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Abstract

Thirty eight crude propolis samples collected from local bee keepers around Korea classified into five groups according to there geographic latitude were analyzed antibacterial, antifungal and antioxidant activity. According to antibacterial and antioxidant activity on TLC plate, Korean propolis showed five strong antioxidant activity bands and six strong antibacterial bands against Staphylocccus aureus and two strong band against E. coli and fungus(Aspergillus niger). However, none of 38 samples contained all of the six antibacterial bands and five antioxidant bands. Though, a similar TLC pattern were shown in samples of propolis collected from Central and South part of Korea, there antibacterial and antioxidant pattern were not similar. This reveals that different components are present in these propolis. A quite different TLC pattern and relatively weak antibacterial and antioxidant bands comparing with that of Central and South propolis were observed in propolis collected  from Cheju Island, a semitropical zone. This reveals that components of propolis are different with geographical origin and components are more important than total content of phenolic acid and flavonoids.
Introduction

There is growing demand for natural bioactive substance. 

Propolis, a resinous bee hive products used to protect intruders by honey bees, is one of the natural bioactive substances. Until many biological activities including antibacterial, fungicidal, antiviral, antioxidant, antitumor, and immunomodulating activities made it wide application in medicine, cosmetics and food industry, it was used as folk medicine among bee keepers. 

Most important biological activities of propolis are antibacterial and antioxidant activity.

More than 200 compounds were identified in different propolis. Among them phenolic acids and flavonoids are major component and also most efficient substance. 

It is known that biological activities of propolis varies due to botanical sources of different geographic zones since sources of resins are assumed to be resins of flower and leaf bud collected by honeybee.

Thin-layer chromatography on silica gel is simple and favorable methods for the identification and quantification of phenolic acids and flavonoids. In this study we decide to evaluate antibacterial, antifungal and antioxidant activities of propolis collected in Korea, and the phytochemical investigation of some possible differences due to geographical sources. 

           Materials & Methods

The crude resinous propolis samples collected from 38 local bee keepers in five regions(Fig. 1) by placing nylon insect screen over the frame during 2000-2001 were extracted with 80% E-OH for 3 days. The extraction was evaporated to semi-solid state and lyophilized. Crystallized propolis samples were restored in 70 % E-OH(100 mg/mL) and flavonoid and phenoilc substance concentrations were determined spectrophotometrically Flavonoid and phenoilc substance concentrations were determined spectrophotometrically and antioxidants were measured according to DPPH free radical scavenging activity.  Samples of 0.5 µl of each solution(100 mg ml-1) were spotted on HPTLC plates(60F254, Merk) and developed with benzene:ethyacetate:formic acid(4:1.05.). The detection of flavonoid and pheloic acids was carried out using NP/PEG. Antioxidants in propolis were detected on a TLC plate by spraying with soy bean oil and irradiated under short wave UV light. For bioautography, TLC plates were spotted 1µL of propolis samples for antibacterial activity against E. coli, 0.1 µL for Staphylococcus aureus and 5 µL for Aspergillus niger, after developing a bacterial or mold spore suspension was sprayed on the plate which was then incubated overnight at 37 ℃. Antibacterial inhibition zone were illuminated after spraying TNT, and then incubated another hours. 
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  Fig. 1. Regional distribution of propolis samples collected in Korea.

  CW = Central West; CE = Central East; SW = South West; SE = South East; Cheju = Cheju Island.

          Results 

TLC patterns of the ethanol extracted propolis collected in Korea were classified into several different groups according to their favonoid and phenoilc constituents(Fig. 2). 
One of sample collected in Southwest part of Korea revealed 15 constituents, on the other hand one of sample collected in Southwest revealed only 5 constituents.

Flavonoid and phenolic band patterns of propolis collected from Cheju Island were different from that of other regions. The most abundant flavonoids and phenolic acid are chrysin and ferulic acid, respectively.
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Fig. 2. TLC pattern of propolis collected in Korea. 
Antioxidant activity displayed by direct spraying method on TLC plate showed that 

caffeic acid and ferulic acid was most important antioxidant constituent of Korean propois(Fig. 3). Propolis collected in Cheju Island displayed little antioxidant activity comparing that of other regions. 
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Fig. 3. Antioxidant component of Korean propolis.
In bioautography on silica gel six compounds that inhibited growth of Staphylococcus aureus were identified.  However, only one of 38 samples displayed all of these six bands(Fig. 4). There were only two components that inhibit growth of E. coli(Fig. 5).
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Fig. 4. Antibacterial component of Korean propolis on Staphylococcus aureus.
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Fig. 5. Antibacterial component of Korean propolis against E.coli.

However, none of propolis collected in Cheju Island showed antibacterial activity against E. coli. Components that inhibited growth of E. coli also inhibited the growth of        Aspergillus niger(Fig. 6).
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Fig.6. Antifungal component of Korean propolis against Aspergillus niger.
 Also none of propolis samples colleted in Cheju Island showed inhibition zone against Aspergillus niger. 

      Discussion

Due to the complex and difference in their chemical composition, it seems to be difficult to evaluate propolis of different regions by chemical analysis such as HPLC and GC analysis(Moreno et al., 2000). However, TLC is simple and quick analytical method for displaying composition of flavonoids and phenolic acids which are the most important bioactive constituents of propolis. As shown in Fig. 2. There were difference of flavonoids and pheolic acid constituents of propolis samples collected in Cheju Island
comparing those of samples collected from other inland regions. This can be attributed to different botanic sources. Cheju Island belongs to mild subtropical zone while inland regions are belong to absolute temperate zone as shown in Fig. 1. There are many evidence that repot botanic difference of bee foraging area attribute difference of propolis constituents (Tomas-Barberan et al. 1993; Bonvehi and Coll, 1994; Maria et al., 2000). Kujumgieve et al(1999) reported that all of propolis samples regardless geographic origin exhibited significant antibacterial and antifungal activity. Our results, as well as literature data, dealing with antioxidant activity point out that all of propolis samples despite of chemical composition of propolis from different regions exhibit antioxidant activity bands. Cheju Island failed to exhibit antibacterial constituents against E. coli and antifungal constituents against Aspergillus niger. Antibacterial activities of propolis are known to effective mainly to Gram positive bacteria(Moreno et al., 1999; Sforcin et al., 2000). Our results against Gram positive bacteria, Staphylococcus aureus, demonstrate 6 bands while only two bands are observed against Gram negative bacteria, E. coli reveals another evidence of poor antibacterial activity of propolis against Gram negative bacteria. As far as we know this is the first report that demonstrate antibacterial pattern of propolis against Gram negative bacteria and fungi according to there developing pattern on silica gel.

 These findings demonstrate that component is more important than total amount of flavonoid and phenolics. More investigation is necessary, including identification of pharmacological constituents that exhibit strong antioxidant activity and inhibition zone on silica gel TLC plate.
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