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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 IHC 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 IHC 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: 

 300

x

DN
t

=   (1) 

where tx 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: 

 ( )284 336 149.7 5 DHMF A A
W

= − × × ×   (2) 

where A284 = absorbance at 284 nm, A336 = 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).  

Advances in Food Science and Engineering, Vol. 1, No. 1, March 2017 3

Copyright © 2017 Isaac Scientific Publishing AFSE



Table 1
average ±

Sampl

Citrus
Thyme

Eucalypt
Pine 

Multiflora
Multiflora
Multiflora
Thyme-P

Heather
Pine 

A sign
result sh
increased
Minimum
intermed

Figure 1
eucalyptu

Differe
origin lev
the least
and 0.70
increase 
and 0.37
HMF ris
values o
Multiflor
stages w
h (1.48 m
studied 
(Table 2
 

. Characterist
± standard dev

le 

Dia
act
(Sc
num

s 9.40
e 18.27
tus 15.03
 18.37
al 1 14.93
al 2 25.57
al 3 13.40

Pine 13.47
r- 
 11.30

nificant differ
howed that 
d with increa
m effects we
diate effect w

1. Variation o
us and (4) pine

ences in HM
vel and were
t affected in 
0 mg/kg. Fur
of HMF dur

7-1.27 mg/kg
se when heat
of 2.16 and 
ral honeys we

where multiflo
mg/kg) and 
samples after

2, Figures 1 a

tics of the fre
viation except 

astase 
ivity 
hade 

mber)

H
(m

±0.10 3.2
7±0.06 5.7
3±0.31 5.9
7±0.25 6.5
3±0.25 6.9
7±0.31 4.3
0±0.10 6.6
7±0.21 6.3

0±0.26 1.4

rence among
there was a

asing temper
ere recorded 

was observed 

of HMF conten
e honeys. 

MF concentra
 found to be 
all applied th
rthermore, b
ring the whol
g, respectivel
ing was prolo
2.97 mg/kg 
ere the most 
oral honey 2 
multifloral h
r heating for

and 2). 

sh honey sam
for electrical c

HMF 
mg/kg) 

24±0.05 3.15
75±0.09 3.26
94±0.06 3.55
56±0.11 4.78
91±0.11 3.56
35±0.15 3.56
64±0.06 3.72
30±0.34 4.04

40±0.04 4.21

g heating tem
an increase 
ature and du
after heatin

after heating

nt according t

ation changes
statistically 

hermal proce
oth thyme-pi
le heating op
y. On the ot
onged up to 
(45 °C-48 
sensitive sam
showed the m
oneys 1 and 
r 3 h at 65 °

mples studied 
conductivity).

pH 
F

ac
(me

5±0.01 28.5
6±0.02 27.6
5±0.02 24.7
8±0.03 17.0
6±0.03 24.0
6±0.02 23.3
2±0.02 22.1
4±0.02 20.3

1±0.03 18.8

mperatures on
in HMF at 
uration to re
ng at 45 °C
g at 45 °C for

to the differen

s among hon
significant (P

edures with a
ine and heat
peration, hav
ther hand, ci
48 h at 45 °
h) and 6.81

mples as rega
most notable
3 having dis

°C (1.59 and 

(all values are

Free 
cidity 
eq/kg)

50±0.50
67±0.29
72±0.86
00±0.50
00±0.50
33±0.76
17±0.29
33±0.29

83±0.76

n HMF cont
different th

each a maxim
C for 24 h a
r 48 h (Table

t thermal trea

ney samples 
P < 0.05). In

an average HM
ther-pine blen
ving increases
itrus and thy
C and to 6 h
1 and 6.76 m
ards HMF con
e HMF forma
splayed the m
1.56 mg/kg 

e from 3 repe

Moisture 
content 
(g/100g) 

16.0±0.03
15.8±0.02
15.4±0.02
14.2±0.02
15.7±0.03
16.0±0.02
15.9±0.01
13.8±0.02

13.6±0.01 

tent was obse
hermal proce
mum for heat
and at 65 °C
s 1 and 2, Fi

 

atments for (1

were exami
n fact, pine h
MF increase 
nds showed h
s in the range
yme honeys 
h at 65 °C wi
mg/kg (65 °
ntent increas
ation after he
maximal HMF

of average i

etitions and re

Elect
conduc

(mS/

0.2
0.3
0.3
1.4
0.2
0.5
0.3
0.8

0.9

served (P<0.
edures. HMF
ting at 65 °C
C for 3 h w
igures 1 and 

1) citrus, (2) t

ined at the 
honey was fou
ranging betw
high resistan
es of 0.14-1.2
exhibited th
ith average i
°C-6 h), resp
se at the earl
eating at 45 
F increase am
increase, resp

eported as 

rical 
ctivity 
/cm) 

28 
37 
34 
40 
27 
56 
34 
85 

93 

05). This 
F content 
C for 6 h. 
while the 
2).  

thyme, (3) 

botanical 
und to be 
ween 0.12 
nce to the 
21 mg/kg 
he highest 
ncrement 
pectively. 
y heating 
°C for 24 
mong the 
pectively) 

4 Advances in Food Science and Engineering, Vol. 1, No. 1, March 2017 

AFSE Copyright © 2017 Isaac Scientific Publishing



Figure 2
multiflora

Table 2.
deviation

Samp

Citrus
Thym

Eucalyp
Pine 

Multiflor
Multiflor
Multiflor
Thyme-P
Heather-P

Values wi

The re
most res
24 h.  

The re
by Fallic
and 70 °
the vege

The v
initial pH
the most
lowest v
were the
respectiv

3.2   Di

A notab
instance
showed 

2. Variation 
al 2, (7) multif

 Changes of H
) 

le 
Initial va

s 3.24±0.0
me 5.75±0.0
ptus 5.94±0.0

6.56±0.
ral 1 6.91±0.
ral 2 4.35±0.
ral 3 6.64±0.0
Pine 6.30±0.3
Pine 1.40±0.0

ith different su

esults obtain
sistant in HM

esults of the 
co et al [12] i
°C up to 48 h
tation found 

variable sensi
H value [6, 1
t change-resi
alue of free a
e most altere
vely) and the

iastase Acti

ble disparity 
, the multiflo
the lowest v

of HMF cont
floral 3, (8) th

HMF content a

HMF c
alue 45°C-24h
05 3.94±0.04
09 6.72±0.22
06 7.15±0.08
11 6.68±0.10
11 7.98±0.13
15 5.83±0.21
06 7.62±0.09
34 6.93±0.25
04 1.77±0.04

uperscript lette

ed are in agr
MF increase f

present stud
in which Ital
h. These diffe
in the variou
tivity of hon

12, 13, 17] an
istant in all 
acidity (17.00
ed samples w
e highest free 

ivity 

was found 
oral honey 2 
value (9.40 D

ent according
yme pine blen

after different t

content (mg/k
h 45°C-48h 6
4 5.41±0.16 4
2 8.73±0.03 6
8 8.08±0.05 7
0 6.75±0.09 6
3 8.38±0.20 8
1 6.44±0.13 4
9 8.05±0.03 8
5 7.52±0.22 6
4 2.16±0.04 2

ers in a colum

reement with
followed by c

dy obtained fo
lian Eucalypt
erences could
us regions. 
neys towards 
nd the initial 
thermal proc
0 meq/kg) am

with the prolo
acidity value

in the initia
had the high

DN). These d

g to the diffe
nd and (9) heat

thermal treatm

kg) 
65°C-3h 65°C
.01±0.09 10.05
.45±0.10 12.51
.04±0.02 7.66±
.87±0.06 7.26±
.50±0.07 8.77±
.96±0.13 5.77±
.20±0.08 8.50±
.45±0.31 7.40±
.03±0.06 2.68±

mn are significa

h results by o
citrus and th

or Greek Euc
tus honey did
d be due to t

heating rega
l free acidity 
cedures, disp
mong all stud
ongation of h
es (28.50 and

al diastase a
hest enzymat
discrepancies

rent thermal 
ther pine blend

ments (average

C-6h 45°C-24
±0.03 0.69c±0.
±0.05 0.97d±0.
±0.12 1.22e±0.
±0.07 0.12a±0.
±0.04 1.07de±0
±0.29 1.48f±0.
±0.20 0.98de±0
±0.22 0.63c±0.
±0.01 0.37b±0.

antly different 

other workers
hyme honeys 

calyptus hone
d not develop
the difference

arding HMF 
(pH) of hon

played the hi
died samples
heat had the 
d 27.67 meq/

activity amon
tic activity (2

are said to 

 

treatments fo
d honeys. 

e values from 3

HMF incre
4h 45°C-48h 
06 2.16e±0.13 
.18 2.97f±0.06 
04 2.14e±0.04 
.03 0.19a±0.09 
.08 1.47d±0.09 
05 2.09e±0.12 
.05 1.41cd±0.04
10 1.21c±0.13 
.06 0.76b±0.03 

(P < 0.05) 

s [1, 13] wher
after heating

ey from Cret
p any HMF a
e in the geogr

content can
ey. In fact, p
ighest value 
. Citrus and 
lowest pH v

kg).  

ng the fresh
25.57 DN) wh
be related t

or (5) multiflo

3 repetitions ±

ease (mg/kg) 
65°C-3h 6

 0.76b±0.06 6
0.70b±0.08 6

 1.10c±0.06 1
 0.31a±0.05 0
 1.59d±0.08 1
 0.61b±0.06 1
4 1.56d±0.09 1
 0.14a±0.04 1
 0.63b±0.08 1

re pine honey
g at 45 and 

te differ from
after heating 
raphical orig

n be attribute
pine honey w
of pH (4.78)
thyme honey

values (3.15 

h honey sam
while the citru
to the floral 

oral 1 (6) 

± standard 

65°C-6h
6.81e±0.11
6.76e±0.18
.72d±0.09

0.70a±0.05
.86d±0.07

1.42c±0.14
.86d±0.21
.09b±0.13
.27bc±0.09

y was the 
65 °C for 

m the ones 
at 50 °C 

gin and in 

ed to the 
which was 
) and the 
ys, which 
and 3.26, 

ples. For 
us sample 
origin of 

Advances in Food Science and Engineering, Vol. 1, No. 1, March 2017 5

Copyright © 2017 Isaac Scientific Publishing AFSE



honey as
with the

Table 3
standard 

Sampl

Citrus
Thyme

Eucalypt
Pine 

Multiflora
Multiflora
Multiflora
Thyme-P
Heather-P

Values wi

A sign
enzymat
after hea
were affe
an activi

Figure 3
eucalyptu

The v
honey or
was the 
ranging 
alteratio
enzymat
diastase 
decrease
diastase 

s well as the
e EU limits se

. Changes of 
deviation) 

le  D
Initial val

s 9.40±0.10
e 18.27±0.0
tus 15.13±0.1

18.37±0.2
al 1 14.93±0.2
al 2 25.57±0.3
al 3 13.40±0.1

Pine 13.47±0.2
Pine 11.30±0.2

ith different su

nificant differ
tic activity d
ating at 65 °
ected the leas
ity reduction

3. Variation of
us and (4) pine

variation of d
rigins and he
most vulner
between 1.2

on with mean
tic activity d

activities d
s of 4.33 an
activity. The

 nectar flow 
et for diastas

diastase activ

Diastase activ
lue 45°C-24h 
0 9.13±0.15 
06 16.87±0.06 
12 14.37±0.15 
25 17.70±0.26 
25 13.67±0.12 
31 24.90±0.26 
10 13.13±0.12 
21 12.43±0.23 
26 11.12±0.29 

uperscript lette

rence among 
decreased wit
°C for 6 h wh
st after heati

n to a similar 

f diastase activ
e honeys. 

diastase leve
eating tempe
rable in the 
20 and 4.77 
n diastase nu
decrease after
eclining sign

nd 4.23 DN, 
e five other s

and foraging
e activity. 

vity after diffe

vity (Schade nu
45°C-48h 65°
8.33±0.35 7.53
14.84±0.23 15.3
13.23±0.21 13.1
16.50±0.26 17.0
12.90±0.20 13.1
22.97±0.35 24.2
12.53±0.23 12.7
11.93±0.15 12.2
10.50±0.26 9.47

ers in a colum

heating temp
thin the diff
here the hea
ing at 45 °C 
extent (Tab

vity according

l is distinct 
erature levels
4 applied th
DN while 

umber reduct
r heating at 
nificantly aft

respectively
samples had m

g patterns of

ferent thermal

umber) 
°C-3h 65°C-6
3±0.06 5.07±0
30±0.10 13.50±0
10±0.10 12.73±0
07±0.15 15.43±0
17±0.12 12.17±0
27±0.35 22.10±0
70±0.10 12.03±0
20±0.10 11.33±0
7±0.25 7.07±0

mn are significa

peratures on
ferent therm
ather-pine ble
for 24 h. Bot
les 1 and 3, F

g to the differe

for all hone
s on diastase 
hermal treat
multifloral h

tions ranging
45 °C, citrus

ter the prolo
y, leading ev
moderate enz

f the bees [1]

 treatments (

Decrease o
6h 45°C-24h
.06 0.27a±0.06
0.26 1.20d±0.10
0.15 0.77b±0.06
0.23 0.67b±0.06
0.38 1.07cd±0.35
0.44 0.67b±0.15
0.15 0.27a±0.06
0.12 0.63b±0.06
.12 0.18a±0.03

antly different 

 diastase act
al procedure
end went und
th of the inte
Figures 3 and

ent thermal tre

ey origins. T
level (P<0.0

ments with 
honey 3 was
between 0.2

s honey and 
ongation of 
ven the blend
zymatic activ

. All the hon

average value

of diastase act
45°C-48h 
1.07ab±0.25 

0 3.43f±0.21 
6 1.90d±0.10 
6 1.87d±0.12 
5 2.03d±0.06 
5 2.60e±0.10 

0.87a±0.15 
6 1.53c±0.06 

0.80a±0.10 

(P < 0.05) 

ivity was obs
es attaining a
der the limit
ermediate the
d 4). 

 

eatments for (1

Therefore, the
05) was signi
average enzy
s subjected 
27 and 1.37 D
the blend he
heat at 65 
d to go und
vity decreases

ney samples 

es from 3 rep

tivity (Schade 
65°C-3h 6
1.87c±0.06 4.
2.97d±0.06 4
2.03c±0.21 2.
1.30b±0.10 2
1.77c±0.15 2.
1.30b±0.10 3
0.70a±0.00 1
1.27b±0.12 2
1.83c±0.12 4

served (P<0
a maximum 
t of 8 DN. A
ermal proced

1) citrus, (2) t

e interaction
ificant. Thym
ymatic activi
to the mos

DN. After ha
eather pine s
°C up to 6

der the limit
s. 

complied 

etitions ± 

number)
65°C-6h
.33fg±0.06
.77g±0.31
40bc±0.10
.93d±0.15
77cd±0.15
.47e±0.25
.37a±0.12
.13b±0.15
.23f±0.15

.05). The 
decrease 

All honeys 
ures gave 

thyme, (3) 

between 
me honey 
ity losses 
t limited 
aving low 
saw their 

6 h, with 
ts set for 

6 Advances in Food Science and Engineering, Vol. 1, No. 1, March 2017 

AFSE Copyright © 2017 Isaac Scientific Publishing



Figure 4
multiflora

The p
variation
the theo
the mutu
close to 
denatura
number 
free ener

Accord
gaining 
Consequ
h. For m
barrier o
would no
did not 
the enzy
Compara
such as a

In the
physiolog
enzymat

4   Co

HMF co
temperat
after all 
65 °C fo
time, sin
color, fla

HMF 
present c
resistant
the initia

Diasta
more lik
flow rath

Theref
physicoc

4. Variation o
al 2, (7) multif

possible reas
n caused by 
ory of Eyring
ual repulsive
one another 

ation reaction
of enzyme m

rgy to form t
dingly, thym
an energy s

uently, a dras
multifloral h
of the transit
ot occur to a
have sufficie
ymatic activ
able behavio
alkaline phos
e case of hon
gical stage o
tic activity an

onclusions

oncentration 
ture and dur
the applied t

or 6 h), it is 
nce there are
avor, invertas
content form
case, pine ho
t and this mi
al free acidity
ase activity v
kely related to
her than the 
fore, during 
chemical para

of diastase act
floral 3, (8) th

on for these
heating that 

g, heating cau
e forces betw

and form a 
n of an enzy
molecules den
he transition

me, citrus and
state superio
stic decrease 
honey 3, the 
tion stage w
any large ext
ent energy to
vity of hone
r was report
sphatase in m
ney, this diffe
of the bees 
nd its variati

s 

increased an
ration. Althou
thermal treat
recommende
 other qualit
se activity an
mation was a
oney and blen
ight be relat
y values. 
variation was
o factors suc
botanical ori
processing, b
ameters disc

tivity accordin
yme pine blen

e findings co
is based on 

uses enzyme 
een the elect
transition st

yme occurs, e
natured is pr
 state and th

d heather-pin
or to the en
of enzymatic
number of 

ould be low.
tent. At the 
o surpass the
ey will not 
ted by Richa
milk and pero
erentiation in
and abundan
on. 

nd diastase a
ugh HMF con
tments (exce
d to avoid th
ty and sensor
nd nutritive v
also found to
nds of thyme
ed to the com

s also differe
h as age, die
igin of the ho
beekeepers an
ussed here a

ng to the diff
nd and (9) heat

ould reside 
structural ch
molecules to

tron clouds o
tate. Once th
expressed in 
roportional t
hat implicitly
ne honeys wo
nergetic barri
c activity can
activated m
 Therefore, t
end of the h

e energy barr
be highly d

ardson and H
oxidases and l
n the behavio
nce of necta

activity decre
ntent and dia

ept for DN of
he most extr
ry criteria th
value related 
o be related 
e-pine and h
mposition of

entiated amo
et, physiologi
oney itself. 
nd honey pro
and heat hon

ferent thermal
ther pine blend

in a hypoth
hanges in en
o acquire suff
of their const
he energy ba
the modifica
o the numbe

y depends on 
ould have a h
ier, which th
n then be obs

molecules whi
the reaction 

heating proce
rier would re
disturbed an
Hyslop [1] in
lipoxygenase 
or can be att
ar flow [1], a

eased with th
astase activit
f the blend h
reme heating
hat should be
to vitamins 
to the bota

eather-pine h
f the honey a

ong the studi
ical stage of 

ocessors shou
ney only mo

 

 treatments fo
d honeys. 

hesis concern
zyme molecu
ficient kinetic
tituent atoms
arrier is overc
ation of its p
er of enzyme
the intensity
high number 
hen would b
served after h
ich could ov
towards irre

edure, all act
eturn to a na
nd could be 
n the case of 

in vegetable
tributed to th
all factors th

he increasing
ty did not pa
eather-pine h
procedures 

e taken into 
and minerals

anical origin 
honeys were 
and specifical

ied honey sam
the bees and

uld accord sp
oderately (45

for (5) multifl

ning diastase
ules [3]. Start
c energy to s
s and they c
come, the irr

protein struct
e molecules t
y of heat trea
r of enzyme m
be  under d
heating at 65
vercome the 
eversible den
ivated molec
ative-like sta
e partially r
f other food 
es and fruits. 
he different 
hat can influ

g intensity o
ass the specif
honey after h
that are pro
consideration
s. 
of the honey
found to be 
lly the initia

amples. Howe
d abundance 

pecial attentio
5 °C for 24 

oral 1 (6) 

e activity 
ting from 
surmount 
ome very 
reversible 
ture. The 
that have 
atment. 
molecules 
distortion. 
5 °C for 6 
energetic 
aturation 
cules that 
te. Thus, 
ecovered. 
enzymes, 

age, diet, 
uence the 

of heat in 
fied limits 
heating at 
longed in 
n such as 

y. In the 
the most 

al pH and 

ever, it is 
of nectar 

on to the 
h) which 

Advances in Food Science and Engineering, Vol. 1, No. 1, March 2017 7

Copyright © 2017 Isaac Scientific Publishing AFSE



would be sufficient to reduce viscosity and prevent crystallization without altering other quality 
parameters.  
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