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ARTICLE INFO ABSTRACT

Keywords: Honey is popular and versatile nutraceutical product, widely used as a sweetener. Its sensory properties,
Honey determined by the botanical origin, play a high role in consumers’ decision. Among these, colour is an important,
Colour L often price-defining property. Colour evaluation of honey can be done by different ways, the most commonly
;zzi(sjmlssmn spectra known being the Pfund scale, but Lovibond scale or spectral analysis are used as well. The Pfund method pro-
CIE L*a*b* vides a specific evaluation scale for honeys, however, this method is not able to detect slight differences and it

also has some deficiencies.

Our aim was to provide some examples proving the shortages of the present methodology for determination of
honey colour and suggest a solution that could qualify as a possible standardized method. A template providing
all the calculations (Pfund value, L*a*b*, C*ap, h®ap, AE*ap, AC* 4 Ah*ap, AH*ap AL*, Aa*, Ab*) based on the
UV-VIS transmission spectra, comparing the results of honey samples is attached. The experiment revealed the
drawbacks of the Pfund scaling system. We provide an alternative analytical method that can deliver more details
and information on honey colour and could overcome the deficiencies of the present protocols.

1. Introduction

Honey, is an important product worldwide that has been appreciated
for its nutritional and medicinal value. According to the provisions of the
Codex Alimentarius and the European Council, honey is produced by
honeybees from the “nectar of plants or from secretions of living parts of
plants or excretions of plant-sucking insects on the living parts of plants,
which the bees collect, transform by combining with specific substances
of their own, deposit, dehydrate, store and leave in honeycombs to ripen
and mature” (Codex Standard for Honey, CODEX STAN 12-1981, 2001;
The European Council, 2001). Several types of unifloral and polyfloral
honeys are known worldwide, the origin having a high impact on the
composition and the sensory properties of honey. Amongst sensory
properties, colour is an important attribute that is also part of regular
honey analysis (Da Silva et al., 2016; Oddo & Piro, 2004; Persano Oddo
& Bogdanov, 2004).
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Colour determination of honey can be done by several methods. The
most commonly used techniques are usually based on visual comparison
of the samples, such as Pfund, Lovibond and Jack’s scale. Honeys are
usually marketed and evaluated according to the Pfund scale, which is
able to give the colour intensity of honey in the amber scale, however, it
is sometimes hard to handle (Bogdanov et al., 2004). The ‘Pfund
colorimeter’ is a simple instrument which has a reference unit (Pfund
scale). It is based on the visual comparison of a honey sample against a
colour standard (Martin et al., 2014). In the absence of a dedicated in-
strument, Pfund values can be determined by a trained analyst, too
(Dominguez & Centurion, 2015). The instrument consists of a wedge of
amber-coloured glass next to a wedge-shaped cell which is filled with
honey. It has an arbitrary scale of 0-140 mm (mm Pfund) and is read
visually; the reading is the distance covered by the wedge that must be
moved to make a match. The method has been widely used through the
past decades and it is still very popular for a fast, inexpensive and simple
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characterisation of honey colour (Karabagias et al., 2020). However,
during recent decades several problems have arisen regarding the Pfund
scale. Some researchers have reported that it is hard to find a match for
the chromaticity for some samples (Brice, 1960). Others found that the
accuracy of the instruments highly depends on the subjective individual
readings, moreover, some samples are out of the range of 0-140 mm
(Bowles & Gullett, 1976). Another problem of the method is that it
cannot detect smaller differences between the samples due to the wide
ranges of the scale, i.e.: 0-8 mm - water white, 8-17 mm - extra white,
17-34 mm - white, 34-50 mm extra light amber, 50-85 mm - light
amber, 85-114 mm - amber, >114-140 mm - dark amber (Belay et al.,
2015; Bowles & Gullett, 1976; Pascual-Maté et al., 2018).

The Lovibond method is another visual method applied for honey
colour analysis. During this procedure glasses of six shades of yellow
colour are compared with the honey sample. Similarly, to the Pfund
scale, this method is not able to detect small colour differences, and the
result can depend on the observer itself (Szabo et al., 2016).

Another option for characterization the colour of honey is the
determination of colour intensity, which can be defined as the net
absorbance between two absorbance values, corresponding to the dif-
ference of A450 nm-A720 nm (expressed as mAU). The determination of
colour intensity may give information about the pigments of honey
(Karabagias et al., 2020).

Further possible technique for the measurement of honey colour is
determination of colorimetric parameters based on spectral information
or tristimulus values. This can be done in a chromaticity diagram or in a
colour space developed for the perception of the human eye, such as CIE
LAB, CIE xyY or CIE L*u*v* (Koren et al., 2020), but in the case of honey
analysis the LAB system is the most widely applied (Escriche et al., 2017;
Juan-Borras et al., 2014; Karabagias et al., 2017; Rodriguez-flores et al.,
2019; Sakac et al., 2019; Tuberoso et al., 2014). In this case L* defines
the lightness of the sample (0-100 scale), the higher the value, the
lighter the sample is. The a* coordinate determines the greenness/red-
ness of the sample. In this case greenish colour is in the negative range,
while reddish colour is in the positive range. The b* axis quantifies the
blue or yellow colour, where blueness is in the negative range and yel-
lowness in the positive range. The L*a*b* coordinates can be calculated
from the X,Y,Z tristimulus values. The magnitude of the perceived colour
differences can be represented by numerical values, described by
Euclidean distances in the CIELAB colour space (ISO, 2019). Based on
the L*a*b* coordinates, it is possible to determine the C*,, and h°,p,
values, where C*,, stands for the chroma (relative saturation) and h°,
stands for the hue angle. As described by numerous researchers (Al-Farsi
et al., 2018; Cimpoiu et al., 2013; Pascual-Maté et al., 2018; Pontis et al.,
2014) the colour measurement can also be performed by spectroscopy,
when the absorbance of the sample is measured and the Pfund value is
calculated from the absorbance obtained at 635 nm (Table 1). Spec-
troscopic and colorimetric techniques can provide a more exact evalu-
ation of honey colour and are able to identify the small differences
between honeys. However, there is still a demand for a method of colour
analysis which is more universal and can be used in a more standardized
way, enabling researchers and authorities to characterise honey more
objectively and detect differences more exactly.

Therefore, the aim of this study was to develop a method using
spectroscopic analysis to describe the colour attributes of honey samples

Table 1
Perceptible AE*ab difference threshold and categories.

Threshold values of the categories Category of the difference

AE*,;, AE*ab =0 no difference
AE*ab < 0.5 non-perceptible
0.5 < AE*ab < 1.5 barely perceptible
1.5 < AE*ab < 3.0 perceptible
3.0 < AE*ab < 6.0 visible

6.0 < AE*ab huge
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in a more accurate way, that also, delivers the Pfund value and also the
CIE colorimetric parameters of the samples with a better repeatability.
Moreover, we aimed to provide a tool that can be easily and practically
used by researchers.

2. Materials and methods
2.1. Honey samples

In this study 73 honey samples were analysed from different
botanical sources: 31 acacia (Robinia pseudoacacia), 10 Linden (Tilia
spp.) 7 chestnut (Castanea sativa), 7 honeydew, 7 sunflower (Helianthus
annuus), 5 silkgrass (Asclepias syriaca) and 6 rapeseed (Brassica napus).
The samples were collected directly from beekeepers with the exception
of one sample that was originated from of honey from European Union
and non-European Union countries. The coding system of the samples
consists of the abbreviation of the sample type derived from the Latin
names (RP-acacia, TS-linden, CS-chestnut, HO-honeydew, HA-sun-
flower, AS-silkgrass, BN-rapeseed) and the identification number of the
sample. The samples were collected from various geographical locations
in Hungary (except for one sample) and from different years (Table S2).
The samples were stored at dark places at room temperature until the
date of the measurement. Measurements were performed in July 2020.

2.2. Measurements

The colour of the samples was determined by spectroscopy,
recording the transmission spectra of the samples in the wavelength
range of 380-780 nm, at 1 nm steps. For the spectral analysis samples
were diluted with distilled water at 50/50 w/v% concentration, as
usually done for Pfund analysis (Bertoncelj et al., 2007) and spectral
acquisition was performed using a dual-beam Hanon i9 UV/VIS spec-
trophotometer (Hanon Group, China), using disposable plastic cuvettes
(10 mm optical pathlength). During the spectral acquisition distilled
water was used as blank. The measurements were performed at room
temperature (25 °C). No replicates were performed.

2.3. Data analysis

Transmission spectra of the samples were exported from the UV/VIS
Analyst software (Chongqing Drawell Instrument Co., Ltd., Chongqing,
China) and transferred to a template developed in Excel 365 (Microsoft
Corporation, Redmond, Washington, USA). The template was designed
to calculate all the colour parameters from the transmission spectra
according to the equations below (CIE Technical Committee, 2004;
Sant’Ana et al., 2014). The Pfund values were calculated from their
absorbance at 635 nm, derived from the corresponding transmission
spectra values. Besides the Pfund values, the following colorimetric
parameters were calculated: chromaticity coordinates (L*a*b*, XYZ,
xy), lightness, chroma and hue defined in the 1976 CIELAB colour space.
During the calculations, the D65 illuminant was assumed as light source
since our aim was to observe perceptible differences and the D65 illu-
minant is the most widely used daylight simulator in computational
vision science and provides a neutral state of chromatic adaptation.

Pfund = — 38.70 4+ 371.39 x Absorbance,sss (@D)]
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where A and B in the subscript denote the values of different samples, X,
Y and Z stand for the tristimulus values, X, y, z are CIE colour matching
functions, ¢(4) denotes the relative colour stimulus function, k is a
constant for normalisation, x and y are the chromaticity coordinates in
the CIE 1931 chromaticity diagram, L*, a*, b* are the colour coordinates
and AE*, is the colour difference defined in the CIELAB colour space
which describes the overall perceptible difference between two colour
stimuli. Based on A E*,, the perceptible difference can be categorised as
shown in Table 1 (Mokrzycki & Tatol, 2011). Further on, lightness,
chroma and hue differences allowed us to gain more information about
the nature of the perceived difference.

During the data analysis samples belonging to the same Pfund
category were compared according to their calculated colour attributes
from the transmission spectra to be able to prove that Pfund scale is not
sensitive enough to detect slight differences between samples.

The Pfund values of the honeys from the different botanical groups
were compared using ANOVA variance analysis. Before the analysis the
necessary assumptions, such as normality and Levene’s test of equality
of error variances were applied. In case the Levene’s test showed sig-
nificant (p < 0.05) values, the pairwise comparison was performed using
Games-Howell post hoc test, which is not sensitive to the equality of the
error variances (Tabachnick & Fidell, 2013).
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3. Results

3.1. The features and capabilities of the designed calculation template
table

The structure of the calculation template (Table S1 - supplementary
material) is shown in Fig. 1, the calculation steps are marked with (1)-
(12). The tool enables concomitant calculation of the different colour
attributes and Pfund values from the transmission spectra (Fig. 1a). In
addition, the template makes it possible to compare the colour proper-
ties of two different samples based on their transmission spectra
(Fig. 1b). There are two worksheets for processing data measured with 1
nm and 5 nm steps, respectively. Input cells are marked with blue
background. After inserting the transmission spectral data (1 nm or 5 nm
steps) and labels of the samples to column B (Sample A) and column C
(Sample B) (1), the template automatically calculates the Pfund values
(cells D7 and E7; (2)) of the two samples from the transmission values
obtained at 635 nm. The tristimulus values and chromaticity coordinates
(XYZ, xy) are also calculated for both samples (range M2:R8; (3)). This is
followed by the parameters of the CIELAB colour space: L*a*b*, h°,, and
C*,p calculated from the tristimulus values and chromaticity coordinates
(range N10:R15; (4)). In the next range from N17:P22 (5) the colour
differences of L*a*b*, h°,, and C,, can be found between the two
samples, followed by the perceptible AE*ab difference (range N24:529;
(6)), which not only gives the difference, but also shows which the
category to which this difference belongs (in accordance with Table 1).
In the range of N32:T39 the Pfund categories and values of the samples
are calculated from the transmission at 635 nm (7). For inverse calcu-
lations, the template gives the interval of transmission values at 635 nm
providing a Pfund value defined in cell N42 (range M41:Q45; (8)). The
template also automatically creates a plot of the transmission spectra (9)
for the samples to be compared (see examples in Figs. 1 and 2), and
creates three diagrams which visualize the two samples in the two
dimensional projections of the L*a*b* colour space (10), (11), (12), in
terms of the combinations of L*, a* and b* parameters (see example in
Fig. 3).

3.2. Results of the honey samples based on the calculations from
transmission spectra

Detailed calculated results of the honey samples regarding their
colour parameters can be found in Table S2 in supplementary data. The
table shows that samples from different botanical origins provide
various results, moreover, it can be also noted large differences can be
found among the colour parameter of the samples within the same
botanical group. The Pfund value range for acacia honeys was
7.26-20.92, for chestnut honeys it was 71.30-149.42, for honeydew
honeys 58.37-194.19, for linden honeys 38.27-139.48, for rapeseed
honeys 2.08-138.56, for silkgrass honeys 42.83-75.96 and for sunflower
honeys it was 96.30-198.91 (Table 2). The results showed higher stan-
dard deviation in the case of the honeydew, rapeseed and sunflower
samples. In the latter two cases the groups included aged honeys (5-6
years). Results of the ANOVA test followed by the pairwise comparison
showed that the acacia honeys had significantly (p < 0.01) lower Pfund
values compared to the other botanical groups, with the exception of
rapeseed honeys, which were not significantly different (p = 0.088).
Other groups did not show significant differences compared to each
other (p > 0.05).

The results show that some honey samples were out of the range of
the Pfund scale, which is a notable deficiency of the colour grading
method. Another phenomenon recognized was that even though some
samples have of transmission values at 635 nm and belong thus to the
same Pfund value or Pfund group, their detailed colour parameters and
transmission spectra were different. In the next two paragraphs exam-
ples of the above mentioned recognized deficiency and phenomena are
detailed.
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Fig. 1. The structure of the calculation template for the colour properties of honey samples using transmission spectra a) DATA, b) PLOTS. (For interpretation of the
references to colour in this figure legend, the reader is referred to the Web version of this article.)

The results obtained by the calculation template are illustrated on
acacia samples. Altogether 31 acacia samples were observed. Fig. 2
shows the transmission spectra of these samples normalised to their
value at 635 nm. It can be seen that the gradient changes of the spectral
transmissions below 635 nm were higher than above 6235 nm. The
transmission spectra of the other honey types can be found in Fig. S1. In
the case of other honeys, transmissions are even more scattered above
635 nm, with the exception of silkgrass honey, where distribution of the
spectra is similar to that obtained for acacia. Fig. 3 shows all acacia

samples on the a*b* graph. As seen on this graph, the a* and b* values of
the acacia honey samples were mainly scattered along the b* value. The
results of the other honey types can be found in Fig. S2. Similar plots
were obtained for silkgrass, rapeseed, linden and sunflower honeys,
while chestnut and honeydew honeys were scattered along a*.
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Normalised transmission %

140

Fig. 2. Transmission spectra of the acacia honey samples normalised to their
value at 635 nm.

Table 2
Results of the Pfund calculations by botanical groups.

Pfund value

Pfund class range

Pfund value®

range
Acacia —7.26-20.92 Out of range <0 - white 7.01 £ 8.27%
Chestnut 71.3-149.42 Light amber - out of range 104.41 +
>140 27.28"
Honeydew  58.37-194.19 Light amber - out of range 131.16 +
>140 51.64"
Linden 38.27-139.48 Extra light amber- dark 71.79 + 31.98°
amber
Rapeseed 2.08-138.56 Extra white - dark amber 86.91 +
51.06°
Silkgrass 42.83-75.96 Extra light amber - light 63.43 +14.07°
amber
Sunflower 96.3-198.91 Amber - out of range >140 122.38 +
38.43"

@ Mean + SD Letters in superscript denote the significant differences based on
the ANOVA results followed by pairwise comparison using Games-Howell test p
< 0.05.

100

80

y=-22.613x
60 R*=0.675
40 |
g
. . Il
-20
-40
-60
-80
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-100 -80 -60 -40 -20 0 20 40 60 80 100

a*

Fig. 3. CIE a*b* graph of all acacia samples analysed.

3.3. Results showing deficiency of Pfund scale regarding outlier Pfund
values

It is important to mention that due to the limitations of the Pfund

scale (values outlying of the interval between 0 and 140 are categorised
as wrong samples) it covers only a part of the possible range of trans-
mission spectra values (between 0% and 100%). Samples having
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transmission above 78.91% (Pfund below 0) and transmission below
32.92% (Pfund above 140) were defined as wrong samples according to
the Pfund scale, although we found authentic honey samples from both
categories.

3.3.1. Example 1

As an example, acacia honey samples from different years, having
too high transmissions, were compared. The transmission spectra are
shown in Fig. 4 where, it can be seen that, the transmission spectra
above ~580 nm could be considered as constant, while with aging the
spectral features of the samples in the range below ~580 nm changed
significantly.

In the case of our four acacia samples the transmission values at 635
nm were 80.01%, 80.01%, 79.79% and 79.64%, each of them leading to
a negative Pfund value (3). However, they were quite close to each other
regarding their Pfund-metrics. The Pfund and the AE,;, values listed in
Table 3 show that the spectral differences in the shorter visible wave-
length range produced perceptible differences in chromaticity.

3.3.2. Example 2

The limitations of the Pfund scale could also be observed with too
low transmission values (too dark samples), as in the case of our
chestnut and sunflower samples, shown in Fig. 5. The Pfund values were
149.43 and 149.53, while the perceived colour difference was 20.86.
This case is also a good example illustrating the differences in spectral
characteristics of different types of honeys.

3.4. Results of honey samples showing close Pfund values but high
perceived differences

3.4.1. Example 3

Acacia samples were grouped based on their Pfund values. The
lightest group based on the colour (Pfund category: water white) con-
sists of five samples. The graph of the transmission spectra is shown in
Fig. 6 and the Pfund values and the AE*,}, colour differences in Table 4.

Even though samples A and E had the same Pfund value, there was a
perceptible colour difference between them, while the colour difference
between E and B was minimal, but their Pfund values were different.

3.4.2. Example 4

Another type of example illustrates the comparison of different types
of honey samples. Fig. 7shows the transmission spectra of a silkgrass and
arapeseed sample. Their transmissions (and therefore absorptions) were
quite close at 635 nm, confirming the similarities in their similar Pfund
values (55.98 and 57.00), although, there were important differences in
other spectral ranges which caused a perceptible colour difference of
30.36.

Fig. 8 shows the samples in the a*b* diagram. In this case hue

100.0
90.0
80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0

0.0
380 430 480 530 580 630 680 730 780
A, nm

Transmission %

——RP10l — —RP110 — - -RP145 — --RP146 Pfund scale

Fig. 4. Comparison of the transmission spectra of four acacia honeys out of the
Pfund range, having similar transmission at 635 nm.
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Table 3
Examples of samples not fitting the scale of the Pfund method and their
perceived differences.

Pfund AEab A B C
RP101 —-2.73 A - -
RP110 -2.73 B 9.35 -
RP145 —-2.29 C 1.97 11.21
RP146 -1.98 D 5.18 4.19 7.30

Transmission %

380 480 580 680 780
A, nm
——CS30 — —HAI38 Pfund scale

Fig. 5. Comparison of the transmission spectra of sunflower and chestnut
honey out of the Pfund range, having similar transmission at 635 nm.

100.0

Transmission %

380 430 480 530 580 630 680 730 780

A, nm
—RP21 — —RPI111 — - -RP117
— -+ RP120 RP126 Pfund scale

Fig. 6. Comparison of the transmission spectra of five acacia honeys belonging
to the same group (water white) based on their Pfund value.

Table 4
Pfund values, AE*,;, values, and the perceived differences of five acacia samples
having similar Pfund values.

Pfund AE* A B C D
RP21 1 A - - -
RP111 2 B 8.37 - -
RP117 2 C 11.46 3.00 -
RP120 3 D 12.13 3.75 0.81 -
RP126 1 E 8.32 0.35 3.24 3.99

difference also plays a role in the perceived colour difference.

In examples 1-4 cases were presented in which the Pfund method
provides misleading results. The magnitude of the perceived difference
between two samples is independent of the actual Pfund values of the
samples. It is possible to find any combination of high/low perceived
difference between samples with high/low Pfund values. This aspect
underlines the importance of verifying Pfund measurements with such a
calculation tool considering the whole visible spectra.
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Fig. 7. Comparison of the transmission spectra of two honey samples from
different botanical origins, having similar transmission at 635 nm.
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Fig. 8. Comparison of two honey sample from different botanical origins based
on their a*b* values, having similar transmission at 635 nm.

4. Discussion

Even though both methods (i.e. Pfund and CIE L*a*b*) applied by us
to define the colour of the honey samples were based on spectral mea-
surements, the main difference needs to be highlighted. In practice the
Pfund value is given by a Pfund grader applying visual categorization
but in this study the Pfund values were calculated based on the spectral
transmittance of the sample measured at a single wavelength (635 nm),
disregarding the spectral information describing other wavelength
ranges. Besides, the CIE colorimetric system relies on the tristimulus
values, based on the spectral distribution measured at the whole visible
wavelength range between 380 nm and 780 nm. The efficiency of
spectral measurement determination of colour has been proven by other
authors too using reflectance spectroscopy to determine the colour of
honey and calculation of colour parameters from the spectra (Neguer-
uela & Perez-Arquillue, 2000).

In addition to the values measured at 635 nm, other differences in
spectra may cause perceptible colour differences between honey sam-
ples of equal Pfund values. Lightness and chroma differences can be
observed between honey samples of the same type but different ages,
while in case of different types of honeys even hue differences may
occur.

Limitations of the Pfund scale have another aspect as well. The range
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between 0 and 140 mm covers only transmission values between
32.92% and 78.91%. Escriche et al. (2017) also found Pfund values of
honey to be higher than 140, this showing the darkness of the samples.
Pontis et al. (2014) used also measurements at 635 nm and determined
the colour intensity. They found some honey samples as outlier from the
140 mm Pfund scale, having higher values. Honeys with transmission
out of this range at 635 nm cannot be categorised based on the Pfund
scale.

Results of our study showed that despite of the close Pfund values
and transmission values at 635 nm, some samples, even within the same
range, have different perceived colours, as proven by their AE*,}, results
(Table 1, Table 3). Therefore, there was a need for a method that can
provide more detailed results regarding the colour of the honey samples.
It is also important to note that the spectral measurements and L*a*b*
colour determinations of the samples are done in different ways, which
does not provide results that are comparable at an international scien-
tific level (Al-Farsi et al., 2018; Escriche et al., 2017; Juan-Borras et al.,
2014; Negueruela & Perez-Arquillue, 2000; Pontis et al., 2014). The
results of spectroscopic measurements can depend on numerous factors,
including the type of the light source, temperature, concentration and
spectral resolution. Crystal-free honey samples are of utmost impor-
tance, thus samples need to be liquefied, either by heating or by pre-
paring solutions of different concentrations. However, liquefaction of
samples by heating brings up other problems that can affect the colour of
the sample (Bodor et al., 2019; Kedzierska-Matysek et al., 2016). The
temperature applied for the liquefaction has an effect on the sample in
the function of time (Bogdanov, 1993). Depending on the amount of the
sample usually several hours are needed to liquefy samples at lower
temperatures (<40 °C), but long heating time can change the colour
even at low temperature levels (Smith, 1967), influencing thus the re-
sults. Therefore, application of watery solutions (typically at 50% w/v
concentration) seems to be a good solution for preparation of
crystal-free samples (Bertoncelj et al., 2007; Karabagias et al., 2020;
Kavanagh et al., 2019; Pontis et al., 2014).

As regards instrumentation, both colorimeters and spectrophotom-
eters can be applied for the measurement of the colour of the samples. It
is important to highlight that there is a widespread misunderstanding in
terminology: these two instruments are often referred to as synonyms.
As defined in colour technology, colorimeters apply continuous filters
and provide the X, Y and Z tristimulus values as output, while spectro-
photometers measure the transmission (or reflection or emission)
spectra. A main difference is that the tristimulus values can be derived
from the spectral data, therefore the results carry the error caused by the
spectral resolution of the spectrophotometer. Even though the color-
imeters do not carry this error because of their continuous filters, they
do not provide spectral information, therefore they are not applicable
for spectral comparison or the determination of the Pfund value of the
samples.

As regards spectrophotometers, the benefit of the benchtop instru-
ment is that it has a dedicated place for the sample, with well-defined
angles and pathlength when standard cuvettes are used. Moreover, the
spectrophotometer provides accurate measurements at all the wave-
lengths and it also provides better wavelength resolution (usually up to
1 nm). The colorimeters and handheld spectrophotometers are able to
provide quick colour determination, however in this case the place of the
measured sample and the environmental circumstances need higher
control and supervision. Moreover, handheld spectrophotometers are
usually not able to provide a wavelength resolution as low as 1 nm,
therefore these parameters have to be considered during the analysis
and results interpretation (Admesy, 2015). As a general recommenda-
tion, we suggest that the colour analysis of honey within laboratory
conditions should be performed on a benchtop UV-VIS spectrophotom-
eter as a primary choice. Pfund analysis should be applied within lab-
oratory circumstances only as a complementary measurement, and only
in the case of the samples that have a transmittance within the range of
the 32.92%-78.91%, as this covers the range of the Pfund scale. For
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honey samples that are out of this range, the Pfund values are not
applicable (see section 3.3). However, in the case of on-the-spot mea-
surements the use of handheld spectrophotometers and Pfund scales can
still be a choice, considering the aforementioned accuracy issues.
Nevertheless, in order to avoid deviations in transmittance values due to
temperature fluctuations, temperature control during the measurement
should be ensured.

Our measurements performed at room temperature (25 °C) were
found to allow a generally satisfactory repeatability. Repeatability was
estimated from a series of 12 measurements performed under identical
conditions, by multiplying the standard deviation by 2.8 (OIV, 2005).
Examining transmittance repeatability for a light and a dark honey,
relative repeatability was generally under 4% for the entire spectrum.
Based on these T% values, estimated repeatability was: for L* less than
0.5% rel., for a* less than 1% rel., for b* less than 1.5%. For the dark
honey estimated repeatability of the Pfund value calculated from these
transmittances was under 1.5%, however, it was rather high (around
20% rel.) for the light honey sample (from the lightest Pfund category),
which seems thus to be a more sensitive category.

As regards estimation of the impact of temperature changes, mea-
surements were carried out on a dark honey sample at 15 °C, 23 °C and
30 °C. Transmittance values were found to increase throughout the
whole visible spectrum, except for the range between 380 and 395 nm.
At 15 °C relative differences in T% were under 2% compared to the
values measured at 23 °C. Higher relative differences in T% were
detected when the values measured at 30 °C were compared to those
measured at 23 °C, especially at lower wavelengths, where they
increased close to 10% rel. This temperature dependence is reflected
mainly in a* and Pfund values, where relative differences at 30 °C reach
27% rel. for a* and 17% rel. for Pfund. Therefore, temperature control is
an important aspect of the measurement which should be respected
(temperature of 25 °C is suggested as a standard temperature).

5. Conclusion

Disregarding spectral information in the visible wavelength range
may result in discrepancy in terms of colour definition. Since the Pfund
scale is based on the spectral absorbance measured at a single wave-
length, the colour definition based exclusively on this value might be
illusive. Further limitation of the Pfund scale is that it can even exclude
some honey samples based on their transmission value at 635 nm.

For exact colour definition the colour categories defined by the Pfund
scale should be complemented - whenever possible - with colorimetric
data, such as L* a* b* colour coordinates and their derivatives defined in
the CIELAB colour space.

The colour of honey is influenced by several factors: (phenolics, ca-
rotenoids, sugars, minerals, pollens), water content, floral and
geographical origin, temperature and time conditions of processing/
handling/storage, age of honey, measurement conditions of colour
measurement, etc. In order to be able to compare internationally pub-
lished results on honey colours, a standardized measurement system
needs to be developed. It is necessary to lay down a detailed sample
preparation and exact measurement conditions (sample and measure-
ment temperature, wavelength ranges, wavelength step). Our method
could serve as a basic study to further establish a reliable method for the
repeatable and comparable measurement of honey colour, com-
plementing the Pfund analysis. Therefore, we would suggest to use the
whole spectral range (380-780 nm) during the measurement and also to
have stable temperature conditions. Based on our results, we also sug-
gest the establishment of a dedicated expert group for honey colour
analysis within the working group of ISO/TC 34/SC 19/WG 1-Honey,
where the validation and applicability of the method could be
elaborated.
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