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Abstract

According to the natural composition honey is rarely affected by microbiological spoilage. Trade conventions and raw material handling might cause problems with fermented honey. Up to now "honey must not pass to fermentation" according legal requirements e.g. §2 (1) HVO in Germany. Increased requirements of private QC Systems demand a clear definition with defined criteria for fermentation in honey. 

Stopped fermentation as well as fermentation in process must be detectable in this context.

The occurrence of yeasts in honey are considered to be natural. A maximum limit for yeasts in general and possible differences caused by different yeast species is a main problem for quality control. Additional influences – e.g. water content respectively water activity – is a matter of particular interest for honey analysis. 

A cooperation-project between QSI GmbH and Prof. Karl Speer, TU Dresden has been carried out on this topic.

Keywords: honey, fermentation, yeast

Introduction

The aim of the project was to get

· Overview of the occurrence of yeasts in importhoney, esp. from tropical origins.

· Review on possible influences of yeasts associated with honey according to fermentation and/or further processes which decrease quality.

· Experimental corroboration resp. disproof of available insufficient experimental data

· Identification of suitable parameters resp. quality indicators

· Establishment of standardised control methods for detecting relevant quality parameters trustworthy

· Formulation/Suggestion of limits for the honey trade to assess consistently the fermentation 

The course of the project depended on several modules. First the identification of yeasts which were found naturally in honey to the current species was carried out by the “Institut für Biotechnologie”, Prof. Stahl, Berlin. This was necessary to get knowledge from species to be used during the experiments. Nevertheless identification of yeasts was carried out during the entire project to get an idea of the variability.

While the “Institut für Biotechnologie” identified the species, the “Institut für Honiganalytik”, Dr. Cord Lüllmann, Bremen and the “Institut für Lebensmittelchemie”, Prof. Karl Speer, Dresden identified suitable parameters to assess the fermentation in honey. 

Some parameters which matched were found (according to RUSSMANN 1998 Glycerol shall be chosen) according to these parameters the project continued as follows:

The “Institut für Honiganalytik” developed model solution (nectar-like) and honey solution which were inoculated with selected yeast species and analysed by several established routine methods as well as pure honey samples. 

Meanwhile the “Institut für Lebensmittelchemie” developed new methods on suitable parameters e.g. succinic and malic acid. After validation of the methods the “Institut für Honiganalytik” sent further model solution, honey solutions and honey to Dresden to implement the methods.

Material and Methods

Model solution: 600 ml Meliose® Sirup, 70 g Fructose, 400 ml double concentrated YM-Bouillon Scharlau (42 g/l - compound: dextrose 10,0g/l; peptone 5,0g/l; malt extract 3,0g/l; yeast extract 3,0g/l; pH 4.0, ca. 50% water)

Honey solution 50%: 250ml Acacia honey and 250ml aqua dest. 

After preparing the solutions sterilisation with steam. 

Inoculation followed with the yeast strains: Zygosaccharomyces rouxii strain 8775b and strain 6701 (model solution and strain 8775b with 1ml accumulated solution (a.s.) (40000yeasts/ml a. s.), honey solution and strain 8775b with 1ml a.s. (13000yeasts/ml a.s.), honey solution and strain 6701 with 1ml  a.s. (4,4*106yeasts/ml a.s.) as well as Schizosaccharomyces octosporus 6706b (direct inoculation from the stock solution).

Cultivation for 21 days (in case of honey solution and Z. rouxii strain 6701 9 days) under the following circumstances: for 7 days 30°C jars shaking open in incubator (air moisture > 50%) then jars were closed with a lid and incubated unshaken in incubator for another 2 weeks.

Samples were taken after 1,2,3,4,5,6,7 and 21 (in case of Z. rouxii strain 6701 after 2,5,6,7,8 and 9) days and analysed by standard methods:

Water content with digital refractometer ATR Schmidt & Hänsch GmbH & Co, Berlin

Water activity with hygrometer testo 650, Testo GmbH & Co, Lenzkirch

pH and acidity: potentiometric DIN 10756

Glycerol and ethanol: enzymatically with testkit Boehringer GmbH

Yeast content: microscopically by counting cell chamber from sediment of 10g honey (twice centrifugation at 2000U/min, sediment diluted with 1ml aqua dest. on Vibrofix)

Results/Discussion

Comparison of different yeast species in model solution 

(see figures 1-6)

The pH-value decreased and the acidity increased faster in samples inoculated with Zygosaccharomyces rouxii strain 8775, furthermore a considerable amount of ethanol was produced by Zygosaccharomyces rouxii strain 8775, due to the fact that the yeast cell content of samples inoculated with Schizosaccharomyces octosporus increased faster.

Obviously the strategy of Schizosaccharomyces octosporus is first reproduction and second fermentation while samples with Zygosaccharomyces rouxii strain 8775 already ferment under aerob conditions and low cell counts.
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Figure 1: pH-value
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Figure 2: acidity
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Figure 3: glycerol content


[image: image4.wmf]Modell-Lösung (Wassergehalt ca. 50%) mit Zygosaccharomyces 

rouxii und Schizosaccharomyces octosporus

0

10000

20000

30000

40000

50000

60000

mit Z. rouxii

mit S. octosporus


Figure 4: ethanol content
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Figure 5: yeast content
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Figure 6: water activity

Comparison of different yeast species in honey solution

(see figures 7-12)

Two strains of Zygosaccharomyces rouxii (different honeys for preparation of honey solution) and one strain of Schizosaccharomyces octosporus were here discussed. 

The Zygosaccharomyces-strains do not show a uniform development – strain 8775 showed much higher cell contents after seven days compared with strain 6701, corresponding with higher glycerol- and ethanol contents. Accordingly a comparison between Schizosaccharomyces octosporus and the different Zygosaccharomyces-strains turn out: compared with strain 8775  Schizosaccharomyces octosporus-samples showed less yeast cell content and low ethanol content; production of glycerol is equal until after 120h which means that Schizosaccharomyces octosporus produced more glycerol than Zygosaccharomyces rouxii strain 8775 comparativly. Strain 6701 seemed not so reproductive and fermentative. He produced after 48h a nearly equal amount of glycerol and more ethanol, but after 120h Schizosaccharomyces octosporus produced more glycerol as well as ethanol by similar cell content.
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Figure 7: pH-value
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Figure 8: acidity
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Figure 9: glycerol content
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Figure 10: ethanol content
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Figure 11: yeast cell content
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Figure 12: water activity

Comparison of Schizosaccharomyces octosporus in model- and honey solution

(see figures 13-18)

It is worth mentioning that the produced ethanol- and glycerol contents in model- and honey solution were similar, but the yeast cell content in model solution was much higher than in honey solution. Obviously an overstep of optimal population for the medium causes a limited function of the yeast, because of the low nutrients in honey e.g. nitrogen or phosphate as well as trace elements like zinc, magnesium or calcium essentially needed.
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Figure 13: pH-value


[image: image14.wmf]Akazienhonig- und Modelllösung (Wassergehalt 

ca. 50%) mit Schizosaccharomyces octosporus

0,0

10,0

20,0

30,0

40,0

50,0

Modell-Lösung

Honiglösung


Figure 14: acidity
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Figure 15: glycerol content
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Figure 16: ethanol content
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Figure 17: yeast cell content
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Figure 18: water activity

Comparison of Zygosaccharomyces rouxii in model- and honey solution

(see figures 19-24):

Strain 6701 seemed to be less active than strain 8775. After a week the fourfold amount of yeast cells were detected of strain 8775 as well as a large amount more glycerol (twice the amount) and ethanol (fivefold). The acidity of strain 8775 nearly is equal to strain 6701. Comparison of model- and honey solution with strain 8775 showed a delayed development in the honey solution, but after a week the same amounts of yeast cells were detectable. pH-value, acidity and glycerol production were similar but ethanol production in model solution was considerable higher due to the fact that in model solution no honey inhibitors are active.
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Figure 19: pH-value
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Figure 20: acidity
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Figure 21: glycerol content
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Figure 22: ethanol content
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Figure 23: yeast cell content
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Figure 24: water activity

Water content - used to give information on the possibility of honey fermentation - and water activity - on which depends the possibility of honey fermentation - are not correlated significantly. It is therefore not acceptable to use water content as parameter for possible fermentation. The implementation of the parameter water activity for routine analysis would be preferable.

During the project the following yeast species were identified: Candida rugosa, lusitaniae, parapsilosis, glabrata, holmii and magnoliae, Schizosaccharomyces octosporus, Zygosaccharomyces rouxii and mellis, Debaryomyces hansenii, Cryptococcus laurentii and albidus, Pichia guilliermondii, Torulaspora delbrueckii, Rhodotorula mucilaginosa.

Suitable amounts of increased yeast content in model- and honey solution were produced by Zygosaccharomyces rouxii and Schizosaccharomyces octosporus. They had an important qualitative and quantitative influence on the signal profile of model solution and therefore became the used yeasts during the project.

During the project glycerol content correlated neither with yeast content nor ethanol content in a statistically significant way. According to our data combined with knowledge on varying glycerol amounts of different origins in honey glycerol content as indicator for stopped or fermentation in process is excluded as optimal parameter.

Organic acids like succinic, malic, lactic, alpha-ketoglutar and beta-phenyl-lactic acid and 2-phenylethanol were examined for applicability as parameter for fermentation. promising parameter were succinic and malic acid as well as "classic" ethanol content.

The method development for succinic and malic acid were carried out and implementation and analysis took place during the project. These methods are appropriate to be standardised. For the formulation of limits the available data is not sufficient up to now.
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