
Introduction
The fermentation process in wine involves yeast and bacteria. In 
an ideal, spontaneous process, the production of ethanol from 
sugar during alcoholic fermentation is performed by S. cerevisiae, 
while the decarboxylation of malic acid to lactic acid in malolactic 
fermentation is carried out by O. oeni. It is also possible to inoculate 
these or other microorganisms to increase the uniformity or 
complexity of wines.1 

On the other hand, spoilage by unwanted microorganisms can 
occur and will affect the quality of wine. Brettanomyces is a yeast 
that usually negatively affects the aroma of wine.2

It is now possible to optimize the fermentation process from 
harvest to bottling using immediate and effective flow cytometry 
methods.3,4 After a simple sample preparation, for the Levia Test, 
the sample is acquired on the Guava® easyCyte™ Flow Cytometer. 

The Levia Test has been developed to count the total viable 
yeast population in less than 30 minutes. Additionally, the Levia 
Test measures the vitality of the yeast.4 This allows for starter 
optimization and provides insight into when to inoculate or when to 
anticipate fermentation arrest.

Further, we can detect spoilage from Brettanomyces with the Bretta 
Test.5 This test works with a specific antibody direct to the yeast 
strain of interest. It is usually performed at the end of the alcoholic 
fermentation to prevent spoilage during the maturation process, or 
to control barrel cleanness if the Levia Test is positive.

Finally, the TVO test has been developed to count the total 
microorganisms (yeast and bacteria) in wine before bottling  
after a 24-hour incubation period. This test shortens the  
classical sterility test. 

Materials and Methods
Types of samples that can be analyzed:

• Starters
• Samples of wine, cider, beer, or any liquid undergoing the 

fermentation process
• Wines stored in barrels
• Bottling wines
• Washing water samples
• Cultured yeast or bacteria

Sample preparation for the Bretta and Levia Tests
When necessary, samples are filtered through a 30 µm mesh filter 
to avoid clogging in the flow cell. Then, they are centrifuged and 
cell concentrations are adjusted with the required volume of buffer. 
It is worth noting that this will also adjust the pH of the solution.

Levia Test
The sample is mixed with a fluorescent dye and incubated for 20 
minutes. The sample is then analyzed on the flow cytometer. 

Bretta Test
The sample is incubated with the primary antibody for 20 minutes, 
washed by centrifugation, and the secondary fluorescent antibody 
and viability fluorescent dye are added. After 15 minutes of 
incubation, the sample is analyzed on the flow cytometer.

TVO count for bottling
The sample is filtrated through a 0.45 µm mesh cellulose filter. The 
filter is introduced in the “boost” broth and incubated for 24 hours 
at room temperature. 1 mL of incubated Boost medium is mixed 
with 200 µL of the fluorescent dye, incubated for 20 minutes, and 
then analyzed on the flow cytometer.

Flow cytometric analysis
Samples were analyzed using the Guava® easyCyte™ System 
(Luminex Corporation) and kits from Amarok Biotechnologies. This 
instrument is equipped with a 488 nm, 50 mW laser line, forward 
scatter (FSC, for cell size) and side scatter (SSC, for granularity) 
detectors. Green fluorescence was collected using a 525 nm (±30 
nm) band-pass filter. Yellow fluorescence was collected using a 
583 nm (±26 nm) band-pass filter. 
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Results
Starter viability and vitality
Following a fermentation arrest, two starters acclimated to the 
wine were analyzed with the Levia Test to compare their quality. 
We counted 4.2x106 cells/mL, with low activity (orange dots) and 
a significant amount of dead cells (red dots) in the first inoculum 
(Figure 1A), and only 6.0x105 cells/mL in the second (Figure 1B). 
Despite having fewer cells, the second sample had a significatively 
higher MFI and fewer dead cells, predicting better activity.

Follow-up of the fermentation process
To determine the residual yeast population during malolactic 
fermentation, we used the Levia Test (Figure 4).
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Then, the vitality of the samples (measured by the amount of ATP 
in the cells) was measured by determining the ratio of MFI after 15 
minutes of pulse/chase incubation (Figure 2). The first inoculum 
was not active (no fluorescence elimination), whereas the second 
was much more active (50% of the MFI decreased), indicating a 
superior, ATP-dependent excretion of the fluorochrome. In the first sample (Figure 4A), no yeast were found, as expected. 

In the second case, 4.8x105 viable yeast were detected with low 
or moderate activity. As the presence of yeast at this stage is 
unexpected, a Bretta Test was carried out to check that it was not a 
Brettanomyces spoilage.

The same kind of study driven to monitor a starter with sugar and 
without alcohol classically shows about a 70 to 80% fluorescence 
reduction after 15 minutes (Figure 3).
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Figure 1. FSC vs SSC graph and fluorescence graph from 
the first (A) and the second inoculum (B).

Figure 2. Fluorescence 
graph from the control 
and the second 
inoculum, the latter of 
which had a 15-minute 
incubation time.

Figure 3. 
Fluorescence graph 
from a classical 
starter culture 
(MFI T0 = 1216 / 
MFI T+15 = 331).

Figure 4. FSC vs SSC graph from two samples of wine 
during malolactic fermentation.



Wine maturation in barrels
The Levia Test was performed on wines stored in barrels. At this 
stage of winemaking, it is important to not find any yeast. Spoilage 
by only 1,000 B. bruxellensis would produce off-flavours.6

Wine maturation in barrels
In soft wine or cider, the presence of sugar and microorganisms 
after bottling will cause alteration of the product. Bottling wine was 
analyzed with the TVO Test (Figure 7). Here, we present results 
obtained with a clean sample, a low, and a highly contaminated 
product. After a 24-hour incubation in “boost” medium, the clean 
sample showed that no significant population could be counted 
(Figure 7A). The second sample (Figure 7B), where a diatomaceous 
earth filtration was performed, contained a low mix of bacteria and 
yeast after incubation, indicating a minimal residual population. 
Finally, the third sample (Figure 7C) had a high-positive population 
of TVO for a large concentration of microorganisms found.

As shown in Figure 5, samples 1–8 and 12 (gray) contain no viable 
high activity yeast and little or no viable low activity yeast; samples 
9–11 (yellow) contain moderate amounts of viable yeast, including a 
small amount of high-activity yeast in samples 10 and 11. A follow-
up evaluation was planned for samples 9–11 to determine if sulfite 
treatment would be appropriate for the corresponding wine barrels. 
Sample 13 (red) contained significantly higher amounts of viable 
high-activity yeast compared to the other samples..

The number of high activity yeast detected in sample 13 is 
potentially problematic, so the Bretta Test was performed on 
this sample to determine if any of the high-activity yeast were 
Brettanomyces (Figure 6).
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Discussion and Conclusions
Flow cytometry methods using Amarok Biotechnologies Kits allow a 
rapid, effective follow-up of fermentation processes. Applied to wine 
production as a routine strategy, they help to anticipate many of the 
problems that can arise, and reduce the risk of quality and revenue 
loss. When combined with the Guava easyCyte System, which 
features an easy-to-handle user interface, the graphical presentation 
on the screen and the automatic absolute count make these methods 
beneficial to minimally trained users, as well as lab engineers.

Figure 6. Bretta Test of sample 13.

Figure 7. Samples of bottling wine where TVO was carried out.

Figure 5. Samples of wine stored in barrels where the 
Levia Test was performed.

Number of yeast (Units per mL)

Samples Viable Low Activity High Activity

1 0 0 0

2 63 32 0

3 84 84 0

4 68 22 0

5 76 72 0

6 123 58 0

7 93 47 0

8 136 124 0

9 467 425 0

10 150 133 20

11 296 185 18

12 37 35 0

13 1,353 1,094 229
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