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Honey is one of the most complex substances produced by bees, mainly from the nectar of flowers.

Gamma radiation is a technique that can be used to decrease the number of microbiological problems

associated with food and increase the shelf life of certain products. The objective of this study was to

verify the effect of gamma radiation with source of cobalto-60 (10 kGy) on some parameters used in

honey quality control. Seven samples of pure honey were obtained from local markets in Sao Paulo,

Brazil, in 2007. The methods used are in accordance with Brazilian Regulations. The physicochemical

parameters analyzed were: moisture, HMF, free acidity, pH, sugars and ash. The results showed that

gamma radiation, in the dose mentioned above, did not cause significant physicochemical alterations.

Published by Elsevier Ltd.
Table 1
Averages of humidity, total soluble solids and pH results for honey samples

(irradiated at 10 kGy and control).

Sample Treatment Humidity (%) Total soluble solids (%) pH

1 Control 17.0 81.0 4.20

Irradiated 17.0 81.0 4.20

2 Control 18.2 80.4 3.87
1. Introduction

Honey is produced by mellifera bees from flowers nectar,
exuded from plants or sucker insects’ excretion. Basically it is a
complex mixture of highly concentrated sugars. The chemical
composition of honey can be dependent on several factors such as
weather conditions, botanical species, soil nature, bee breed,
honey maturation and physiology status of the hive (Almeida-
Muradian et al., 2007; Crane, 1987, 1975).

In order to reduce microorganisms’ contamination different
purification techniques can be used but treatments that are
traditionally used can impair the product characteristics in some
way. Migdal et al. (2000) applied gamma radiation at 10 kGy
absorbed dose to reduce the amount of aerobic and anaerobic
bacteria and fungi. The results obtained showed little interference
in physical–chemical characteristics due to irradiation in honey
samples. Based on these results the objective of this work was to
verify the use of gamma radiation in Brazilian honeys because the
nature, tropical weather and biological diversity found in Brazil is
completely different from other regions. This work subjected
honeys from different sources to gamma radiation and studied the
physical–chemical characteristics of irradiated honeys according
Brazilian regulations.
Irradiated 16.6 81.2 3.84

3 Control 19.0 79.0 3.90

Irradiated 19.0 79.0 3.80

4 Control 17.4 80.4 4.08

Irradiated 17.4 80.4 4.07

5 Control 17.6 80.6 4.06

Irradiated 17.6 80.6 3.99

6 Control 17.0 81.0 3.99
2. Methodology

Seven different types of honeys were collected from apiaries,
honey depot and commercial establishments at São Paulo state.
Ltd.

o@ipen.br (S.F. Sabato).
Samples in closed flasks were irradiated at 10 kGy in 60Co source
(Gammacell 220 AECL from Atomic Energy of Canadá Ltd.), at
environmental conditions.
2.1. Physical–chemical analysis

All tests used in this research followed the guidelines from
Brazilian regulation (Brazil, 2000).
2.1.1. Humidity and total soluble solids

Total soluble solids content was measured in Abbé refract-
ometer and refraction index was converted into humidity using
Irradiated 17.0 81.0 4.05

7 Control 17.0 81.0 4.16

Irradiated 17.0 81.0 4.06
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Table 2
Averages of ash, acidity, HMF, reduced sugars and apparent sucrose results for honey samples (irradiated at 10 kGy and control).

Sample Treatment Ash (%) Acidity (mEq) HMF (mg/kg) Sugars (mg/kg) Sucrose (mg/kg)

1 Control 0.3570.0000aa 3.7070.06aa 4.370.3aa 78.170.4aa 3.870.7aa

Irradiated 0.3470.0045 a 3.8070.07 a 3.070.3 b 78.870.3 a 3.270.6 a

2 Control 0.4070.0263 a 5.0370.07 a 54.770.4 a 78.871.0 a 9.470.5 a

Irradiated 0.3670.0097 a 5.2570.07 a 43.671.3 b 79.370.5 a 7.470.3 b

3 Control 0.3970.0366 a 3.4370.06 a 49.271.5 a 77.470.9 a 2.370.5 a

Irradiated 0.3970.0366 a 3.3570.07 a 42.970.8 b 73.070.9 b 0.970.1 b

4 Control 0.6070.0003 a 9.0770.12 a 22.270.6 a 75.470.6 a 5.070.1 a

Irradiated 0.5070.0006 a 8.4370.06 b 27.470.3 b 75.570.4 a 4.370.3 b

5 Control 0.3670.0041 a 3.1070.10 a 19.270.4 a 78.270.4 a 0.570.5 a

Irradiated 0.3670.0107 a 3.1070.10 a 11.870.6 b 77.470.6 a 1.170.7 a

6 Control 0.2470.0002 a 3.4370.06 a 12.371.2 a 77.970.7 a 1.770.6 a

Irradiated 0.3270.0002 b 3.4570.07 a 11.570.2 a 76.870.2 b 1.170.0 a

7 Control 0.3270.0003 a 5.5370.06 a 39.070.1 a 78.670.5 a 2.270.7 a

Irradiated 0.3170.0002 a 6.2570.07 b 31.170.1 b 78.270.8 a 1.770.0 a

For the same type of analysis and same sample, means followed by the same lower-case letter are not significantly different (pp0.05).
a Standard deviation.
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Chataway table at 20 1C (AOAC, 1990 #969.38B; Vilhena and
Almeida-Muradian, 1999).

2.1.2. Hydroximethylfurfural (HMF)

Honey samples were clarified with 0.2% sodium bisulphite, to
avoid interferences. The 5-(Hydroxymethyl)furfural) (HMF) con-
tent was measured by spectrophotometry at 284 nm, subtracting
the back absorbance at 336 nm according to AOAC (1990; #
980.23).

2.1.3. Sugars and sucrose

Reduced sugar content and apparent sucrose were determined
by titration using Fehling reagent (CAC, 1989 #7.1 and 7.2;
Bogdanov et al., 1997).

2.1.4. Minerals/ash

Ashes were determined by gravimetric method at 550 1C (CAC,
1989 #7.5).

2.1.5. Acidity

Free acidity was measured by potenciometric titration using
10 g of honey in 75 mL of water (CO2 free) with NaOH solution.
The results were expressed in honey mEq/kg (AOAC, 1990 #
962.19; Bogdanov et al., 1997).
3. Results and discussion

The average for humidity, total soluble solids and pH results
are presented in Table 1. Gamma radiation had little impact in the
results as there were few differences between irradiated and
control samples. Sample 2 showed some differences for the three
parameters but these were not significant.

Results related to ash, acidity, reduced sugars and apparent
sucrose, in general, were similar for irradiated and control
samples as showed in Table 2. Some cases like sugar averages
(sample numbers 3 and 6) and sucrose averages (sample numbers
2, 3 and 4) resulted in statistically lower values for irradiated
samples when compared to respective controls (pp0.05). This
reduction in sucrose content for irradiated samples compared to
the controls indicates there was a glicosidic bond break. This fact
contributes to an increase in reduced sugars, glucose and fructose
contents which has been reported by Phillips (1961). This paper
mentions that irradiation of sucrose solutions could lead to a
glicosidic bond break and acid production. All values obtained in
Table 2 are in accordance with Brazilian regulations, even though
there was a small difference between control and irradiated
honeys.

The content of HMF in irradiated samples was significantly
different from their respective controls for all samples with an
exception of sample number 6 which remained similar. Gamma
radiation caused a decrease of all values of HMF for irradiated
honeys. The limit established by Brazilian regulations is 60 mg/kg
and all of the results are within the official limits (Brazil, 2008).
4. Conclusion

The physical–chemical results obtained for honeys irradiated
at 10 kGy were within the official Brazilian regulations for honeys.
When compared to their respective control, HMF values for
irradiated samples were lower indicating favorable behavior of
honey samples when subjected to gamma radiation.
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