bracatinga) honeydew honeys from
blossom honeys, with and without addition of heat treat-
ment, and bracatinga honeydew honeys adulterated with
blossom honeys (5, 15 and 25% of blossom honeys), using
chromatic characterization associated with chemometric
analysis. Bracatinga honeydew honeys presented unusual
chromatic characteristics which allowed differentiation of
blossom honeys by principal components analysis. Addi-
tionally, a classification model was developed in order to
establish clear rules that characterize each group of honey.
The proposed model correctly classified bracatinga
honeydew honey and blossom honey samples, with and
without heat treatment. Only two samples adulterated with
5% blossom honey were misclassified. The chromatic
analysis associated with chemometric analysis showed
promising perspectives for its exploitation being able to be
used for screening and selection of bracatinga honeydew
honey, fresh or thermally treated as well as fraud detection.
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Introduction

Honey is a sweet substance produced by bees (Apis mel-
lifera) from the nectar of plants—blossom honey—or from
secretions of living parts of plants or from excretions of
plant-sucking insects—honeydew honey (European Com-
mission 2002). Honeydew honey are usually differentiated
from nectar honeys by higher values of pH, electrical
conductivity, ash percentage, di-and trisaccharide contents,
net absorbance, protein and lower monosaccharide content,
besides the darker colour and peculiar sensory features
(Escuredo et al. 2014). Because they originate from dif-
ferent sources, these honeys have unique characteristics
being that honeydew honey generally has a strong flavour
and a higher intensity of colour (Castro-Vazquez et al.
2006).

In Brazil, there is the production of a distinctive
honeydew honey obtained from the mutualism between the
bracatinga tree (Mimosa Scabrella Bentham) and plant-
sucking insects, mainly from Tachardiella sp., but also
from Stigmacoccus paranaensis Foldi (Mazuchowski et al.
2014; dos Wolff et al. 2015). These insects feed on the
phloem of the bracatinga tree and release a saccharinic
exudate, which is used by bees to produce bracatinga
honeydew honey, highly valued mainly by the European
market (Azevedo et al. 2017). This mutualism and conse-
quently, the production of bracatinga honeydew honey,
occurs only every 2 years, usually in the first semester,
coinciding with even years, which corresponds to the cycle
of reproduction of these insects. Still, during these months
the production of this specific type of honey is favoured
because this period coincides with the low availability of
flowers, causing the bee to use the exudate to produce
honey (Mazuchowski et al. 2014). Although its properties
have not yet been well elucidated, it is recognized that
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Bracatinga honeydew honey possesses unique nutritional
properties, such as free amino acids (Azevedo et al. 2017)
and bioaccessible amounts of minerals and phenolic com-
pounds (Seraglio et al. 2017).

The increasing demand and consumption of honeydew
honeys by consumers and by the food industry due to its
differentiated nutritional and possible therapeutic charac-
teristics has raised concern about its authenticity (Castro-
Vazquez et al. 2006; Bergamo et al. 2018). In order to
increase the yield of the product, fraudsters can add blos-
som honeys with low commercial value. Therefore, several
studies have been looking for the association of the phys-
ical-chemical parameters (Popek et al. 2017) as well as the
identification of specific chemical markers (Castro-Vaz-
quez et al. 2006; Simova et al. 2012) as a way to guarantee
the authenticity of these honeys. Consequently, some
sophisticated analytical methods and techniques have been
used for honeydew honeys authentication as nuclear mag-
netic resonance spectroscopy (qNMR) (Simova et al.
2012), inductively coupled plasma-mass spectrometry
(ICP-MS) (Madejczyk and Baralkiewicz 2008), and gas
chromatography-mass spectrometry (GC-MS) (Castro-
Vazquez et al. 2006), which are generally expensive,
require specific structure, trained professionals and gener-
ate high amount of chemical residue. Therefore, the dif-
ferentiation of honeys using a more eco-friendly and
costless technology is a true challenge to be completed in
the area of science, technology and food engineering.

The colour of honey is directly influenced by the
botanical origin (Belay et al. 2015; Silva et al. 2016),
presenting positively correlated with the antioxidant
activity and mineral content of honeys (Bertoncelj et al.
2007; Ku$ and van Ruth 2015). Hence, some studies have
already been published exploring the differentiation of
honeys using physicochemical parameters associated with
the chromatic analysis (Gonzalez-Miret et al. 2005; Nayik
and Nanda 2016). However, the investigation of the use of
only the colour parameters for the distinction between
different types of honey is scarce (Tuberoso et al. 2014)
mainly because the heat treatments used in the processing
of honey can also affect the colour of the product (Singh
and Bath 1997, 1998; Belay et al. 2015). Until the present
moment, no study has reported the use of chromatic
characteristics as a safe method for the classification of
heat-treated honeys. Thus, it is very important that classi-
fication methods involving colour parameters should be
validated with samples that have undergone heat treatment.

Among the techniques used to evaluate the honey col-
our, the most commonly used is based on the international
CIELAB system (CIE 2004; Bertoncelj et al. 2007; Nayik
and Nanda 2016). The CIELAB system evaluates the col-
our intensities for the lightness attribute (L*) and the
coordinates a* and b*, which evaluate the intensity of the
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colour green to red and blue to yellow, respectively.
Chroma (C*,;,) represents attributes of the colour referring
to the chromaticity and hue angle (h*,,) represents attri-
butes of the colour referring to hue, both derived from the
parameters a* and b* (Jha 2010; McGrath et al. 2017).

Due to the scarce studies related to the exploration of the
colour parameters in the differentiation and fraud detection
of honeys, principally honeydew honeys, the objective of
this study was to characterize bracatinga honeydew honeys,
blossom honeys, bracatinga honeydew honeys adulterated
in the laboratory, with blossom honeys (5, 15 and 25%) and
honeys subjected to thermal processing in relation to the
attributes of colour and differentiate each group of honey
using chemometric analysis.

Materials and methods
Honeydew and blossom honey samples

Honeydew honeys from bracatinga (Mimosa scabrella
Bentham) and blossom honeys were randomly harvested in
2016 from different geographic locations across the state of
Santa Catarina (Brazil) (Supplementary material 1). The
origin botanic from the samples was obtained through
declaration of the beekeepers.

Bracatinga honeydew honeys (n = 16) were obtained
from local producers with vast areas of bracatinga tree
cultivars and in the months with high exudate production to
ensure the extreme purity of honeydew honey. Addition-
ally, the honeycombs were collected, immediately trans-
ported (5 =+ 2 °C) to the laboratory, and manually drained
to avoid contamination with blossom honeys. Honeydew
honeys were filtrated to removed sediments and immedi-
ately analysed for the colour parameters. Blossom honeys
(n = 25) were acquired from the same and nearby localities
of the collection of bracatinga honeydew honeys. The
samples were sent to the laboratory and processed in the
same way as honeydew honeys. In order to avoid blossom-
honeydew honeys, blossom honeys were harvested in the
months there was not production of exudates.

Adulterated honeydew honey samples

To make adulterated samples, one sample of pure bra-
catinga honeydew honey (HD-8) was mixed with three
samples of blossom honey (HB-10, HB-14, HB-18) at
different concentrations—95:5 (w/w), 85:15 (w/w) and
75:25 (w/w), respectively—resulting in nine adulterated
samples (Supplementary material 2). Each blossom honey
sample used from the mixtures was selected as a repre-
sentative of different honey subgroups formed through the
cluster analysis using the Ward’s method of separation,



J Food Sci Technol (May 2019) 56(5):2771-2777

2773

calculated using the Euclidian distance (data not shown).
The same procedure was used to choose the honeydew
honey sample, and the sample chosen was the one that
represented an intermediate characteristic of the samples.
The mixtures were analysed for the L*, a*, b*, C*,, and
h*,, colour parameters.

Heat-processed honey samples

To evaluate the effects of heat on the chromatic charac-
teristics of honey, all bracatinga honeydew honey and
blossom honey samples were subjected to heating in two
different processes: (a) 45 °C for 48 h, process commonly
performed by beekeepers to make honey liquid and easy to
handle (Escriche et al. 2009), and (b) 80 °C for 4 min,
pasteurization applied mainly by the packers in order to
eliminate the yeasts that cause undesired fermentation and
slow the crystallization of the product (European Com-
mission 2013; Escriche et al. 2014). The two processes
were carried out in a water bath. A thermometer was used
to measure the temperature of the sample. The time began
to be counted from the moment the ideal temperature was
reached.  After cooling to room temperature
(25 °C £ 2 °C), the samples were subjected to chromatic
analysis.

Chromatic analysis

The honey colour was assessed by using a colorimeter
(Chroma Meter CR-400, Konica Minolta, Tokyo, Japan)
adjusted to operate with D65 illuminant and 2° of obser-
vation angle. The honey samples previously homogenized
and without dilution were placed in polystyrene cuvettes,
with an optical path of 10 mm, and the colour parameters
(L*, a*, b*) were measured against a white background.
The parameters Chroma (C*,,) and hue angle (h*,,) were
determined as proposed by the International Commission
of the Eclairage (CIE 2004; Jha 2010).

Chemometric analysis

Assays were performed in triplicate for each sample, and
the data was expressed as mean =+ standard deviation. The
principal component analysis (PCA) was used to explain
and interpret interdependence of data obtained in the
chromatic analysis.

A model for the classification of the type of honey
(honeydew, blossom and mixture) was developed with the
use of a method of data mining through classification and
regression trees (C&RT) using the parameters L*, a*, b*,
C*,p and h*,,. In this model, a data set is successively split
into increasingly homogeneous subsets until some specified
criterion is satisfied. These splits are represented by a tree

structure where each node corresponds to a split on a
particular variable (Bell 1996).

The software Statistica® version 10 and Paleontological
Statistics® (Past) version 2.16 were used to perform the
statistical analyses.

Results and discussion

The results of the colorimetric analysis of bracatinga
honeydew honeys and blossom honeys are shown in
Table 1. The L*, b*, C*,, and h*,, values were generally
higher in blossom honeys than in bracatinga honeydew
honeys, while only parameter a* presented higher values in
bracatinga honeydew honeys. These behaviours suggest a
difference in colour composition of honeys, indicating that
bracatinga honeydew honeys possess a specific chromatic
profile possibly capable to differentiate it from blossom
honeys produced in the same geographical location and at
similar periods.

According to PCA (Supplementary material 3), the
formation of two large groups is observed: one composed
only by bracatinga honeydew honeys and the other com-
posed by blossom honeys, where the principal component
(PC) 1 and 2 represent 98.65% of the total variability of the
data, which shows that the two honey types are well dis-
tinguished by their chromatic characteristics. The PC1 was
the main factor responsible for the variance of the data
(89.57%). The large dispersion of blossom honeys in the
PCA is possibly related to its variable chromatic charac-
teristics resulting from the distinct sources of nectar.
Meanwhile, bracatinga honeydew honeys showed similar
chromatic characteristics even though produced in distinct
locations, reinforcing the idea that this characteristic is
unique to this specific type of honey, enabling differenti-
ation from other blossom honeys.

Bracatinga honeydew honeys and blossom honeys
showed different chromatic characteristics, this profile was
evaluated as a possible authenticity marker for bracatinga
honeydew honeys. Thus, blossom honeys were added to the
bracatinga honeydew honey at concentrations of 5, 10 and
15% and then chromatic characterization was performed.

The results of the colorimetric analysis of bracatinga
honeydew honeys adulterated with different proportions of
blossom honeys are shown in Table 1. The lightness (L*)
of adulterated bracatinga honeydew honey was higher in
the samples with 25% (w/w) of blossom honeys (HDA-3,
HDA-6 and HAD-9 samples). This same tendency was also
generally observed for the parameters a*, b*, C*,, and
h* .5, where the honey samples with the highest percentage
of blossom honeys presented the highest values for these
parameters. This behaviour was expected once blossom
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Table 1 Colorimetric analysis
of bracatinga honeydew honeys
and blossom honeys

@ Springer

Sample L a* b* C*y, h* g,

HD-1 27.37 £ 0.21 16.82 £+ 0.05 12.01 £ 0.22 20.67 £ 0.17 35.53 £ 041
HD-2 24.48 + 0.01 1549 £ 0.16 11.12 £+ 0.02 19.09 £ 0.13 35.77 £ 0.28
HD-3 27.50 £ 0.47 17.03 + 0.01 13.28 £ 0.02 21.60 £ 0.00 37.95 £ 0.05
HD-4 26.95 £+ 0.48 16.15 £ 0.01 11.93 £ 0.06 20.08 £ 0.03 36.45 £ 0.15
HD-5 27.60 £ 0.38 16.56 £+ 0.10 12.98 £ 0.36 21.04 £ 0.30 38.10 £ 0.60
HD-6 26.28 £ 0.01 14.24 £+ 0.03 12.44 £ 0.12 18.91 £+ 0.08 41.13 £ 0.29
HD-7 26.85 £+ 0.00 11.95 £ 0.01 11.91 £ 0.00 16.87 £+ 0.00 44.92 £ 0.01
HD-8 28.06 £ 0.01 16.99 £ 0.18 14.79 £ 0.02 22.53 £ 0.14 41.04 £ 0.31
HD-9 28.04 + 0.44 17.28 £ 0.15 14.74 £+ 0.02 2271 £ 0.11 40.47 £ 0.25
HD-10 21.01 + 0.01 15.29 + 0.04 12.39 £ 0.32 19.68 £ 0.18 39.00 £ 0.80
HD-11 27.77 £ 0.01 16.98 £+ 0.04 15.62 £ 0.13 23.07 £ 0.11 42.60 £ 0.22
HD-12 22.80 + 0.01 11.31 £ 0.06 6.60 + 0.06 13.09 £ 0.07 30.28 £+ 0.16
HD-13 2791 £ 0.15 17.56 £ 0.10 15.21 £ 0.25 23.23 £ 0.22 40.90 £ 0.38
HD-14 25.98 £+ 0.19 15.12 £ 0.11 9.71 £ 0.11 17.97 £ 0.15 32.69 + 0.13
HD-15 26.01 £+ 0.18 13.54 £ 0.05 9.67 £+ 0.01 16.64 £+ 0.04 35.53 £ 0.11
HD-16 27.62 £+ 0.68 17.42 £+ 0.31 13.64 £ 0.01 22.12 £ 0.24 38.06 + 0.48
HB-1 4292 £ 0.01 6.71 £ 0.03 33.11 + 0.98 33.78 £ 0.96 78.54 £ 0.35
HB-2 42.61 £ 0.00 3.75 £ 0.07 30.57 £ 0.60 30.80 £ 0.59 83.00 £ 0.27
HB-3 38.64 £ 0.65 8.59 £ 0.10 30.98 £ 1.10 32.14 £ 1.03 74.49 £ 0.69
HB-4 43.41 £ 0.50 5.13 £+ 0.07 35.21 £ 0.02 35.58 + 0.02 81.71 £ 0.12
HB-5 34.92 + 0.62 16.24 £ 0.11 26.41 £+ 1.04 31.01 + 0.94 58.40 + 0.85
HB-6 49.88 £+ 0.46 1.93 + 0.06 30.77 £ 0.59 30.83 + 0.59 86.40 + 0.13
HB-7 3478 £ 0.21 12.89 £ 0.07 21.56 £+ 0.31 25.12 £ 0.28 59.14 + 0.33
HB-8 4433 £ 0.34 6.61 = 0.07 37.43 + 0.01 38.00 £ 0.01 79.98 £ 0.10
HB-9 45.40 £ 0.02 7.02 £ 0.02 38.61 £ 0.20 39.24 £ 0.01 79.70 £ 0.03
HB-10 43.00 £ 0.49 9.28 + 0.08 37.21 £ 0.04 38.35 £ 0.03 75.99 £ 0.12
HB-11 30.33 £ 0.71 15.65 £ 0.22 20.82 £+ 0.13 26.05 £ 0.17 53.07 £ 0.43
HB-12 33.01 £ 0.50 15.56 £ 0.14 22.79 £ 091 27.60 £ 0.83 55.65 + 0.83
HB-13 37.15 £ 0.51 15.14 £ 0.07 29.89 + 0.98 30.50 + 0.89 63.12 + 0.73
HB-14 35.24 + 0.61 15.79 £ 0.11 26.60 + 1.12 30.94 £ 1.01 59.28 + 0.89
HB-15 44.41 £ 0.30 6.89 £+ 0.04 39.54 + 0.76 40.14 £ 0.74 80.12 + 0.24
HB-16 40.33 £ 0.24 6.13 = 0.02 32.79 £+ 0.90 33.36 £ 0.89 79.41 £ 0.25
HB-17 43.58 £ 0.01 547 £ 0.10 3791 £ 0.01 38.30 £ 0.02 81.80 £ 0.14
HB-18 44.16 £ 0.00 6.95 + 0.05 33.62 £ 0.27 34.33 £ 0.26 78.32 £ 0.13
HB-19 38.93 £+ 0.38 13.66 £+ 0.05 31.75 £ 0.80 34.56 £ 0.76 66.72 + 0.46
HB-20 39.96 + 0.52 12.35 £ 0.07 32.72 £ 1.24 3498 + 1.18 69.31 + 0.67
HB-21 32.83 £ 0.19 15.27 £ 0.04 21.65 £ 0.18 26.49 £ 0.15 54.81 £+ 0.23
HB-22 38.82 £+ 0.00 10.36 £ 0.06 31.94 £+ 0.00 33.58 £ 0.02 72.04 £ 0.09
HB-23 40.26 £+ 0.00 11.43 £ 0.03 32.20 £ 0.01 34.17 £ 0.02 70.45 £ 0.04
HB-24 35.09 + 0.01 12.78 + 0.04 2442 £ 0.02 27.56 £ 0.03 62.38 £+ 0.06
HB-25 47.57 £ 0.01 1.07 £+ 0.06 28.16 £ 0.01 28.18 £ 0.01 87.83 £ 0.12
HDA-1 26.05 £ 0.01 15.29 £+ 0.06 13.02 £ 0.01 20.08 £ 0.05 40.40 £ 0.10
HDA-2 28.56 + 0.43 16.72 £ 0.18 15.30 £ 0.01 22.66 £ 0.14 42.46 £ 0.31
HDA-3 31.34 £ 0.20 17.32 £ 0.04 19.70 £ 0.00 26.23 £ 0.03 48.68 £ 0.08
HDA-4 27.26 + 0.01 16.71 £ 0.31 14.27 £+ 0.01 21.97 £ 0.23 40.50 £ 0.52
HDA-5 28.97 + 0.01 16.72 £ 0.02 15.21 £ 0.13 22.60 £ 0.09 4230 £ 0.24
HDA-6 29.60 + 0.01 17.21 £ 0.01 17.41 £ 0.08 24.48 £ 0.05 4533 £ 0.15
HDA-7 28.27 £ 0.79 16.47 + 0.04 14.63 + 0.03 22.03 £ 0.01 41.62 £ 0.13
HDA-8 29.01 + 0.01 17.11 £ 0.09 16.85 £ 0.02 24.01 £ 0.01 44.56 £ 0.05
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Table 1 continued Sample L b Crop I
HDA-9 30.50 £ 0.01 18.53 £ 0.02 18.74 £+ 0.01 26.35 £+ 0.01 45.33 £ 0.04

HD Bracatinga honeydew honey, HB Blossom honey, HDA Bracatinga honeydew honeys adulterated with
blossom honey, L* lightness, a* Intensity of green (negative values) and red colours (positive values), b*
Intensity of blue (negative values) and yellow colours (positive values), C*,, Chroma, h,, Hue angle

honeys showed high values for almost all the chromatic
parameters evaluated.

For a more robust evaluation, a classification model was
constructed using the C&RT classification trees looking for
the classification of honey samples in three groups: bra-
catinga honeydew honeys (pure and adulterated) and
blossom honeys. This model has already been used suc-
cessfully for the classification of blossom honeys from
different botanical origins by Popek et al. (2017) using the
results obtained from the physical-chemical parameters as
variables. For the construction of the model, only the use of
the colour parameters were necessary to ensure a good
prediction model.

According to the classification model developed
(Fig. 1), considering bracatinga honeydew honey, blossom
honey or adulterated bracatinga honeydew honey

(containing 5% or more of blossom honey), the honey
sample must satisfy pre-established conditions.

A classification matrix was constructed in order to
evaluate the effective representation of the structure of the
data set obtained through the classification model proposed
(Supplementary material 4). According to the classification
matrix, it is possible to observe that the proposed classifi-
cation model was able to correctly classify bracatinga
honeydew honey and blossom honey samples. Only two
samples (of a total of 9 samples) adulterated with 5%
blossom honey were misclassified (HDA-1 and HDA-4).
These results indicate that the developed model is reliable
and can be successfully used to classify bracatinga
honeydew honeys and blossom honeys, as well as adul-
terated bracatinga honeydew honeys, especially when
added with contents above 15% of blossom honey.

ID=1 N=50
HB
T r___l
Hue
I . 1
<=50,876314 >50,876314
| |
ID=2 N=25 ID=3 N=25
HD HB
P
I
L
I . 1
<=28,161250 > 28,161250
| |
ID=4 N=18 ID=5 N=7
HD HDA —HD
S —HB
b ---HDA
\ |
1 1
| Iniiing L !

Fig. 1 Classification model in the form of the Decision Tree using L*, a* and b* as predictor variables
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The chromatic characterization of samples submitted to
thermal processing is demonstrated in the Supplementary
material 5. When analysed through the classification model
developed, the heated samples were classified correctly in
100% of the cases. It is known that the HMF formation in
honey is intensified by increasing the temperature and time
of heating, affecting the colour of honeys (Singh and Bath
1997, 1998). The correct classification of the heated sam-
ples suggesting that the heating processes applied does not
affected significatively the HMF content and, conse-
quently, the colour of honey samples. Therefore, the clas-
sification model proposed in this work can also be used
successfully for samples subjected to moderate heat.

Additionally, it is important to note that the proposed
classification method can be used for authenticity and fraud
verification easily and quickly through chromatic analysis.
It is also worth noting that this method can be performed in
any laboratory without the need for sophisticated equip-
ment, trained technicians or use of chemical reagents and
can be useful as part of the initial screening process of
bracatinga honeydew honey.

Conclusion

In this study, bracatinga honeydew honeys showed peculiar
chromatic characteristics that allowed the differentiation of
this type of honey from blossom honeys produced in the
same geographical location and harvest period as well as
from bracatinga honeydew honeys containing blossom
honeys. A classification model was developed, which
allowed the correct classification of samples, including
those that have undergone heat treatment. These results
clearly demonstrate that the colour profile, associated with
chemometric analysis, can be used for the authenticity and
fraud verification control in honeydew honey.
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