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Abstract 
In order to establish the extent to which each of the technical sequences regarding the preparation of wine for bottling (3 final filtration thresholds: 0.65µm, 2µm and 5µm) were in keeping with the cellar objectives and to measure the analytical, microbiological and organoleptic impact on the wine for each sequence, over a one-year period, we monitored a red wine prepared according to the 3 methodologies. A low initial microbiological level (absence of Brettanomyces, Pédiococcus and Lactobacillus), combined with a stable active SO2 content between 0.4 and 0.5 mg/l, enabled analytical and microbiological stability of all the wines compared. The triangular tests performed by a panel of trained oenologists did not reveal any significant differences linked to the technical sequences compared.

Introduction

How well a wine is prepared for conditioning and the technical choices made during bottling are determining factors for the preservation of the wine's analytical and organoleptic characteristics up until the time of consumption. The appearance of microbiological alterations after bottling is not uncommon. 

Operators often wonder what impact the microbiological-stabilization treatments will have on the wine's organoleptic characteristics.

Few studies compare different filtration thresholds during membrane filtration.

At our clients' request and with funding from the Provence-Alpes-Côte d'Azur region, the Cooperative Wine Institute (ICV) has carried out a study whose main objective was to determine the microbiological and organoleptic impacts of three different technical procedures in order to prepare wine for bottling.

Materials and methods

The wine used for this study was a 2001 Syrah/Grenache-based Grand Luberon (alcohol: 13%; colour index: 7; TPI: 54; pH: 3.55). This wine was chosen because it is sold both in France and abroad, and must therefore withstand storage and transportation conditions susceptible of revealing a product's microbiological fragility. 
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We compared technical procedures resulting in three different filtration thresholds: 5 µm, 2 µm and 0.65 µm. The wines were prepared differently, depending on the final threshold (see figure 1). A diatomaceous earth (DE) filtration (2 darcies) was carried out for all three procedures. Only those wines which in the end underwent a cartridge filtration of 2µm or 2µm + 0.65µm also underwent DE filtration of 0.2 darcies.
Figure 1: Comparison of three technical procedures for pre-bottling preparation.
For the three technical procedures, the wine's active SO2 content prior to filtration was readjusted to 0.5 mg/L. The three technical procedures were carried out on the same day. The wines were bottled in the following order: from the tightest to the loosest filtration. The same batch of natural corks was used to seal all of the bottles.

· Monitoring of viable populations

Microbiological monitoring was carried out for each of these technical procedures, so as to isolate and count the yeasts, Brettanomyces-type yeasts, the lactic acid bacteria, and the acetic bacteria. The culture mediums and incubation conditions used were those recommended by the OIV. 

These analyses were carried out, on the one hand, on the earth-filtered wines at the time of conditioning for each of the two filtration levels prior to cartridge filtration, and, on the other hand, on the bottled wines after 1 month, 3 months, 6 months and 1 year of in-bottle (horizontal) storage at a constant 18°C temperature.

· Sensory analysis

In order to evaluate the organoleptic impact of the treatments, triangular tests were carried out in accordance with the NF V 09-013 standards. These tests were carried out by oenologists using black wine glasses at 1 month, 3 months, 6 months and 1 year after conditioning. Depending on the dates, we carried out between 22 and 28 triangle tests for every two filtration-threshold pairs.
Results 

· All of the technical procedures were subject to low microbiological contaminant pressure

The purpose of diatomaceous earth filtrations is to prepare the wines for cartridge filtration by sufficiently reducing their microbiological content, so as to ensure both the effectiveness of the final filtrations and the viability of the cartridges (Gautier, 1984; Salgues et al, 1982; Serrano, 1998).

Tests carried out on the DE filtered wines on the day of bottling (Table 1) show that, overall, the wine contains very few germs and, in particular, no worrying population of spoilage germs: Brettanomyces yeasts and lactic acid bacteria of the type Pediococcus or Lactobacillus.
Table 1: Microbiological content of wines prior to cartridge filtration

	
	Germs in CFU/ml

	Procedure
	Yeasts
	Lactic acid bacteria
	Acetic bacteria
	Brettanomyces yeasts

	DE-filtered wine (2 darcies)
	>3000
	1500
	1100
	<10

	DE-filtered wine (0.02 darcies)
	2980
	800
	400
	<10


For the conditioned wines (results not shown), only the technical procedure resulting in a final filtration of 5 µm results in viable yeasts detectable after 1 month’s storage. From 2 µm and downwards, only bacterial populations are still detectable. With a filtration of 0.65 µm, the objective of a wine "poor in germs" (<1 CFU/100 ml) is achieved. 

· No perceptible organoleptic differences were revealed in the triangular tests

Triangular tests carried out on the wines produced using each of the three technical procedures revealed no significant difference between the wines up until 6 months’ storage (Table 2). 

Table 2: Summary of triangle test results
	
	Significant difference (threshold of 5%)

	Duration of storage
	1 month
	3 months
	6 months
	1 year

	Number of tests
	24 
	26 
	22 
	28 

	Between 0.65 and 2 µ
	No
	No
	No
	Yes

	Between 0.65 and 5 µ
	No
	No
	No
	No

	Between 2 and 5 µ
	No
	No
	No
	Yes


After one year’s storage, the wine produced with final filtration of 2 µm was perceived as being significantly different from the two other wines. Additional tastings revealed that the difference stemmed from a problem related to mouldy, earthy tastes due to the corking, and therefore unrelated to the filtration process carried out.

Discussion 
The three technical procedures carried out on this red wine − partly bound to the export market − allowed a comparison between "loose" filtrations (5 µm and 2 µm) and "tight" filtrations (0.65 µm). In all three cases, the wines had been well prepared enough (successive rackings, adjustment of active SO2, diatomaceous earth filtrations) to ensure, on the one hand, the absence of any major spoilage germs (Brettanomyces yeasts, Lactobacillus or Pediococcus lactic acid bacteria) and, on the other hand, a very low initial contamination of the wines. The importance of rackings in controlling the microbiological stability of wines has, in fact, already been demonstrated by several authors (Vincent, 2006; Renouf et al, 2004). 

This low initial contamination, combined with an absence of any sugars or residual malic acid and maintaining the active SO2 content between 0.4 and 0.5 mg/L, ensured the microbiological stability of all of the wines prepared according different filtration procedures and prevented any analytical or organoleptic deviations from occurring up until one year of storage. Indeed, it is the combination of all of these factors that ensured the wines' microbiological stability, because the level of active SO2 maintained in the bottles would not necessarily have prevented the development of Brettanomyces yeasts, which have generally been shown to be relatively resistant to SO2  (Godden et al, 2004).
The results of this study cannot in any way be extended to any wine with a greater initial microbiological concentration, either quantitatively or qualitatively (presence of Brettanomyces or Pediococcus, for example). Therefore, there is reason to fear that a "loose" filtration would maintain a significant bacterial population in the conditioned wines and that the multiplication of these germs – even those initially present in low quantities – would generate differences between the various procedures due to the appearance of phenol characteristics (Gerbaux 2005). 
Conclusions 

These tests demonstrated that so-called "tight" filtration is in no way detrimental to a wine's organoleptic profile, since experienced oenologists were unable to detect any significant difference between the wine conditioned after a filtration of 0.65 µm and the wines filtered at 5 µm or 2 µm.

It should be pointed out that this wine, by virtue of its background and preparation, did not present a worrisome microbiological concentration (either quantitatively or qualitatively) following conditioning, irrespective of the final filtration threshold. For this reason, the final filtration of 0.65 µm has no significant advantage or disadvantage when compared to the other technical procedures.

The extension of this study to a less "healthy" product from a microbiological point of view should allow for a more complete evaluation of the advantages of a final "tight" filtration
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