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Summary 
In the past decades, honey has been subjected to various laboratory and clinical investigations. The antimicrobial properties of honey have 

been attributed to both the hydrogen peroxide as well as non-peroxide components. Although the antimicrobial activities of Malaysian tualang 

honey have been established against an extensive spectrum of microorganisms, no studies have investigated honey components that 

essentially contributed to these activities. The objectives of this study were to fractionate tualang honey into polar, acidic and basic fractions, 

using solid phase extractions (SPE) and to determine the antimicrobial activity of the various fractions against common and multidrug resistant 

wound and enteric bacteria. Our study demonstrated that the acidic fractions of honey gave lower MIC values and therefore contributed to a 

large proportion of its antimicrobial properties. This study also demonstrated that fractionated honey gave remarkable bactericidal activities 

for Stenotrophomonas maltophilia, Streptococcus agalactiae, Escherichia coli and Acinetobacter baumannii when compared to the non-

fractionated honey. However, fractionating honey into different portions does not enhance tualang honey’s antibacterial activities against five 

bacterial species (coagulase-negative staphylococci, Methicillin-resistant Staphylococcus aureus (MRSA), Stenotrophomonas maltophilia, 

Acinetobacter baumannii and Enterobacter cloacae). Since our results demonstrated that the bactericidal activities of tualang honey were 

largely enhanced in the acidic fractions of the honey, future work should focus on the acidic fractions of tualang honey to explore the main 

constituents that contribute to this effects.  
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Introduction 
Background 

Honey has functional properties in human health promotion which 

could be associated to its high osmolarity and antibacterial 

properties (Effem, 1988). The major antimicrobial properties are 

correlated to the hydrogen peroxide level which is determined by 

relative levels of glucose oxidase and catalase (Weston, 2000) 

whereas the non-peroxide factors that contribute to honey 

antibacterial and antioxidant activity are lysozyme, phenolic acids 

and flavonoids (Snowdon and Cliver, 1996).  Recently, 

methylglyoxyal has been successfully identified as the dominant 

bioactive component in manuka honey (Leptospermum scoparium) 

and its concentration was correlated to the non-peroxide activity of 

the honey (Adams et al., 2008; Mavric et al., 2008). Moreover, the 

antibacterial components of medical-grade honey have been 

completely characterized by Kwakman and colleagues (2010). 

 Apart from antibacterial properties, honey also plays a 

therapeutic role in wound healing and the treatment of eye and 

gastric ailments. This is partly due to its antioxidant activity (Gheldof 

et al., 2002) since some of these diseases have been recognized as 

being a consequence of free radical damage (Aljadi and Kamaruddin, 



2004). Besides the presence of hydrogen peroxide, some minerals 

particularly copper and iron present in honey may lead to the 

generation of highly reactive hydroxyl radicals as part of the 

antibacterial system (McCarthy, 1995; Molan, 1992). Therefore, 

there must be mechanisms involved in honey to control the 

formation and removal of these reactive oxygen species. 

Contributions of free radicals and quenching properties of honeys in 

wound healing have been demonstrated by Henriques and 

colleagues (2006). 

 Phenolic compounds are amongst the most important 

groups of compounds occurring in plants, which are found to exhibit 

anticarcinogenic, anti-inflammatory, antiatherogenic, antithrombotic, 

immune-modulating and analgesic activities and which may exert 

these functions as antioxidants (Vinson et al., 1998). They are also 

present in honey and have been reported to have some 

chemoprotective effects in humans (Arr´aez-Rom´an et al., 2006). 

 The phenolic acids are generally divided into two subclasses: 

the substituted benzoic acids and cinnamic acids, whereas the 

flavonoids present in honey are categorised into three classes with 

similar structure: flavonols, flavones and flavanones. These 

contribute significantly to honey colour, taste and flavour and have 

beneficial effects on health (Estevinho et al., 2008). The composition 

of honey, including its phenolic compounds, is variable depending 

mainly on the floral source and also other external factors including 

seasonal and environmental factors as well as processing (Arr´aez-

Rom´an et al., 2006). Thus, with different compositions of active 

compounds in honey collected from different locations, differences in 

honey properties are to be expected.  

 Davidson et al. (2005) have shown that individual phenolic 

compounds have growth inhibition on a wide range of Gram-positive 

and Gram-negative bacteria. Other honey therapeutic action studies 

carried out had been mainly on screening the raw honey samples on 

antimicrobial activity (Taormina et al., 2001; Basualdo et al., 2007) 

and on antioxidant capacity (Rauha et al., 2000; Frankel et al., 

1998).  

 Solid-phase extraction (SPE) is one of the simplest, most 

effective and versatile methods of sample preparation (Michalkiewicz 

et al., 2008), in which low cost, pre-packed disposable cartridges are 

used. The desired components can be separated from other 

components by applying the sample mixture to an appropriate solid 

sorbent and selectively eluting the components of interest (Carson, 

2000; Hennion, 1999).  

 Michalkiewicz et al. (2008) have investigated the SPE 

methods that affect the recovery of phenolic acids (such as gallic 

acid, p-HBA, p-coumaric, vanillic, caffeic and syringic acid) and some 

flavonols (rutin, quercetin and kaempferol) in honey. Several other 

studies involving SPE procedures to remove matrix components from 

honey using polystyrene non-ionic sorbents Amberlite XAD type 

(Tom´as-Barber´an et al., 1992; Martos et al., 2000; Yao et al., 

2004; Weston et al., 2000; Yao et al., 2005; Yao e al., 2003), a 

strongly acidic ion-exchange resin such as Dowex 50WX8 (Paramas 

et al., 2006) or Bond Elut C-18 cartridges (Dimitrova et al., 2007; 

Korta et al., 2001) have also been performed. 

 In our previous study where the potency of tualang honey 

against certain microorganisms suggested its potential to be used as 

an alternative therapeutic agent especially for wound infections (Tan 

et al., 2009). The objectives of the present study were to  fractionate 

tualang honey into polar, acidic and basic fractions, and to 

investigate the antimicrobial activity of the different fractions against 

wound and enteric bacteria in order to identify the fraction that gave 

the highest activity. 

 

 

 

Materials and methods  

Sample 
In this study, Tualang honey sterilised by g-irradiation at a dose of 

25 kGy was used. The honey solution was freshly prepared for the 

fractionation process before each assay. 

 

Honey fractionation 

The columns used for honey fractionation were UltraPure SiliaPrep C-

18 (17%) 1 g 6 mL SPE cartridges (Silicycle, Canada) and UltraPure 

SiliaBond Tosic Acid (SCX) 1 g 6 mL SPE cartridges (Silicycle, 

Canada). The SPE columns were mounted on Alltech SPE vacuum 

manifolds before application of the samples. Diluted honey solution 

samples, 50% (50 g/100 mL) were used for all fractionation steps 

and the eluants were collected for antimicrobial tests.  

 

Removal of nonpolar nonvolatile substances.   

The C-18 column was activated with one volume of ethanol, followed 

by one volume of water. Then the honey solution was passed 

through the column under a constant vacuum (Bogdanov, 1997), and 

the eluate was  referred to as the polar fraction. 

 

Removal of bases.   

The cation exchange column was converted into the H-form by 

passing 2 mL of 2 mol/L HCl. This was followed by washing with 

purified water until the eluate was neutral before passing the honey 

solution through the conditioned column (Bogdanov, 1997). The 

eluate is referred to as the acidic fraction. 

  

Removal of nonpolar nonvolatile substances and bases.  

Honey solution was subjected to fractionation through the C-18 

column followed by the SCX column as described above. The eluate 

from the combination of columns is referred to as the combined 

fraction.   
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Microdilution assays 

The Minimum Inhibitory Concentration (MIC) was determined by a 

broth dilution method in sterile 96-well microtitre plates with lids 

(Nunc, Denmark). Two-fold serial dilutions of the fractions were 

aseptically prepared in sterile cation-adjusted Mueller Hinton II broth 

(Becton Dickinson Maryland, U.S.A.) to obtain concentrations of 

3.12%, 6.25%, 12.5%, 25% and 50% w/v. MIC, the lowest 

concentration of honey that prevented the growth of each 

microorganism, was determined by lack of visual turbidity compared 

to a negative control. 

 A few single colonies from an overnight culture on blood 

agar (Biomedia Laboratories Malacca, Malaysia) were inoculated into 

peptone water (Merck, Germany) to achieve a turbidity of 0.5 

McFarland (1 x 108 CFU/mL). The bacterial suspension was further 

diluted with CAMHB to obtain a final inoculum concentration of 5 x 

105 CFU/mL in each test well. Final volume per well was 100 µL, 

consisting of 50 µL honey solution and 50 µL bacteria inoculum. 

Control wells included  wells containing broth only (without honey 

and inoculum) to check the sterility of the medium, wells containing 

broth and inoculum (without honey) to check the viability of the 

bacterial strain and  wells containing broth and honey (without 

inoculum) for every dilution of honey. The microtitre plates were 

incubated at 35°C for 18 h. All tests were performed in triplicates 

and were repeated on three occasions to get reliable results.  

 Growth was observed by visual inspection and also by 

measuring the optical density (OD) at 620 nm using a 

spectrophotometer (VERSAmax, USA). The OD was measured 

immediately after the visual reading. The growth inhibition for the 

test wells at each honey dilution was determined by the formula: 

Percent inhibition= [1- (OD test well – OD corresponding negative 

control well) / (OD viability control well – OD broth only well)] x 

100%. The minimum and maximum value was 0% and 100% 

respectively.  

 
Bacterial strains 

The microorganisms tested included five Gram-positive bacteria: 

Streptococcus pyogenes (ATCC 19615), coagulase-negative 

staphylococci [local clinical isolates (l.c.i.)], Methicillin-resistant 

Staphylococcus aureus (MRSA) (ATCC 33591), Streptococcus 

agalactiae (l.c.i.), Staphylococcus aureus (ATCC 25923) as well as 

eight Gram-negative bacteria: Stenotrophomonas maltophilia (l.c.i.), 

Acinetobacter baumannii (l.c.i.), Salmonella enterica serovar typhi 

(l.c.i.), Pseudomonas aeruginosa (ATCC 27853), Proteus mirabilis 

(l.c.i.), Shigella flexneri (l.c.i.), Escherichia coli (ATCC 25922) and 

Enterobacter cloacae (l.c.i.). 

 

Bactericidal activity 

The minimum bactericidal concentration (MBC) was determined by 

taking 10 μL of the culture medium from each test well (from the 

broth MIC assay) that showed no apparent growth and subculturing 

it on a fresh BA. After incubation at 35°C for 24 h, the MBC was read 

as the least concentration showing no growth on the BA plates. 

 

 

Results 
All the MIC values determined are shown in Table 1. The MIC values 

determined by visual inspection and spectrophotometric 

measurement complemented each other except for the polar fraction 

which was tested against S. agalactiae, where spectrophotometric 

reading gave higher MIC values (>25%) than that visually- 

determined MIC (25%). At 25% of the polar fraction, the percentage 

of inhibition of S. agalactiae calculated from OD reading was only 

89.19%.  

 When comparing Tualang  honey and its different fractions, 

the MIC values obtained showed significant differences when tested 

against certain bacterial species. For S. pyogenes, both acidic and 

combined fractions gave a lower MIC value (6.25% w/v) than either 

the polar fraction or the non-fractionated tualang honey (both 

12.5%). Similarly, both acidic and combined fractions also gave lower 

MIC (12.5%) than the polar fraction and non-fractionated honey 

(25%) when tested against S. agalactiae, S. typhi, P. aeruginosa, P. 

mirabilis and S. flexneri.  

 For S. aureus, all three fractions gave a lower MIC (12.5% w/

v) compared to the non-fractionated honey (25%). Only only acidic 

fraction showed better inhibition of E. coli, with an MIC of 12.5% 

when compared to non-fractionated tualang  honey and the other 

two fractions (MIC = 25%). 

 Five bacteria  species tested gave similar  MIC values for  

tualang  honey and its fractions. The MIC of the non-fractionated 

honey  and  the  various  fractions  was  12.5%  for  four  bacteria 

(coagulase-negative  staphylococci,  MRSA,  S.  maltophilia  and  A. 

baumannii) and was 25% for E. cloacae.  

 Table 2 shows the MBC values determined from the assays 

performed. There was similar MBC values for tualang  honey and its 

fractions when tested against certain bacteria. Tualang honey and all 

its fractions had MBC of more than 25% when tested against MRSA, 

P. mirabilis and S. flexneri; and MBC of 25% against S. typhi and P. 

aeruginosa.  

 All three fractions showed a lower MBC value (25% w/v for 

S. agalactiae and E. coli; and 12.5% for A. baumannii) than non-

fractionated  tualang   honey  (>25% ).  When  tested  against  S. 

pyogenes, acidic and combined fractions had lower MBC of 12.5% 

compared to non-fractionated tualang  honey and the polar fraction 

(MBC = 25%). Similarly, both acidic and combined fractions also had  

lower MBC (25%) than non-fractionated tualang  honey and the 

polarfraction (MBC = >25%) when tested against coagulase-negative 

Staphylococci and E. cloacae.  
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Table 1. MIC values (% w/v) by visual inspection and spectrophotometric measurement from two-fold dilution assays of tualang  honey and 

its fractions against selected strains of wound and enteric microorganisms.  

MICv = MIC by visual inspection; MICs= MIC by spectrophotometric measurement.  

Microorganism 
Tualang  honey 

Tualang  honey fractions 

Polar Acidic Combined 

MICv MICs MICv MICs MICv MICs MICv MICs 

Streptococcus pyogenes 12.5 12.5 12.5 12.5 6.25 6.25 6.25 6.25 

Coagulase-negative  
staphylococci 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 

Methicillin-resistant  
Staphylococcus aureus 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 

Streptococcus agalactiae 25 25 25 >25 12.5 12.5 12.5 12.5 

Staphylococcus aureus 25 25 12.5 12.5 12.5 12.5 12.5 12.5 

Stenotrophomonas maltophilia 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 

Acinetobacter baumannii 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 

Salmonella enterica serovar 
Typhi 25 25 25 25 12.5 12.5 12.5 12.5 

Pseudomonas aeruginosa 25 25 25 25 12.5 12.5 12.5 12.5 

Proteus mirabilis 25 25 25 25 12.5 12.5 12.5 12.5 

Shigella flexneri 25 25 25 25 12.5 12.5 12.5 12.5 

Escherichia coli 25 25 25 25 12.5 12.5 25 25 

Enterobacter cloacae 25 25 25 25 12.5 12.5 25 25 

 

Microorganism 

MBC (%) 

Tualang  

honey 

Tualang  honey fractions 

Polar Acidic Combined 

Streptococcus pyogenes 25 25 12.5 12.5 

Coagulase-negative staphylococci >25 >25 25 25 

Methicillin-resistant Staphylococcus aureus >25 >25 >25 >25 

Streptococcus agalactiae >25 25 25 25 

Staphylococcus aureus >25 >25 12.5 >25 

Stenotrophomonas maltophilia 25 12.5 12.5 25 

Acinetobacter baumannii >25 12.5 12.5 12.5 

Salmonella enterica serovar Typhi 25 25 25 25 

Pseudomonas aeruginosa 25 25 25 25 

Proteus mirabilis >25 >25 >25 >25 

Shigella flexneri >25 >25 >25 >25 

Escherichia coli >25 25 25 25 

Enterobacter cloacae >25 >25 25 25 

Table 2. MBC values (%) from two-fold dilution assays of Tualang  honey and its fractions  



As for S. aureus, only the acidic fraction had a lower MBC (12.5%) 

compared  to  the  other  two  fractions  and  the  non-fractionated 

tualang  honey (MBC = 25%). The polar and acid fractions had MBC 

of 12.5% against S. maltophilia but the combined fraction had 

higher MBC of 25%, which is similar to the non-fractionated tualang  

honey.  

 
Discussion 

Malaysian tualang  honey was fractionated for the first time in this 

study. Our study showed that tualang  honey has broad-spectrum 

antimicrobial activity.   

 Honey has potent antibacterial activity and is effective in 

preventing and clearing wound infections (Allen, 2000). Topical 

honey was shown to be effective in treating post-operative skin 

wounds in neonates that had failed to re-spond to antibiotic therapy 

(Vardi, 1998). It has been demonstrated in many studies that the 

antibacterial effects of honey are attributed to its high osmolarity, 

low pH, hydrogen peroxide content, and presence of other 

uncharacter-ized compounds (Molan, 1995). Although honey offers 

broad-spectrum antimicrobial properties and promotes rapid wound 

healing (Tonks, 2003), the mechanisms by which these effects are 

achieved have not been fully elucidated. 

 Honey has an osmolarity sufficient to inhibit microbial 

growth (Chirife, 1983), but when used as a wound contact layer, 

dilution by wound exudate reduces the osmolarity to a level that 

ceases to control infection (Herszage, 1980). The fact that the 

antibacterial properties of honey are increased when diluted was 

clearly observed and reported in 1919 (Sackett, 1919). The 

explanation for this apparent paradox came from the finding that 

honey contains an enzyme that produces hydrogen peroxide when 

diluted (White, 1963). This agent was referred to as 'inhibine' prior 

to its identification as hydrogen peroxide (Dold, 1937). Besides the 

hydrogen peroxide activity, additional non-peroxide antibacterial 

factors have been identified (Molan, 1988). Manuka (Leptospermum 

scoparium) honey from New Zealand has been found to have 

substantial levels of non-peroxide antibacterial activity. This is 

associated with an unidentified phytochemical component. According 

to Stephens et al. (2010), variation in phenolic compounds is due to 

five factors: the monoflorality of the honey sample, the geographical 

region and therefore the botanical origin, deliberate or unintentional 

heat treatment during processing, the age of the honey sampled 

and the method of extraction of phenolic compounds. As not all 

honeys are equivalent, because of differences in levels of peroxide 

production and non-peroxide factors, which vary by floral source and 

processing, a comparative study between the different fractions is 

suggested to assess the antimicrobial activity of each fraction. There 

have been many studies identifying properties of the non-peroxide 

activity and methylglyoxal has recently been discovered (Mavric et 

al., 2008; Adams et al., 2008). Several new analytical methodologies 

have been recently explored to help with the determination of both 

the botanical and geographical origins (Tomas-Barberan, 1993;  

Arraez-Roman, 2006; Odeh, 2007).  

 By SPE fractionation, our study confirms that different 

fractions of honey demonstrated different activities against different 

bacteria strains. Our results indicated that the main antimicrobial 

properties of tualang  honey were in the acidic fractions of the 

honey. These findings corroborate with those of Bogdanov (1997) 

who, by fractionation in different substance classes, found the 

following relative distribution of non-peroxide antibacterial activity: 

acids > bases = non-polar, non-volatiles > volatiles. This order was 

illustrated when many of the acidic portions gave better MIC values 

for many of the organisms tested. It is likely that the non-peroxide 

activity originated from this acidic fraction. 

 Removing the non-polar fractions of tualang  honey, (leaving 

the polar components present in the fractions) also did not remove 

the antimicrobial properties of tualang  honey completely. Therefore, 

it can be concluded that the polar fractions also contributed to some 

of the antimicrobial properties of tualang  honey. Overall, the 

combined fractions (removing both the basic and non-polar fractions) 

did not increase the MIC of the fractions against the different 

organisms indicating that all of the antimicrobial properties of tualang  

honey remain only in the polar and acidic fractions. However, 

fractionating honey into different portions did not increase the MIC 

for five bacterial species (coagulase-negative staphylococci, MRSA, S. 

maltophilia, A. baumannii and E. cloacae) indicating that the 

fractionations of Tualang  honey have no role against these bacteria 

species.  

 However, for S. pyogenes, S. agalactiae, S. typhi, P. 

aeruginosa, P. mirabilis, S. flexneri and E. coli, the acidic fraction has 

better bacteriostatic activities than the polar fraction. The MBC values 

obtained in this study indicated the minimum concentration of honey 

needed to kill 99.9% of the bacteria. In this study, fractionated 

honey gave better bactericidal activities for S. maltophilia, S. 

agalactiae, E. coli and A. baumannii compared to the non-

fractionated honey. Our results further demonstrated that the 

bactericidal activities of Tualang honey were enhanced in the acidic 

fractions of the honey. As such, this acidic fraction need to be further 

explored to find the main phytochemicals that are contributing the 

antibacterial properties in this fraction. Previous studies have 

indicated that the main phytochemicals reported in honey are in 

phenolic compounds (Kaškonienė, 2009). 

 In our study, we have shown that SPE fractions act 

differently against the tested strains. At present, solid-phase 

extraction (SPE) represents a suitable way to extract, clean and pre-

concentrate target analytes from environmental or food samples. 

However, one problem associated with ordinary SPE is its low 
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selectivity, due to many unwanted interfering substances of similar 

hydrophobicity/hydrophilicity. This preliminary study open the way 

for further investigations to determine the compounds of each 

fraction and its effectiveness against bacteria. 

 It is concluded that the majority of the antibacterial 

properties of tualang  honey lie in the acidic portion while the polar 

portion also contributes to some activity. An investigation into the 

levels of methylglyoxal and bee defensin in tualang honey is now 

required.  
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