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Abstract

Honey is usually subjected to heating before commercialization which poses risks for Maillard reactions to take
place. The formed Maillard reaction products (MRPs) in honey may generate a small amount of harmful
substances such as 5- hydroxymethyl furfural (HMF), Acrylamide (AA) and furan. Therefore, in the present
study we tried to use one low heating temperature (80°C) for two different periods (30 min and 60 min) and three
doses of y-irradiation (5.0,10.0 and 15.0kGy) in an attempt for keeping quality of honey with mitigation of MRPs
toxic materials. Honey samples were subjected to different analysis including: microbiological analysis; AA,
furan and HMF; elements and heavy metals and antioxidant properties. The results of the microbiological
analysis showed that raw Egyptian honey samples had low load of microbes. The total bacteria count (TBC) was
found to be 1x10* £0.4. Whereas Total Spores (TS) were present at 4x10?> CFU/g and samples were fungi free.
The y-irradiation eliminated microbes partially at 5.0 key and eliminated all microbes completely at a dose of 10
kGy. Concerning, the chemical analysis, three toxic substances were determined as HMF, AA and furan by GC-
MS in raw honey, the amounts of these compounds were changed after applying the different experimental
treatments (y-irradiation or thermal process). HMF, AA and furan were decreased by irradiation and thermal
process. The advantages for y-irradiation was its ability to enhance the total phenols ,antioxidants and
flavonoids of honey to high concentrations which adds good quality and more health benefits of irradiated
honey (especially at 5.0 and 10 kGy) .The results also proved the presence of 10 trace elements Copper,
Chromium, Boron, Cadmium, Cobalt, Lead, Nickel, Zinc, Manganese, Thallium, Iron, Magnesium, Phosphorus,
Sodium, Potassium, Calcium, Aluminum and Barium. Though their concentrations were within the permissible
limits of WHO. From the results obtained during the present work, it could be recommended that to use low
doses of y- irradiation (5-kGy or 10-kGy) as a safe alternative to harmful thermal processing. This could be a
good solution to reduce the toxic substances in honey and enhancing its microbiological and antioxidant quality.

Keywords: Gamma irradiation; microbiology; acrylamide; furan; antioxidant activity, trace elements; thermal
processing.

1. Introduction the spores of Clostridium botulinum has been

Honey is naturally made from flower nectar
by honey bees (Apis mellifera). Depending on the
plant source, honey can have an extremely
complicated chemical makeup. Since ancient times, it
has been used as food and medicine [1]. To guarantee
a safe, enjoyable, and uniform appearance of the
finished product, a number of processing activities
have been established. The honey must typically be
heated throughout these processing methods to
minimize its viscosity and prevent its crystallization
or fermentation [2]. Because of this heating process,
Maillard reaction products may be formed. Also,
Honey is wusually contaminated with numerous
microorganisms, depending on the origin of plants
and their surrounding area. Mainly, the presence of

reported by many workers [3]. Bacteria also cause a
problem if the honey is intended to be applied for a
therapeutic purpose. For instance, honey may
provoke an alimentary infection or contaminate
wounds. Osmophlic yeasts, in turn, may initiate a
fermentation of the honey [4]. Also, honey is easily
to be contaminated from many sources especially
microbes besides chemicals as herbicides and other
elements depending on origin and location [3, 5].
5-hydroxymethyl furfural (HMF) is a
substance that is produced when the reducing sugars
in honey and other processed foods are heated via the
Maillard reaction in an acidic environment. HMF has
harmful and it is converted into the non-excretable,
genotoxic compound 5-sulfoxymethylfurfural. HMF
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is therefore a contaminant that causes neoplasms and
is extensively researched by scientists [6].
Acrylamide (AA) and Furan, two potentially cancer-
causing substances that are frequently produced in
processed foods as a result of heat temperature.
Maillard reaction is thought to be highly damaging in
honey recently because of thermal processing; these
compounds are thought to be possibly or probably
carcinogenic to humans has sparked an extended
discussion on the healthfulness of even basic foods.
Acrylamde (AA), furan, and hydroxymethyl furfural
(HMF) are substances that are considered to be
reasonably expected human carcinogens [7].

Honey has many beneficial health,
therapeutic, and preventative qualities. Honey has the
potential to serve as an essential source of
antioxidants in human nutrition and can have positive
benefits on human health, such as anticancer and
cardiovascular protection, because of its natural
antioxidants and their synergistic interaction with
other components [8]. Honey contains flavonoids,
phenolic acids, ascorbic acid, catalase, peroxidase,
carotenoids, and MRPs. Due to its natural
antioxidants and their synergic interaction with other
components, honey has the potential capacity to serve
as an important source of antioxidants in human
nutrition and can exhibit beneficial effects on human
health, as antitumor and cardiovascular protection
[8]. Honey antioxidant capacity is strongly correlated
with the concentration of its phenolic contents [9,10].
The phenolic content of honey comes from the plant
that the bees feed on [11]. Thus, botanical origin
plays a significant role in determining the
constituents and antioxidant activity of honey [12].

Honey also contains a variety of macro- and
micro minerals that are the minor constituents of
honey present in the range 0.02-2.03%. Trace
elements are inorganic compounds which have to
exist in the human body for vital activities, such as
Se, Cu, Mn, Fe, Ni, and Zn are essential for normal
metabolism [13] but above tolerance limits they are
hazardous for human health. Trace elements such as
Pb, Cd, and Al are considered as toxic and should
damage the human metabolism [14]. Recently, -
irradiation has been established as one of the best
approaches for microbial decontamination of food
without altering the quality of the ingredients [15].
The utilization of y-irradiation for microbial
decontamination of whole-packaged food, called cold
sterilization, is legally permitted in more than 50
countries worldwide. Irradiation of honey (15kGy)
results in high quality sterilization and does not affect
the antibacterial action of honey [15]. The success of
irradiation is widely reported, especially at 10-15
kGy for vegetative microorganisms [5] and at 25 kGy
onward for bacterial spores [16, 17]. The present
work introduces a comparison between the effects of
low y-irradiation and low thermal treatment on
honey’s quality, microbiological, and bioactive
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properties as well as the biochemical characteristics
of honey aiming at mitigating the toxic substances in
honey that may be formed during its processing.
Organization of the manuscript.

2. Experimental
2.1 Sampling and Irradiation process

Egyptian honey samples were obtained from
“Honey bee Division” at the Faculty of Agriculture -
Ain Shams University. No additional treatment was
done. The fresh samples were then divided into 6
treatments (with four replicates each). Three
treatment groups for irradiation at different doses as
5.0, 10.0, 15.0 kGy and two for thermal treatments
(at 80 °C for 30 min. and 60 min.) + one control
group without any treatment were done. The
irradiation process was done by using Cobalt-60
source (Indian cell) at the laboratory of food
irradiation department, National Center for Radiation
Research and Technology (NCRRT), Nasr City,
Cairo, Egypt. All samples were kept refrigerated until
analysis.

2.2. Microbiological analysis

The microbial count of the samples was
determined according to the procedure given by [18].
A 25-g portion of each sample was blended under
sterile conditions with 225 ml of sterile saline
solution (0.85% NaCl) for 1 minute. Next, the
mixture was diluted ten-fold with saline solution.
Total bacteria count (TBC) was determined on a plate
count agar medium via the pour plate technique.
Total fungi count (TFC) (CFU/ml) of samples were
measured as previously described by [18]. The total
samples' spore count (TSC) (CFU/ml) was calculated
as previously stated by [19].

2.3. Chemical analysis
2.3.1. Acrylamide (AA) analysis

Samples were allowed to swell adding water
in an amount normally corresponding to 3 times the
weight of the sample (more for exceptionally dry
samples). Preparation, 10 g of the homogenate was
weighed into a 100 ml centrifuge glass with a screw
cap and thoroughly mixed with 40 ml of 1-
propanol.all analysis steps were done according [10]
using GC-MS.

2.3.2. Furan analysis

(HS-GC/MS furan analysis): Samples
were prepared and analyzed by gas chromatography-
mass spectrometry (GC/MS) with head space;
sampling was used to detect furan in selected-ion
monitoring mode (SIM) using ions: m/z 39 and 68.
The reagents involved (in the determination are furan,
purified water and ethanol) Furan standard minimum
purity 99% (Fluka) and stored in (-20°C) freezer.
Also, water purified by water purification system
(Milli-Q) and Methanol (HPLC grade). Furan was
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determined by HS GC-MS. Individual stock standard
solutions of furan were prepared by transferring each
pure analyze via a micro syringe through the septum
of 20 mL headspace vials containing methanol.
GC/MS/MS (Agilent 7890N GC with Agilent 7000
MSD with Dynamic headspace), auto-sampler, GC
column: HP-5, 15 m, 0.32 mm L.D., 20 um films were
used [10, 20].

2.3.3. HMF.

5-Hydroxymethyl-2-furfural (5-HMF) was
determined according to [21]. Chromatography
analyses were carried out with an Agilent 1100
HPLC device. Separations were carried out in an
ACE C18 column, 250 x 4.6 mm x 5 pm particle
sized. The mobile phase used was methanol: water
(90: 10, v/v).

2.3.4. Determination of total antioxidant capacity
(TAC)

The total antioxidant capacity (TAC) of the
samples was done spectophotometricaly at 595 nm
using the “phosphomolebdenum assay” using
ascorbic acid as a standard antioxidant [22].

2.3.5. Determination of total phenolic content
(TPC)

Total phenolic content (TPC) of the samples
was determined by using the Folin—Ciocalteu method
[23] using a spectrophotometer set at 760nm and
Gallic acid (GA) was used as a standard.

2.3.6. Determination of total flavonoids (TF):

Total flavonoid content (TF) of the samples
was determined by using the aluminium chloride
method with using a spectrophotometer set at 415nm
and Querectin as standard reference [24].

2.3.7. Determination of DPPH radical scavenging
assay

The  free  radical 1, 1diphenyl2
picrylhydrazyl (DPPH) scavenging activity of the
samples was also evaluated as earlier reported by
[25].

2.3.8. Determination of macro and micro elements
in honey

Samples were digested using Microwave
digestion technique by analytikjena instrument.
Analytical performance of minerals determination
(Cuy, Cr, B, Cd, Pb, Ni, Zn, Mn, T1, Fe, Mg, P, Na, K,
Ca, Al, and Ba) has been done by wusing the
inductively coupled plasma- mass spectrometry (ICP-
MS/MS Agilent 8800) according to the [26] method
and to the instrumental manual. The standard ICP-
MS helium mode was used to provide lower
detection limits and higher sensitivities for elements
[27].
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3.4. Statistical analysis

Four replicates were performed for each analysis and
the values were expressed as mean +S.D. One-way
analysis of variance (ANOVA) described by [28]
with  significant differences between means
determined at p<0.05. A Linear regression analysis
was applied using Excel program; a Microsoft
computer software to get value of R2. All values
were average of the replicates with standard
deviation.

3. Results and discussion
3.1. Effect of different treatments on microbial
load of honey

Honey is a semi-liquid substance with water
percentage (15-18%) and pH (3.8) [6]. A complex
variety of carbohydrates, mostly glucose and
fructose, are found in honey as traces, depending on
the floral source. All these may activates
microorganism's development in honey. As shown in
Table 1, the obtained microbiological results showed
a low load of microbes in the raw Egyptian honey
samples. The initial total bacteria count (TBC) in raw
honey was very low (1x10* +0.4), whereas total
spores (TSC) were present at 4x10> CFU/g and
samples were fungi free. The irradiation eliminated
microbes partially at 5.0 kGy and completely
eliminated all microbes at 10 kGy. Same doses are
recommended for honey at EU standards [18, 29].
Thus, the results revealed that y-irradiation treatment
was explored as a possible mean to achieve microbial
decontamination of honey, and it completely
sterilized all samples, especially at high doses of 10
and 15kGy. It has been established that y-irradiation
is a cold and safe process, that in general does not
affect the intrinsic physicochemical properties of
treated products [29, 30, 31].

The success of irradiation is widely
reported, especially at 10-15 kGy for vegetative
microorganisms [5]. Irradiation is considered as a
cold pasteurization. Emergent processing
technologies may constitute a promising alternative
to ensure honey microbiological safety with
preserved fresh like quality [32]. By comparing the
effect of thermal treatments and y- irradiation on
microbial load as shown in Table (1), either at short
or long-time treatments at 80 °C eliminated all
microbes in honey. But according to previous reports,
the heat treatment affects honey quality especially
viscosity and may cause the production of Maillard
reaction products [33].

3.2. Effect of treatments on toxic compounds
(HMF, AA and furan)

Most of honey producers use heating at mild
temperatures below 100 °C chiefly in order to
prevent post-bottling crystallization. During, this
process, the so-called Maillard Reaction or non-
enzymatic browning occurs. These processes involve
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reactions of amino acids, peptides and proteins with
reducing sugars and other carbonyl compounds.
Furan , Acrylamide ,5-HMF and many of its
derivatives are one of the compound classes as toxic
,can be found at very low levels in many foods and
drinks as a result of thermal treatment. Some of them
showed, its formation of AA and HMF was highly
negative healthy effects, correlated and with high
temperature and time [34].

Table (1): Effect of y-irradiation and thermal
treatments on the microbial load of Egyptian honey

effect. Therefore, the results introduce using 5.0 kGy
as recommended dose not more for sterilizing honey
with safe, nearest HMF value to Egyptian Standard
(HMF limit in honey of 40 ppm ,80 mg/kg) [29, 35].

The highest values of HMF were produced
during thermal process as shown in Table (2), Fig.
(1). The thermal treatments increased HMF from zero
in raw honey, to at 80°C as (14.29+3.9) for 30min
and (19.29+£5.3) for 60 min. HMF is formed upon
thermal processing and/or long-term storage as an
intermediate product of MRPs [6, 35]. It is important
to notice that HMF in honey is extensively studied as
an indicator of honey’s quality and freshness. Some
workers showed that the honey processed at the 75°C/
24 h presented an increase in HMF from 173.4 to
226.35 mg/kg) [36].

Acrylamde
y=-1361x +75.55

EAA

Treatments TBC TSC TFC

Control 1x10*+0.4 4x10%+0.3 1x10%+
0.5

Irradiation  doses
(kGy)
5.0 3x10°£ 0.3 2x10%£0.4 | N.D
10.0 1x10%+ 0.2 N.D N.D
15.0 N.D N.D N.D
Thermal treatments
(80°C)
Short time 30 min. N.D N.D N.D
Long time 60 min. | N.D N.D N.D

ND = not detected. total bacteria count (TBC), total spores (TSC)
and total fungi counts (TFC)

3.2.1. Effect of treatments on 5-HMF

As shown in Table (2), control samples of
honey were free of HMF. Concerning, irradiation
effects, as shown in Table 2, Fig.l.irradiation
increased HMF, at 50 kGy, from zero to
(9.09+1.5ppm) with calculated rate (%) near 9 % then
increased gradually with increasing irradiation doses.
Then paralleled with doses linearly, a linear equation
resulted as (y=32.6 X-3.7,R?=0.9) as recorded in
Table (3). This rate was faster by thermal process as
14.29%, 19.2% by short and long time at 80°C
respectively. Whereas, irradiated samples recorded
the rates as 9.1, 10.5,13.02 % for 5.0,10.0 and 15.0
kGy respectively. In all cases all samples either
irradiated or not showed HMF concentrations lower
than the permissible levels by WHO/FAO, EU and
Egyptian standard [29]. Most workers mentioned that
the irradiation of honey did not show any significant

R2 =0.8688
I Furan

COHMF

Furan

y=-0.725¢+ 4.425
R2=0.7445

5-HMF

y =239 +6.03
15.0kGy T1 T2

R2=0.9343
Treatments

Fig (1): Concentration as (%) for toxic substances
under different treatments. (T1=thermal treatment
at80 °C /30 min), (T2= thermal treatment at80 °C /60
min).

Increase %
Fy
o

10 4
0,,4J1‘ T

5.0kGy 10.0kGy

]

Generally, it is recommended using
irradiation dose 5.0kGy as alternative for thermal
processing, as it produces low levels of HMF
(9.1ppm) than thermal processing. These levels allow
export to EU countries or other countries.

3.2.2. Effect of treatments on Acrylamide (AA):
The raw honey samples recorded presence
of AA (6.1 ppb) at zero time before any treatment.

Table (2): Effect of y-irradiation and thermal treatments on toxic substances of honey.

Treatment HMF Increase AA Increase Furan (ppb) Increase

(ppm) (%0)* (ppb) (%) (%)

Control ND | -eeeee- 6.1+1.1 | ---moee- 3.8+2.1 | eemeeee-

Irra. dose( kGy)

5.0 9.09+1.5 9.1 10.24+2.0 67.2 14.0+2.3 268.4

10.0 10.58+2.4 10.5 9.0+1.21 475 10.2+1.6 168.4

15.0 13.02+2.9 13.02 8.0+3.11 31.1 6.57+£2.6 72.9

T1 14.29+3.9 14.29 6.7+2.5 9.8 4914+2.1 29.21

T2 19.29+5.3 19.29 7.243.2 18.0 5.23+1.1 37.9

* Increase (%) =control-samples /controlX100.
*Thermal treatments (800C) =T1 short time (30 min) and T2= Long time (60 min), 5-Hydroxymethyl-2-furfural (HMF) and

Acrylamide (AA)
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The control values increased from (6.1 ppb)
to (10.2 ppb) at 5.0 kGy then decreased to (9.0 ppb)
at (10.0kGy) and to (8.0ppb) at (15.0 kGy)
respectively. By calculating the increasing rate as
(%), the results were as follow 67 %, 47% and 31%
for 5.0, 10.0 and 15.0 kGy respectively. As shown in
Fig. (1), the reduction of AA by treatments was linear
(y=-13.6x+75.6, R?=0.87). The results suggested that
the formation of AA and HMF was highly correlated
with tested treatments either y-irradiation, thermal
treatments and time.

AA and 5-hydroxymethyl-2-furfural (5-
HMF) are resulting as MRPs during food processing
by either thermal or irradiation treatments in presence
of organic acid, phenols, free amino acids, sugars
mainly glucose or fructose. Some pathways of their
formation have been proven to share the first step of
the Maillard reaction, which makes acrylamide and 5-
HMF have a widespread occurrence in daily
consumed foods [37].

3.2.3. Effect of treatments on furan:

Results in both Table (2) and Fig (1) , show
that, the tested treatments either y-irradiation or
thermal treatments increased furan content v-
irradiation has a descending increase in furan
concentration from (3.84£2.1ppb) control to
14.0,10,6.5 ppb when using 5.0 ,10, and 15 kGy
respectively. The calculated rates were 268.42%,
168.42% and 72.9 for same doses, respectively.
While the proportional increase of furan
concentration with the increase of thermal exposure
period was 29.21and 37.61, respectively.

It is generally recommended by [38] that
exposures for such compound should be as low as
reasonably achievable. For ,furan some levels are
recommended (0.29-1.17 ppb for adults, 0.27—
1.01ppb for infants 3—12 months 0.60-2.22ppb for
adults (95™) 1.14-1.34 ppb for infants 6-9 months
(95") Denmark 0.95-1.02ppb for adults 0.08 ppb
for children 4-6 year [39].

3.4. Effect of tested treatments on antioxidant,
phenols, flavonoid and DPPH scavenging activity:

Four methods were carried out to study the
effect of tested treatments on total phenols,

flavonoids and antioxidant capacity of honey
samples, as shown in Table (3).

The results of the present study showed that
Egyptian honey exhibit high antioxidant activity
naturally, along with its high phenolic contents.
Interestingly, we also noted that irradiated honey has
higher antioxidant activities, total phenolic content
and total flavonoid contents compared to non-
irradiated honeys. In conclusion, irradiation of honey
caused an improvement in its antioxidant capacity
and its phenolic and flavonoid content. The thermal
treatment at short time increased phenolic content of
honey but by long thermal treatments this content
decreased. Similar trend was obtained by [9].

As shown in Fig, 4 the enhancement of TP
by y-irradiation recorded high values clearly. The
enhancement effects by irradiation was clearly,
compared with control as % showed that irradiation
at 5.0, 10.0 kGy resulted in an increase in TP by
172% and 201%, respectively. Whereas, irradiation
by 15 kGy increased 74.%TP. Also, thermal
treatment for short time increased TP 61% but
thermal at long time decreased TP.

Thermal results raised the injuries of heat
process which usually use by factories for destroying
the phenols content [33] The reduction of
antioxidant activity during thermal processing was
showed by [40]

-

201%

172% +

[T Sy

74.4%

IO 00 0R

comninol S0KGy 10.0kGy  15.0kGy SOrmin. 60 mman .
Treatmaris

Total phenols {ppm)

Fig.(4) Comparing effects of y-irradiation and low
thermal temperature on Total phenols (ppm)(Gallic
acid equivalent)(T1=short time=30 min,T2= long
time 60 min / 80 °C).

Table (3) Biochemical analysis of treated honey with low irradiation doses and thermal Treatments

Treatments TP TAC TF DPPH
Control 4,564.4+32 10,739.7£800 8.06+.20 36.65+0.3
Irradiation(kGy)

5.0 12,412.09£119 21,991.9+£290 174.86+5.0 27.68£1.0
10.0 13,769.31£783 7,612.04£120 63.3343 35.76£1.0
15.0 7,953.2+761 15,207.2+140 7.91+.32 39.0+0.12
Thermal treatments(80°C) 7,340.14678.6 15,338.9+120

-Short tlme 30mlp. 4012874922 985194397 19.71+0.8 42.8+.6

- Long time 60min T ) 81.0+£2.1 44.03+0.1

TP=Total phenols ppm (Ascorbic acid equivalent), - TF= Total flavonoid ppm (Quercetin equivalent) , DPPH= (ICs, (ppm) (Gallic acid

equivalent), TAS= Total antioxidant ppm.
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Concerning, TAC (ppm) as (Ascorbic acid
equivalent),concerning , TAC as shown in Table (3)
and fig (5) it is clear that some doses as 5.0 ,15
.0kGy enhance TA clearly ,like short time - thermal
process ,but 10.0 kGy and long thermal caused
reduction as in fig,(5). Same trend for enhancing by
irradiation of honey was observed with Malyasian
honeys [9].

Also, it is observed that methods of DPPH
values were not raised obviously the differences
between treatments. Whereas ,TAC or TP showed
that differences between treatments with high
significance values (Table 3).

Same results were observed by some
workers [9, 40]. But, thermal even at low temperature
more decreasing quality and phenols and flavonoids
of honey as reported [33].

Elements and heavy metals concentrations

The quality and value of honey, as natural
bio-product, depends on its sort and origin. The
quantitative and qualitative relations of chemical
elements are characteristic to each blossom of the
plant from each region of the country, so general
quantity of mineral materials depends on the location.
Eighteen elements were detected by ICP-MS-MS in
samples of Egyptian honey, everyone has
concentration less than 1.0 (ppm)with except of lead
as shown in Table (4 ). Whereas, the elements more
than 1.0 ppm are tabulated in Table (4). Revise table
no All detected values less recommended by [39]. No
markedly differences were observed for tested
treatments either of irradiation or thermal treatments.

Table (4) Heavy metals content (ppm) in Egyptian honey under treatments (more than 1.0 ppm).

30000 -
106%

20000 - a1.0% 43%

15000 4
-8.3%

Total antioxidants (ppm)

10000 . -29.0%
5000 -

a BN

comrol S0kGy 10kGy 15.0kGy il T2
Treatm ents

Fig.(5) Comparing effects of y-irradiation and low
thermal temperature on(TA) total
antioxidant (Ascorbic acid equivalent as ppm),
(T1=short time=30 min,T2= long time 60 min/ 80
°C).

Most of these levels were less than 1.0 ppm
with exception zinc, whereas water, soils for
irrigation the plants are the main source. Generally,
irradiation doses increased the levels whereas,
thermal reduces these metals may be due to water
content which evaporated by thermal only ,but
gamma irradiation caused dialysis to produce free
radicals to activate reaction of all biological
molecules .Same trends was observed in Table
(5),but most these metals more than 1.0 ppm.

Higher Pb concentrations (up to 80.37
mg/kg) were detected in honey samples collected
from contaminated areas in Italy [41]. Finally, tested
honey were free from harmful metals and less [39].

Treatments Cu Cr B Cd Co Pb Ni Zinc Mn TI
Control 0.769 0.207 0.616 0.243 0.338 0.314 0.249 1.130 0.325 0.467
Irradiation

-5 0.561 0.373 1.084 0.431 0.637 0.575 0.502 1.104 0.368 0.875
-10 0.212 0.235 0.734 0.264 0.364 0.354 0.290 1.098 0.408 0.558
-15 0.488 0.376 1.179 0.242 0.339 0.354 0.261 1.167 0308 0.518
Thermal

-Short time 0.071 0.169 0.540 0.192 0.254 0.259 0.194 0.977 0.192 0.409
-Long time 0.030 | 0.256 0.653 0236 | 0304 | 0318 | 0.239 1.914 0.236 | 0.505
*FAO/WHO | 733 [ coooee [ oo 02 [ e 0.3 67.9 994 [ om |-
*FAO/WHO-maximum permissible values. (mg/kg)=ppm.

Table (5) Heavy metals content (ppm) in Egyptian honey under treatments

Treatments Fe. Mg P Na K Ca Al Ba
Control 5.35 22.323 36.935 64.879 221.81 25.37 1.08 4.36
Irradiation

-5 5.89 25.660 37.296 67.973 234.46 11.39 0.93 5.58

-10 5.32 24.475 37.588 65.888 227.17 13.53 1.08 3.86

-15 8.05 27.912 37.165 74.216 214.17 18.84 1.24 2.902
Thermal

-Short time 4.88 24811 36.702 66.993 217.79 14.92 1.09 1.619
-Long time . 6.79 30.624 37.309 79.684 220.87 22.34 3.32 1.329
FAO/WHO* 425.5

*FAO/WHO-maximum permissible values.(mg/kg).
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4. Conclusion

Honey is a natural food with a considerable
economic worth worldwide. One of the biggest safety
issues with regard to its use is its propensity to
become contaminated with bacterial and fungus
spores. The use of thermal processing increases the
risk of formation of potentially harmful or cancer-
causing chemicals such as AA, furan, and 5-HMF as
well as inferior quality and undesirable color. Some
suggestions are subjected to mitigation procedures,
some of which call for using low radiation doses. It is
advised to use the doses (5.0, 10.0 kGy) as an
alternative to thermal processing, even at low
temperatures, to introduce safe honey that is of good
quality, free of microbes, and contains few harmful
compounds.
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