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The transition of object systematization from a qualitative description towards a suitable numerical
quantitation of a given feature is observed in many scientific branches.

In this work we introduced an adequate quantitative characteristics of bee honey colour - the
chromaticity index (CI). The possible application of this index as a quick quantitative parameter in
the assessment of the quality of various bee honey types for the needs of veterinary inspection proce-

dures is discussed.
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INTRODUCTION

The colour of bee honeys is one of their
primary organoleptic parameters. It de-
pends on the botanical origin, the condi-
tions of honey processing and storage
(Ivanov, 1986).

The colour of honey is used as a pa-
rameter of quality in the complex organo-
leptic analysis (Chernigov, 1979; Ivanov,
1986; Bulgarian State Standards 2673:
1989: Dustmann, 1994) (Table 1). How-
ever, there are no literature data about
objective, quantitative measurement of
honey colours.

The aim of the present study was the
investigation of colour characteristics of
bee honey samples and the assessment of
the possibility of colour quantitative
evaluation for the needs of the veterinary
inspection procedures.

MATERIALS AND METHODS

The study was performed on 77 samples
of unprocessed bee honey originating

from places covering almost the whole
country. Samples were collected accord-
ing to Bulgarian State Standards 3050
(1980) and 2673 (1989) from the compa-
nies "Palchutev-med"” Ltd. and "Pchela-
94" - Stara Zagora during the summer
honey harvesting of 1999. The botanical
origin of honeys (monofloral, polyfloral,
nectar and honeydew) was determined
according to Bulgarian State Standard
3050 (1980) in the laboratory of the De-
partment "Food Hygiene and Technology,
Veterinary Legislation and Management”
of the Faculty of Veterinary Medicine at
Trakia University — Stara Zagora.

A method for application of colorimet-
ric theory in the quantitative determina-
tion of honey colour was developed. The
chromaticity index (CI) was introduced as
a quantitative parameter. For this purpose,
the absorbance spectrum of a 10 mm layer
of the sample was measured in 40 points
of the visual area of the electromagnetic
spectrum - within the wavelenghts range
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380-770 nm by 10 nm steps. The spectra
were measured with an automated system
. of colour measurement, consisting of a
spectrophotometer and a computer, devel-
oped in the Department "Informatics,
Mathematics and Physics™ at Trakia Uni-
versity, Stara Zagora.

Using the obtained spectra, the system
calculated the chromaticity coordinates of
each sample on the basis of colorimetric
theory (Judd and Wiszecki, 1975) taking
into account the sensitivity of human vi-
sion to light. obtained on the basis of
analysis of human eye response, the prop-
erties (spectrum) of the light source and
the absorbance of illuminated objects (in
this case, the absorbance spectrum of bee
honey samples was used). The choice of
the methodology was based on the as-
sumption that the inclusion of the charac-
teristics of human eye response to colours
in the theory renders possible the intro-
duction of a measurable value for colour,
that is adequate to human colour vision.
According to the rules of colorimetry, the
physical value for colour, adequate to
human perception, is a three-component
vector, whose magnitude determines col-
our luminance and its direction — chro-
maticity (representing the hue and satura-
tion). The vectors of all colours originate
from a point, corresponding to the black
colour and the sets of points (vector ends),
corresponding to all observed colours
form a three-dimensional colour space
(each dimension corresponding to the one
of the components characterizing the col-
our as a value). The set of points, equiva-
lent to honey samples, form a three-
dimensional line in the three-dimensional
colour area. If all points from this line are
projected on a plane, such, that it would
correspond to colours with equal lumi-
nance, the projections of colour points are
called points of chromaticity in the xOy
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plane colour coordinate system of the
Commision Internationale d'Eclairage
(CIE) from 1931 (Judd and Wiszecki,
1975). The use of chromaticity coordi-
nates instead of colour coordinates re-
duces the number of dimensions from 3 to
2 preserving the adequacy of human per-
ception.

Taking into account the forementioned
facts, the colour points of studied samples
were graphically shown in a plane co-
ordinate system (Fig. 1).

RESULTS AND DISCUSSION

In the chromaticity diagram xOy of CIE,
1931 the chromaticities or the coulours
with a single luminance are presented as
points (Fig. 1). They form a narrow clus-
ter of points (line) with paler samples be-
ing located in its left end and the darker -
to the right. The coordinates are dimen-
sionless but are presented in relative units.
The application of regression analysis
permitted to find the unknown relation-
ship (dependence) between chromaticity
coordinates x and y whose graphical pres-
entation was further called chromaticity
diagram (Fig. 1). The dependence could
be expressed by the equation:

y(x) = =25.825x + 27.415x* -8.5148x +
+1.1012 R*=0.8942 (1)

R’ (R-squared) characterizes statisti-
cally the adequacy of the model with the
experimental set of data. The closer R” is
to 1 (full correspondance of the model to
the unknown relationship), the better is
the adequacy between data and the model
(as is the case).

Despite the better visualization in pre-
senting colours with their colour points, in
the cases with bee honey it was possible
and easier to present the colours of a
number of samples with only one value,
based on the chromaticity coordinates,
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Fig. 1. Chromaticity points (CIE, 1931) for bee honey samples with a different botanical
origin. Dgs is the chromaticity point of a transparent colourless sample at disperse daylight
illuminant. The curve is a regression model of the function y(x) for the set of samples. An
example for the graphical determination of the x coordinate of the normal projection on the
curve for a point outside the curve is presented. In this case, for a sample of honeydew
honey, x=0.533 (reference CI values i.e. the numerical characteristics of the colour of vari-

ous honey types are given in Table 2).

which retains the adequacy to the human
colour vision. Our data evidenced that the
distance along the curve between the left
end (the point of colourless sample Dgs)
and the sample point (x, y) was suitable
for such characterization of bee honey
samples. If the point (x,, y,) lies outside
the colour curve, the distance to its pro-
jection on the curve could be determined
(Fig. 2).

The chromaticity index (CI) of honey
sample (i.e. the distance along the chro-
maticity curve) is calculated according to
the formula:

a= | +p Rk )
x=03127

where
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y' (x) = =77.475x" + 54.83x -8.5148 (3)
is the first derivative of (1)

It was determined that the function (2)
could be replaced with a high degree of
precision by the following model:

CI = 141.33x* - 231.74x> + 139.28x° -
34.978x +3.0537 R?*=0.9999 4)

For obtaining CI of a given sample in
cases where the chromaticity point of the
sample lies on the regression (chromatic-
ity) line, the respective x colour coordi-
nate have to be replaced in (4).

Our analysis showed that for samples,
whose chromaticity points (x,, y,) do not
coincide fully with the chromaticity line,
the coordinate x needs to be further cal-
culated as follows:
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Fig. 2. Chromaticity index of a bee honey sample. It is calculated as the length of the
segment from the chromaticity line between the initial Dgs point (its coordinates, known
from the color science, are listed) and the chromaticity point (x, y) of the sample. For a
sample whose chromaticity point is outside the colour curve, CI is calculated for its pro-

jection on the y(x) curve.

The normal (Fig. 2) to the chromatic-
ity line from the point x, passing through
the chromaticity point (x,, y,) of the sam-
ple equals:

1
}(x)—ys_—y,(x) (x —I,) (5)
where y(x) and y'(x) are replaced with the
values calculated according to (1) and (3).
Thus, the unknown value for a given point
(x5, ¥o in (5) is only x. After replacing in
(5). follows:

2000.791875x" — 3539.96185x" +
2382.74329x’ + (77.475y, -
785.615196)x” + (133.880615 — 54.83y,)x
+8.5148y, - x, - 9.37649776 =0

Thus, the x value is obtained and from (4)
- the CI value is obtained also in cases
where a precise measurement is needed.
For practical purposes, a good preci-
sion is obtained by graphical estimation of

x by

making a perpendicular from

the point (x,, y;) to the chromaticity line

Table 1. Qualitative description of the colour of some floral varieties of bee honey ac-
cording to their organoleptic characterization in specialized literature

Bulgarian State
Honey types Standard 2673 Chernigov (1979) Ivanov (1986)
(1989)
Acacia honey | pale vellow colourless or white pale yellow
Lime honey light amber light amber or pale
yellow
Sunflower Gold amber or yellow
honey
pale yellow with a | light amber to dark | pale yellow to yel-
Polyfloral slight greenish cast, | amber low, amber, brown
honey light amber, red, red- with a greenish or
dish-brown reddish cast
Honeydew greenish-brown  to | dark with various | light (from conifer-
honey dark brown casts ous plants to dark
(from deciduous
plants)
252
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Fig. 3. Chromaticity index (CI) as a function of x coordinate of chromaticity diagram. If
the x coordinate of a honey sample is known, CI could be calculated according to the for-
mula or determined graphically as shown. For instance, for a sample whose x = 0.533 (see
Fig. 1), the CI is 0.3.

Table 2. Quantiative characterization of the honey types from Table 1 using the proposed
chromaticity index (CI)

Floral varieties of bee honey
Parameters Acacia Lime Sunflower | Polyfloral | Honeydew
Sample size 8 5 3 59 2
CI — mean value 0.123 0.171 0.157 0.208 0.312
CI - standard de- 0.064 0.018 0.046 0.046 0.024
viation (SD)
Critical t-value 2.37 2.78 4.30 2.00 12.71
(0.95 confidence
level)
Confidence de- 0.152 0.051 0.200 0.091 0.301
viation
Confidence inter- 0.275 0.103 0.400 0.181 0.601
val
Difference be- 0.217 0.033 0.085 0.253 0.253
tween Cl,,, and
CImin
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from Figs. 1 and 2, and reading the x co-
ordinate of the intersection point of the
perpendicular and the curve. Then, CI is
calculated by using the value obtained in
(4) or graphically, as shown on Fig. 3.
Table 1 presents the qualitative de-
scription of bee honey colour, used in the
organoleptic characterization in special-
ized literature, and Table 2 — the quantita-
tive characteristics of the colour of differ-
ent honey kinds using the proposed chro-
maticity index (CI). The latter permitted
the interpretation of colour as a quantita-
tive feature of bee honey. One of the pur-
poses for the utilization of CI was the
classification of the various honey kinds.
As Fig. 1. evidences, the various ho-
ney kinds were located in different areas
of chromaticity diagram, ie. they fell
within specific CI ranges. In Table 2, the
reference ranges of CI of various honey
kinds are specified with the purpose of
classification and in particular, of veteri-
nary expertise. The number of polyfloral
honey samples was sufficient for obtain-
ing the confidence interval with an ac-
ceptable precision. For the other types of
honey, the number of analyzed samples
was too small for statistical purposes, so
presented data could only be informative.
It must be emphasized that the chro-
maticity points of samples as a set, define
adequately the chromaticity line, i.e. the
overall number of the samples was suffi-
cient for obtaining a representative model
of the curve and therefore, for a reliable
characterization of each sample colour by
the proposed CI despite the lack of
enough data for the quantitative classifi-
cation of some of the studied honey types.
The chromaticity index CI could be
used for a quantitative evaluation of the
relationship between the colour of a set of
honey samples with other features. It
could be utilized in a scale of colour stan-
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dards for visual assessment of honey col-
our. In particular, the chromaticity index
could be used as an quick numerical pa-
rameter for evaluation of honey quality for

veterinary control purposes.
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