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Abstract

Monofloral honeys from central area of Portugal were analysed for in vitro antioxidant capacity and their phenolic composition. Honey serves as a natural source of antioxidants effective in prevention of oxidative reactions. On the other hand, flavonoids are known to inhibit lipid oxidation through both metal chelating and free radical scavenging mechanisms, whereas phenolic acids act as antioxidant by free radical trapping mechanisms. In this work was investigated whether the variation in antioxidant activity among the analysed honeys is significantly correlated with their phenolic compounds, namely flavonoids, phenolic acids and/or their derivatives. Enriched fractions in these phenolic compounds were prepared by a rapid method using a C18 solid-phase extractive purification step and a methanolic extraction. A correlation between the total phenolic contents (expressed in gallic acid equivalent) and the antioxidant activity was verified. The relationship of the flavonoids and phenolic acids composition and concentration was also evaluated.
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Introduction

Honey is a complex natural liquid that contains at least 181 substances (White, 1975). It is a supersaturated solution of sugars, of which fructose and glucose are the main contributors. An extensive variety of minor constituents are also present in honey, many of which are known to have antioxidant properties. 

In the past few years, several studies have shown the use of honey as a therapeutic substance. It has shown antibacterial (Molan, 1992) and antiinflammatory (Postmes et al., 1993) activities. It is useful in stimulation of wound and burn healing (Molan, 1999) and in the treatment of gastric ulcer and gastritis (Ali et al , 1997). Additionally, honey has been found to have significant antioxidant activity, as demonstrated by Frankel et al. (1998) and Ali et al. (1997). Honeys from diverse floral sources exhibit a wide range of antioxidant activities, and a linear correlation with honey colour has been observed (Frankel et al, 1998). Honey, as a source of antioxidants has been proven to be effective against deteriorative oxidative reactions in foods, such as lipid oxidation (Frankel et al., 1998; McKibben et al., 2002) and enzymatic browning of fruits and vegetables (Oszmianski et al, 1990; McLellan et al., 1995; Chen et al, 2000). Honey contains a number of compounds known to act as antioxidants, including polyphenolic, organic acids, vitamins (ascorbic acid), and enzymes (glucose oxidase and catalase).

In general, honey has been reported to have a rich polyphenolic profile (Amiot et al, 1989; Soler et al., 1995). Many of the honey flavonoids and phenolic acids are known to have antioxidant activity.

The objective of this study was to investigate whether the variation in antioxidant activity among the honeys is correlated significantly with their flavonoid/phenolic contents. Three different floral source honeys were studied and the contribution of their phenolic fractions appreciated.

Material and Methods 

Samples

Selected honey samples from the harvest 2001 produced in the central area of Portugal.

Pollen analysis

Pollen analysis was carried out according the method proposed by Boletin Oficial del Estado, Spain (1986) and Louveaux, Maurizio and Vorwhol (1978).

Phenolic fraction –Extraction and qualitative and quantitative analyses

Enriched fractions in phenolic compounds were prepared by a rapid method using a C18 solid-phase extractive purification step and a methanolic extraction adapted from Silva et al. (2001).

Qualitative HPLC analyses were performed on ODS-2 column and Gilson apparatus with diode-array detector. A discontinuous gradient of 5-80% B (5% aqueous HCOOH - A and MeOH - B) 0-50min, isocratic until 60min, linear gradient to 70min, followed by isocratic elution, at flow rate of 1ml min-1 was used. 

Total phenolic contents were evaluated according to the Folin Ciocalteu method (Wang et al., 1997).

Total flavonoids were determinate with aluminium chloride (Lamaison et al., 1990). 

Total phenolic and flavonoids contents were expressed in mg of gallic acid equivalent/100g honey and (g of rutin equivalent/ 100g honey respectively according Wang et al. (1997) and Lamaison et al. (1990).

DPPH assay

The radical scavenging activity was evaluated by the 1,1-diphenyl-2-picrylhydrazyl (DPPH) test (Blois, 1958).

Results and discussion

Pollen analyses were used to prove the botanical origin of the honey samples (Table1). 

Honeys were considered unifloral whenever the predominant pollen was found to be over 45% of total pollen.

Table 1. Pollen analysis of Portuguese honeys

Botanical name


Honey samples




Erica
Echium
Eucalyptus

Acacia
(
(
t

Brassica spp.
(
m
t

Castanea sativa
m
m
t

Cistus spp.
t
t
(

Compositae
t
(
(

Echium spp.
t
D(61,25%)
t

Ericaceae type Erica
D(63,75%)
t
m

Ericaceae type Calluna
m
(
t

Eucalyptus spp.
m
t
D(73,75%)

Labiada type Lavandula
(
t
t

Leguminosae
t
m
t

Olea europea
t
t
(

Prunus spp.
t
t
m

Quercus spp.
m
m
m

Rubus sp.
(
t
(

Salix sp.
(
t
(

Umbelifera
(
m
t

D- predominant pollen (>45%) ; m-important minor pollen (3-15%) ; t- minor pollen (<3%)

Monofloral honeys of Erica, Eucalyptus and Echium were analysed for in vitro antioxidant capacity and their phenolic composition.

Phenolic chromatographic profiles where established to the three different unifloral honeys (Figure 1).


[image: image1.png]Figure 1. HPLC phenolic profile of Erice (EY), Eucelyptus (Ex) end Echium (Ec) hoeys
Detection at 280 and 220, Peaks (1) 5- Iyromymetlyl 2-faldehyde; (2) p-Hydrory-benzoic
e (3) Flavone; (4) Caffis acid; (5) Caffeic acid derivative, (6) p-Counari acid, (7) Flavome
(8) Myricetin (9) Fllagie acid; (10} Pinobanksing (11) Pinoceribrin and (12) Chrysin,




The amounts of total phenolic and flavonoids compounds are illustrated in Table-2. The most representative quantities were observed in Erica honey.

Table 2. Evaluation of total phenolic compounds and total flavonoids contents expressed on mg of gallic acid equivalent /100g of honey and (g of rutin equivalent /100g honey, respectively

Samples
Total Phenolic Compounds
Total Flavonoids

Erica 
27,92
960

Eucalyptus
14,10
640

Echium 
7,52
400

Significant differences in antioxidant capacity, between these honeys and their phenolic fractions, were found (Figure 2).


[image: image2.emf]0 2 4 6 8 10 12

mg of phenolic compouns/g of honey

Erica

Eucaliptus

Echium


Figure 2. Inhibitory concentration at 50% (IC50) expressed on mg of phenolic compounds/g of honey

The IC50 values obtained to the whole honey were reported to the phenolic fraction.

The IC50 values obtained for phenolic fractions show a correlation between the total phenolic content (expressed in gallic acid equivalent), flavonoids content (expressed in rutin equivalent) and antioxidant capacity of phenolic fraction in all sources of honey. 

Erica phenolic fraction is the most efficient and Echium phenolic fraction is the least efficient. 

The sequence of IC50 values is different for whole honey. Erica honey is the most efficient, while the Eucalyptus honey is the least 

All honey samples are more active than respective phenolic fraction, but the relationship is not the same. Erica honey is 2,7 times more efficient than respective fraction, while Eucalyptus honey is 1,7 times and Echium honey 2,9 times. 

Based on the above results the contribution of phenolic fraction to the antioxidant activity is more significant in Eucalyptus honey. 
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