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 Abstract: Honey is a natural food product produced when the nectar and sweet deposits from plants are gathered, 

modified and stored in the honeycomb by honey bees. From ancient times honey has been used in therapeutic 

purposes especially in cough, colds, skin wounds and various gastrointestinal diseases. In this study multifloral 

honey samples were investigated in order to assess their total phenolic content by Folin-Ciocalteau method and 

their potential antioxidant activity by 2,2 diphenyl-1-picrylhydrazyl (DPPH) and ABTS free radical scavenging 

methods. Results of this study revealed that all honey samples possess total phenolic and antioxidant activity 

irrespective of climatic or floral variation.  
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Introduction 

Honey and its medicinal uses were mentioned in 

the old Ayurveda books of India. It is mentioned in 

Rig Veda (2000-3000 BC) that Vishnu (Indian 

God) took the form of the blue bee on a lotus 

flower (Kumar and Agrawal., 2016). Honey is a 

source of energy and may be used for the 

treatment of various diseases. This beneficial role 

is contributed to both antibacterial and anti-

inflammatory properties of honey, regarding high 

osmolarity, acidity and content of hydrogen 

peroxide. The antibacterial property of honey is 

well known and documented as well (Molan, 

1992a, b; Taomina et al., 2001, Weston, 2000). 

Antioxidant capacity of honey depends on the 

floral and geographical origin, climatic conditions, 

processing, storing and handling of honey. The 

greatest influence on the antioxidant activity of 

honey has been contributed to its botanical origin 

(Frankel et al., 1998; Gheldof et al., 2002; Al-

Mamary et al., 2002; Beretta et al., 2005; Shivani et 
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al., 2021). Many researchers have reported that 

antioxidant activity is strongly correlated with 

phenolics content. Also, the antioxidant activity of 

dark honeys is higher than of the light honeys (Al-

Mamary et al., 2002; Aljadi and Kamaruddin, 

2004; Berreta et al., 2005). Honey serves as a 

source of natural antioxidants (Vit et al., 1997; 

Antony et al., 2000; Nagai et al., 2001; Gheldof et 

al., 2002; Al-Mamary et al., 2002; Aljadi and 

Kamaruddin, 2004; Beretta et al., 2005; Kucuk et 

al., 2007), which play an important role in food 

preservation and human health by combating 

damage caused by oxidizing agents e.g. oxygen, 

namely reducing the risk of heart disease, cancer, 

immune-system decline, cataracts, different 

inflammatory processes, etc. (The National Honey 

Board, 2003). The antioxidants present in honey 

include -- (i) enzymatic: catalase (Schepartz, 

1966), glucose oxidase, peroxidase and (ii) non-

enzymatic substances: ascorbic acid, a-tocopherol 

(Crane, 1975), carotenoids, amino acids, proteins, 

organic acids, Maillard reaction products (Al-

Mamary et al., 2002; Gheldof et al., 2002; Schramm 

et al., 2003; Aljadi and Kamaruddin, 2004). Honey 

possesses more than 150 polyphenolic 

compounds, including flavonoids, flavonols, 

phenolic acids, catechins, and cinnamic acid 

derivatives. Honey contains a variety of phenolics 

and represents a good source of antioxidants, 

which makes it a good food antioxidant additive 

and increases its usability potential in 

ethnomedicine (Al-Mamary et al., 2002; Aljadi and 

Kamaruddin, 2004; Beretta et al., 2005). The total 

phenolic content of natural samples, such as plants 

and honey, reflects, to some extent, the total 

antioxidant capacity of the sample (Beretta et al., 

2005). Several studies for the identification and 

quantification of antioxidant components of 

honeybee products have been reported (Ferreres 

et al., 1991; Gheldof et al., 2002; Buratti et al., 

2007). Many methods for determining the 

antioxidative activity in honey have been used, 

e.g., determination of total phenolic content 

(Beretta et al.,2005). Available literature indicates 

that until now there have been just few researches 

to determine the phenolic content and antioxidant 

activity of honey (Hołderna-Kędzia and Kędzia, 
2006). In the present study, total phenolic and 

antioxidant activities of honey samples were 

carried out to analyse and validate quality of 

honey samples. 

Materials and Methods 

Fresh honey samples were obtained directly from 

beekeepers from different locations in Gwalior 

Chambal region of Madhya Pradesh, India. 

Samples were filtered, properly labelled and 

stored in air tight containers at room temperature.  

All the chemicals and reagents used in honey 

analysis were of analytical grade. DPPH (1,1 

diphenyl-2-picrylhdrazyl), ABTS (2,2’-azino-bis-

(3-ethylbenzothiazoline-6-sulfonic acid) diammo-

nium  salt, Folin-Ciocalteau reagent, gallic acid, 

phosphate-buffered saline and methanol were 

obtained from Fluka, Germany. Potassium 

persulfate and sodium carbonate were purchased 

from POCH, Poland. For absorbance 

measurements an UV‑VIS spectrophotometer 

Unicam UV2-100 was used. 

Total phenolic content (TPC) of honeys was 

analysed by using Meda et al. (2005) method. 

Honey solution with a concentration of 1 g/10 ml 

of distilled water was centrifuged (3000×g) and 

filtered. After that, 0.5 ml of the resultant solution 

were mixed with 2.5 ml of 0.2N solution of Folin-

Ciocalteau reagent and 2 ml of sodium carbonate 

solution (75 g/l). After incubation in dark at room 

temperature for 2 h, the absorbance of the 

reaction mixture was measured at λ=760 nm using 
a UV-VIS spectrophotometer. The standard curve 

was produced for gallic acid within the 

concentration range from 20 to 200 mg/l 

(R2=0.9998, y=0.1254x-0.1424) The total phenolic 

content was expressed as mg gallic acid 

equivalents per100 g of honey sample 

(mgGAE/100 g). The scavenging activity against 

1,1-diphenyl-2- picrylhydrazyl (DPPH) radical of 

honey was estimated according to the procedure 

described by Turkmen et al. (2005) with some 

modifications. 2 g honey sample was dissolved in 

10 ml of distilled water, centrifuged (3000×g) and 
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filtered. Then, 0.75 ml of the solution were mixed 

with 2.25 ml of 0.1 mmol/l methanol solution of 

DPPH 1,1–diphenyl-2-picrylhydrazyl. The control 

test was made with distilled water in place of 

honey solution. The reaction mixtures were 

vortex-mixed well and incubated for 60 min at 

room temperature in the dark. Absorbance was measured at λ=517 nm against methanol, using a 
UV-VIS spectrophotometer. Antioxidant activity 

was expressed as a per cent inhibition of DPPH 

radical and calculated as follow: 

Antioxidant Activity [%] = (Abs control-Abs 

sample)/Abs control×100% 

The antioxidant activity of honey samples in 

the reaction with stable ABTS radical cation was 

determined according to Baltrusaityte et al. 

(2007). ABTS was obtained in the reaction of a 2 

mmol/l stock solution of 2,2’-azinobis-(3-

ethylbenzothiazoline-6-sulfonic acid) diammo-

nium salt in phosphate-buffered saline with 

potassium persulfate. The mixture was left to 

stand for 24 h. Prior to analysis the ABTS+ 

solution was diluted with phosphate buffer saline 

to produce a solution with absorbance of 0.80±0.03 at λ=734 nm. 2 g honey sample was 
dissolved in 10 ml of distilled water, centrifuged 

(3000×g) and filtered. Then, 0.1 ml of the solution 

was mixed with 6 ml of ABTS solution, vortex-

mixed well and after 15 min absorbance was 

measured at a wavelength of 734 nm. The control 

test was made with distilled water in place of 

honey solutions. Antioxidant activity was 

expressed as per cent inhibition of ABTS, 

calculated from the same equation as for DPPH.  

Statistical Analysis: 

The data obtained were subjected to statistical 

analysis using Sigma plot Software, after taking 

necessary transformations, wherever applicable. 

Results and Discussion 

Forty eight honey samples from four different 

districts were analysed in order to assess their 

phenolic content and antioxidant activity. The 

result showed that all the samples tested possess 

phenolic content, free radical scavenging activity 

and antioxidant activity with slight variation. 

Phenolic content:  

The average phenolic content of honey samples 

obtained from Gwalior, Guna, Morena and 

Shivpuri was found to be 65.0±0.38, 63.8±0.49, 

54.01±0.45 and 60.0±0.47 mg, respectively (Table 

1). No statistical difference was found in the 

phenolic content of Gwalior and Guna honey 

samples. Maximum phenolic content was obtained 

in Gwalior Market samples. However, phenolic 

content of samples obtained from Morena was 

significantly lower than all other locations 

(P<0.05). Total phenolic contents of the honey 

samples used in this study are similar to those 

reported by Vit et al. (2009) for Venezuelan Apis 

mellifera honeys (38.15 to 182.10 mgGAE/100 g, 

with an average of 93.50 ± 51.62 mgGAE/100 g). 

The values of phenolic contents in this study are, 

however, higher (P<0.05) than those reported by 

Adetuyi et al. (2009) for Apis mellifera honey 

samples in Owo community, Ondo State in 

southwest Nigeria (0.75 to 2.85 mgGAE/100 g). 

The phenolic contents obtained in this study are 

also higher (P<0.05) than those observed in 

selected Czech honey; 3.92 ± 0.13 to 16.71 

mgGAE/100 g and in some honeys from Poland, 

7.17 ± 0.13 to 20.16 ± 1.68 mgGAE/100 g 

(Kaskoneine et al., 2009). It was earlier reported 

that, in honey samples from Burkina Faso, total 

phenolic contents varied from 32.59 to 114.75 

mgGAE/100 g with a mean of 74.38 ± 20.54 

mgGAE/100 g. Phenols are reported to have 

antioxidant capacities that are much stronger than 

those of vitamins C and E (Oboh et al., 2009). 

According to Blasa et al. (2006), raw honey 

contains copious amounts of compounds such as 

flavonoids and other polyphenols which may 

function as antioxidants. Honey polyphenols are 

said to originate from nectar, pollen or propolis 

(Makawi et al., 2009). 

Antioxidant Activity: 

(a) Radical Scavenging Activity (DPPH): 
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Table 1: Total Phenolic Content (mg GAE/100g) of honey samples collected from different locations in Madhya 

Pradesh 

S. No. Gwalior Market Guna Morena Shivpuri 

1. 63.5±0.44 63.4±0.75 53.4±0.75 59.3±0.55 

2. 64.3±0.40 63.5±0.40 53.5±0.40 59.7±0.42 

3. 65.2±0.61 63.4±0.23 54.7±0.23 60.5±0.31 

4. 64.4±0.38 64.2±0.23 54.2±0.32 60.5±0.15 

5. 64.6±0.20 63.7±0.61 54.3±0.41 60.4±0.51 

6. 64.3±0.61 63.2±0.27 53.7±0.34 59.9±0.27 

7. 66.1±0.17 63.4±0.64 53.4±0.48 60.1±0.80 

8. 65.9±0.70 64.3±0.52 54.3±0.42 60.2±0.61 

9. 64.2±0.55 64.5±0.57 54.5±0.38 59.9±0.38 

10. 64.9±0.17 64.3±0.62 54.3±0.53 60.3±0.62 

11. 65.0±0.21 63.3±0.53 53.3±0.47 59.4±0.52 

12. 64.9±0.17 64.4±0.61 54.4±0.61 59.8±0.51 

Mean 65.0±0.38 63.8±0.49 54.0±0.45 60.0±0.47 

Values expressed as Mean ± S.E. 

 

The radical scavenging activity in 48 honey 

samples varied from 46% to 70% in the DPPH 

reaction system. The results showed that samples 

from Gwalior market have maximum average free 

radical scavenging activity i.e. 70.00±0.52 

followed by 52.00±0.64 in Guna samples, 

49.00±0.66 in Morena samples and 46.00±0.65 

per cent in Shivpuri samples (Table 2). However, it 

was observed that except for Gwalior region 

samples, per cent radical scavenging activity was 

statistically similar among the samples for all the 

three locations.  

The difference in radical scavenging activity of 

Gwalior samples can be due to dark color (long 

preserved samples) as it has already been 

reported that dark colored honey tended to be 

highly active in the reaction with DPPH (Meda et 

al., 2005; Blaska et al., 2006; Bertoncelj et al., 

2007). Antioxidant capacity was reported higher 

for darker honey samples (Frankel et al., 1998; 

Chen et al., 2000; Nagai et al., 2001; Gheldof and 

Engeseth, 2002) as well as in honey with higher 

content  of  water (Frankel  et  al.,  1998; Aljadi and  

 

Kamaruddin, 2004). It has also been observed that 

the composition and antioxidant capacity of honey 

depend on the floral source used to collect nectar; 

seasonal and environmental factors, as well as 

processing may also have an effect on honey 

composition and antioxidant activity (Frankel et 

al., 1998; Chen et al., 2000; Al-Mamary et al., 2002; 

Gheldof and Engeseth, 2002; Gheldof et al., 2002). 

(b) Antioxidant Activity (ABTS): 

The antioxidant activity in ABTS reaction system 

was analyzed for 48 honey samples and reported 

to be much lower than DPPH reaction system. The 

per cent antioxidant activity varied between 40 to 

54%. The data showed that Gwalior market 

samples have maximum average antioxidant 

activity in ABTS reaction system the value being 

53.14±0.44 followed by 46.17±0.52 in Shivpuri 

samples, 45.75±0.40 in Guna samples and 

minimum antioxidant activity was observed in 

Morena samples i.e. 40.78±0.40 per cent (Table 3). 

However, no statistical difference was observed    

in   the  value  of   antioxidant   activity  among  the 
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Table 2: Radical scavenging activity DPPH (%) of honey samples collected from different locations in Madhya 

Pradesh 

 

S. No. Gwalior Market Guna Morena Shivpuri 

1. 70.02±0.66 51.58±0.68 49.18±0.75 45.51±0.92 

2. 70.17±0.60 52.34±0.65 48.87±0.84 46.87±0.89 

3. 69.47±0.38 52.18±0.54 50.68±0.73 46.68±0.73 

4. 69.81±0.67 52.31±0.63 48.21±0.77 44.43±0.76 

5. 69.93±0.65 51.44±0.46 49.18±0.61 46.47±0.58 

6. 69.71±0.45 51.44±0.75 48.88±0.73 45.91±0.78 

7. 70.59±0.42 53.39±0.52 49.51±0.81 44.43±0.38 

8. 68.76±0.26 51.35±0.66 49.29±0.51 45.59±0.55 

9. 70.82±0.67 52.21±0.63 49.54±0.54 46.59±0.59 

10. 69.61±0.25 52.29±0.68 47.68±0.42 46.47±0.58 

11. 70.71±0.59 51.54±0.62 48.39±0.64 45.65±0.61 

12. 70.06±0.69 51.93±0.86 48.59±0.74 47.40±0.38 

Mean 70.00±0.52 52.00±0.64 49.00±0.66 46.00±0.65 

   Values expressed as Mean ± S.E. 

 

Table 3: Antioxidant activity ABTS (%) of honey samples collected from different locations in Madhya Pradesh 

 

S. No. Gwalior Market Guna Morena Shivpuri 

1. 54.19±0.53 45.58±0.37 40.61±0.46 46.48±0.45 

2. 52.60±0.38 46.41±0.39 41.61±0.59 45.44±0.38 

3. 54.39±0.39 45.59±0.38 39.62±0.59 44.82±0.56 

4. 52.67±0.48 46.14±0.59 41.14±0.56 45.44±0.39 

5. 53.45±0.38 45.28±0.33 38.41±0.35 45.98±0.72 

6. 52.38±0.42 46.41±0.39 41.38±0.39 46.74±0.43 

7. 53.26±0.47 45.60±0.35 40.36±0.41 46.46±0.43 

8. 52.57±0.39 45.47±0.36 41.31±0.48 47.47±0.69 

9. 52.55±0.50 45.60±0.35 40.63±0.46 46.43±0.51 

10. 54.23±0.49 44.82±0.57 42.82±0.54 44.82±0.57 

11. 52.64±0.38 46.43±0.36 40.66±0.43 47.36±0.45 

12. 52.69±0.47 45.65±0.39 40.81±0.59 46.65±0.62 

Mean 53.14±0.44 45.75±0.40 40.78±0.49 46.17±0.52 

   Values expressed as Mean ± S.E. 
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samples of various locations. It was observed that 

freshly collected honey samples have lower 

antioxidant activity as compared to those 

preserved for longer period (Market samples) 

The difference in antioxidant activity can be 

due to the dark color of samples. Beretta et al. 

(2005)and Bertoncelj et al. (2007) suggested that 

dark colored honey obtained from forest, 

honeydew and buckwheat had highest antioxidant 

activity and pale or light color honey of Acacia had 

low antioxidant activity. In the literature, several 

studies for the identification and quantification of 

antioxidant components of honeybee products 

have been reported (Ferreres et al., 1994; Gheldof 

et al., 2002; Buratti et al., 2007). 

Conclusion 

The antioxidant and phenolic activities of honey 

are the important parameters for the validation of 

honey quality. In the current study, all honey 

samples were found to have both these activities 

hence are suitable from consumption and health 

point of view.  
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