Determination of fructose, glucose, maltose, melezitose and sucrose in Slovenian honeys
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Abstract

Honey is primarily a highly concentrated solution of a complex mixture of sugars. The main components are glucose and fructose. Their contents range from 85 to 95 % of total carbohydrates. In principal they are responsible for the hygroscopic nature of honey. Another carbohydrates in honey are reducing disaccharides (maltose, galactose and melibiose) and higher oligosaccharides: melezitose, raffinose, erlose.  

The level of sugar content is characteristic for the type and source, it is also used for distinguishing between honeydew and nectar honey and for detection of honey adulteration. 

In ninety-four samples of honey (acacia, floral, forest, fir, chestnut, linden and spruce) the content of the main honey’s sugars: fructose (F), glucose (G), maltose, melezitose and sucrose were analysed by HPLC method. 

The results showed that the content of analysed sugars varied between the treated samples. While the content of fructose and glucose ranged from 28.1-52.6 g/100 g and 22.6-40.2 g/100 g, the mean values for sucrose, maltose and melezitose were 0.07, 3.39 and 2.18 g/100 g. The average value of reducing sugars was 68.8 g/100 g, and the F/G ratio 1.26.

Differences in the content of fructose, glucose, melezitose, reducing sugars, the F/G ratio between different types of honey were found to be statistically significant (P(0.05). The differences in the content of sucrose and maltose were not significant within the honey types. Comparing our results and the limits set by legislation we can conclude that practically all honeys meet the Slovenian regulations about maximum permitted quantity of sucrose and minimum requirements of reducing sugars.   
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Introduction

Honey is a natural, higly concentrated complex mixture of different sugars. In recent years between the population the consumption of honey has increased considerably. Instead of refined sugar as a sweetener honey also has other constituents such as minerals, acids, amino acids, proteins, enzymes, and vitamins (Belitz and Grosch, 1999).

The contents of individual constituents vary considerably. However, carbohydrates represent the main component of the solids. The botanical origin, composition and the intensity of  nectar secretion, climatic conditions and also the characteristics of honey bees determine the composition and the ratio between different carbohydrates in the honey. The average amount of main components, glucose and fructose, ranges from 85 to 95 % of total carbohydrates (White, 1979). Besides fructose and glucose, disaccharides such as sucrose, maltose, galactose and melibiose, and higher oligosaccharides: melezitose, raffinose, erlose, have been reported in honey (Földhazi, 1994; Molan, 1996; Mateo and Bosch-Reig, 1997; Belitz and Grosch, 1999; Da Costa Leite et al., 2000).

The level of sugar content is characteristic for the type and origin; it is also used for differentiating between honeydew honey and nectar honey and for detection of honey adulteration, respectively (Molan, 1996).

The aim of this work was to examine main sugar components (fructose, glucose, sucrose, maltose and melezitose) in the most typical Slovenian assorted and unassorted honey types by HPLC method.

Materials and methods

In total, ninety-four honey samples from different Slovenian regions (year 2001) were grouped into seven types according to their botanical origin: acacia (9 samples), floral (9 samples), forest (18 samples), fir (17 samples), chestnut (23 samples), linden (16 samples) and spruce (2 samples).

At the time of analysis, samples (kept closed in glasses at the ambient temperature and in dark place) were 11-12 months old.

The HPLC column used was LiChrosphere NH2, 250 
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 4 mm i.d., packed with 5 μm average particle size stationary phase (Merc). The mobile phase was acetonitril-water (80/20) as eluent. The pump was run at a flow rate of 1 ml/min. Samples were injected using a 10 μl loop and sugars were detected by a refractive index (RI) detector. The temperature of the column was 30 ˚C.

For sample preparation the following procedure was performed: 2 g of honey was dissolved with deionised water to exactly 50 ml, filtered through 45 μm filter and diluted twice with acetonitril. All samples were analysed in two parallels.

The following sugar standards of analysed grade were used: fructose, glucose, sucrose, maltose and melezitose.

The results were statistically evaluated by one way analysis of variance using the SPSS statistical program. Comparisons between means were performed by Duncan's test. A value of P≤0.05 was considered to be significant.

Results and discussion

Table 1: The contents (g/100 g) of fructose, glucose, sucrose, maltose and melezitose and the F/G ratio in seven different Slovenian honeys.

	
	Acacia

(n=9)
	Floral

(n=9)
	Forest

(n=18)
	Fir

(n=17)
	Chestnut

(n=23)
	Linden

(n=16)
	Spruce

(n=2)

	Fructose
	
	
	
	
	
	
	

	Mean
	46.27 f
	40.34 d,e
	35.48 b,c
	31.46 a
	42.39 e
	38.44 c,d
	32.65 a,b

	SD
	2.73
	1.89
	3.79
	1.87
	3.62
	4.30
	0.07

	Range 
	42.30-52.60
	38.00-43.80
	29.80-42.30
	28.10-35.00
	36.40-48.90
	33.00-48.20
	32.60-32.70

	Glucose
	
	
	
	
	
	
	

	Mean
	31.59 b,c
	33.89 c
	29.21 a,b
	26.56 a
	30.32 b
	33.94 c
	27.60 a

	SD
	1.09
	3.28
	3.46
	1.66
	2.15
	2.29
	0.85

	Range 
	30.20-33.50
	29.80-40.20
	22.60-37.20
	23.60-29.60
	27.10-35.40
	29.50-39.30
	27.00-28.20

	F/G ratio
	
	
	
	
	
	
	

	Mean
	1.47 b
	1.20 a
	1.22 a
	1.19 a
	1.40 b
	1.13 a
	1.19 a

	SD
	0.10
	0.13
	0.10
	0.07
	0.13
	0.10
	0.04

	Range 
	1.31-1.67
	0.95-1.33
	1.08-1.52
	1.08-1.31
	1.07-1.64
	1.01-1.40
	1.16-1.21

	Sucrose
	
	
	
	
	
	
	

	Mean
	0.38 a
	0.00 a
	0.00 a
	0.00 a
	0.00 a
	0.22 a
	0.00 a

	SD
	0.76
	0.00
	0.00
	0.00
	0.00
	0.88
	0.00

	Range 
	0.00-1.90
	0.00-0.00
	0.00-0.00
	0.00-0.00
	0.00-0.00
	0.00-3.50
	0.00-0.00

	Maltose
	
	
	
	
	
	
	

	Mean
	4.03 a
	3.29 a
	3.51 a
	2.98 a
	3.18 a
	3.53 a
	3.20 a

	SD
	1.12
	1.47
	0.91
	0.82
	0.42
	0.99
	0.57

	Range 
	2.70-6.30
	0.00-5.00
	2.20-5.60
	2.10-4.60
	2.40-4.00
	1.50-5.00
	2.80-3.60

	Melezitose
	
	
	
	
	
	
	

	Mean
	0.27 a
	0.00 a
	4.27 b
	7.00 c
	0.25 a
	0.18 a
	2.54 a,b

	SD
	0.41
	0.00
	3.50
	3.54
	0.67
	0.42
	3.59

	Range 
	0.00-0.92
	0.00-0.00
	0.00-10.90
	0.00-11.60
	0.00-2.80
	0.00-1.53
	0.00-5.08


n: number of samples; SD: standard deviation

Values in the same row not sharing the same letter are statistically different (P≤0.05).

In Table 1 average contents of sugars analysed by HPLC method and the F/G ratio in seven unifloral Slovenian types of honey are listed. The results showed that the content of sugars considerably varied between treated samples.

In general, Slovenian honeys contained 38.31 % fructose, 30.46 % glucose, 0.07 % sucrose, 3.39 % maltose and 2.18 % melezitose. The sum of fructose and glucose was 68.77 %, while the average ratio between these two main sugars was 1.26.

The F/G ratio is similar than that reported for American and Italian honeys (1.22 and 1.21, respectively), while Esti et al. (1997) reported higher F + G (74.1 %) content in comparison to our results.

The most rich in fructose were samples categorised as acacia honey (46.27 %), followed by chestnut (42.39 %) and floral (40.34 %) honey. Other honey types contained less than 40 % fructose. It is evident that in mannas the fructose contents were lower (chestnut: 35.48 %, spruce: 32.65 %, fir: 31.46 %).

Our results for fructose are well in accordance with that obtained in Hungarian honeys (Földhazi, 1994). However, in that study acacia had 49.59 %, chestnut 45.51 %, floral 45.09 % and linden 42.96 %. This appeared to be somewhat higher values, while for mannas our results are almost equal with that of Hungarian study. The level of fructose content is also comparable with that obtained by Persano Oddo et al. (1995).

The mean values for glucose ranged from 26.56 to 33.94 %. The lowest content was found in fir and spruce honey. These samples statistically differed from others. Between floral and linden honey, which contained 33.89 % and 33.94 % glucose, respectively, also no statistical differences were found. The content of glucose in acacia honey is well in accordance with data for that of Hungarian origin (Földhazi, 1994), while other honeys from this work contained lower average values than the cited one. Our results for the glucose content are somewhat higher as compared to those in previous Slovenian (Golob and Plestenjak, 1999a; 1999b) or Italian (Persano Oddo, 1995) studies.

According to the contents of sucrose all the assorted honeys corresponded to the requirements set by Slovenian legislation.

From Table 1 it is evident that sucrose was detected only in acacia and linden honey (0.38 % and 0.22 %, respectively). We found no statistical difference between honeys analysed. Other studies on Hungarian, Italian and Slovenian honeys reported higher sucrose content (Földhazi, 1994; Persano Oddo, 1995; Golob and Plestenjak, 1999b). In our case it is possible that invertase converted sucrose to fructose and glucose during 11-12 months storing of samples. Conjugation of sucrose molecules with monosaccharides to complex sugars (such as melezitose) could also appear (Da Costa Leite et al., 2000).

Within analysed honey types there were no statistical differences for maltose. The lowest average content was determined in 17 samples of fir honey (2.98 %), while the highest found was that in 19 acacia honeys (4.03 %). We have no comparable results for honeys produced in Slovenia. However, Földhazi (1994) published similar results for Hungarian acacia (4.22 %), floral (3.81 %), chestnut (4.55 %) and linden (3.51 %) honeys in comparison to the related honeys listed in Table 1. Persano Oddo (1995) determined much lower content of maltose in Italian honey types.

Floral honeys did not contained any melezitose, while less than 1 % was found in acacia (0.27 %), chestnut (0.25 %) and linden honey (0.18 %). In two spruce honeys 2.54 % of melezitose was analysed, forest samples contained 4 % and the highest content was statistically confirmed in 17 fir honeys (7 %). More melezitose is expected to be present in mannas. In cited study (Földhazi, 1994) there were no significant differences between acacia, floral, linden and chestnut honeys as from 0 % in acacia to 1.04 % in chestnut honey is reported. In mannas 6.17 % of melezitose was found and this is well in accordance with the results obtained in our fir samples. However, in Slovenian earlier study (Golob and Plestenjak, 1999b) 15.08 % of melezitose in fir honey was determined.

Conclusions

The results showed that the content of analysed sugars varied between the treated samples. Differences in the content of fructose, glucose and melezitose, and the F/G ratio between different types of honey were found to be statistically significant (P≤0.05), while the respective differences in the sucrose and maltose content were not confirmed.

Our results for the sugar content in different Slovenian types of honey performed by the HPLC method are well in accordance with the respective literature data, especially as a reference honey from neighbouring countries (Hungary, Italy) is taken.

Also, it could be concluded that all the parameters lie within the limits set by the Slovenian legislation.
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