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Abstract. The aim of the current study was to investigate the effect of the main thermal treatments
used in practice by beekeepers and packagers on hydroxymethylfurfural content and diastase activity
of Cretan honey. Results showed a significant alteration of both quality parameters under heating at
65 °C for 6 h (P<0.05) while heating at 45 °C for 24 h was found to be the least severe treatment
with regards to the variation of the two quality parameters (P<0.05). After heating, a significant
differentiation was also observed in the variation of both HMF content and diastase activity
according to the botanical origin of the honey sample (P<0.05). Pine honey was the most resistant
sample in hydroxymethylfurfural formation in all heating procedures and multifloral honey was the
least altered in its enzymatic activity through the whole thermal process.
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1 Introduction

Honey is composed of a complex mixture of water, carbohydrates and numerous other minor compounds.
In fact, it includes more than 400 different substances including organic acids, proteins, enzymes, aroma
substances, mineral substances, pigments and waxes [1]. Considering the interest generated by all the
properties associated with honey, several processing operations have been introduced to ensure a safe,
pleasant and homogeneous presentation of the final product [1]. These processing steps generally require
exposure to heat in order to reduce viscosity and to prevent crystallization or fermentation of the honey
[1].

Gonnet et al [1] were the first to suggest heating at 78 °C for 6-7 min as the best pasteurizing
condition to avoid damage to the quality of honey. Since then, a wide range of heating temperatures
ranging from 30 to 140 °C for a few seconds up to several hours have been practiced by honey producers
worldwide, with the aim to reduce the water content in honey below 20% for shelf life prolongation[1, 2,
3]. Subramanian [1] suggested that conventional honey processing includes preheating (to about 40 °C),
straining, clarification by means of filtration and heating of the product at 60-65 °C for 25-30 min. In
industrial plants, heating is done in special large surface heat exchange systems used with a heat source
only a few degrees above the temperature to which the honey is to be heated [1]. However, an
uncontrolled thermal processing of honey may also result in product quality deterioration and even in
caramelization due to significant losses that occur in color, texture, flavor, enzymatic activity and
nutritive value. In fact, its low thermal conductivity makes uniform heating throughout a large body of
honey very difficult and the use of high temperature heat sources like open flames or boiling water baths
may quickly lead to significant alterations of the desirable characteristics of honey.

Hydroxymethylfurfural (HMF) content and diastase activity are quality parameters that are heat-
sensitive as they are increasing or decreasing respectively according to the intensity of the heating
process [1, 8]. For instance, Bogdanov [1] points out that thermal treatment, which may destroy the
diastase activity, should be as long as 31 days at 40 °C, but it can be shortened to 1.2 h at 80 °C. Thus,
these two criteria are extensively recognized as reliable parameters for assessment of freshness and/or
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overheating of honey. The International Regulatory Standards for Honey Quality from the European
Honey Directive (2001/110/EC) and from the Codex Alimentarius Standard for Honey (2001) set a
general lower limit equal to 8 (3 for citrus honey) for diastase activity, expressed as diastase number
(DN), and a general limit of 40 mg/kg (15 mg/kg for citrus honey) for HMF content.

The effect of thermal treatment is known to vary among honeys of different botanical origin [10, 8].
For instance, Fallico [1] stated that, at low heating temperatures (50 °C), eucalyptus, orange, Italian
sainfoin and chestnut honey samples from Italy developed distinct amounts of HMF. In fact, chestnut
honey did not form any HMF even after 144 h of heating. This difference of the trend was attributed to
the time of heating, to free and total acidity as well as pH values. In a study on 4 Turkish honey
samples, it was suggested also that the resistance to heat differs with respect to the botanical origin
after finding that the most change-resistant honey in both diastase activity and HMF content was pine
honey (Pinus nigra) honeydew honey as well as multifloral honey, followed by citrus honey (Citrus spp)
and cotton honey (Gossypium herbaceum) [1]. Moreover, Turhan [6] could discriminate between the
behavior of Turkish floral and honeydew honeys concluding that HMF content in floral honeys was more
dependent on temperature changes when comparing to that of honeydew honey.

The aim of this study was to assess the effect of some of the thermal procedures widely used during
honey processing in Crete on hydroxymethylfurfural (HMF) content and diastase activity of Cretan
honeys that are coming from several botanical origins and that have not yet been investigated. In
addition to that, a discrimination of the variation of the two quality parameters according to the
botanical origin of the honey was attempted.

2 Materials and Methods

2.1 Samples

Fresh honey samples from different botanical origins of the island of Crete were provided by local
beekeepers. In total, nine samples were studied: one sample was a pine honeydew honey (Pinus brutia),
two samples constituted blends of nectar (either from thyme -Thymbra capitata- or heather - Erica
verticillata) and pine honeydew, while six other samples came only from flower nectar: three of them are
‘unifloral’ (from one plant species: Citrus, thyme and eucalyptus); the other three were ‘multifloral’
nectar honeys (from different plant species: multifloral honey 1 was found to have a significant
contribution from chestnut tree (Castanea sativa), multifloral honey 2 had significant contribution from
myrtle nectar (Myrtus communis) and multifloral honey 3 had nectar contribution from various species
(such as thyme, myrtle, heather, clover). Their botanical origin and authenticity were identified by the
staff of the Laboratory of the Food Quality and Chemistry of Natural Products Department of MAICh,
by performing analyses for physico-chemical properties [1] and honey microscopic examination [1, 2]. All
parameters of the 9 honey samples were in accordance with the limits set by the European Directive for
Honey (2001/110) and the relative Greek legislation. Honey samples were stored at -18 °C until analysis.

2.2 Thermal Treatment

The experiment was conducted under isothermal treatment. Thermal treatment choices were based on
common heating practices by beekeepers and manufacturers from Crete during honey processing. From
each honey sample, three equal volumes of honey were weighed and transferred into 50-mL beakers.
Beakers were then set into the water bath for the thermal treatment at 45 °C for 24 and 48 h and at
65 °C for 3 and 6 h. When the time of isothermal treatment had elapsed, the honey was allowed to cool
at 25 °C. The honey samples were then analyzed to determine diastase activity and HMF content.

2.3 Moisture Content, Electrical Conductivity, pH and Free Acidity

Moisture content was determined by measuring the refractive index at 20 °C according to the
Harmonized Methods for Honey developed by the International Honey Commission [14]. The
determination was conducted using an AR 200 digital hand-held refractometer (Leica, Germany).
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Electrical conductivity was measured at 20 °C in 20% (w/w) aqueous solutions of honey, according to
the THC method for honey [14] by using a hand-held meter Cond i330 conductivity meter (WTW —
Germany) equipped with a conductivity probe. The sample solution was prepared using double-
deionized water (Milli-Q Millipore 18.2 MXcm resistivity).

The pH values were obtained by titration to pH 8.3 using a pH-plus meter (LaMotte, USA) according
to the THC method for honey [14].

2.4 Determination of Diastase Activity

The Schade method was used for the determination of diastase activity according to the Harmonized
Method for Honey developed by the International Honey Commission [14]. A standard solution of starch,
capable of developing, with iodine, a blue color, is acted upon by the enzyme in the sample under
standard conditions. The diminution in the blue color was measured at intervals using a UV-visible
diode array 8452 A spectrophotometer (Hewlett-Packard, USA). A plot of absorbance against time was
used to determine the time required to reach the specified absorbance at 660 nm. The diastase activity
was calculated as diastase number (DN), as follows:

DN :32?—0 (1)

where ty is the reaction time in minutes.
Results were expressed as diastase number (DN). DN on the Schade scale, which corresponds to the
Gothe scale number, is defined as the grams of starch hydrolyzed in 1 h at 40 °C per 100 g honey.

2.5 Determination of Hydroxymethylfurfural

The White method was used to determine HMF in the honey samples according to the Harmonized
Methods of the European Commission of Honey [14]. The method is based on the determination of UV
absorbance of HMF at 284 nm using a UV-visible diode array 8452 A spectrophotometer (Hewlett-
Packard, USA). In order to avoid interference from other components at this wavelength, the difference
between the absorbances of a clear aqueous honey solution and the same solution after addition of
sodium bisulfite is determined. The HMF content is calculated after subtraction of the background
absorbance at 336 nm. HMF content expressed as mg/kg was calculated by using the formula:

D
HMF = — A, )x149.7x5x — 2
(A284 330) W ( )
where Asgy = absorbance at 284 nm, Asss = absorbance at 336 nm, 149.7= constant, D = dilution factor,
in case dilution is necessary, and W = weight in g of the honey sample.
2.6 Statistical Analysis

One way analysis of variance (ANOVA) was performed to discriminate between the trends of change
regarding HMF content and diastase activity according to the botanical origin of the honey samples
after the application of thermal treatments and to assess the effect of the different thermal procedures
applied. The F-test was used to estimate the statistically significant differences (P-value <0.05).

3 Results and Discussion

3.1 Hydroxymethylfurfural Content

A natural variation was observed in the HMF content among the fresh honey samples. In fact, the
initial HMF concentration was found to be the lowest in the heather-pine blend (1.40 mg/kg) while it
was the highest in the multifloral honey with chestnut pollen domination (6.91 mg/kg). None of the
studied samples exceeded the limit of 40 mg/kg (Table 1).
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Table 1. Characteristics of the fresh honey samples studied (all values are from 3 repetitions and reported as
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average + standard deviation except for electrical conductivity).

Dia.stfise Free Moisture Electrical
Sample activity HMF pH acidity content conductivity
(Schade (mg/kg)
number) (meq/kg) (g/100g) (mS/cm)
Citrus 9.40+0.10 3.2440.05 | 3.15+0.01 28.5040.50 16.0+0.03 0.28
Thyme 18.27+0.06 5.75+0.09 | 3.26+0.02 27.674+0.29 15.840.02 0.37
Eucalyptus 15.03+0.31 5.9440.06 | 3.55+0.02 24.7240.86 15.440.02 0.34
Pine 18.37+0.25 6.56+0.11 | 4.7840.03 17.00£0.50 14.2+0.02 1.40
Multifloral 1 14.93+0.25 6.91+0.11 | 3.56+0.03 | 24.00+0.50 15.7+0.03 0.27
Multifloral 2 25.57+0.31 4.35+0.15 | 3.56+0.02 | 23.33+0.76 16.0+0.02 0.56
Multifloral 3 13.40+0.10 6.64+0.06 | 3.72+0.02 22.1740.29 15.940.01 0.34
Thyme-Pine 13.4740.21 6.30+0.34 | 4.04+0.02 20.33+0.29 13.840.02 0.85
He;‘it;:r' 11.30£0.26 | 1.40£0.04 | 4.21+0.03 | 18.83+0.76 13.6£0.01 0.93

A significant difference among heating temperatures on HMF content was observed (P<0.05). This
result showed that there was an increase in HMF at different thermal procedures. HMF content
increased with increasing temperature and duration to reach a maximum for heating at 65 °C for 6 h.
Minimum effects were recorded after heating at 45 °C for 24 h and at 65 °C for 3 h while the
intermediate effect was observed after heating at 45 °C for 48 h (Tables 1 and 2, Figures 1 and 2).
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Figure 1. Variation of HMF content according to the different thermal treatments for (1) citrus, (2) thyme, (3)
eucalyptus and (4) pine honeys.

Differences in HMF concentration changes among honey samples were examined at the botanical
origin level and were found to be statistically significant (P < 0.05). In fact, pine honey was found to be
the least affected in all applied thermal procedures with an average HMF increase ranging between 0.12
and 0.70 mg/kg. Furthermore, both thyme-pine and heather-pine blends showed high resistance to the
increase of HMF during the whole heating operation, having increases in the ranges of 0.14-1.21 mg/kg
and 0.37-1.27 mg/kg, respectively. On the other hand, citrus and thyme honeys exhibited the highest
HMF rise when heating was prolonged up to 48 h at 45 °C and to 6 h at 65 °C with average increment
values of 2.16 and 2.97 mg/kg (45 °C-48 h) and 6.81 and 6.76 mg/kg (65 °C-6 h), respectively.
Multifloral honeys were the most sensitive samples as regards HMF content increase at the early heating
stages where multifloral honey 2 showed the most notable HMF formation after heating at 45 °C for 24
h (1.48 mg/kg) and multifloral honeys 1 and 3 having displayed the maximal HMF increase among the
studied samples after heating for 3 h at 65 °C (1.59 and 1.56 mg/kg of average increase, respectively)
(Table 2, Figures 1 and 2).
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Figure 2. Variation of HMF content according to the different thermal treatments for (5) multifloral 1 (6)
multifloral 2, (7) multifloral 3, (8) thyme pine blend and (9) heather pine blend honeys.

Table 2. Changes of HMF content after different thermal treatments (average values from 3 repetitions + standard

deviation)
Sample HMF content (mg/kg) HMF increase (mg/kg
Initial value | 45°C-24h | 45°C-48h | 65°C-3h | 65°C-6h | 45°C-24h | 45°C-48h | 65°C-3h | 65°C-6h
Citrus 3.24+0.05 3.944-0.04 | 5.4140.16 | 4.0140.09 | 10.0540.03 | 0.69°+0.06 | 2.16°+0.13 |0.76"4+0.06 | 6.81°4-0.11
Thyme 5.75+0.09 6.7240.22 | 8.7340.03 | 6.4540.10 | 12.5140.05 | 0.97+0.18 | 2.97'+£0.06 |0.70"+0.08 | 6.76°+0.18
Eucalyptus 5.9440.06 7.1540.08 | 8.0840.05 | 7.0440.02 | 7.66+£0.12 | 1.22°40.04 | 2.14°4+0.04 | 1.10°+0.06 | 1.729+0.09
Pine 6.56+0.11 6.68+0.10 | 6.75+0.09 | 6.87+0.06 | 7.26+0.07 | 0.12*+0.03 | 0.19°+0.09 ] 0.31°+0.05 | 0.70°+0.05

Multifloral 1| 6.91£0.11 | 7.984:0.13 | 8.3840.20 | 8.504:0.07 | 8.77+0.04 |1.07%40.08 | 1.47940.09 | 1.59°40.08 | 1.86+0.07
Multifloral 2 | 4.3540.15 | 5.83+0.21 | 6.44+0.13 | 4.96+0.13 | 5.77+0.29 | 1.48+0.05 | 2.09°40.12 | 0.61"+0.06 | 1.42°+0.14
Multifloral 3 | 6.64+0.06 | 7.62+0.09 | 8.05+0.03 | 8.2040.08 | 8.50+0.20 | 0.98%40.05 | 1.41°40.04 | 1.56+0.09 | 1.86+0.21
Thyme-Pine | 6.3040.34 [ 6.9340.25 | 7.5240.22 | 6.45+0.31 | 7.4040.22 | 0.63°+0.10 | 1.21°40.13 |0.14°+0.04 | 1.09"+0.13
Heather-Pine | 1.4040.04 | 1.7740.04 | 2.16+0.04 | 2.0340.06 | 2.6840.01 | 0.37°+0.06 | 0.76°+0.03 |0.63"40.08 | 1.27*°+0.09

Values with different superscript letters in a column are significantly different (P < 0.05)

The results obtained are in agreement with results by other workers [1, 13] where pine honey was the
most resistant in HMF increase followed by citrus and thyme honeys after heating at 45 and 65 °C for
24 h.

The results of the present study obtained for Greek Fucalyptus honey from Crete differ from the ones
by Fallico et al [12] in which Italian Fucalyptus honey did not develop any HMF after heating at 50 °C
and 70 °C up to 48 h. These differences could be due to the difference in the geographical origin and in
the vegetation found in the various regions.

The variable sensitivity of honeys towards heating regarding HMF content can be attributed to the
initial pH value [6, 12, 13, 17] and the initial free acidity (pH) of honey. In fact, pine honey which was
the most change-resistant in all thermal procedures, displayed the highest value of pH (4.78) and the
lowest value of free acidity (17.00 meq/kg) among all studied samples. Citrus and thyme honeys, which
were the most altered samples with the prolongation of heat had the lowest pH wvalues (3.15 and 3.26,
respectively) and the highest free acidity values (28.50 and 27.67 meq/kg).

3.2 Diastase Activity

A notable disparity was found in the initial diastase activity among the fresh honey samples. For
instance, the multifloral honey 2 had the highest enzymatic activity (25.57 DN) while the citrus sample
showed the lowest value (9.40 DN). These discrepancies are said to be related to the floral origin of
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honey as well as the nectar flow and foraging patterns of the bees [1]. All the homey samples complied
with the EU limits set for diastase activity.

Table 3. Changes of diastase activity after different thermal treatments (average values from 3 repetitions +
standard deviation)

Sample Diastase activity (Schade number Decrease of diastase activity (Schade number)
Initial value|45°C-24h|45°C-48h| 65°C-3h | 65°C-6h | 45°C-24h | 45°C-48h | 65°C-3h | 65°C-6h
Citrus 9.40£0.10 | 9.13+0.15 | 8.33£0.35 | 7.5340.06 | 5.0720.06 | 0.27°40.06 | 1.07°°+£0.25 | 1.87°+£0.06 | 4.33%40.06
Thyme 18.27+£0.06 [16.8740.06{14.844-0.23[15.3040.10]13.504:0.26] 1.20740.10 | 3.43'+0.21 | 2.97'+0.06 | 4.776+0.31
Eucalyptus | 15.1340.12 |14.37+0.15[13.23+0.21{13.10+0.10]12.73+0.15] 0.77°+£0.06 | 1.90°+0.10 | 2.03°4+0.21 | 2.40*+0.10
Pine 18.3740.25 [17.7040.26{16.50+0.26{17.07£0.15[15.4340.23| 0.67°+0.06 | 1.87'+0.12 | 1.30"+0.10 | 2.93+0.15
Multifloral 1| 14.93+0.25 |13.67+0.12]12.90+0.20|13.1740.12]12.17+0.38] 1.07°'£0.35 | 2.03'+£0.06 | 1.77°+0.15 | 2.77*/40.15
Multifloral 2| 25.57+0.31 [24.90+0.26]22.97+0.35|24.2740.35|22.10+0.44] 0.67°+0.15 | 2.60°40.10 | 1.30°4+0.10 | 3.47°+0.25
Multifloral 3| 13.40£0.10 ]13.1340.12{12.53+0.23]12.70£0.10]12.0340.15} 0.27°£0.06 | 0.87°+0.15 | 0.70*40.00 | 1.37*+0.12
Thyme-Pine | 13.474+0.21 [12.4340.23[11.93+0.15{12.20+0.10{11.33+0.12| 0.63"+£0.06 | 1.53°+0.06 | 1.27°+0.12 | 2.13°+0.15
Heather-Pine| 11.30+0.26 |11.12+0.29]10.50+0.26] 9.4740.25 | 7.074+0.12 | 0.18"4+0.03 | 0.80°+0.10 | 1.83°+0.12 | 4.23'+0.15

Values with different superscript letters in a column are significantly different (P < 0.05)

A significant difference among heating temperatures on diastase activity was observed (P<0.05). The
enzymatic activity decreased within the different thermal procedures attaining a maximum decrease
after heating at 65 °C for 6 h where the heather-pine blend went under the limit. of 8 DN. All honeys
were affected the least after heating at 45 °C for 24 h. Both of the intermediate thermal procedures gave
an activity reduction to a similar extent (Tables 1 and 3, Figures 3 and 4).
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Figure 3. Variation of diastase activity according to the different thermal treatments for (1) citrus, (2) thyme, (3)
eucalyptus and (4) pine honeys.

The variation of diastase level is distinct for all honey origins. Therefore, the interaction between
honey origins and heating temperature levels on diastase level (P<0.05) was significant. Thyme honey
was the most vulnerable in the 4 applied thermal treatments with average enzymatic activity losses
ranging between 1.20 and 4.77 DN while multifloral honey 3 was subjected to the most limited
alteration with mean diastase number reductions ranging between 0.27 and 1.37 DN. After having low
enzymatic activity decrease after heating at 45 °C, citrus honey and the blend heather pine saw their
diastase activities declining significantly after the prolongation of heat at 65 °C up to 6 h, with
decreases of 4.33 and 4.23 DN, respectively, leading even the blend to go under the limits set for
diastase activity. The five other samples had moderate enzymatic activity decreases.
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Figure 4. Variation of diastase activity according to the different thermal treatments for (5) multifloral 1 (6)
multifloral 2, (7) multifloral 3, (8) thyme pine blend and (9) heather pine blend honeys.

The possible reason for these findings could reside in a hypothesis concerning diastase activity
variation caused by heating that is based on structural changes in enzyme molecules [3]. Starting from
the theory of Eyring, heating causes enzyme molecules to acquire sufficient kinetic energy to surmount
the mutual repulsive forces between the electron clouds of their constituent atoms and they come very
close to one another and form a transition state. Once the energy barrier is overcome, the irreversible
denaturation reaction of an enzyme occurs, expressed in the modification of its protein structure. The
number of enzyme molecules denatured is proportional to the number of enzyme molecules that have
free energy to form the transition state and that implicitly depends on the intensity of heat treatment.

Accordingly, thyme, citrus and heather-pine honeys would have a high number of enzyme molecules
gaining an energy state superior to the energetic barrier, which then would be wunder distortion.
Consequently, a drastic decrease of enzymatic activity can then be observed after heating at 65 °C for 6
h. For multifloral honey 3, the number of activated molecules which could overcome the energetic
barrier of the transition stage would be low. Therefore, the reaction towards irreversible denaturation
would not occur to any large extent. At the end of the heating procedure, all activated molecules that
did not have sufficient energy to surpass the energy barrier would return to a native-like state. Thus,
the enzymatic activity of honey will not be highly disturbed and could be partially recovered.
Comparable behavior was reported by Richardson and Hyslop [1] in the case of other food enzymes,
such as alkaline phosphatase in milk and peroxidases and lipoxygenase in vegetables and fruits.

In the case of honey, this differentiation in the behavior can be attributed to the different age, diet,
physiological stage of the bees and abundance of nectar flow [1], all factors that can influence the
enzymatic activity and its variation.

4 Conclusions

HMF concentration increased and diastase activity decreased with the increasing intensity of heat in
temperature and duration. Although HMF content and diastase activity did not pass the specified limits
after all the applied thermal treatments (except for DN of the blend heather-pine honey after heating at
65 °C for 6 h), it is recommended to avoid the most extreme heating procedures that are prolonged in
time, since there are other quality and sensory criteria that should be taken into consideration such as
color, flavor, invertase activity and nutritive value related to vitamins and minerals.

HMF content formation was also found to be related to the botanical origin of the honey. In the
present case, pine honey and blends of thyme-pine and heather-pine honeys were found to be the most
resistant and this might be related to the composition of the honey and specifically the initial pH and
the initial free acidity values.

Diastase activity variation was also differentiated among the studied honey samples. However, it is
more likely related to factors such as age, diet, physiological stage of the bees and abundance of nectar
flow rather than the botanical origin of the honey itself.

Therefore, during processing, beekeepers and honey processors should accord special attention to the
physicochemical parameters discussed here and heat honey only moderately (45 °C for 24 h) which
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would be sufficient to reduce viscosity and prevent crystallization without altering other quality
parameters.
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