Influence of sugar content and storage conditions on honey granulation
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Abstract

Denaturalisation of enzymes and HMF forming are the most common chemical criteria to measure the intensity of honey heating. In order to determine the factors influencing the granulation of honey, 123 honey samples were sampled in Slovenia and analysed on sugar contents (glucose, fructose, sucrose, mellizitose), electro-conductivity and water content. The samples were later stored at three different room temperatures of 40C, 150C and 200C for 518 days. They were observed monthly and evaluated on their granulation index from 1 to 5 (1=clear transparent honey, 5=heavy granulated honey). The granulation intensity was the most intensive from the 5th to the 16th month of storage, when the index increased from 1,18 to 1,44. The LSMEAN estimate of the storage temperature resulted in almost the same index at 4 and 15 0C (1,35 and 1,33 respectively). The index value was significantly lower in the 20 0C trial, i.e. 1,22. The only significant influence of honey compound on honey granulation could be observed in the glucose content (y=1,08+0,0050377*glucose(g)). However, the R2 of the evaluation was very low - 0,11. Surprisingly, there was not observed any significant influence of mellicitoze on the honey granulation, probably because of the small concentrations actually found in samples (from 0 to 6,6 %). It could be concluded that the presence of sugar crystals and other solid compounds in honey is much more essential with regard to honey granulation than the content of sugars themselves.
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Introduction

Honey has been an essential part of healthy food since the ancient times of human history. Nowadays, it is the only natural sweet substance obtained by natural process without any food additives. As far as the customers are concerned, honey granulation is still the most often unexplained reason of doubts of honey alteration. Consequently, they demand a clear, liquid honey. The prevention of honey granulation influences the procedure of honey production with the beekeepers.

Granulation of honey is influenced by sugars, water content, temperature and duration of honey store, crystallization seed, and other technological measures at honey production (Tew 1992).

Honey is a liquid solution of many sugars, mainly fructose (34-41%) and glucose (25-35%). The solubility of glucose in water is low, i.e. 90g/100g. Honey with a glucose content lower than 30 % remains usually in a liquid form without any granulation. If compared to glucose fructose is highly soluble in water (383/100g). Honey from very specific origin, as for example from sweet chestnut, robinia, salvia, etc, has usually a higher percentage of fructose and is consequently less inclined to the immediate granulation process. Melezitose could also be a very important chemical factor influencing the honey granulation. Its solubility is very low, 40mg in 100 mg of water (Horn and Lullmann 1992).

The purpose of this work is to estimate the influence of honey compounds on honey granulation under a definite storehouse temperature. 

Material and Methods

Honey samples were sampled from 123 sites in Slovenia in 2000. First, the samples were analysed for sugar content using the HPLC method. Water content was measured by refractometer, the electro-conductivity by a special kit designed for honey analysis. All honey samples were then divided into three glass pots (50 g each) and exposed to the temperature of 45 °C for 24 hours. Each small pot was carefully inspected and evaluated for its transparency the next day.

The transparency of sample pots was estimated as granulation index as follows:

1. honey is very clear, edges of fingers on the opposite side of glass pot are sharp, 

2. honey is clear, edges of fingers on the opposite side of glass pot are partly obliterated, 

3. honey is muddy, fingers on the opposite side of glass pot are more obliterated, 

4. fingers on the opposite side of the glass pot can hardly be seen, 

5. honey is very thick, full granulated and not transparent. 

The first group of sample pots was after that stored at 4 °C, the second at 15 °C, the third at 22 °C. The samples were later regularly inspected for their transparency once a month. The trial was completed 17 months after the start of storage trial. In total, 6.268 estimations of honey transparency were evaluated. 

The results were estimated by SAS programme, GLM procedure in two steps:

yijk = µ + vi + Tj +b1 x 1 + b2 x 1² + b3 x 1³ + eijk (1)

yijk granulation index

vi honey sample

Tj storehouse conditions (group)

X1…3 days of honey storage since the beginning of the experiment

eijk error, remainder 

LSMEAN values of honey samples were extracted as the main data source for the second step of statistical analysis, when the influence of honey compounds on the granulation process of honey was evaluated:

yi = µ + b1 x 1 + b2 x 2 + b3 x 3 + b4 x 4 + b5 x 5 + b6 x 6 + ei (2)

yi granulation index

b1 water content

b2 electro- conductivity

b3 fructose

b4 glucose

b5 sucrose

b6 melezitose

Results and Discussion

Table 1: Main characteristics of 123 honey samples included in the experiment of honey granulation

[image: image1.jpg]Honey characteristics Average | St.dev, | Min, Max
Water (g) 1564 | 102 137.0 192.0
EL, Conductivity (mS/em) | 0.55 038 0.08 .76
Fru (/1000 g) 404.68 | 40.83 | 20746 | 49247
Glu (/1000 g) 30258 | 4947 | 13537 | 447.09
Glu : water 1.95 036 0.77 2.96
Fru: Glu 133 0.13 2.85 0.85
Sah (/1000 g) 536 5.05 0.00 36.61
Mel (/1000 g) 2.88 828 0.00 66.42





Honey with a glucose : water ratio larger than 2.1 should express very intensive granulation process. Honey with a glucose : water ratio smaller than 1.7 should stay, however, in a liquid form (White et al 1962). The average value of glucose : water ratio of our samples was 1.95. According to that value, a moderate level of honey granulation could be expected. The fructose : glucose ratio is a less determining factor of honey granulation. Only honeys with a ratio other than values larger than 1.66 or smaller than 0.90 could express some dependency on it (Manikis and Thrasyvoulou 2002). The main part of honey samples analysed could be placed among the middle values. 

According to the values of chemical analysis, honey samples should granulate on the highest level during the storage experiment.

The influence of storage conditions on honey granulation was estimated by model 1. It explains 65 % of the total variance. All independent factors are significant; the main part of explained variance belongs to the honey sample component. The estimated granulation index differs significantly between groups stored at different storehouse temperatures:

· room temperature (22 °C), mean granulation index of 1.22; 

· mediate temperature (15 °C), mean granulation index 1.33; 

· refrigerator temperature (4 °C), mean granulation index of 1.36. 

The results presented in our trial were relatively different from those published by Dyce (1931). He discovered a more intensive honey granulation process at 14 °C than at the temperatures above 20 °C or below 10 °C. In our case, the results are very clear and show a certain relation of the soluble capacity of glucose in water at different temperatures. Granulation was more intensive at refrigerator temperature than at room temperature.

Figure 1: Granulation index of 123 honey samples as a result of storage time in days (30-510) 



Honey granulation as such was strongly influenced by the time of sample storage. An evident intensification of granulation process was found from 5th to the 15th month of honey storage. Granulation index increased from the value 1.18 to 1.44, respectively. It stopped after 15th month of sample storage. 

Honey compounds should have a significant impact on the granulation process. In our case, melezitose, sucrose, water and fructose contents were not significant and were stepwise eliminated from model 2. There was even impossible to found any significant influence of electro-conductivity on the honey crystallisation process. Consequently, the influence of botanical origin of honey was not evident. The only chemical compound remaining above the significant level was the glucose content (309g ± 4.9).

The expected value of granulation index of one randomly chosen sample of honey could be estimated by the next regression formula:

y=1,08+0,0050377*glucose(g)

Surprisingly, there was not found any influence of melezitose content on the honey granulation process. It seems that melezitose content at a lower concentration, 0.288 % on the average, (maximum 6.6 %) did not influence the honey granulation at all. The values of melezitose contents were in most cases under the solubility level of 40 mg in 100 mg of water.

Model 2 explains a very small part of the total variance, only 15.3 %. Glucose content as the only independent factor explains 11.0 % of the total variance. 

The main part of the variance not explained in model 2 was caused by other factors which were not included in the formula. First of all, there was probably an error in the basic data in LSMEAN values estimated on the basis of model 1. Secondly, there could be found an extreme impact of crystallization seed in honey, such as small particles of pollen, crystals, dust and other matters insoluble in water and already situated in honey.

Some beekeepers have invested a lot of money in the temperate honey store chambers in order to preserve the quality of stored honey and to prevent honey granulation. There is no doubt that honey should be kept at low temperature conditions in order to preserve its quality; however, there is no sense in looking for additional reason of making such investments in order to prevent the granulation of honey.
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