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The mineral content and color characteristics of 77 honey samples were analyzed. Eighteen minerals
were quantified for each honey. Multiple linear regression (MLR) was used to establish equations
relating the colorimetric CIELAB coordinates to the mineral data. The results obtained shown that
lightness (L*) was significantly correlated with S, Ca, Fe, As, Pb, and Cd for the dark honey types
(avocado, heather, chestnut, and honeydew). For the light and brown honey types (citrus, rosemary,
lavender, eucalyptus, and thyme), Ca* and b* showed the lower correlation with the mineral content
of the honeys; their regression functions involve a few independent variables (Mg and Al for b* and
only Al for Cy,*). Furthermore, by means of application of linear discriminant analysis to the mineral
content, it was possible to obtain a model that classifies the honeys by their lightness. The prediction
ability of the built model, determined with the test set method, was 85%.
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INTRODUCTION (2—6). Other authors have considered the influence that the

pollen grains (PGs) (their morphology and color) may have on
'the honey color (7).

The mineral content influences the color and the taste of

oneys: The higher the quantity of metals and the darker color
is, the stronger taste they will have (8). However, there are no
studies of those estate correlations between mineral composition
and chromatic characteristics of honeys by applying objectives
methods such as spectrophotometric techniques.

The goal of this work is to study the relationship between
oney color and mineral content in several honeys by the use
of multivariate statistical techniques such as multiple linear
regression (MLR). Thus, the present study is aimed at obtaining

Honey, a natural sweet product elaborated by honeybees
contains mainly simple sugars or monosaccharides, of which
fructose and glucose are the main components (65%) and 18%
of water content, approximately. Proteins, flavonoids, flavor and
aroma, phenolic compounds, free amino acids, organics acids,
and vitamins constitute minor components of honeys, but they
contain all of the minerals that are essential to health.

The quantity and variety of minerals are present in honeys
depending on the nutrients that have been absorbed by the pIantsh
their availability in the soil, and the soil and environmental
contaminations. Thereby, the excess or deficiency of certain

chem!cals in the .S.O'l or water will have repercussions in the mathematical equations that permit us to decide which mineral
chemical compositions of the plants and then in the nedfar ( from those present in the honey has more weight and allows

On the other hand, the appearance of foods is one factor thate prediction of the different color parameters. Furthermore,
defines their quality and it is the first impression the consumer .|assification of honeys, according to their lightness, by means

gets directly from the food. Color, as a part of the appearance, 4t 5jication of linear and stepwise discriminant analysis (LDA
has to be within an expected range for consumer acceptanceg,q SDA) to the mineral content was carried out.

and the degree of acceptability is judged within that range.

Honeys show very different colors, varying from white or \ATERIALS AND METHODS
pale yellow to dark red or even black. Many studies have dealt
with the relation of honey color to the floral origin, industrial ~ Samples.The present study made use of 77 honey samples collected
processing methods, and the temperature and/or time of storagd? SPain, between 2002 and 2003. All samples were unpasteurized and
were taken no more than 3 months after extraction, stored in holders,
and immediately transferred to the laboratory and kept’&.\nalyses
* To whom correspondence should be addressed. Tel: (34)954556761.were made within a 6 month time period after harvesting.
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the PGs and honeydew elements (HDE) were counted for each honeysamples, at room temperature (25), was served in 25 mL labeled
sample in four different slides, covering the whole surface of each slide. beakers. Two sets of samples were established according to their
The botanical elements represent the addition of the PGs and the HDEslightness: dark honeys and light honeys.

The qualitative analysis was carried out using acetolyzed slides prepared Statistical Methods. For the statistical treatment of the data, the
according to the method described by Erdtm#d) (@nd always using Statistica computer packagé3j was used. For this study, forward

a subsample of 10 g of honey. stepwise MLR was used. The general purpose of multiple regression
Nine certified monofloral honey classes were included as follows: is to learn more about the relationship between several independent
eucalyptus Eucalyptussp.), rosemaryRosmarinus officinalis orange (or predictor) variables and a dependent (or criterion) variable. In
(Citrus sp.), heatherHrica sp.), thyme Thymussp.), lavenderl(a- general, multiple regression allows the researcher to know what is the
vandulasp.), avocadoRersea americana), honeyde®iercussp.), best predictor in a model. In multiple regression, more than one variable
and chestnut (Castanea sativa). is used to predict the criterion, and procedures will estimate a linear

Mineral Content. The minerals were determined using a Jobin- €guation of the form¥' =a + by x Xi + bz x Xo + ... 4+ bp x X
Yvon Ultima 2 ICP optical emission spectrometer and an Ultrasonic Where the regression coefficients (b) represent the independent con-
nebulizer (U6000 AT, Cetac). The instrument was operated in the tibutions of each independent variable to the prediction of the
following conditions: radio frequency, 27 MHz; operating power, 1200 dependent variable. The standardized versions db teefficients are
W; plasma argon flow rate, 2 L mif; auxiliary gas flow rate, 2 L the 8 weights, and the ratio of th@ coefficients is the ratio of the
min-% nebulizer gas flow rate, 0.02 L mif nebulizer pressure, 1 relative predictive power of the independent variables.

bar; rinsing time, 35 s; rinsing pump speed, high; transfer time, 60 s; The multiple regression can establish that a set of independent
stabilization time, 20 s; and transfer pump speed, high. variables explains a proportion of the variance in a dependent variable

at a significant level. Furthermore, it can establish the relative predictive
importance of the independent variables by means of comparing the
weights. The estimated (coefficients and constant) can be used to
construct a prediction equation and generate predicted scores on a
variable for further analysis.

Discriminant analysis was carried out. This statistical technique
required a qualitative variable (dependent variable) and two or more
nquantitative variables (independent variables). It is a method of
classification whose aim is to estimate through linear functions
(discriminant functions) of the independent variabldd,(15) the
probability that one of the cases belongs to each of the groups defined
by the categories of the dependent variable. There will be as many
groups as categories with the aforementioned dependent variable. This
classification will be made according to the properties given by the
independent variables common to each case. The aim of this analysis

Distilled, deionized water of 18 K2 cm™! resistivity, obtained from
a Milli-Q system (Millipore), was used to prepare all solutions. A 10%
v/v solution of nitric acid (Panreac, Spain) was used for digestion of
the samples. Spex plasma standard (1000 mywas used to prepare
Al, As, Ba, Be, Ca, Cd, Cu, Fe, K, Li, Mg, Mn, Na, P, Pb, S, Si, and
Zn reference solutions. The ashes were obtained by calcinations (600
°C) of 5 g samples honey to constant weight). Nitric acid (0.1 M,
5 mL) was added to the resultant ashes, and the mixture was stirred o
a heating plate to almost complete dryness. Then, 10 mL of the same
acid was added and the mixture was brought up to 25 mL with distilled
water. Results were expressed as mg of metal per kg of honey.

Color Analysis. The reflectance measurements were made using a
CAS 140 B spectroradiometer (Instrument Systems, Munich, Germany),
equipped with a Top 100 telescope optical probe and a Tamron zoom

model SP 23A. For this purpose, a plastic cell for reflectance was to evaluate the capacity for classification and prediction of the

measurements was used (475 mm850 mm>x 10 mm). obtained functions in order to check which of the variables were better
A subsample of 20 g of honey was heated again up t6566°C to for discriminating.

dissolve the sugar crystals and then poured into a 10 mm path length | pa obtains discriminant functions calculated to maximize distances

spectroradiometer cell, and the reflectance spectrum was measuredpetween predefined groups. Its purpose is to calculate class models
Blank measurements were made with the cell filled with distilled water, giving a rule of classification based on a set of known objects (training

with a BaSQ pressed plate as reference white background (USRS-99- set) This rule can be applied to define the classification of unknown
010, Labsphere Inc., North Sutton, NH). The reflectance spectra of the gpjects (test set).

samples were registered directly onto the honey, with the same white |, Spa a model of discrimination is built step-by-step incorporating
background. The cells were placed inside a cabin with dray< 50) variables to the model in successive steps. Specifically, at each step,
walls to which the external illumination source of the spectroradiometer g yariables are reviewed and evaluated to determine which one will
was attached. The zoom, to which the probe was attached, was held agontribute most to the discrimination between stages. That variable will
a fixed distance of 50 cm in a straight line from the sample. As far as hen be included in the model, and the process starts again.
geometry of presentation, 2mcident illumination was used throughout

the experiment. The spectroradiometer was set to take three consecutive

measurements of each sample, so color coordinates obtained werdRESULTS AND DISCUSSION

averages of three measurements. The whole visible spectrum (380~ Mineral Content. In the analysis of individual mineral

770 nm) was recorded\( = 1 nm). llluminantDes and 10°0bserver —  ,hients 18 minerals were identified and quantified as fol-
were used in the calculus. The color parameters corresponding to the, . . . . . : .
lows: aluminum, arsenic, barium, beryllium, calcium, cadmium,

uniform color space CIELAB12) were obtained directly from the . . lithi .
apparatus. Within the approximately uniform space CIELAB, two color copper, Iron, potassium, lithium, magnesium, manganese,

coordinatesa* and b*, as well as lightnesd,*, are defined. Coordinate ~ S0dium, phosphorus, lead, sulfur, silicon, and ziable 1
a* takes positive values for reddish colors and negative values for Shows the mean, range, and standard deviation for the mineral

greenish ones, where&s takes positive values for yellowish colors ~ contents of honeys. Potassium is the mineral with the highest
and negative values for bluish oné$.is an approximate measurement ~ concentration present in the honeys, with a mean value of 634
of lightness, which is the property according to which each color can mg/kg (58%). This is according with other authors that affirm
be considered as equivalent to a member of the gray scale, betweerthat potassium is the majority mineral in honey5{18),
black and white, taking values within the range efI!_)O, respectively. followed by phosphorus (115 mg/kg) and sodium (106 mg/kg),
From the CIEZLAB spatl:/e, other parameters are defined, such as chrome\Nith percentages around 10%: silicon, 8%; and calcium, 6%.
(Cas* = [(@)* + (07)7") and hue angle fh = arctan (b*/a)]. Other minerals are present in quantities less than 47 mg/kg:

Coggitzzrggls; ;Vifoillj:mitttﬁg ;%: ;Iriisgﬁgﬁg%nytéﬁz(pgﬁbgﬁ ganelmagnesium (4%) and sulfur (2%). The rest of the minerals are
both male and female, who regularly participated in sensory evaluations, less t!’lan 0.5% of the total quantlfled minerals. .
and they had good experience in odor and flavor profiling of a number _AS it was expected, the mineral content was higher (between
of food products. Testing was performed in sensory laboratory with 1340 and 1879 mg/kg) in those darker honeys (avocado,
individual booths under fluorescent lighting with a correlated color chestnut, honeydew, and heather). A high quantity of potassium
temperature to a daylight illuminant. Fifteen milliliters of honey in these types of honeys is remarkable (from 60 to 70% of the
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Table 1. Mean, Range, and Standard Deviation for the Mineral Contents (mg/kg) of Honeys by Their Botanical Origin

avocado chestnut citrus eucalyptus heather honeydew lavender rosemary thymus
mineral (n=2) (n=14) (n=10) (n=4) (n=15) (n=233) (n=4) (n=11) (n=4) mean

Al 12.41+13.58 520+3.13 2.26 +£1.00 412+152 3.25+1.68 3.04+1.94 273+1.14 3.66 +3.63 2.65+1.66 4.38
2.81-22.01 1.85-7.90 1.02-4.71 2.61-6.03 0.96-4.85 0.92-9.98 1.90-4.40 1.27-14.07 1.24-5.01

As 0.06 +0.09 0.04 +0.05 0.10 +0.08 0.03 +0.04 0.05+0.04 0.05 +0.05 0.05+0.05 0.06 +0.03 0.02+0.03 0.05
0.00-0.13 0.00-0.10 0.00-0.25 0.00-0.07 0.00-0.10 0.00-0.21 0.00-0.10 0.00-0.15 0.00-0.06

Ba 0.00 +0.00 0.00 +0.01 0.00 +0.00 0.00 +0.00 0.00 +0.01 0.02 +0.09 0.00 +0.00 0.00 +0.00 0.00 +0.00 0
0.00-0.00 0.00-0.01 0.00-0.01 0.00-0.01 0.00-0.01 0.00-0.51 0.00-0.00 0.00-0.00 0.00-0.00

Be 0.00 + 0.00 0.00 + 0.00 0.00 +0.00 0.00 +0.00 0.00 + 0.00 0.00 +0.00 0.00 + 0.00 0.00 + 0.00 0.00 +0.00 0
0.00-0.00 0.00-0.00 0.00-0.00 0.00-0.00 0.00-0.00 0.00-0.00 0.00-0.00 0.00-0.00 0.00-0.00

Ca 68.65 + 24.36 10246 +33.14  50.72+20.50 90.22+4265  50.83+2541  69.47+2556  50.37+26.75 4751+2726  69.18+14.28 66.6
51.42-85.87 66.37-135.25 23.36-93.26  27.63-118.24  19.10-85.26 39.23-138.77  21.79-86.43  27.42-10851  56.41-84.49

Cd 0.01+0.01 0.01+0.01 0.01+0.01 0.00£0.01 0.00 +0.00 0.01+0.01 0.01+0.00 0.01+0.01 0.00 +£0.00 0.01
0.00-0.02 0.00-0.02 0.00-0.03 0.0-0.01 0.00-0.01 0.00-0.04 0.00-0.01 0.00-0.04 0.00-0.00

Cu 1.60 £0.67 0.69+0.11 0.52£0.21 0.57+0.33 0.80 +0.30 0.94+0.33 0.44 +0.07 042 +0.26 0.82+0.48 0.76
1.13-2.07 0.53-0.79 0.05-0.76 0.18-0.96 0.49-1.14 0.31-1.72 0.33-0.48 0.11-0.89 0.43-1.49

Fe 5.60 +3.55 4.68 +2.30 279+1.13 1.84+1.27 447 +4.58 4.26 +2.55 2.76 £0.51 2.41+0.66 2.95+394 3.53
3.08-8.11 2.92-7.89 0.96-4.30 0.00-2.84 1.41-12.54 1.41-13.09 2.13-3.25 1.54-3.36 0.00-8.32

K 1130.18 £ 777.94 1090.14 +466.60 237.00+51.25 476.71+193.77 870.05+250.29 824.38+338.50 325.87 +£91.82 274.88 +141.10 484.83+178.99 634
580.09-1680.27  683.79-1738.01  151.83-335.45 334.41-763.06 528.41-1168.91 307.25-1502.61 203.73-397.99 169.02—639.76  295.4-677.30

Li 1.32+£0.52 0.88 +£0.07 0.81+0.24 0.73+0.11 0.70 +£0.09 0.85+0.14 0.78 £0.08 0.79+0.15 0.89 +£0.30 0.86
0.95-1.68 0.80-0.96 0.47-1.38 0.65-0.90 0.62—-0.85 0.64-1.14 0.70-0.84 0.62-1.04 0.58-1.29

Mg 91.92 +72.86 75.99 +32.74 10.94+356  29.12+5098 57.73+20.72  9463+47.95  2348+1424 1432+1720 27.43+1274 47.2
40.40-143.44 47.40-110.81 5.67-17.82 21.52-36.13 36.67-84.23 18.53-176.11  6.31-40.78 4.69-64.72 15.74-40.18

Mn 2.96+2.13 851+3.84 1.23+0.36 3.62+148 6.08 + 4.66 8.76 £ 4.84 157+0.54 1.46 +£1.07 150 £0.57 3.97
1.45-4.47 2.89-11.28 0.63-1.92 1.53-4.92 1.91-13.81 1.60-26.96 1.18-2.36 0.83-4.41 0.85-2.05

Na 12827 +£3757  93.90 +£16.51 83.94+23.65 14442+117.05 77.18+9.11 8791+1294 8120+735 80.81+£17.33  17593+8593 105
101.70-154.84  77.10-116.65 47.49-13427 79.40-319.86  68.05-91.41 65.65-18.39 70.72-87.19  63.28-119.09  83.15-277.22

P 25853 +131.64 10466+36.21 49.21+11.74 7405+3468  154.36+107.20 156.21+64.60 75.80+22.08 61.12+2420 107.79+4421 115
165.44-351.62  65.65-142.76 31.61-65.42  53.52-125.84  77.06-335.74  41.46-296.02  43.10-91.68  40.77-124.07  70.15-170.63

Pb 0.22+0.05 0.23£0.09 0.31+0.21 0.14 £0.10 0.14+0.08 0.28 £0.17 0.21+0.08 0.28 +£0.26 0.14+£0.17 0.22
0.19-0.26 0.11-0.33 0.04-0.77 0.00-0.24 0.05-0.21 0.05-0.66 0.15-0.31 0.10-0.79 0.00-0.33

S 28.54 +22.46 28.03+12.24 1089+223  1487+10.76  3510+8.55 29.72+11.08  2221+1479 14.89+7.83 12.82 +10.65 21.9
12.66-44.42 10.50-38.46 6.98-13.61 0.00-25.53 25.01-42.71 13.84-55.40 7.75-42.70 7.91-34.73 0.00-25.90

Si 140.46 £ 0.60 90.75+11.20 86.81+9.41  77.38+1647  T7487+9.77 83.43+21.21 8027+7.88  81.05+19.05  91.93+34.04 89.6
104.68-176.24  77.43-104.54 4497-157.87 65.13-101.45  63.65-89.15 0.00-128.12 70.82-88.63  58.64-115.96  60.51-140.34

n 8.82+3.81 6.10 £3.54 492+235 3.86 +£2.48 480+223 473+2.14 434 +1.86 492+223 420+0.71 519
6.13-11.51 2.27-9.90 2.24-9.94 2.07-7.53 2.98-8.53 2.09-11.05 2.52-6.19 2.40-10.42 3.23-4.95
total 1879 1612 542 921 1340 1368 672 588.59 983.08 1101

Table 2. Mean, Range, and Standard Deviation for CIELAB Parameters by Their Botanical Origin

avocado chestnut citrus eucalyptus heather honeydew lavender rosemary thymus

variable (n=2) (n=4) (n=10) (n=4) (n=5) (n=133) (n=4) (n=11) (n=4)
L* 4188+7.01 3940+310 78.65+6.43 60.75+4.68  38.55%7.68 4152 +6.14 6720547  7286+1229 5473+4.08
36.92-46.83  37.59-44.02  65.57-87.42  55.97-66.89  28.68-46.37 31.01-62.39 59.79-72.98  44.28-86.47 50.96-59.46
a* 27.23+359  23.76 £ 1.63 729+354  2509+369 17601175  21.15+5.96 2097 +440  11.73+7.89 27.63+£1.74
24.69-29.77  21.89-25.60 0.81-12.86  20.29-29.19 1.77-31.14 5.61-29.52 16.60-26.07 0.66-27.77 25.65-29.67
b* 23.94+9.68  2038+364 5221+7.44 5192+556 16.22+1211 2212+10.18 59.48+579  4958+1027  43.29+7.06

17.09-30.78  17.28-25.65  38.09-61.42  45.89-57.82 1.59-31.37 5.11-52.99 53.17-66.12  24.90-59.81 36.46-50.30
Ca* 36.42+9.04 3137+326 5281757 5787+357 2398+16.79  30.87+11.07 63.25+4.69  51.82+8.32 51.54+£5.18
30.03-42.82  29.39-36.24  38.49-62.75  54.39-61.28 2.38-44.20 7.59-58.67 59.21-68.17  37.30-61.33 46.16-57.03
Nap 40.33+7.96  4040+4.16  8213+£366  63.97+559  41.20+4.57 44.33+7.39 7041+£5.06  76.11+1274  57.04+5.70
34.70-45.95  35.18-45.05  76.39-89.05  57.54-70.66  33.79-45.21 29.39-64.58 63.88-75.91  41.88-89.11 52.02-62.07

total minerals). This is according with the results obtained in space CIE 1976, a*, andb*) for the different types of honeys
other studies carried out with Spanish, Italian, and Moroccan included in the study. As it can be observed, the honeys with
honeys (1719—21). the highest levels of total minerals (avocado, heather, chestnut,
On the other hand, the lighter honeys (citrus, rosemary, and and honeydew) show quite low mean values of lightn&s} (
lavender) have the lower total quantities of minerals (542 and between 38 and 41 CIELAB units, coinciding with dark color.
672 mg/kg). Potassium, silicon, sodium, calcium, and phos- This is in agreement with results obtained by Terrab et2d) (
phorus are the majority in these types of honeys. Low levels of and Mateo and Boscl24) from Moroccan and Spanish honeys.
iron (<2.79 mg/kg) are remarkable in relation with the levels The honeys that show the lower quantities of total minerals
of this metal in the dark honeys-@.26 mg/kg), and this isin  (citrus, lavender, and rosemary) have the highest values of this
agreement with the results obtained by Lynn et aR)(that colorimetric parameter, with means higher than 67 CIELAB
confirm that the ferrum salts are the principal compounds units.
responsible for the darkening of honeys. Finally, the amber light  The chroma (G;*) represents the amount of color, and it is
honeys (eucalyptus and thyme) show middle quantities of total measured according to the distance to the coordinates origin.
minerals (921 and 983 mg/kg, respectively) and especially iron The lower values are shown for the dark honeys (means lower
(2.84 and 2.95 mg/kg). than 36 units), and the highest values are shown for the light
Color Characteristics. Table 2shows the mean, range, and honeys (means upper than 52 units), corresponding with vivid
standard deviation for the different color parameters in the color colors.
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Figure 1. CIELAB color space. Location of the honey samples in the

(a*b*) plane, grouping by their botanical origin.

60

Table 3. Regression Summary for Dependent Variables Defined by

CIELAB Color Space?

CIELAB standardized

parameter coefficient (5) plevel
L* K -0.30 0.01
R =0.875663 S -0.32 0.00
p < 0.00000 As 0.19 0.00
Cu -0.21 0.06

Al 0.10 0.13

Si 0.14 0.11

Na -0.14 0.06

Fe -0.14 0.07

Mn -0.13 0.20

ar Ca 0.34 0.01
R =0.574049 Pb -0.31 0.01
p < 0.00006 Cu 0.40 0.00
Fe -0.26 0.03

Zn -0.18 0.16

As -0.12 0.27

b* Mg -0.33 0.02
R =10.852020 Fe -0.20 0.01
p<0.00000 K -0.29 0.03
As 0.14 0.03

S -0.19 0.05

Al 0.13 0.06

Cap* Mg -0.38 0.01
R =0.823509 Fe -0.30 0.00
p < 0.00000 Al 0.14 0.05
S -0.18 0.09

As 0.10 0.13

K -0.17 0.25

Nan K —0.46 0.00
R=10.873078 As 0.19 0.00
p < 0.00000 S -0.25 0.00
Mn -0.12 0.19

Cd 0.09 0.14

Cu -0.14 0.10

Al 0.10 0.13
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Table 4. Regression Summary for CIELAB-Dependent Variables?

CIELAB standardized
parameters coefficient (53) plevel
L* Mg -0.51 0.01
R=10.766374
P <0.00000 Fe 0.34 0.01
S -0.25 0.05
P 0.29 0.12
K -0.17 0.28
ar Fe -0.67 0.00
R=10.787639
p<0.00002 Mg 057 003
Li 0.40 0.05
Be 0.07 0.56
S -0.39 0.03
Na -0.54 0.00
Al 0.08 0.60
As 0.18 0.11
Ca 0.47 0.02
Pb -0.26 0.07
Zn -0.21 0.16
P 0.28 0.24
b* Mg -0.45 0.02
R =0.784074
p<0,00000 Fe 0.37 0.00
S -0.29 0.03
P 0.26 0.15
Al 0.15 0.16
K -0.21 0.18
Cab* Mg -0.38 0.00
R =10.790482
p<0.00000 Fe 0.43 0.00
S -0.32 0.01
Al 0.19 0.05
As 0.11 0.27
hab K -0.39 0.01
R =0.748992
p < 0.00000 S 019 016
Mn -0.22 0.10
Na 0.13 0.24
Be -0.11 0.30

@Dark honeys.

@ All samples included.

Figure 1 shows the projection of the points given by the
honey samples on tha¥;b*) plane, grouped by their botanical

(hap from 30 to 90) and chroma. The lower hue values
corresponded with the lower chroma values. Furthermore, it can
be observed that the darker honeys (honeydew, heather, chestnut,
and avocado) are perfectly separated from those light and brown
(rosemary, citrus, lavender, thyme, and eucalyptus), except for
two samples of thyme that are located on the dark honeys zone.

Statistical Approach. A forward stepwise multiple regression
technique has been applied in order to determine the correlations
between color of honeys and their mineral content. CIELAB
color parameters have been considefey Cas*, han @*, and
b*) as dependent variables, and mineral concentrations have
been considered as independent variables.

All Samples Included (i 78). When multiple regression is
applied to all samples, it can be observed (Table 3) that As,
Fe, K, S, and Al are present in most of the regression equations
with significant coefficientsgf < 0.05). Although the regression
functions for variables* and b* present the higher number of
significant coefficients, the equation for lightnek$)(involves
the higher number of independent variables. Excepafoall
of the regression coefficients (R) are higher than 0.85.

According to the classification (dark and light honeys) made
by the panelists, multiple regression techniques were applied
to both sets of samples and regression equations with regres-
sion coefficients between 0.5 and 0.8 were obtaiffables 4

origin. The samples are located in a wide range of hue anglesandb5).
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Table 5. Regression Summary for CIELAB-Dependent Variables?

Gonzélez-Miret et al.

Table 6. Regression Summary for CIELAB-Dependent Variables?

CIELAB standardized CIELAB standardized
parameter coefficient (8) plevel parameters coefficient (53) plevel
I K -0.68 0.00 L+ K -0.35 0.05
R=10.768017 R =0.788448
p<0.00026 As 0.35 0.02 p<0.0001 Fe 0.36 0.01
Zn -0.21 0.17 S —-0.36 0.02
a* Mg 0.57 0.00 As 0.31 0.01
R =0.745923 Be 0.04 0.73
p<0.00057 Mn 0.25 0.16 Ca 0.34 0.04
As -0.17 0.27 Pb -0.32 0.05
b Pb -0.24 0.34 Cd 025 0.07
- Mg -0.33 0.14
p<0.17523 .
7n ~035 016 a Fe -0.69 0.00
R =0.818563
Al 0.19 0.33 S -0.43 0.00
Mn 0.43 0.09 p<0.00001
Na -0.48 015 Be 0.12 0.32
Ca* Ph -0.21 0.40 /Slb 8;2 8(1)2
R= 0594509 cu 055 0.04 ca 034 003
p<0.11322
Mn 0.86 0.02 As 0.17 0.13
_ cd 0.17 0.19
Na 0.60 0.08
B Mg -0.34 0.10
Ca 0.45 0.14
P 0.28 0.23
hap Mg -0.61 0.00 "
R = 0766698 b K -0.28 0.08
IR Mn -0.23 0.17 R =0.772525
p<0.00027 Fe -0.36 0.01
As 0.17 0.25 p<0.00004
' ' S -0.34 0.01
Mn -0.20 0.15
aLight and brown honeys. Ca 0.32 0.03
As 0.26 0.04
Pb -0.30 0.06
%0 o 50 B cd 0.25 0.07
Y L*<=50 069 0900 Cab* Fe -0.56 0.00
75 ©o O%¢ R =10.803332 M 038 0.09
o R p<0.00004 g ' '
Q S -0.40 0.01
£ 60 0008 Al 0.15 0.29
< . o2 As 0.23 0.05
S
45 ) Ca 0.38 0.02
IR % Pb -0.37 0.02
.“' o Cd 0.24 0.08
0l o ° P 0.30 0.22
K -0.20 0.25
30 45 60 75 90 hab K -0.67 0.00
L* R :005383385 cd 034 001
Figure 2. CIELAB color space. L* vs hy, representation of the honey p<0. As 0.97 0.00
samples, grouping by their lightness values. S ~0.26 0.05
. Ba -0.17 0.13
To evaluate the accuracy of the grouping made by the experts, Fe 0.13 0.25
a new classification was undergone by means of instrumental Pb -0.30 0.06
analysis. Thus, two groups of samples, with regard to their g,“ ggg 8-8;
lightness value, were established as follows$: < 50 CIELAB cla _0'17 0.22

units (corresponding to dark honeys) abtl > 50 CIELAB
units (corresponding to light honeys). Nine honeys wilith
values near 50 units were misclassified using visual analysis;
all of them were light sampled.tf > 50) classified as dark
honeys.

With regard to instrumental analysis, igure 2, it can be
seen that most of the light honeys shown have hue aniggs (

@ Samples with L* < 50 CIELAB units.

that showL* values higher than 50 CIELAB units. Furthermore,
most of the cases have significant coefficieris<( 0.05). S,
Ca, and Fe, followed by As, Pb, and Cd, are the minerals that

above 55°, in the yellowish-orange zone, and the dark honeySShOW higher correlations with the CIELAB color parameters.

had hue anglesg) from 25 to 55, in the orange-red zone. As Samples with L*> 50 (n = 33). Table 7 shows that the
it can be seen, a clear distribution toward low values of hue regression equation for lightnes&*] involves the higher
angles in dark honeys (L* 50) exists. In light honeys (L* number of independent variables with significant coefficients
50), this distribution shows a direction toward higher hue angles (p < 0.05). Cs5* and b* show a lower correlation with the
and chroma values. mineral content of honeys, and their regression functions involve
Samples with L*< 50 (n = 44). This group of samples a few independent variables (Mg and Al fot and only Al for
includes the darker honeys. As it is shownTable 6, the Ca%), and their coefficients are not significant. The iron is not
regression equations obtained generally include a higher numbeiincluded in these equations for light honeys, so Fe influences
of independent variables (minerals) than in the group of samplesonly darker honey colors.
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Table 7. Regression Summary for CIELAB-Dependent Variables?

CIELAB standardized
parameters coefficient (8) plevel
L* Mg —0.44 0.00
R=0.876267
p < 0,00000 As 0.22 0.06
Na -0.23 0.04
Zn -0.32 0.02
Mn -0.34 0.02
Ba 0.29 0.04
Cd 0.19 0.20
a* Mg 0.35 0.03
R=0.868345
A -0.13 0.26
p<0.00000 s
Mn 0.24 0.05
Na 0.37 0.01
S 0.24 0.11
Cd —-0.15 0.23
b Mg -0.24 0.17
R=0.311553
Al 0.21 0.23
p < 0.00000
Cap* Al 0.21 0.23
R=0.211712
p<0.22937
Nap Mg -0.34 0.04
R=10.877539
p<0.00000 Na 062 0.00
Mn -0.25 0.04
Si 0.39 0.01
Cu -0.29 0.06
S -0.28 0.06
Ca 0.19 0.15
@ Samples with L* > 50 CIELAB units.
Table 8. Classification Matrix for Learning and Test Sets
honeys
% correct dark light
training set dark honeys 96.7 29 1
light honeys 95.5 1 21
total 96.2 30 22
test set dark honeys 85.7 12 2
light honeys 83.3 2 10
total 84.6 14 12
Table 9. Forward SDA?
dark honeys light honeys
Mg -0.03 -0.05
Fe 0.69 0.10
Mn 1.04 0.39
Cu 8.36 384
Ca 0.01 0.06
As 18.73 38.55
constant -10.25 —-4.94

a Coefficients of the classification functions.

LDA was performed to classify the honeys according to their
lightness I*) value. Samples were randomly split into a training
set, formed by 66% of the samples, to develop a discriminant
model and a validation set, formed by the remaining 33% of

the samples, on which the model was tested. To get a good

estimate for the stability of the model (goodness of classification
in the training set) and the prediction ability (goodness of the

classification in the test set), this validation test was repeated
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about 95% for light honeyd ¢ > 50). The test set showed that
85% of the samples were assigned correctly: the percentages
of prediction were about 86 and 83% for dark and light honeys,
respectively.

In Table 9 are given the coefficients for the classification
functions when a forward SDA was carried out. It can be seen
that the model only included Mg, Fe, Mn, Cu, Ca, and As as
the variables needed to explain the 95% of the variance between
both groups of samples (dark and light honeys).

Conclusions.In this study, the correlation between color of
honeys and their mineral content has been clearly stated by
means of the application of multivariate statistical techniques
such as MLR and LDA. Thus, the color of the dark honeys
(avocado, chestnut, honeydew, and heather) is greatly correlated
with the concentration of the trace elements such as (As, Cd,
Fe, S, and Pb) and with the Ca. On the other hand, the light
and brown honeys (citrus, rosemary, lavender, thyme, and
eucalyptus) are highly correlated with only Al and Mg.
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