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Summary 
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No 3, 198−205. 
 

The invertase activity and carbohydrate spectrum of organic acacia and polyfloral honeys produced in 

the South Stara Planina region (Republic of Bulgaria) were investigated. After one year of storage at a 

temperature up to 25 °С, a mild reduction in invertase activity (3.9–4.79%) has occurred in polyfloral 

honey. The activity of this enzyme decreased considerably in acacia honey (15.16%). The average 

content of carbohydrates of acacia honey after one-year storage was: fructose – 42.76±1.24 g/100 g, 

glucose – 27.5±1.11 g/100 g, fructose/glucose ratio – 1.55±0.05, sucrose – 0.60±0.63 g/100 g, 

turanose – 1.18±0.21 g/100 g, maltose – 0.54±0.36 g/100 g, trehalose – 0.28±0.04 g/100 g. The re-

spective carbohydrates in polyfloral honey were fructose (41.16±0.81 g/100 g), glucose (27.11±0.85 

g/100 g), fructose/glucose ratio (1.51±0.07), sucrose (0.14±0.20 g/100 g), turanose (1.17±0.26 g/100 

g), maltose (0.90±0.69 g/100 g), trehalose (0.65±0.19 g/100 g). Neither melibiose nor melezitose 

were established in both types of honey.  
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INTRODUCTION 

The composition of Bulgarian bee honey 

was described by Ivanov (1978). It con-

tains a variety of enzymes; among them, 

diastase (α-amylase), invertase, glucose 

oxidase, catalase and acid phosphatase are 

the most important with regard to quality 

control. Honey enzymes have raised a 

significant scientific interest for years, 

because of their essential role for distin-

guishing natural from adulterated honeys  

(Von der Ohe & Von der Ohe, 1992). It is 

shown that their concentrations in honey 

depend largely on the period of bee  

development (Huang et al., 1989), the 

amount of nectar, and climatic atmos-

pheric conditions influencing the release 

of nectar by plants (White, 1975).  

Invertase is responsible for the conver-

sion of sucrose, maltose, melezitose, raffi-

nose, melibiose and trehalose into glucose 

and fructose – the predominant sugars in 

bee honey (Ivanov, 1978). Due to the sub-

stantial reduction of invertase activity 

during storage and after heat processing, 

this parameter is used for evaluation of the 

freshness of harvested bee honey (Dust-

mann et al., 1985). It is proved that inver-

tase is involved in nectar ripening and 
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production of bee honey (White, 1975). 

This is one of most thermolabile enzymes 

of honey, its degradation begins even at 

35 °C, a temperature which is common in 

many countries during the summer. The 

initial level of invertase activity varies 

considerably among the types of honey 

(Karabournioti & Zervalaki, 2001). Ac-

cording to recent literature references, the 

determination of honey invertase activity 

is used mostly in the complete evaluation 

of unifloral honeys in Europe, as well as 

for determination of features related to the 

geographical origin of different bee honey 

varieties (Oddo et al., 1995; 1999; 2004; 

Bartakova et al., 2007; Serrano et al., 

2007).  

According to the European Honey 

Commission (Bogdanov et al., 1997), 

invertase activity could serve as a crite-

rion to determine whether the honey is 

"fresh", long-term stored or heated at high 

temperatures. Although invertase activity 

is somewhat variable in the different 

honey types, minimum values of its activi-

ty have been proposed (in invertase num-

bers – IN or Siegenthaler units): ≥50 IN 

for highly valuable fresh honeys, ≥20 IN 

for honeys with low enzyme activity and 

≥10 IN in unifloral honeys (Bogdanov et 

al., 1997). In Bulgarian normative docu-

ments, the invertase activity is not in-

cluded as a parameter of honey quality 

control (Anonymous, 2002a; 2003). 

Despite being one of most heat unsta-

ble enzymes of honey, due to natural 

variations of initial activities, some re-

searchers suggest that invertase could not 

be a reliable indicator of heat processing 

of the product (Oddo et al., 1999; Kara-

bournioti & Zervalaki, 2001). So far, at a 

national scale, the invertase activity of 

honey has been investigated with regard to 

the integrated characteristics of the types 

of honey or to provide evidence for heat 

processed or adulterated honey (Ivanov, 

1978; Dinkov & Vashin, 2001; Dinkov et 

al., 2002; Zheliazkova et al., 2002). A 

more recent study in four types Bulgarian 

honey from two regions of the country 

aimed at determining the natural varia-

tions of honey invertase activity (Dinkov 

& Valkova, 2009).  

According to the cited literature data, 

invertase activity has been advanced as an 

additional qualitative parameter to assess 

the quality of freshly harvested honey and 

as a secondary marker of honey adultera-

tion through addition of carbohydrates or 

of honey produced by bee families inten-

sively supplemented with carbohydrate 

solutions.  

During the last years, consumers’ in-

terest to organically produced bee honey 

is continuously increasing at a worldwide 

scale. An important feature of organic 

produce is the lack of contaminants, envi-

ronmental, or physical, chemical and bio-

logical pollutants resulting from human 

activity. The high quality features of or-

ganically produced honey should be cer-

tified (Anonymous, 1999; 2001; 2008a; 

2008b).   
For assessment of the influence of un-

wanted heating, an investigation on the 

effect of honey processing at relatively 

low temperatures on invertase activity was 

conducted. It was demonstrated that honey 

samples processed at 42 ºС for 24 h, ex-

hibited a statistically significantly lower 

invertase activity (P<0.01) in 80% of 

cases (Dinkov, 2010). 

With regard to the need for harmonisa-

tion of quality parameters in standards for 

organically produced bee honey (Anony-

mous, 2010), the invertase activity of dif-

ferent types of organic bee honeys should 

be assayed. That is why, the issue of or-

ganic honey storage became particularly 

important with regard to the preservation 
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of enzyme activity and carbohydrate com-

position of the product. No investigations 

of invertase activity and carbohydrate 

spectrum of organic bee honeys, stored 

under proper conditions over a year were 

found out in available literature.  

Therefore, the aim of the study was to 

determine the changes in invertase activity 

and carbohydrate spectrum of organic 

acacia and polyfloral honeys after one year 

of storage at temperatures up to 25 °C. 

MATERIALS AND METHODS 

Representative samples (n=40) were ob-

tained from batches of organic acacia and 

polyfloral honey, produced in July 2010 

from three certified organic apiaries in the 

South Stara Planina region (Kalofer mu-

nicipality). The samples were collected 

after uncapping honeycombs, centrifuga-

tion and filtration, without additional heat 

processing.  

The botanical origin of samples was 

determined by melissopalynological, or-

ganoleptic, physical and chemical features 

(Bogdanov et al., 1997; Anonymous, 

2002a; 2003; Oddo et al., 2004; Piana et 

al., 2004).  

The samples were stored at a tempera-

ture up to 25°C over a year until the ana-

lysis, in compliance with the required con-

ditions for honey storage (Anonymous, 

2005).  

At the beginning and the end of the 

storage period, invertase activity of honey 

was analysed using the method recom-

mended by the European Honey Commis-

sion (Bogdanov et al., 1997). The enzyme 

activity was determined photometrically 

by measuring the concentrations of p-

nitrophenol, obtained by conversion of the 

substrate p-nitrophenyl α-D glucopyrano-

side by invertase at a wavelength of 400 

nm. The results were expressed in inver-

tase (sucrase) numbers – IN, representing 

the micromoles of substrate, converted by 

honey invertase per 1 min (Bogdanov et 

al., 1997). 

By the end of the storage period, the 

carbohydrate spectrum of samples was 

determined by an EC-approved method 

(Bogdanov et al., 1997). 

Invertase activity was analysed at the 

Laboratory of the Department of Food 

Hygiene and Control, Veterinary Legisla-

tion and Management at the Faculty of 

Veterinary Medicine – Stara Zagora (Bul-

garia). Carbohydrate spectrum analyses 

were performed at the Laboratory of Api-

culture-Sericulture, School of Agriculture, 

Aristotelian University of Thessaloniki, 

Thessaloniki (Greece).  

The results were statistically processed 

by the Student’s t-test. 

RESULTS  

The highest invertase activity was that of 

polyfloral honey, harvested from the se-

cond apiary (33.594±0.017 IN), followed 

by honeys from the first and third apiaries 

(28.25±0.01 IN and 24.89±0.94 IN, re-

spectively. After one year of storage, in-

vertase activity was slightly reduced, and 

the aforementioned order was preserved – 

highest values of honey from the second 

apiary (32.03±0.010 IN), followed by the 

first (26.89±0.04 IN) and lowest activity 

from the third apiary (23.91±0.02 IN) 

(Table 1).  

Accepting the initial invertase activity 

of polyfloral honey as 100%, the reduc-

tion in activities of honeys after storage 

over one year at temperatures < 25°С was 

by 3.9 % in the third apiary; by 4.67% in 

the second apiary and by 4.79% in the 

first apiary (Fig. 1). 
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Fig. 1. Average reduction of invertase activity 

of polyfloral honey after one-year storage: 

black bars – initial activity (100%); white bars 

– activity after one-year storage.  

 

The trend towards decrease of inver-

tase activity was also present in acacia 

honey samples (Table 1). The one-year 

storage resulted in reduction of invertase 

concentrations from 14.285 ± 0.018 IN to 

12.12 ± 0.03 IN. In percentage terms, the 

resulting activity after storage was 84.84% 

of baseline, equal to 15.16% reduction.  

According to results, despite the oc-

curring reduction of invertase after one-

year storage, the activities in both polyflo-

ral and acacia organic honeys were com-

pliant to international norms for minimum 

invertase activity of 10 IN (Dustmann et 

al., 1985; Bogdanov et al., 1997). 

Table 2 presents the carbohydrate 

composition of stored organic polyfloral 

and acacia honeys. 

The fructose concentrations were the 

highest in both acacia (42.76±1.24 g/ 

100 g) and polyfloral honey (41.16±0.81 

g/100 g), followed by glucose (27.5±1.11 

g/100 g and 27.11±0.85 g/100 g in acacia 

and polyfloral honey samples, respec-

tively. Third came the turanose with 1.18± 

0.21 g/100 g (in acacia honey) and 1.17± 

0.26 g/100 g in polyfloral honey.  

The other carbohydrates are in negli-

gible amounts. Both studied types of or-

ganic honey lacked melibiose and melezi-

tose. 

 

Table 1. Invertase activity (IN) of organic polyfloral and acacia honeys, after one-year storage (from 

2010 to 2011). Data are presented as mean±SD (min–max) 

 

 2010 2011 

First apiary 

Polyfloral honey (n=10) 28.25±0.01 

(28.21–28.26) 

26.89±0.04* 

(26.85–26.96) 

Second apiary 

Polyfloral honey (n=10) 33.59±0.02 

(33.58–33.62) 

32.03±0.10* 

(31.89–32.15) 

Third apiary 

Polyfloral honey (n=10) 24.88±0.94 

(24.23–25.96) 

23.91±0.02 

(23.89–23.93) 

Acacia (Robinia sp.) honey (n=10) 14.29±0.02 

(14.26–14.32) 

12.12±0.03* 

(12.07–12.18) 

* statistically significant differences in invertase activities in 2010 vs. 2011 at P<0.001. 
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DISCUSSION 

Average invertase activities obtained in 

the present study were similar to those 

reported in honey produced in another 

Bulgarian region in 2009 (23.762 IN) 

(Dinkov & Valkova, 2009). This could be 

attributed to honey production in a similar 

region of South Bulgaria. The data are 

supported by data showing a considerable 

effect of nectar release intensity on honey 

invertase activity, which could be a pre-

requisite for close values of honey inver-

tase activities in regions with comparable 

climatic conditions (White, 1975). The 

present results about the invertase activity 

of polyfloral honey as well as results from 

previous studies of ours – 35.75 IN (Din-

kov & Valkova, 2009), were close to re-

sults reported from Germany – 34.9 IN 

(Dustmann et al., 1985) and Italy – 28 IN 

(Oddo et al., 1999).  

The differences between polyfloral 

and acacia honeys could be explained by 

the substantial effect of the amount of 

nectar and atmospheric conditions on ho-

ney invertase levels (White, 1975). The 

differences after storage of polyfloral and 

acacia organic honeys come in support of 

the thesis of Oddo et al. (1999), that the 

period of honey storage could be hardly 

evaluated only on the basis of this quality 

trait. 

The European Honey Commission has 

recommended quality indices based on the 

sum of glucose and fructose, and sucrose 

content. The glucose+fructose sum in all 

honeydew honeys should be ≥60 g/100 g 

and sucrose – ≤5 g/100 g as per the Coun-

cil Directive (Anonymous, 2002b; Bogda-

nov et al., 1997). Maltose, melezitose and 

other sugars are thought important in the 

identification of unifloral honeys (Oddo et 

al., 1995). Yet, no regulations about the 

acceptable changes in honey carbohy-

drates during storage could be found in 

available literature sources. 

The carbohydrate spectrum of stored 

acacia and polyfloral honeys in this study 

could be compared to the fennel (Foeni-

culum vulgate Mill.) bee honey produced 

in another ecological region of Bulgaria 

(Parvanov et al., 2011). The fructose con-

tent (44.9±0.2 g/100 g), glucose content 

(25.5±0.3 g/100 g), glucose+fructose sum 

(70.4±0.3 g/100 g) and the low sucrose 

content of fennel honey allowed to clas-

sify it in the group of honeydew honeys as 

Table 2. Carbohydrate spectrum (g/100 g) of organic acacia and polyfloral honey after one-year 

storage. Data are presented as mean±SD (n=10) 

 

 Acacia (Robinia sp.) honey 

(n=10) 

Polyfloral honey  

(n=10) 

Fructose 42.76±1.24 41.16±0.81 

Glucose 27.50±1.11 27.11±0.85 

Fructose+glucose 70.26±2.26 68.28±0.94 

Fructose/glucose ratio 1.55±0.05 1.51±0.07 

Sucrose 0.60±0.63 0.14±0.20 

Turanose 1.18±0.21 1.17±0.26 

Maltose 0.54±0.36 0.90±0.69 

Trehalose 0.28±0.04 0.65±0.19 

Melibiose            ND                     ND 

Melezitose            ND                      ND 

ND = not detected. 
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per the standards of the European Honey 

Commission (Bogdanov et al., 1997) and 

the Council Directive 2001/110/EC (Ano-

nymous, 2002b). The fructose content of 

acacia and polyfloral honeys in this study 

were comparable (42.76±1.24 g/100 g and 

41.16±0.81 g/100 g respectively). Glucose 

concentrations in acacia and polyfloral ho-

neys (27.5±1.11 g /100 g and 27.11±0.85 

g /100 g) were also similar to those in 

fennel honey type.   

It could be also stated that in this 

study, sucrose concentrations in both ho-

ney types were low after one-year storage 

(0.60±0.63 g/100 g and 0.14±0.20 g/100 

g). This circumstance, along with the glu-

cose+fructose sum (70.26±2.26 g/100 g 

and 68.28±0.94 g/100 g in organic acacia 

and polyfloral honeys, respectively) indi-

cated that they could also be classified as 

honeydew honeys conforming to the car-

bohydrate content requirements of the 

European Honey Commission (Bogdanov 

et al., 1997) and the Council Directive 

2001/110/EC (Anonymous, 2002b). 

There were neither melebioze, nor 

melicitose in acacia and polyfloral honey 

samples in this research. These carbohy-

drates were also absent in fennel honey in 

the study of Parvanov et al. (2011). Unli-

ke fennel honey however, which was 

shown to contain no maltose, the samples 

of organic acacia and polyfloral honeys 

contained 0.54±0.36 g/100 g and 0.90± 

0.69 g/100 g, respectively. The other car-

bohydrates in acacia honey were compli-

ant to the norms of the European Honey 

Commission (Bogdanov et al., 1997) and 

the Council Directive 2001/110/EC (Ano-

nymous, 2002b). 

In conclusion, the present study em-

phasised on the importance of assaying 

invertase activity and the carbohydrate 

spectrum of bee honey with regard to the 

more precise control of the quality of 

stored organic honey. After one-year stor-

age at controlled temperature up to 25 °С, 

studied samples of polyfloral honey ex-

hibited a low extent of invertase activity 

reduction and a more substantial reduction 

of invertase activity in unifloral acacia 

honey. The activity of this enzyme was 

consistent with the internationally re-

quired minimum activity of honey inver-

tase – 10 IN (Dustmann et al., 1985; Bog-

danov et al., 1997). The detailed analysis 

of presented results supported previous 

findings about gradual equalisation of the 

levels of some carbohydrates in the diffe-

rent types of honey after storage. 

REFERENCES 

Anonymous, 1999. European Union Council 

regulation on organic beekeeping. COUN-

CIL REGULATION (EC) No 1804/1999 

of 19 July 1999 supplementing Regulation 

(EEC) No 2092/91 on organic production 

of agricultural products and indications re-

ferring thereto on agricultural products and 

foodstuffs to include livestock production, 

Official Journal of the European Commu-

nities, L222/1, 1–13. 

Anonymous, 2001. New Zealand technical 

rules for organic beekeeping, BIO-GRO 

New Zealand Organic Standards. Module 

4.6 honey and bee products production 

standard. http://www.foodsafety.govt.nz/ 

elibrary/industry/nzfsa-standard-registrati-

on-documents/technical-rules.pdf (20 July 

2012 date last accessed). 

Anonymous, 2002a. Ordinance of the Ministry 

of Agriculture for requirements to bee 

honey for human consumption. Decree No 

196 of the Council of Ministers, Sofia. Of-

ficial Gazette, 85/28.08.2002 (BG). 

Anonymous, 2002b. Council Directive 2001/ 

110/EC of 20 December 2001 relating to 

honey. Official Journal of the European 

Communities, L10, 47–52. 

Anonymous, 2003. Ordinance No 48 of 11 

November 2003 about the sampling proto-



Invertase activity and carbohydrate spectrum of organic acacia and polyfloral honey after one-year... 

BJVM, 15, No 3 204 

col and methods of analysis of bee honey, 

Official Gazette, 103/25.11.2003 (BG). 

Anonymous, 2005. Ordinance No 9 of 22 June 

2005 by the Ministry of Agriculture and 

Forestry about the conditions of approval 

and registration of enterprises for pro-

cessing of wax and wax bases, and enter-

prises for production and trade with bee 

honey and honey products. Official Ga-

zette, 54/01.07.2005 (BG).  

Anonymous, 2008a. Canadian Organic Honey 

Standards. http://cba.stonehavenlife.com/ 

2008/08/organic-honey-standards-in-cana-

da (20 July 2012 date last accessed). 

Anonymous, 2008b. USA N.O.S.B. Standard 

Draft for Organic Beekeeping,  Depart-

ment of Agriculture, Agrucultural Market-

ing Service, USDA, National Organic Pro-

gram (NOP)—Access to Pasture (Live-

stock), Proposed Rule, Federal Register, 

73, No. 207, Friday, October 24, 2008. 

http://www.ams.usda.gov/AMSv1.0/getfile

?dDocName=STELPRDC5058474 (20 Ju-

ly 2012 date last accessed). 

Anonymous, 2010. Apimondia First World 

Conference on Organic Beekeeping, Pro-

gram and Abstracts, 27–29 August 2010, 

Sunny Beach, Bulgaria, pp. 1–50. 

http://www.bee-hexagon.net/files/file/file 

E/Organic/ProgramAbstracts.pdf (20 July 

2012 date last accessed). 

Bartakova, K., L. Vorlova, D. Titera & M. 

Lutzova, 2007. Physicochemical parame-

ters and botanical origin of Czech honeys. 

Journal of Food and Nutrition Research, 

46, 167–173. 

Bogdanov, S., P. Martin & C. Lüllman, 1997. 

Harmonized methods of the European 

Honey Commission. Apidologie, extra is-

sue, 1–59.  

Dinkov D. & I. Vashin, 2001. Invertase activi-

ty in Bulgarian multifloral and honeydew 

honeys. Apiacta, 36, 57–61. 

Dinkov, D., I. Jeliazkova, V. Rusev & I. 

Vashin, 2002, Effect of supplementary 

feeding of bees with Isosweet 77555P on 

some quantitative characteristics of the bee 

honey, Journal of Animal Science (Sofia), 

39, 158–160.  

Dinkov, D. & E. Valkova, 2009. Investiga-

tions on invertase activity in different 

types bee honey from two Bulgarian re-

gions. In: International Scientific Confer-

ence of the Union of Scientists – branch 

Stara Zagora, June 4–5, 2009, Bulgaria. 

http://www.sustz.com/Proceeding09/Paper

s/Agricultural%20science/Animal%20stud

ies%20&%20Veterinary%20medicine/D_

DINKOV.pdf (20 July 2012 date last ac-

cessed) (BG).   

Dinkov, D., 2010. Invertase activity from low 

processing temperatures in different types 

Bulgarian bee honey. Journal of Mountain 

Agriculture on the Balkans, 13, 71–85. 

Dustmann, J. H., J. P. Van Praagh & K. Bote, 

1985. Zur Bestimmung von Diastase, In-

vertase und HMF in Honig. Apidologie, 

16,19–30. 

Huang, Z. Y., G. W. Otis & P. E. A. Teal, 

1989. Nature of broad signal activity the 

protein synthesis of hypopharyngeal gland 

in honeybee Apis mellifera (Apidae: Hy-

menoptera). Apidologie, 20, 455–464. 

Ivanov, Ts, 1978. Investigations on the com-

position and properties of Bulgarian bee 

honey. PhD thesis, Agricultural Academy, 

Sofia, p. 97 (BG).  

Karabournioti, S. & P. Zervalaki, 2001. The 

effect of heating on honey HMF and inver-

tase. Apiacta, 36, 177–181. 

Oddo, L. P., M. G. Piazza, A. G. Sabatini & 

M. Accorti, 1995. Characterization of uni-

floral honeys. Apidologie, 26, 453–465.  

Oddo, L. P., M. G. Piazza & P. Pulcini, 1999. 

Invertase activity in honey. Apidologie, 30, 

57–65. 

Oddo, L. P., L. Piana, S. Bogdanov, A. Ben-

tabol, P. Gotsiou, J. Kerkvliet, P. Martin, 

M. Morlot, A. O. Valbuena, K. Ruoff & K. 

von der Ohe, 2004. Botanical species gi-

ving unifloral honey in Europe. Apidolo-

gie, 35, 82–93. 

Parvanov, P., D. Dinkov, C. Tananaki & G. 

Mihaylova,  2011. Sensorial characteristics 



P. Parvanov, D. Dinkov & C. Tananaki 

BJVM, 15, No 3 205 

and composition of Bulgarian’s fennel 

(Foeniculum vulgate Mill.) bee honey: I. 

Quality parameters. Journal of Mountain 

Agriculture on the Balkans, 14, 1–22. 

Piana, M. L., L. Persano Oddo, A. Bentabol, 

E. Bruneau, S. Bogdanov & C. Guyot De-

clerck, 2004. Sensory analysis applied to 

honey: State of the art. Apidologie, 35 (ex-

tra issue), 26–37. 

Serrano, S., R. Espejo, M. Villarejo & M. L. 

Jodral, 2007. Diastase and invertase activi-

ties in Andalusian honeys. International 

Journal of Food Science and Technology, 

42, 76–79. 

Von der Ohe, W. & K. Von der Ohe, 1992. 

Honigqualität. Der Einfluß der Tempe-

ratur. Deutsches Imker-Journal, 3, 78–82. 

White, J. W., 1975. Composition of honey, In: 

Honey. A Comprehensive Survey, ed E. 

Crane, Heinemann Edition, London, pp. 

180–194. 

Zheliazkova, I., D. Dinkov, V. Rusev & I. 

Vashin, 2002. Effect of feeding bees with 

sugar solution (1:1) and Isosweet 77555P 

on some qualitative parameters of honey, 

In: Proceedings of the Scientific Confe-

rence with International Participation 

“Stara Zagora ‘2002”, June 6–7, 2002, 2, 

300–303. 

 

 

 

 

 

Paper received 20.04.2012; accepted for 

publication 21.06.2012 

 

 

 

 

 

 
Correspondence:  

 

Assoc. Prof. P. Parvanov 

Department of Microbiology, Infectious  

and Parasitic Diseases, 

Faculty of Veterinary Medicine, 

Trakia University, 

Student’s Campus,  

6000 Stara Zagora, Bulgaria 

e-mail: parvanp@yahoo.com 

 


