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Abstract

The purpose of this research was to evaluate the effect of heating treatments and storage on
diastase number, invertase activity and hydroxymethylfurfural (HMF) in several types of Iraqi
honey (represented in most of lIraq's governorates). Average values for the quality
characteristics of fresh honey ranged between (8-21) units of diastase number, 107.5-284.3
U/kg invertase activity and 7.6-40.3 mg/kg HMF. The honey samples were subjected to
heating at 50, 65, 75 C° for 30 minutes. Then the honey samples were left at room
temperature 25-30 °C and stored for 6 months for evaluation. Changes in diastase number,
invertase activity and HMF content were observed in 3 and 6 month of storage. The values of
these indicators decreased from the basic values and ranged between (1.1-3.6 units), (26.8-
70.8 U/kg) and (21.3-112.8 mg/kg) respectively after being subjected to heating at a
temperature of 75°C for 30 minutes after being stored for 6 months.

Keywords: Honey, diastase, invertase, hydroxymethylfurfural

Introduction The importance of honey has been
known for thousands of years, it is
considered the favourite food by all people
in different eras and times. Since it is
considered a food and medicine at the
same time because it contains bioactive
compounds that have important effects on
human health, honey varies according to
the diversity of the nectar source, whether
it is from flowers, plant secretions, or
substances excreted from insects, and
accordingly, its biochemical components
vary, even if by a small percentage

Honey is the natural sweet substance
produced by honeybees from the nectar of
blossoms or from the secretion of living
parts of plants or excretions of plant-
sucking insects on the living parts of
plants, which honeybees collect, transform
and combine with specific substances of
their own, store and leave in the
honeycomb to ripen and mature (Codex,
2001).
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(Bogdanov et al., 1999). Honey is
consumed as a portion of healthy food and
is also widely used in folk and clinical
medicine as a treatment. It must contain
the standard parameters of natural honey
that are accurately diagnosed including
sugar, moisture, electrical conductivity,
invertase, diastase, and
hydroxymethylfurfural content.

The enzymes are the most important and
interesting components of it, which are
responsible for converting the nectar and
live plant secretions into honey, they serve
as a sensitive indicator for use of it as a
treatment. Enzyme specifications are a
legally binding indicator in some countries
(Bogdanov et al., 1999). The enzymes that
are transformed into honey by bees are
diastase (amylases) which digests starch
and converts it into maltose, which is
relatively stable at storage temperature,
and invertase, whose role is to convert
sucrose into glucose and fructose
(Ceksteryteé et al., 2020).

http://doi.org/10.52113/mjas04/9.2/32

Since honey is a vital natural product and
is used for therapeutic purposes; It is
necessary to find unconventional ways to
determine the quality of honey and not to
cheat or treat honey with industrial
materials. Therefore, the study aimed to
study different types of local honey,
determine the indicators that are
considered a criterion for assessing the
purity of honey and study the effect of
different heating treatments and storage on
its quality.

Materials and Methods

Defferent varieties of Iraqi honey were

collected in a field manner from
beekeeping apiaries for several Iraqi
beekeepers, representing most of the

governorates of Iraq during the year 2021
for scientific research. The samples were
labeled and stored in glass bottles at
laboratory temperature until use.

Table (1): Regional distribution of honey samples used in the study.

Regional distribution of | No. of honey | Type of honey Code of sample
honey sample
Areas of Northern 1 Mountain H1
2 Eucalyptus H2
3 Jujube H3
4 Thistle H4
5 Multiflower H5
Areas of Central 6 Clover H6
7 Eucalyptus H7
8 Jujube H8
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9 Multiflower H9
10 Bitter honey H10
Areas of southern 11 Clover H11
12 Multiflower H12
13 Jujube H13
14 Eucalyptus H14
15 Thistle H15
Diastase Number (DN) assay Data was analyzed using Special

Followed the method presented in 1.H.C
(2009) and described in Almeida-Muradian
et al. (2020) in determinenation DN .

Invertase Activity Assay

Invertase activity was determined
according to the officially prescribed
method (IHC, 2009). and p-Nitrophenyl-
a-D-glucopyranoside (pNPG) was used as
substrate.

Determination of

Hydroxymethylfurfural (HMF)

Determinenation was carried out by the
Spectrophotometer (UV) method based on
what was reported in I.LH.C (2009) and
described in Tesfaye et al. (2016) and
Sereia et al. (2017).

Effect of Heating and Storage on Honey
Quiality.

The effect of heat treatments and
storage on the quality characteristics of the
studied varieties of Iraqi honey was
followed up and evaluated by following
the same procedures in each of the test
steps every three months.

Statistical Analysis

Program for Statistical System ( SPSS).
Results & Discussion
Diastase (DN)

Figure (1) shows the results of the
diastase enzyme activity values, which are
expressed by DN in the studied honey
samples. The statistical analysis showed
significant differences between the means
(P< 0.05). The highest Diastase Number in
sample H12 was 21 units, with a
significant difference from the rest of the
samples, but it did not differ significantly
with the H2 sample, as it reached 20 units,
followed by the samples H5 and H6, where
the DN reached 19 and 18 units
respectively, with a significant difference
from the other samples, then the honey
samples: H1, H15, H13. H10, H14 and H7
as the DN reached: 16, 15, 13, 12, 10 and
10 units, respectively, while the lowest
value was 8 units in samples H4 and H8,
with a significant difference from the rest
of the samples, but they did not differ
significantly with samples H3 and H11, as
the DN reached 9 units.

The hypopharyngeal glands of worker
honey bees specialize in collecting nectar
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have a key role in increasing the activity of
the diastase enzyme, as they become active
in relation to the age of worker bees. bees
and others in the  surrounding
environmental nature. The effectiveness of
honey enzymes, including diastase, is
affected by several factors, such as food
source, the techniques used in the process,
as well as storage conditions. the activity
of enzymes is a criterion for honey
ripening processes after its conversion
from the nectar phase (Taha, 2020; Salman
etal., 2019a).

The results obtained from the study are
within the range of AL-Farsi et al. (2018)

http://doi.org/10.52113/mjas04/9.2/32

who found that the DN values in Omani
honey ranged 1.46-18.4 wunits in 29
samples of Sidr honey, while the values
ranged 1.22-27.1 units in 21 samples of
Sumar honey.

Some of the results converged with
those of Xagoraris et al. (2021) results who
found that the highest value obtained was
51.1 units, while the lowest value was 11.1
units with an average of 27.3 units when
studying eight samples of Greek honey
(thyme honey) volatile compounds using
SPME-GC-MS technology.

Diastase Number in 15 honey samples

25 7

20

15

10

DN Units

L.S.D. (p<0.05)=

Honey samples

1.668

Figure 1: Diastase Number in honey samples.

As for Saeed and Jayashankar (2020), it
was found that there were significant
differences in the rate of diastase activity
in honey when conducting a comparative
study the chemical and physical properties
of some Indian and Yemeni, as the DN
reached 9.6 £ 0.25 and 11.2 + 0.15 units in

Indian honey (Coorg and Kashmiri)
respectively, while the activity rate in each
of yemeni honey (Sidr and clover) 11.9 *
0.60 and 10.5 = 1.12 units respectively,
which it is within the standard
specifications defined by codex. While
Salman et al. (2019b) found that the DN
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reached the highest 14.36 in the Basrah
region and the lowest in the Babylon
region 8.67.

Invertase

Figure (2) shows the values of the
invertase activity (IA) in honey varieties.
The results of the statistical analysis
showed that there were significant
differences at (p<0.05) between the
average values of IA in the studied
samples and the highest activity was
recorded in the H7 sample, which
amounted to 284.3 U/kg followed by the
samples H12, H14 and H8 where the
activity reached 279.6, 278.5 and 278.1
U/kg respectively, with no significant
difference between them, then honey
samples H13, H15, H10, H5, H2 , H1, H9
and H6, which amounted to 242.5, 238.4,
234.3, 201.2, 198.1, 190.4, 178.4, 140.2

http://doi.org/10.52113/mjas04/9.2/32

U/kg respectively, while the lowest activity
of 1A in sample H11 was 107.5 U/kg with
a significant difference with the other
samples, but it did not differ significantly
with samples H3 and H4 which the 1A was
122.1 and 120.2 U/Kkg respectively.

Invertase activity is more sensitive to
heat than diastase. The evaluation of its
effectiveness is very important to
determine the quality and freshness of
honey, while the HMF compound comes in
the second degree of importance, and
according to international standards, the
level of invertase enzyme activity in honey
must not be less than 40 U/kg (Bogdanov
et al., 1999). The activity of diastase and
invertase in bee honey varies from one
type to another and depends on factors
including the type of sample, the quality
and composition of the nectar, the season,
also the type and age of the bees.

Invertase Activity U/kg

200

IA U\kg

150

100

50

Honey samples

LS.D. (p<0.05)= 16.68

Figure 2: Invertase Activity in honey samples .
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The results came within the range
reached by Beykaya (2021) who reported
that the invertase activity in Croatian
honey that was subjected to the test was
between 103.3 - 378.1 U/kg. Some of them
were similar to the findings of Flanjak et
al. (2016) in a study conducted on samples
of single-source Croatian honey, including
buckwheat honey, chestnut, sage, and
honeydew. The average invertase activity
for each of them was 52.1, 155.2, 94.7 and
176.1 Ul/kg  respectively.  Whereas
Boussaid et al. (2018) reported that the
average values of invertase activity:
184.68, 52.29, 46.25, 92.66, 73.74 and
82.01 Ul/kg for each of thyme honey,
eucalyptus, rosemary, sidr, orange and
mint respectively, in six honey samples of
different botanical and geographical
sources in Tunisia. The geographical
location and type of plant the variation in
the values of enzymatic activity from one
species to another. It was close in part with
the control sample of Kanelis et al. (2022)
who found during his study that honey
samples that represent the control and the
sample produced after feeding on Candy
paste gave values for IA that were 153.7
and 129.9 U/kg, while samples which were
produced after feeding with inverted syrup
and sugar syrup gave low IA values of
32.4 and 68.9 U/kg respectively (classified
as adulterated), as for invertase activity,
supplementary  feeding  during  the

http://doi.org/10.52113/mjas04/9.2/32

production led to lower invertase values in
the collected samples. This may be
attributed to the fact that bees, when they
are fed with syrup, collect it quickly and
have no time to enrich the product with
enzymes, resulting in honey samples with
low enzymatic content. According to the
International Honey Commission, honey
with invertase values greater than 10 IN
(invertase number) or 73.43 Ulkg is
characterized as fresh (Bogdanov et al.,
1999).

Hydroxymethylfurfural (HMF)

From Figure (3) we note that the
concentration of HMF in the studied honey
samples ranged between 7.6-40.3 mg/kg
and an average of 21.21 mg/kg, as the
maximum value of HMF was in the honey
sample H2 while the lowest was in the
sample H5, and based on the statistical
analysis, it was found that the variance in
the average concentration of HMF between
honey samples of different types and
sources was significantly different at
(p<0.05). The variation in the content of
honey varieties is mainly due to the nature
of the conditions surrounding honey during
the periods of picking, storage and
handling. Studying its levels is one of the
important indicators of honey quality
(Shapla et al., 2018).
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HMF mg/kg

L.S.D. (p< 0.05)= 5.325

HMF mg/kg

Honey samples

H15

H11 H12 H13 H14

Figure 3: HMF concentration mg/kg in honey samples .

The results came within the international
standard for honey based on the Codex for
the year 2001, as most of the samples
conform to international standards. Also,
within the range reached by Polak-
Sliwinska and Tanska (2021), who found
that the content of HMF compound in five
types of Polish honey ranged between
6.05-54.25 mg/kg. It also came close to the
findings of Tesfaye et al. (2016) who
found that the content of HMF ranged
between 27.10-40.80 mg/kg in his study
evaluating the chemical and physical
properties of Ethiopian honey. While
Salman et al (2019b) found the content of
HMF  Dbetween 12.35-41.54 mg/kg
according to producing location.

Effect of Heating Treatments and

Storage on Honey Quality

Effect of temperature and storage on
diastase number (DN)

The results in table (2) show the effect
of different thermal treatments and storage
at laboratory temperature (25-30°C) on the
DN of the studied samples of Iragi honey.
The results of the statistical analysis
showed that the DN values decreased
significantly at the probability level of
p<0.05 for all studied samples, as it was
noted that there was a gradual decrease in
DN values during the storage periods, but
the values of the decrease varied in varying
proportions with the heat treatment of
honey and at different degrees for 30
minutes. In sample H12 which value of
HMF before thermal treatments and
storage 21 units, the values reached: 21,
16.7 and 15.8 units at thermal treatments:
50, 65 and 75°C, respectively, then this
decrease increased to: 16.5, 16.2 and 8.6
units, respectively, after 3 months of
storage, then the values reached: 11.2, 6
and 3.3 units respectively after 6 months,
and so on for all honey samples, as it was
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noted that the decrease in DN had reached
below the internationally permissible limits
of 8 units when honey was heated at 65
and 75 °C after a storage period of 6
months. The values in the rest of the

http://doi.org/10.52113/mjas04/9.2/32

reached: 3, 3.6, 1.5, 1.6, 2.6, 2.6, 1.8, 1.1,
1.8,1.9,1.8, 1.2, 1.5 and 2.8 units for each
of samples H1, H2, H3, H4, H5, H6, H7,
H8, H9, H10, H11, H13, H14 and H15
respectively, upon heat treatment of 75°C.

samples at the end of the storage period

Table (2): Effect of heat and storage on DN in honey samples.
honey | DN |DN  units before | DN units after 3 |DN units after 6
samples | units | storage months months

50 C°/ [ 65 C%/ | 75 C° | 50 C% | 65 C% | 75 C%/ | 50 C%/ | 65 C¥/ | 75 C%

30min | 30min | 30min | 30min | 30min | 30min | 30min | 30min | 30min
H1 16 16 12.7 11 12 12 6.5 8 5.5 3
H2 20 20 15.9 149 | 158 152 |8.2 11 7 3.6
H3 9 9 7.1 6 7 6.7 3.7 6 3.2 1.5
H4 8 8 6.3 5.1 6.3 5.5 3.3 4.3 2.8 1.6
H5 19 19 151 13.7 15 14 7.8 101 |58 2.6
H6 18 18 14.3 13 14.3 13.3 7.3 9.5 5.5 2.6
H7 10 10 7.9 6.9 7.9 7.4 4.1 5.2 24 1.8
H8 8 8 6.3 5.3 6.3 5.8 3.3 4 2.1 1.1
H9 13 13 10.3 |91 10 9.7 5.3 7 3.1 1.8
H10 12 12 9.5 8.3 9.5 9 4.9 6.9 3.3 1.9
H11 9 9 7.1 6 7.1 6.3 3.7 4.8 2.2 1.8
H12 21 21 16.7 158 |16.5 16.2 | 8.6 112 |6 3.3
H13 13 13 10.3 |91 102 |98 5.3 6.9 3.8 1.2
H14 10 10 8.0 7 7.9 7.4 4.1 5.1 24 1.5
H15 16 16 12.7 11.7 12.7 12.2 6.5 8 4.2 2.8

The decrease in diastase activity begins at
55 °C, and this decrease in activity
continues below the internationally
permissible limits when the temperature is
raised to 75 °C. Blidi et al. (2017) showed

The results were close to what Samira
(2016) indicated that the DN is severely
reduced during the heating treatment and
this in turn affects the quality of the honey.
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this in their study on Greek honey to
evaluate the effect of heat treatment on the
quality of honey, and the average values

for the diastase number were 14.93 units at
0 hours, and it was noticed that the values

decreased by the effect of temperature,
reaching: 13.67, 12.90, 13.17 and 12.17
units respectively.

Effect of temperature and storage on
invertase activity (1A)

The results in Table (3) indicate the
effect of different heat treatments and
storage at laboratory temperature (25-
30°C) on the invertase activity (1A) in the
studied samples of lIraqi honey, as the
results of the statistical analysis showed
that the activity values of the enzyme had
decreased significantly at (p<0.05) for all
samples, as it was observed that there was
a gradual decrease in the 1A values during
the storage periods, but the values of the
decrease in the enzymatic activity differed
in varying proportions with honey heat
treatment at different degrees for 30
minutes, the H7 sample which gave the

http://doi.org/10.52113/mjas04/9.2/32

highest value of IA before heat treatment
and storage, it reached 284.3 U/kg, while
this value decreased to 283.2, 265.8 and
254.7 U/kg when honey was exposed to
different temperatures 50, 65 and 75° C
respectively before storage, then this
decrease continued to 253.3, 237.6 and
228.1 U/kg respectively, after 3 months of
storage, and then reached 122.8, 91.3 and
70.8 U/kg, respectively, after 6 months, so
on for all honey samples, as it was noted
that the decrease in IA had reached in
some honey samples below the permissible
limits it has internationally 40 U/kg when
the honey is heat treated at 65 and 75 °C
and then stored for a period of 6 months.
The values were: 30.4, 29.9, 34.9 and 26.8
U/kg for each of the samples: H3, H4, H6,
H7 and H11, respectively at the heat
treatment of 75 °C. The activity of
invertase is more sensitive to heat than
other compounds, as the evaluation of its
effectiveness is very important to
determine the quality and freshness of
honey, while HMF comes in the second
degree of importance.

Table (3): Effect of heat and storage on IA in honey samples.

honey | IA IA U/kg before storage | IA U/kg after 3 months | 1A U/kg after 6 months
samples | UG 155557 T65 co7 [ 75 Co/ [ 50 C [ 65 C | 75 C% | 50 C | 65 €7 | 75 C
30min | 30min | 30min | 30min | 30min | 30min | 30min | 30min | 30min

H1 190.4 | 189.6 | 178.0 | 170.6 | 169.6 | 159.1 | 1528 |82.3 |61.1 |474
H2 198.1 | 197.3 | 185.2 | 1775 | 176.5 | 165.5 [159.0 | 856 |63.6 |49.3
H3 122.1 | 1216 | 1142 |109.4 | 108.8 | 102.0 | 98.0 |52.7 |39.2 |304
H4 120.2 | 119.7 | 112.4 | 107.7 | 107.1 | 100.4 |96.4 51.9 38.6 29.9
H5 201.2 | 2004 |188.1 |180.3 |179.3 |168.1 | 1614 |86.9 |64.6 |50.1
H6 140.2 | 139.6 | 131.1 | 125.6 | 1249 |117.2 |1125 |60.6 |45.0 |34.9

9
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H7 284.3 | 283.2 | 265.8 | 254.7 | 253.3 | 237.6 |228.1 | 1228 |91.3 |70.8
H8 278.1|277.0 | 260.0 |249.2 |247.8 | 2324 |223.1 |120.1 |89.3 |69.2
H9 178.4 | 177.7 | 166.8 | 159.8 |159.0 |149.1 | 1431 |77.1 |57.3 |444
H10 2343|2334 |219.1 | 209.9 |208.8 | 1958 |188.0 |101.2 | 75.2 |58.3
H1l 107.5|107.1 | 1005 [96.3 [958 [89.8 |86.3 |464 |345 |2638
H12 279.6 | 2785 | 261.4 | 250.5 | 249.1 | 233.6 |224.4 |120.8 | 89.8 |69.6
H13 2425|2415 | 226.7 | 217.3 |216.1 | 202.6 | 194.6 | 104.8 | 77.8 |60.4
H14 2785|2774 |260.4 |249.5 | 248.1 | 232.7 | 223.5 |120.3 | 894 |69.3
H15 238.4 | 237.4 | 2229 | 2136 | 2124 |199.2 | 1913 |103.0 | 76,5 |59.4

The results are in line with those of Flanjak
et al. (2016) the invertase activity in
samples of Croatian honey that were
subjected to the test was between 103.3 -
378.1 U/kg, the highest IA was found in
raw honey, while the effectiveness was
lower in heat-treated honey. Honey and its
exposure to heating processes, it
approximated what found Hasan (2013)
when studying the effect of heating on
different types of honey from different
floral sources, as the average values of 1A
decreased from 131.6 to 104.9 U/kg when
heat treatment was 75° C for 25 minutes
and a three-months storage period,
whereas, 1A values reached 20.6 U/kg after
6 months of storage.

Effect of heat and storage on HMF

The results in table (4) show the effect
of different thermal treatments and storage
at laboratory temperature (25-30°C) on the
content of HMF in the studied samples of
Iragi honey, as the results of the statistical
analysis showed that the content of this

compound increased significantly at (p<
0.05) for all samples, as it was noted that
there was a gradual rise in HMF values

when heat treated honey at different
temperature for 30 minutes, but the
percentages differed in the content of this
compound during storage periods in the H5
sample which gave the lowest HMF
content before heat treatment and storage,
as it reached 7.6 mg/kg, while this amount
increased to: 8.8, 12.2 and 14.7 mg/kg
when honey was exposed to different
temperatures: 50, 65 and 75°C respectively
before storage, then this increase continued
to: 13.5, 15.6 and 17.2 mg \ kg respectively
after 3 months of storage, then the
concentration reached: 18.6, 19.7 and 21.3
mg/kg respectively after 6 months of
storage, so on for all honey samples, as it
was noted that the increase in HMF
content reached the internationally
permissible limits of 40 mg \ kg according
to Codex recommendations when treating
honey at a temperature of 50, 65 and 75 °C
during the storage period.
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Table (4): Effect of heating and storage on HMF content in honey samples.

honey | HMF | HMF mg/kg before | HMF mg/kg after 3 | HMF mg/kg after 6
sample | mg/k | storage months months
> 9 [50C¥[65CY[75C%|50CY | 65C% | 75C% |50 C%|65CY]75CY
30mi | 30mi | 30min | 30min | 30min | 30min | 30min | 30min | 30min
n n
H1 214 | 248 |342 415 |379 [439 |484 |524 |554 599
H2 403 |46.7 |645 |782 |713 |826 |911 |98.7 104.4 | 112.8
H3 156 |181 |250 |303 |276 |320 |353 |382 |404 |437
H4 19.7 229 |315 |382 |349 (404 |445 |483 |51.0 |552
H5 7.6 8.8 12.2 14.7 135 15.6 17.2 18.6 19.7 1213
H6 19.8 23.0 31.7 38.4 35.0 40.6 44.7 48.5 51.3 55.4
H7 215 | 249 (344 417 |381 |[441 |486 |52.7 |557 |60.2
H8 231 | 268 |37.0 |[448 |409 [474 |522 |56.6 |59.8 |64.7
H9 196 |227 |314 |380 |347 (402 |443 |48.0 |50.8 |54.9
H10 240 |278 |384 |46.6 |425 [492 |542 |588 |622 |67.2
H11l 222 | 258 |355 [431 |393 |[455 |50.2 |544 |575 |622
H12 16.7 194 |26.7 |324 |296 (342 |37.7 |409 |433 |46.38
H13 231 | 268 |37.0 [448 |409 [474 |522 |56.6 |59.8 |64.7
H14 196 | 227 |314 |380 |347 (402 |443 |480 |50.8 |54.9
H15 240 |278 |384 |46.6 |425 [49.2 |542 |588 |622 |67.2

The results were in line with what
Samira (2016) who observed that there was
an increase of 65.4% HMF production
resulting from heating at 55-75°C and
stated that HMF formation is a slow
natural phenomenon at room temperature,
but heat treatment of honey to high
temperatures can cause a significant
increase in the content of this compound. It
agreed with the study by Bodor et al.

(2022) on three types of Hungarian honey
to evaluate the effect of heat on the HMF
compound in honey, and the average
values of this compound in fresh honey
were as follows: 18.5, 14.7 and 7.0 mg/kg
respectively, the three heated samples
were: 40, 80 and 100 ° C for 60 and 120
minutes. He noticed that the HMF content
was greatly affected by the temperature. It
reached: (16.2, 17.6, 20.2 and 40.3) and
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(17.3, 20.5, 31.8 and 155.1) mg/kg
respectively in sunflower honey, and it
reached: (14.1, 18.0, 11.9 and 16.7) and
(15.1, 15.8, 143 and 81.4) mgl/kg,
respectively, in Indigo honey also reached:
(7.7, 8.0, 9.1 and 16.1) and (8.0, 8.8, 13.3
and 44.7) mg/kg respectively in Acacia
honey.

Conclusion

On the results obtained in the current
study, the results of tests to determine the
values of diastase and invertase activity
showed that there are significant
differences in enzyme activity according to
types and sources of honey. The honey
samples varied significantly in
hydroxymethylfurfural content as the
criteria determining the purity of honey.
Decrease in the values of indicators that
depend on the diagnosis of honey purity
under the influence of thermal treatments.
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