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Abstract 

The floral source of nectar is responsible for the monofloral types of honey all over the world 

leading to specific variety. For the Mediterranean area, Eucalyptus, Lavender and Citrus honey are 

among the most specific type of honey. The present study investigates two samples of each names 

honey types originated from Spain, Italy and France related to their antioxidant properties. Total 

phenol content (TP) was determinate by Folin-Ciocalteu method and colour by Pfund scale and net 

absorbance. For antioxidant activity (AA) DPPH and FRAP test ware applied. The results show that 

Eucalyptus honey has the greatest TP content (119.76 mg GAE/100g) and AA (IC50% -3.47 and 

322,82 µmFeSO4 FRAP) meanwhile Lavender honey has the lowest values(18,32 mg GAE/100g and 

(IC50% -12,73 and 17 µmFeSO4 FRAP). TP is strongly correlated to AA, especially for DPPH test. 

The great variety of floral sources in the case of Citrus honey was reflected by the lack of 

homogeneity of the result for all investigated parameters. 
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INTRODUCTION  

          

        Bees (Apis mellifera) produced honey using two different sources: floral 

nectar and honeydew (EU, 2002). The floral honey is the most spread and 

obviously the types are directly related to geographical conditions which 

lead to specific flora. For example in Romania and Eastern European 

countries, the most predominant types of monofloral honey are acacia 

honey, rape honey, lime honey and sunflower honey. Heather honey is 

typical for Scotland even if it can be found in other countries like Poland, 

Slovenia, Spain or Portugal. Mediterranean region of Europe has specific 

flora which is responsible for some specific honey collected in Spain, 

Portugal, France, Italy or Greece. There are mainly Lavender, Eucalyptus, 

Rosemary, Chestnut and Citrus honey.  These types of honey can be found 

in North Africa too (EL-Kalyoubi et al, 2013). 

      Honey, as an animal origin food, is very different from all other foodstuff 

from the same category. First of all the difference regard its composition 

with very low protein content and high sugar content which is responsible 

for honey nutritional value (Escudero et al, 2013). Most European 

regulations required a minimum of 70% reducing sugars in floral honey 
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(Zielinska et al., 2014, SR 784-1/2, 2009). Regarding honey benefices to 

health the main use is related to sugar replacement as sweetener in all kind 

of foods or soft drinks. Also it has from ancient time’s very divers 

appliances in human health (Bogdanov, 2010). But the differences between 

different types of honey derive from its minor component responsible as 

well for aroma and colour as for the antioxidant activity. Many studies 

emphasise that antioxidant activity is correlated to the botanical origin of 

honey and their source (Weselowska et al, 2014, Vela et al, 2007, 

Baltrusaityte et al., 2007, Al-Mamary, 2002). The main components 

credited to be responsible for the AA are poliphenols (phenolic acids and 

flavonoides. Many studies were conducted in this area and Uthurry et al, 

reviewed in 2011 the role of honey polyphenols in human health referring to 

their antimicrobial, antiviral, antitumor, antiulcer and cardio protective 

properties.  

       The aim of this study was to determinate the polyphenol content, the 

colour and the antioxidant activity of some Mediterranean floral honey from 

different countries: Spain, Italy and France. 

 
 

MATERIALS AND METHODS 

 

Materials 

    The material consists in three floral Mediterranean honeys types, 

Lavender from Spain and France (LS, LF), Eucalyptus from Spain and Italy 

(ES, EI) and Citrus from Spain and Italy (CS, CI) which ware purchased 

from shops in named countries. The samples were stored at room 

temperature and were liquefied by gentle warming at 45
0
C in a thermostatic 

bath. All used reagents were p.a. grade. The laboratory devices used in the 

present study were: Vortex Hettrich, Thermostatic Oven Nitech, 

spectrophotometer UVMini-1240 Shimatzu. 

Methods 

Total phenol content (TP) was determined by Folin-Ciocâlteu 

colorimetric method as described by Meda et al, 2004. Gallic acid (ROTH 

Germany) was used as standard for the calibration curve from 0 to 250mg.L
-

TP content was expressed in mg of Gallic acid equivalents GAE/100 g of 

honey using the calibration curve, y=0.009x+0.159; R² = 0.986. 

Color of honey was determinate by two methods on honey solution50% 

(w/v) 

(1) ABS450 -  the net absorbance was defined as the difference between A450 

and A720 (Beretta et al, 2005) 

(2) For colour classification according to the Pfund scale: mm 

Pfund = −38.70 + 371.39 × Abs635 (Ferreira et al, 2008). 
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    Antioxidant activity AA 

    DPPH Test - The antioxidant activity by a DPPH assay first introduced 

by Brand-Williams et al in 1995, was determined using a combination of 

(Meda et al, 2004)  and (Bobiș et al, 2008)  methods with some 

modifications. RSA was calculated for each of them as %Inhibition = (Ablank 

– Asample)/ Ablank x 100. A graph of honey solution concentration against 

%Inhibition was prepared in order to calculate the IC50% values. 

FRAP test - FRAP reagent (Benzie and Stain 1996) was freshly prepared 

and two calibration curves ware prepared using FeSO4·7H2O (0-1000µM) 

and TROLOX (0-250µM) and results are expressed as µM of FeSO4·7H2O 

(Piljak-Zegarac et al, 2009) and TROLOX (Weselowska et al, 2014)   

corresponding to the activity of 10% honey solution. 

The experiment was performed in the food control laboratory of the 

Environmental Protection Faculty, University of Oradea, between 

September 2014 and March 2016.  All tests were performed as triplicate and 

are presented as mean ± SD. 

 
 

RESULTS AND DISCUSSIONS  

 

The results for TP and colour determination are shown in Table 1.  
Table 1  

Total phenol content and colour determination 

Honey 

type 

Sample TP∓SD 

mgGAE/ 

100g honey 

A635 

(mm Pfund) 

A450-720 

(Net Abs) 

Colour according 

to  Pfund scale 

Lavender LS 27.16∓3.72 10.36±3.87 180,7±14 Extra white 

LF 18.32∓0.78 1.78±0.88 116,7±7.2 Water white 

Eucalyptus ES 92.28∓1.95 47.09±31 545,2±31 Extra light amber 

EI 119.76∓2.44 111.27±21.04 1352,6±44.8 Amber 

Citrus CS 87.6∓5.27 57.4±8.87 543,9±29.4 Light amber 

CI 59.7∓3.44 4.6±2.01 149,6±16.11 Water white 

 

The TP content for Lavender and Eucalyptus are in accord to those 

reported by other researchers. So Anjos et al, 2009  found values between 

14,4±1,09 mg GAE/100g  and 23,77±3,23mg GAE/100g for Lavender 

honey and  between 61,99±0.4 mg GAE/100g and 83,4±1.1 mg GAE/100g 

for Eucalypt honey meanwhile Ciapini and Strapani, 2014, found 106,7 mg 

GAE/100g and Escudero et al, 2013, 78,4±41,4 mgGAE/100g for 

Eucalyptus.One can notice that obtained values for Citrus honey are very 

different between samples collected   from different countries.  This aspect 
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could be related to the fact that nectar sources are much more variable than 

for Lavender or Eucalyptus. Burratti et al, 2007, found the same situation 

for Citrus honey originated from different Italian regions: 20,4 mg 

GAE/100g and 29 mg GAE/100g, honey from Sicily, 24,7 mg GAE/100g, 

honey from  Sardinia and 60 mg GAE/100g honey from Campagna. Anjos 

et al, 2009 found for Portuguese Citrus honey similar values as in Italian 

islands respectively from 22,8±0.91 to 24,1±3,23 mg GAE/100g. Values 

found in the present experiment are higher than the reported ones in Europe. 

The correlation between TP and colour for the investigated samples is very 

strong (y = 0.9676x - 26.532, R
2
 = 0.8158) as observed by Berlocelj et al, 

2009.  

 The results of AA by both applied tests are presented in table 2.  

 
Table 2  

Antioxidant  activity. 

Honey 

 type 

  DPPH test, mean ±SD FRAP test, mean ±SD 

 RSA10% RSA5% IC50 μm FeSO4  μm TROLOX 

Lavender LS 40.81∓5.72 29.06%∓3.14 12.73∓2.03 28±1.15 39.4±0.39 

 LF 55.17±3.22 34.11±4.44 9.84±2.15 17±0.98 33.68±0.35 

Eucalyptus ES >100 65.83∓3.07 3.47∓1.89 159.00±1.90 136.25±1.88 

 EI >100 59.81±2.78 4.31±0.66 322.82±2.56 212.24±2.49 

Citrus CS >100 82.42±8.07 2.89±1.05 51.53±1.72 81.84±1.74 

 CI 67.67±6.12 42.5± 4.09 8.46±2.58 23±2.04 36.83±1.53 

 

As one can see, in order to compare antiradical activity of tested 

samples by DPPH test we needed to work at concentrations below 10% 

because at this value half of the tested samples have an activity over 100%. 

The comparison to results already obtained is not clinching in the case of 

DPPH test due to many variables regarding reagent concentration, rate 

between sample and reagent, reaction time, etc. So the use of IC50% is 

more appropriated in order to compare RSA of different types of honey. The 

experimental values show the greatest AA for Eucalyptus honey and the 

lowest for Lavender honey. Escudero et al, 2013 found for Spanish 

Eucalyptus honey higher IC50% values, 17,8±8,1%.   As for TPC and 

colour, the RSA of Citrus honey are very significantly different, the Spanish 

sample has the highest RSA of all tested samples, meanwhile the Italian 

sample reach the Lavender honey level. This aspect is notice in Burratti et al 

2007 study who found significant differences between IC50% of Citrus 

honey from Italian regions: 15,1% and 6,9% for Sicily honey, 11%  

Sardinian honey and 5 % for Campagna honey. 
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 The same situation was observed for AA determined by FRAP test, 

no matter the expression of results, with Eucalyptus having the highest 

activity, Lavender the lowest and great differences at Citrus. Contrary to 

DPPH test, for FRAP test the experimental values are less homogenous for 

Lavender and Eucalyptus. 

 IC50% is strongly correlated to TPH content (y = -0.0995x + 12.999 

R² = 0.87)   but less to colour express as Pfund units (y = -8.1685x + 92.799, 

R² = 0.692), the reason can be due to antioxidant components which does 

not affect colour as enzymes or vitamins. 

     AA determined by FRAP test is still correlated to TPH, but less then 

IC50% with R² = 0.777 for Trolox and R² = 0.674 for Fe
2+

. As for colour, 

the correlation to FRAP is higher than in IC50% case (R² = 0.8956 and R² = 

0.8327) so the pigments present in honey seem to have more influence o this 

test. 
 

CONCLUSIONS 

  

 The experiment leads to some conclusions, as follows: 

Referring to antioxidant content, the tested Mediterranean honey has 

different phenolic content. Meanwhile Eucalyptus and Citrus honey has 

significant TPH, Lavender honey is much poorer from this point of view. 

The homogeneity of experimental values for Eucalyptus and Lavender 

honey compared to Citrus honey can be the result of a very large nectar 

sources: citrus, orange, Clementine, Mineola.  This aspect is emphasise by 

the AA of tested samples too.  

Regarding the AA, no matter the used test, Lavender honey has the 

lowest activity and Eucalyptus the highest, among the tested samples. The 

differences related to AA correlation by different tests to TPH and colour 

point to the necessity to extend the determination to other components of 

honey such are enzymes and vitamin C.  
 

REFERENCES 

 

1. Al-Mamary M, Al-Meeri A, Al-Habori M, 2002,  Antioxidant activities and total 

phenolics of different types of honey. Nutr Res 22, pp 1041-1047 

2. Anjos O, Correira L., Gouveia C, Conceicao V, Rodrigues JC, Peres F, 2009, 

Chemical and physical parameters of Portuguese honey: classification of Citrus, 

Erica, Lavandula and Eucalyptus honeys by multivariate analysis and FTIR-ATR 

spectroscopy, 3th Scientific Conference of Institute of Tropics and Sbtropics, 19
th
 

November 2009, Czech University of Live Sciences, Pragues, Czech Republic 

3. Baltrusaityte V, Venskutonis PR, Ceksteryte V, 2007, Radical scavenging activity 

of  different floral origin honey and beebread phenolic extracts. Food Chem 32 

101, pp 502-514. 



242 

 

4. Benzie, I.F., Strain J., 1996, The ferric reducing ability of plasma (FRAP) as a 

measure of ‘‘Antioxidant Power”: The FRAP assay. Anal. Biochem., 239, pp 70-

76.  

5. Beretta G, Granata, P, Ferrero, M, Oriolia, M,  Maffei Facinoa, R, 2005, 

Standardization of antioxidant properties of honey by a combination of 

spectrophotometric/fluorimetric assays and chemometrics, Analytica Chimica Acta 

533,pp 185–191 

6. Bertoncelj, J.,  Dobersek, U., Jamnik, M., Golob, T., 2007, Evaluation of the 

phenolic content, antioxidant activity and colour of Slovenian honey, Food 

Chemistry 105, pp 822–828 

7. Bobis, O., Mărghitaș, L., Rindt, I. K., Niculae, M., Dezmirean, D., 2008, 

Honeydew honey: correlations between chemical composition, antioxidant 

capacity and antibacterial effect, Lucrări științifice Zootehnie si Biotehnologii, 

Timisoara, 41(2), pp271-277 

8. Bogdanov, S,  Book of Honey, Chapter 8, Honey in Medicine, Bee Product 

Science, 24 March 2010, Bee Product Science, www.bee-hexagon.net 

9. Brand-Williams, W., Cuvelier, M. E., Berset, C. 1995, Use of a free radical 

method to evaluate antioxidant activity. Food Science and Technology, 28, pp 25  

10. Burratti S, Bemedetti S, Cosio, MS, 2007, Evaluation of the antioxidant power of  

honey, propolis and royal jelly by amperometric flow injection analysis,  Talanta 

71, pag 1387-1393 

11. Ciappini MC, Stoppani FS, 2014, Determination of antioxidant capacity, 

flavonoids, and total phenolic content eucalyptus and clover honeys, J. APIC. SCI. 

Vol.58(1), pp103-111 

12. El-Kalyoubi, M.H., Khalaf, M.M., Nadir A.S., Wafaa M. Abozeid, Mansour, 

M.E., 2013, Antioxidant and Antimicrobial Evaluation of Egyptian Bee Honey, 

Journal of Applied Sciences Research, 9(11), pp 5712-5717 

13. Escuredo O., Miguez M, Fernandez-Gonzalez M, Seijo MC, Nutritional value and 

antioxidant activity of honeys produced in a European Atlantic area, 2013, Food 

Chemistry 138, pp 851–856 

14. European Union Directive (EU). (2002). European Union Directive 2001/110/EC 

relating to honey 

15. Ferreira, I, Aires, E.,  Barreira, J.,  Estevinho, L.M., 2008, Antioxidant activity of 

Portuguese honey samples: Different contributions of the entire honey and 

phenolic extract, Food Chemistry,114, (4), pp 1438–1443 

16. Meda, A. Lamien, C.E., Romito, M., Millogo, J., Nacoulma, O.G. 2005, 

Determination of the total phenolic, flavonoid and proline contents in Burkina 

Fasan honey, as well as their radical scavenging activity. Food Chem., 91, pp 571-

577 

17. Molineaux, P., 2004,  The use of the stable free radical diphenylpicrylhydrazyl 

(DPPH) for estimating antioxidant activity,  Songklanakarin J. Sci. Technol,  

26(2), 211-219 

18. Piljac- Žegarac, J., Stipčević, T., Belščak, A., 2009, Antioxidant properties and 

phenolic content of different floral origin honeys, Journal of ApiProduct and 

ApiMedical Science, 1(2), pp 43 – 50 

19. Standard Român SR 784-1, Miere de albine, Cerinţe de calitate la preluarea de la 

producător, Bucureşti 2009 

20. Standard Român SR 784-2, Miere de albine, Cerinţe de calitate la comercializare, 

Bucureşti 2009 

http://www.bee-hexagon.net/
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DFerreira,%2520Isabel%2520C.F.R.%26authorID%3D35236592100%26md5%3D6499b9af351c2187c44b88e32ec0fb2e&_acct=C000056082&_version=1&_userid=2073021&md5=7cd21c26fd936e3dfae6befd17cf7294
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DAires,%2520Edmur%26authorID%3D35236368000%26md5%3D6d71c2d987ce98c372e1551529ce456f&_acct=C000056082&_version=1&_userid=2073021&md5=a1cf398296e988a5174e855025133a0a
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DBarreira,%2520Joao%2520C.M.%26authorID%3D6602183416%26md5%3D2c13f3a7b059b8389b02705d4545f667&_acct=C000056082&_version=1&_userid=2073021&md5=97801bd1b46220ed5834457103758880
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DEstevinho,%2520Leticia%2520M.%26authorID%3D6506577664%26md5%3Ddc529e29228430154e7bdd4b18e1ced6&_acct=C000056082&_version=1&_userid=2073021&md5=a2ee04b73602b64e99ce5ca378102562
http://www.sciencedirect.com/science/journal/03088146
http://www.sciencedirect.com/science/journal/03088146/114/4


243 

 

21. Uthurry, C.A., Hevia, D., Gomez-Cordoves, C., 2011, Role of honey polyphenols 

in health, Journal of ApiProduct and ApiMedical Science, 3(4), pp141 - 159  

22. Vela L, de Lorenzo C, Pérez RA, 2007, Antioxidant capacity of Spanish honeys 

and its correlation with polyphenol content and other physicochemical properties. 

J Sci Food Agric 87, pp1069-1075 

23. Wesołowska, M., Kačániová, M., Dżugan, M., 2014, The antioxidant properties 

and microbiological quality of Polish honeys, Journal of Microbiology, 

Biotechnology and Food Sciences, 3(5), pp 422-425 

24. Zielińska S., Wesołowska M., Bilek M., Kaniuczak J, Dżugan M., 2014,  The 

Saccharide Profile of Polish Honeys Depending on Their Botanical Origin, 

Journal of Microbiology, Biotechnology and Food Sciences,3(5), pp 387- 390 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



244 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


