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Summary 

It is important to know the antioxidant properties of Malaysian honey of different sources to ensure their quality. In this study, we analysed 

nine common Malaysian honeys and one manuka honey to determine the total phenolics, flavonoids, antioxidant capacity and colour intensity. 

The Folin-Ciocalteu test was used to determine the total polyphenols content, ferric reducing antioxidant power (FRAP) assay for reducing 

capacity and 1,1-diphenyl-2-picryl-hydrazyl (DPPH·) assays for radical scavenging capacity. The colour intensity measure, ABS450, was used to 

approximate the contribution of coloured phytochemicals (carotenoids, flavonoids) to the overall antioxidant capacity of honey. The results 

showed that all the honey samples showed high content of phenolic compounds (876.58-166.97 mg GAE/kg) and high colour intensity (169.89

-740.59 mAU) but that the results differ widely among the honey types. Out of nine honey samples, tualang honey 1 and 2 had the highest 

content of polyphenols and showed the highest colour intensity at ABS450. All of the honey samples tested have high antioxidant properties as  

analysed by FRAP and DPPH· assay. Correlations between the parameters analysed were found to be statistically significant (p < 0.01). On the 

basis of employed analytical methods, the tested honey samples may be considered easily accessible natural sources of antioxidants and 

valuable additions to everyday diet. The results have shown that tualang honey 1 and 2 were characterized by the highest total polyphenols 

content (876.58 mg GAE/kg and 652 mg GAE/kg), the highest reducing capacity (755.33 mM Fe(II) and 794.67 mM Fe(II)) and the best 

radical scavenging properties with respect to DPPH· (81.64% and 77.25%) of the analysed Malaysian honey samples. Radical scavenging 

activity and antioxidant properties of the honey samples showed good correlation with polyphenols content and colour intensity. 
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Introduction  
Honey is a natural product, a highly concentrated solution of a 

complex mixture of sugars. It also contains small amounts of other 

constituents such as minerals, proteins, vitamins, organic acids, 

flavonoids, phenolic acids, enzymes and other phytochemicals. The 

components in honey responsible for its antioxidative effect are 

flavonoids, phenolic acids, ascorbic acid, catalase, peroxidase, 

carotenoids and products of the Maillard reaction. The quantity of 

these components varies widely according to the floral and 

geographical origin of honey. In addition, processing, handling and 

storage of honey may influence its composition (Gheldof et al., 2002; 

Wang et al., 2004; Turkmen et al., 2006; Bertoncelj et al., 2007). We 

have recently reported that the amount of 5-hydroxymethylfurfural 

(HMF) of Tualang honeys stored for more than one year were 

significantly higher compared to newly harvested honeys (Khalil et 

al., 2010).  

 It has been proven that oxidative stress plays a significant 

role in the onset of numerous pathological conditions including 

coronary heart disease (Soydinç et al., 2007), strokes, cancer (Vibo 



et al., 2007). There are also preliminary reports pointing to the role 

of oxidative stress in ageing (Gilca et al., 2007; Muller et al., 2007. 

Honey, as well as wax, pollen, and propolis have been termed value-

added products ever since the initial studies confirmed that 

antioxidant properties of polyphenols lie at the heart of their 

cosmetic, medical (Cooper et al., 1999) and alimentary applications 

(Nagai et al.,2006). The focus of the scientific community has been 

directed to various honey components such as amino acids, 

proteins, trace elements, sugars and pollen (Anklam, 1998; Latorre 

et al., 2000; Popek, 2002), as well as antioxidants (Antony et al., 

2000; Beretta et al., 2005; Blasa et al., 2006). 

Recent animal studies showed that Tualang honey alone or in 

combination with glibenclamide and metformin reduced blood sugar 

and provides additional antioxidant effect (Erejuwa et al., 2010a, 

and b). The antioxidant activity of Gelam honey is significantly 

higher than that of Coconut honey, which is due to the difference in 

their phenolic contents and consequently their floral sources (Aljadi 

et al., 2004).  

 The lack of a widely accepted standardized method in 

evaluation of antioxidant capacity of foods is the reason why most 

studies reporting the antioxidant capacity of honeys employ a 

battery of various antioxidant capacity assays. Different honey 

samples used in this study was based on the assumption that 

varying total phenol content and antioxidant capacity is expected for 

honey produced from varying floral sources on different geographic 

locations in Malaysia. It is also of interest to evaluate the antioxidant 

capacity of honeys that have been stored for more than one year as 

the colour of these honeys are getting darker.  

 However, virtually no data is available on the phenolic 

antioxidants of the resulting honey samples. The aim of our study 

was to apply available analytical techniques and analyse a 

representative portion of honey available in Malaysia, with special 

emphasis on nine different honey samples. These honeys have been 

analysed for their HMF content recently (Khalil et al., 2010). In 

attempting to analyse the antioxidant activity of a complex mixture 

of substances, such as honey, we made use of a combination of 

analytical methods that takes into account the sample's reducing 

capacity such as the Folin-Ciocalteu and ferric reducing antioxidant 

power (FRAP) tests as well as antiradical activity, namely, the 1,1-

diphenyl-2-picryl-hydrazyl (DPPH) radical scavenging assays. Honey 

colour intensity was also quantified (Frankel et al., 1998) and 

correlations were drawn between the results of employed methods. 

To the best of our knowledge, there are no published studies 

focused on investigating the influence of floral origin and duration of 

storing on antioxidant properties of different Malaysian honey 

samples. 

 

 

 

Materials and methods 

Honey samples  

Among the honey samples used in this study, Tualang honey is 

a wild multi-floral honey produced by Apis dorsata. The bees collect 

nectar from plants and blossoms in the tropical rain forest in the 

state of Kedah in the West Cost of Peninsular Malaysia. The honey 

obtained its name from a tall Koompassia excelsa tree known locally 

as “Tualang tree” where the bees built their hives high on these trees 

presumably to avoid disturbances by human and animals (Tan et al., 

2009). 

Gelam honey is also a wild honey produce by the similar bees, 

however the major nectar and pollen collected by the bees are from 

the plant Melaleuca cajuputi Powell, known locally as “Gelam tree”. 

Gelam honey is produced in large amount in Terengganu State in the 

East Cost of Peninsular Malaysia where these mangrove trees  

abundant. In Malaysia, Tualang and Gelam honeys are two locally 

produce honeys that acquired a high reputation by the local people 

for its medicinal properties as reported by the traditional medicine 

healers (personal communication). These honeys are collected or 

harvested in Malaysia by authorized bee hunters under the 

supervision of the Malaysian Federal Agricultural Marketing 

Authorities (FAMA), a marketing body for honey and other 

agricultural products under the Ministry of Agriculture and Agro-

based Industry.     

 On the other hand, Borneo honey is produced locally by Apis 

cerana, smaller size local bees from Sabah Rural Development 

Corporation Apiary in Kudat, East Malaysia. The bees collected the 

nectar mainly from Acacia mangium trees and flowers. The three  

honeys are generally known as tropical honey because they are 

produced in a tropical country.  

 Nine honey samples from Malaysia which have been stored 

or treated differently were used in this investigation. They were 

tualang honey (n=5), Gelam honey (n=2), Borneo tropical honey 

(n=1) and an unspecified Malaysian honey sample bought from a 

supermarket named Honey “B” (n=1) (Table 1). Since manuka honey 

has been extensively investigated in many studies, it was used as a 

gold standard for comparison. In this study we have used manuka 

Honey Active 5+, Comvita®, New Zealand. All samples were stored 

at room temperature (25-30°C) before analysis (Table 1). 

Chemicals and reagents  

 FeSO4.7H2O was purchased from Merck (Germany), 

Standards of gallic acid, chatechin, 1,1-diphenyl-2-picrylhydrazyl 

radical (DPPH), 2,4,6-tris(2-pyridyl)-1,3,5-triazine (TPTZ), and Folin-

Ciocalteu’s reagents were purchased from Sigma-Aldrich (USA). All 

chemicals used in this study were of analytical grade. 
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Determination of total Polyphenols  

Phenolic compounds in honey were estimated by a 

spectrophotometric determination with a modified Folin-Ciocalteu 

method (Singleton et al., 1999).  

 Briefly, 1 mL of properly diluted honey sample (0.2 g/mL) 

was mixed with 1 mL of Folin and Ciocalteu’s phenol reagent. After 3 

min, 1 mL of 10% sodium carbonate solution was added to the 

mixture and adjusted to 10 ml with distilled water. The reaction was 

kept in the dark for 90 min, after which the absorbance was read at 

725 nm by T 80 UV/VIS spectrophotometer (ChromoTek GmbH, 

Germany). Gallic acid was used to calculate the standard curve (20, 

40, 60, 80 and 100 µg/mL, r2 = 0.996). Estimation of the phenolic 

compounds was carried out in triplicate. The results were mean 

values ± standard deviations and expressed as milligrams of gallic 

acid equivalents (GAEs) per kg honey. 

Determination of total flavonoids  

Total flavonoid contents (TF) of honey were determined according 

to the colorimetric assay developed by (Zhishen et al., 1999). One 

mL of properly diluted honey (0.2 g/mL was mixed with 4 ml of 

distilled water. At zero time, 0.3 mL of (5% w/v) NaNO2 was added. 

After 5 min, 0.3 mL of (10% w/v) AlCl3 was added. After 6 min, 2 ml 

of 1 M solution of NaOH were added. After that, the volume was 

made up to 10 mL, immediately by the addition of 2.4 mL of distilled 

water. The mixture was shaken vigorously and the absorbance of 

the mixture was read at 510 nm. A calibration curve was prepared 

using a standard solution of catechin (20, 40, 60, 80 and 100 µg/ml, 

r2 = 0.996). The results were also expressed as mg catechin 

equivalents (CEQ) per kg of honey.  

Antioxidant assay  

(i) DPPH free radical-scavenging activity   

The antioxidant capacity of the honey samples was also studied 

through the evaluation of the free radical-scavenging effect on the 

1,1-diphenyl-2-picrylhydrazyl (DPPH) radical. The determination was 

based on the method proposed by (Ferreira Isabel et al., 2009). 

Properly diluted honey solutions (0.2 g/mL) 1 ml were mixed with 2.7 

mL of methanolic solution containing DPPH radicals (0.024 mg/mL). 

The mixture was shaken vigorously and left to stand for 60 min in 

the dark (until stable absorption values were obtained). The 

reduction of the DPPH radical was determined by measuring the 

absorption at 517 nm (Hatano et al., 1988). The radical-scavenging 

activity (RSA) was calculated as a percentage of DPPH discolouration 

using the equation: % RSA = [(ADPPH-AS)/ADPPH] × 100, where AS is 

the absorbance of the solution when the sample extract has been 

added at a particular level and ADPPH is the absorbance of the DPPH 

solution. 

(ii) Ferric reducing/antioxidant power assay (FRAP assay)  

FRAP assay was performed according to a modified method 

described by (Benzie et al., 1999). Briefly, a 200 µL properly diluted 

honey (0.1g/mL) was mixed with 1.5 mL of FRAP reagent. Then, the 

reaction mixture was incubated at 37°C for 4 min. After that, the 

absorbance was determined at 593 nm against a blank that was 

prepared using distilled water. FRAP reagent was pre-warmed at  

37°C and always freshly prepared by mixing 10 volume of 300 mM/L  

acetate buffer, pH 3.6 with 1 volume of 10 mmol 2,4,6-tris (1-pyridyl)

-5-triazine (TPTZ) solution in 40mM/L HCl with 1 volume of 20mM 

FeCl3.6H2O. A calibration curve was prepared, using an aqueous 

solution of ferrous sulphate FeSO4.7H2O (100, 200, 400, 600 and 

1000 µM/L). FRAP values were expressed as micromoles of ferrous 

equivalent [µM Fe (II)] per kilogram of honey. 

Colour intensity: ABS450  

Since the colour of honey partly reflects the content of pigments with 

antioxidant properties (carotenoids and flavonoids), honey was 

diluted to 50% (w/v) with warm water (45–50°C), sonicated for 5 

min and filtered (0.45µm pore size, Agilent Technologies, Milan, 
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Sample Main floral source Stored condition 

Average  
storage 

time 
(months) 

1. Tualang honey  1* Mixed Tropical floras Evaporated and non-radiated 24 

2. Tualang honey  2* Mixed Tropical floras Evaporated and radiated 24 

3. Tualang honey  3^ Mixed Tropical floras Non-evaporated and non-radiated 6 

4. Tualang honey  4^ Mixed Tropical floras Evaporated but non-radiated 6 

5. Tualang honey  5 Mixed Tropical floras Evaporated and non-radiated 12 

6. Gelam honey 6# Melaleuca cajuputi Powell Non-evaporated and non-radiated 6 

7. Gelam honey 7# Melaleuca cajuputi Powell Evaporated and non-radiated 6 

8 Borneo tropical honey Acacia mangium Non-evaporated, heated to 50°C 6 

9. Honey “B” “Unknown” Randomly purchased from a  supermarket 12 

10. Manuka honey Leptospermum scoparium Used as a “gold standard” for comparison 12 

Table 1. The investigated honey samples with their different storage conditions and treatments.  

N/B: The pairs of honey samples 1* and 2*, 3^ and 4^ & 6# and 7# are from the same source but are either treated or stored differently. 



Italy) to eliminate large particles, and the net absorbance was 

defined as the difference between spectrophotometric absorbance at 

450 and 720 nm (Beretta et al., 2005). 

 

Statistical analysis  

All analyses were carried out in triplicate and the data were 

expressed as means ± standard deviations (SD). Data were 

analyzed using SPSS (Statistical Packages for Social Science 12.0) 

and MS Excel 2003. One-way analysis of variance (ANOVA) followed 

by Tukey’s honestly significant difference post hoc test was used to 

compare the phenol contents, FRAP values, DPPH scavenging 

activity and colour parameters of different honey types. In Table 2, 

within each column, averages denoted with the same letter were not 

significantly different by this test. Differences between means at the 

95% (p < 0.05) confidence level were considered statistically 

significant. Correlations were obtained by Pearson’s correlation 

coefficient (r) in bivariate linear correlations. 

 

 

Results  
The total polyphenols content (mg gallic acid/kg) of the different 

Malaysian honey samples was investigated using the modified Folin-

Ciocalteu assay which is sensitive to phenol and polyphenols entities 

and other electron donating antioxidants (ascorbic acid,Vitamin E). 

The polyphenol content was relatively low in Borneo tropical honey 

and honey B whereas it was much higher in all tualang and gelam 

honey samples (Table 2). Tualang honey  1 and 2 , which was 

stored for 24 months had the highest content, approaching  

(876.58±4.08 mg gallic acid/kg).  

 Total flavonoid content of the honey samples were also 

determined. Flavonoid content was lower than phenolic content and 

ranged from 17.10±1.67 (Borneo tropical honey) to 233.99±2.81  

CEQ/kg.  

 To determine the total antioxidant content,  the FRAP assay 

were used. It is the only one that directly estimates antioxidants or 

reductants in a sample, and is based on the ability of the analyte to 

reduce the Fe3+/Fe2+ couple. The disadvantage is that it does not 

measure thiols because their reduction potentials are generally below 

that of the Fe3+/Fe2+ half reaction. However, since only a small 

amount of these compounds is expected in honey, their contribution 

to the total antioxidant capacity can be considered negligible. The 

FRAP values, expressed as Fe(II) (µM) of the 10% (w/v) honey 

solution, ranged from 175.67±6.03 µM for Borneo tropical  honey to 

794.67±4.51 µM for Tualang honey  2 (Table 2). The FRAP assay 

showed large difference in antioxidant profile of various honey 

samples.  

 The DPPH radical scavenging test is one of the shortest 

available to investigate the overall hydrogen/electron donating 

activity of single antioxidants and health-promoting dietary 

antioxidant supplements. Table 2 shows the scavenging ability 

expressed as percentage of inhibition on the DPPH radical. There 

were marked differences between honey samples. The lowest 

scavenging activity was found in Borneo tropical honey 

(26.79±1.90%) while the highest activity was found in Tualang 

honey 2 (81.64±1.59%).   

 The absorbance of a 50% (w/v) honey solution varied from 

169.89±5.63 mAU for Borneo tropical honey to 740.59±4.62 mAU for 

tualang honey 2. This marked difference might be a reliable index of 

the presence of pigments with antioxidant activity (carotenoids, 

Maillard reaction products) (Piljac-Žegarac, et al., 2009). Alternatively 

it could be due to a specific contaminating pigments arising from 

handling, processing, and storage, and/or from biochemical reactions 

during honey maturation which could lead to components with no 
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Sample 
Phenolics 

(mg GAE/kg honey) 

Flavonoids 

(mg CEQ/kg honey) 

DPPH Inhibitio 

(%) 

FRAP 

(µM Fe(II)/Kg) 

Colour Intensity 

ABS450 (mAU, ) 

Tualang honey  1 876.58±4.08a 227.57±2.91b 77.25±1.66a 755.33±6.51b 635.75±2.94b 

Tualang honey  2 652.05±3.33b 233.99±2.81a 81.64±1.59a 794.67±4.51a 740.59±4.62a 

Tualang honey  3 185.23±4.06h 21.36±0.86fg 47.99±1.72e 286.00±4.58g 297.74±2.27e 

Tualang honey  4 252.57±3.35g 25.31±0.97f 53.23±1.73cd 345.67±6.03f 309.94±3.85e 

Tualang honey  5 462.68±2.26d 47.36±1.10d 57.02±2.14bcd 508.67±3.06c 635.96±5.38b 

Gelam honey 1 449.71±1.84e 34.33±1.16e 60.55±2.58b 348.33±6.51f 565.59±4.74c 

Gelam honey 2 484.21±3.67c 32.44±1.06e 54.64±0.64cd 445.00±4.58d 500.30±9.37d 

Borneo tropical honey 166.97±3.12i 17.10±1.67g 26.79±1.90f 175.67±6.03h 169.89±5.63g 

Honey B 176.28±4.61hi 25.78±1.28f 52.70±1.01de 182.00±2.65h 282.57±2.69f 

Table 2.  Phenolics and flavonoids content, DPPH and FRAP tests and Colour intensity ABS450 of nine Malaysian honey samples (mean ± SD; 

n = 3).  

GAE= Gallic acid equivalent; CEQ= Catechin equivalent; FRAP= Ferric reducing/antioxidant power assay. In each column different letters mean 

significant differences (p < 0.05).  



antioxidant activity.  

 Figure 1 shows the average value of polyphenols and 

flavonoid content, DPPH, FRAP and colour intensity tests for nine 

Malaysian honey samples and for one manuka honey which was 

used as a gold standard to compare the results. The average value 

of all the parameters of Malaysian honey were similar to manuka 

honey except colour intensity which was 459.82 mAU for Malaysian 

honey compared to 594.68 mAU for manuka honey.  

 Correlations among the parameters determined by various 

techniques are shown in Table 3. The correlation matrix shows that 

significant linear correlation exists between the results of all five 

analytical methods employed. The lowest linear correlation value 

was 0.708 which was still highly significant, while the highest 

correlation value was 928. 

 

 

Discussion 

Polyphenol content, reducing capacity and colour intensity 

The sources of analysed honey samples as well as floral origin 

differed to a large extent, as shown in Table 1. Out of 10 

representative honey samples used here, 5 were tualang honey 

stored at different condition, 2 were gelam honey, one was Borneo 

tropical honey, one Honey B and one well studied manuka honey for 

comparison.  The average content of TP (411.81 mg GAE/kg) 

obtained from our samples is similar with the TP content (434.62 mg 

GAE/kg) of manuka honey tested (Figure 1). Among the nine 

samples, tualang honey 1 and 2 have the highest TP values (876.58 

and 652.05 mg GAE/kg) which are greater than manuka honey. In 

our study the average TP content of five samples of tualang honey 

(485.82 mg GAE/kg) was higher than the previous study (Mohamed 

et al., 2010) where the TP content of tualang honey was 251.7 mg 

GAE/kg.  Among the five tualang honey samples the TP content was 

higher in tualang honey 1 (876.58 mg GAE/kg) and lower in tualang 

honey 3 (185.23 mg GAE/kg). Aljadi et al. (2004) showed that the 

total phenolic contents of gelam honey was 2.14 μg/mg which was 

lower then the TP content of gelam honey (484.21 mg GAE/kg) of 

our study. This variation may be due to the colour intensity, different 

season of collection and storage condition. The TP content of 

Malaysian honeys show good agreement with honey from other 

sources (Gheldof et al., 2002; Beretta et al., 2005). In these  studies 

the greatest TP content was reported for strawberry tree honey 

(78.96 mg GAE/100 g) and honeydew honey (114.75 mg GAE/ 

100 g). All honey samples have lower flavonoids content than 

polyphenols content, the average value was 73.91 mg CEQ/kg which 

was similar with manuka honey (85.05 mg CEQ/kg). 
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Fig. 1.  A comparison of different parameters of nine Malaysian honey (mean value) with manuka honey.  

 Phenolics Flavonoids DPPH FRAP ABS450 
Phenolics 1 0.855(**) 0.838(**) 0.928(**) 0.856(**) 
Flavonoids 0.855(**) 1 0.833(**) 0.911(**) 0.708(**) 

DPPH 0.838(**) 0.833(**) 1 0.882(**) 0.851(**) 

FRAP 0.928(**) 0.911(**) 0.882(**) 1 0.866(**) 
ABS450 0.856(**) 0.708(**) 0.851(**) 0.866(**) 1 

Table 3: Correlation matrix between the results of employed assays for 18 honeys 
 

** Correlation is significant at the 0.01 level (2-tailed).  



The method of Folin Ciocalteu is, therefore, largely used to 

evaluate total phenolics despite the interference in this assay due to 

the reagent (mixture of phosphotungstic acid and phosphomolibdic 

acid) reacting with other non-phenolic reducing compounds and 

leading to an overvaluation of the phenolic content. For instance, 

ascorbic acid is a widespread reducing agent that can interfere in 

the Folin-Ciocalteu reaction (Georgé et al., 2005) and that was, in 

fact, reported to be present in the studied samples (Barros et al., 

2007a; Barros et al., 2007b; Barros et al., 2008a; Barros et al., 

2008b). Other reducing substances such as some sugars and amino 

acids could also interfere with the test. In addition, the results have 

to be expressed in equivalents of a particular standard compound 

(like catechin, gallic acid or tannin acid). All these aspects make the 

results obtained by different authors difficult to compare.  

 The FRAP results showed a greater difference in the 

antioxidant capacity of various honey samples in comparison to the 

difference in the TP content evaluated by the Folin-Ciocalteu assay. 

The observed range of FRAP values (175.67 μM Fe(II)/kg to 794.67 

μM Fe(II)/kg) and average value (426.81 μM Fe(II)/kg) is similar  

with manuka honey, 427.33 μM Fe(II)/kg. The FRAP results of our 

honey samples is also comparable with other studies. Mohamed et 

al. (2010) showed the FRAP value of Tualang honey , 322.1 μM Fe

(II)/kg,  Beretta et al. (Beretta et al., 2005) showed the FRAP values 

ranged 12.06 μM (Fe(II)/kg to 459.21 μM Fe(II)/kg)  in some honey 

samples and seventy Slovenian honey samples showed  71.0 – 

478.5 μM Fe(II)/kg (Bertoncelj et al., 2007).  

 DPPH Radical scavenging capacity of our honey samples 

(20%, w/v) was ranged from 26.79% to 81.64% and the average 

value was 56.87% which was similar with the DPPH value of 

manuka honey, 58.00%.  

 The wide range of observed honey colours was directly 

reflected in the values of the ABS450 parameter, which was used to 

define the colour intensity of a 50% honey solution (w/v). The 

observed range of net absorbance (169.89–740.59 mAU) for our 

honey samples is comparable to the colour intensity of various 

honeys reported by other authors (Beretta et al., 2005;  Mendiola et 

al., 2008;  Piljac-Žegarac et al., 2009; Mohamed et al., 2010). 

The ABS450 parameter may be interpreted as a reliable index of 

the presence of pigments with antioxidant activity such as 

carotenoids and certain flavonoids (Antony et al., 2000). It has been 

previously determined by other authors that a class of flavonoids 

present in functional drinks, the anthocyanins (Mendiola et al., 

2008), as well as carotenoids (Furr, 2004) have absorption maxima 

at 450 nm and radical reacts with both hydrophilic and lipophilic 

antioxidants (Prior et al., 2005). In evaluating the radical scavenging 

potential of honey solutions, the DPPH· radical reaction is used more 

often (Beretta et al., 2005; Turkmen et al., 2006; Baltrušaitytė et al., 

2007). 

 The reasons behind the markedly higher radical scavenging 

capacity, as well as ferric reducing antioxidant power, exhibited by 

different types of honey samples probably lie in their diverse 

botanical origin. Antioxidant potential of honey is directly related to 

its phenolic and flavonoids content as well as colour intensity.  

 

Correlations 

Table 3 showed the statistically significant correlation among the 

parameters analyzed in our study. Similar to our findings, Beretta et 

al. (2005), Bertoncelj et al. (2007) and Piljac-Žegarac et al. (2009) 

also reported strong correlation between the antioxidant capacity 

according to FRAP and net absorbance (r =0.958, 0.853 and 0.918, 

respectively) indicating that honey colour intensity may be treated as 

a good initial indicator of its antioxidant capacity. Our results point to 

the highest linear correlation between the polyphenols and FRAP 

assay results with r = 0.928, which is close to the correlation 

coefficient (r = 0.885) between these two assays reported by Beretta 

et al. (2005). Other authors also reported highly significant linear 

correlation between TP and FRAP measures, for example r =0.869 

(Aljadi et al., 2004) and r2= 0.938 (Blasa, 2006), which is in 

agreement with our findings. This suggests that polyphenols are the 

major components responsible for the antioxidant effects of honey. 

In our study, colour intensity also showed a good correlation with 

phenolics, flavonoids, DPPH, and FRAP analysis (r=0.856, 0.708, 

0.851 and 0.866 respectively).  

 To summarise, the TP content may be considered a 

significant determinant of the antioxidant capacity of studied honey 

samples, both their reducing ability as well as radical scavenging 

potential. Both tualang honey 1 and 2 has been stored for 24 months 

and tualang honey 2 was subjected to gamma irradiation 3 months 

prior to the analysis. We have previously reported that both honeys 

contain high HMF values compared to other studied honeys (Khalil et 

al., 2010). Tualang honey 2 has higher flavonoids, antiradical 

scavenging activities, antioxidant and colour intensity compared to 

non-radiated tualang honey 1. On the other hand, the phenolic 

content of radiated tualang honey 2 has lower total phenolic content 

compared to the non-radiated honey.  

 

Conclusion  

This is the first study reporting the results of nine different Malaysian 

honey samples for antioxidant capacity. On the basis of employed 

analytical methods, the tested honey samples may be considered 

easily accessible natural sources of antioxidants and valuable 

additions to everyday diet. The results have shown that Tualang 

honey 1 and 2 that have been stored for 24 months are characterized 

by the highest TP content (876.58 mg GAE/kg and 652 mg GAE/kg), 

the highest reducing capacity (755.33 mM Fe(II) and 794.67 mM Fe

(II) and the best radical scavenging properties with respect to DPPH· 

(81.64% and 77.25%) in the analysed nine Malaysian honey 

samples. This study however reports only on one honey sample each. 
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To continue this research, evaluations on more honey samples and a 

study aimed to identify the phenolic and flavonoids compounds by 

HPLC analysis are being planned. 
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