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water. Basically, 4 different pasteurization methods can 
be distinguished according to temperature level and 
duration of heating:

Preserving food is one of the most important 
prerequisites for international trade. Goods that spoil 
quickly by microorganisms like bacteria, yeast or mold 
allow only short storage and transport times. So, only an 
effective form of preservation allows global trade in food.
On the other hand, preservation should not negatively 
affect taste, consistency or natural ingredients like 
vitamins of the product. The most commonly used 
method to preserve all types of beverages, which meets 
the above requirements, is pasteurization. The use of 
heat to preserve food can be traced back to the 11th 
century. The eponym of modern pasteurization, however, 
is Luis Pasteur, who in 1864 developed a method of 
preserving wine by heating it to only 57 °C for 30 min.
Methods that do not rely on direct or indirect heat input 
such as high pressure processing (HPP), microwave 
volumetric heating (MVH), pulsed electric field (PEF), 
UV  decontamination, and others, are not discussed in 
this application note. 

Liquids are often pasteurized while flowing through a 
pipe. Heat may be applied directly or using steam or hot

•	 Low Temperature Long Time (LTLT), or Vat 
pasteurization which is very close to the original 
method of Luis Pasteur and consists of a heating to 
63 °C for 30 min.

•	 High Temperature Short Time (HTST) pasteu-
rization 72 °C - 96 °C  for 15 sec.

•	 Higher-Heat Shorter Time (HHST) pasteurization 
temperatures above 89 °C for less than 1 sec.

•	 Ultra Heat Treated (UHT) pasteurization 138 °C - 
150 °C for 2 sec. fast cooling on 50 °C

Fruit juice is often pasteurized in two steps. A first 
HTST pasteurization of 95 °C - 98 °C of 10 - 30 sec. 
will inactivate enzymes and kill microorganisms. A 
second pasteurization step is used prior to filling, 
to avoid recontamination e.g. at a dilution of 
concentrate with water. The exact values for time 
and temperature vary for different products like
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Fig. 2: The CyFlow Cube 6 V2m flow cytometer with the CyFlow Robby 6 
V2m Autoloading Station.

Material

Kit components

•	 CyStain™ VitalCount Dilution Buffer
•	 CyStain™ VitalCount Quenching  Solution 
•	 CyStain™ VitalCount Staining Solution 
•	 CyStain™ VitalCount Staining Buffer

The CyStain VitalCount kit contains the following 
reagents:

Fig. 3: CyStain VitalCount (Ref. No. 05-5029).

Additional required equipment

•	 96 well filter plates (10 pcs) (Order-No.: 04-2026)
•	 96 well receiver plates (20 pcs) (Order-No.: 04-2025)
•	 96 well plates NO.02 (10 pcs) (Order-No.: 04-2022)
•	 96 well plates NO.02 (100 pcs) (Order-No.: 04-2020)
•	 Heating block / temperature cabinet set to 30 °C        

± 0.5 °C
•	 A centrifuge for 96 well plates
•	 For an optionally automated sample preparation a 

pipetting robot

juice, soft drinks and other beverages, depending on
consistency, pH, microbial flora and other parameters.
Also, different types of microorganisms show different 
grades of heat resilience, and the endospores of bacteria 
or fungal ascospores normally survive the pasteurization 
process. All these parameters can influence the 
effectiveness of pasteurization. Therefore, it is of great 
importance to have a sensitive, accurate and fast method 
for checking the presence of living microorganisms.

Fig. 1: Despite of the many disadvantages, growth-based methods are 
still the standard methods for the detection of microbes in beverages.

Currently the majority of beverage producing companies 
uses growth-based detection methods, like plating 
techniques, to control the success of pasteurization. 
The central disadvantage, all these methods have in 
common, is the long time to result. A final check of the 
bottled product for example, can take between 5 and 7 
days. Such long incubation times can result in unpleasant 
consequences. Especially bigger beverage companies or 
bottlers with a high throughput have to either expand 
their storage capacity, or they take the risk to ship a 
batch of product before the official release by Quality 
Control.

In this Application Note, we introduce the Sysmex 
CyStain VitalCount test system. A growth-independent, 
ultra-fast detection method for living microorganisms. 
The following data, collected at riha WeserGold Getränke 
GmbH & Co. KG., proves the successful detection of 
bacteria, yeasts and mold in a broad range of various 
beverage types.

Required instruments

For the automated analysis the CyFlow™ Cube 6 V2m 
flow cytometer (Ref. No. CY-S-3061R) with the CyFlow™ 
Robby 6 V2m Autoloading Station (Ref. No. CY-S-3083), 
or a flow cytometer with equivalent configuration is 
recommended.  
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Fig. 4: Staining principle of the VitalCount test system.

The CyStain VitalCount test system uses a non-
fluorescent membrane permeable substrate, that enters 
all microorganisms – bacteria, yeast and mold. Within the 
cells, the non-fluorescent substrate is metabolized into 
a green fluorescent molecule by cytoplasmic enzymes. 
Only living, metabolically active cells have the ability to 
perform this enzymatic reaction. Therefore, only living 
cells will emit a green fluorescence after excitation.  

Staining principle

Yeast cell

Enzymatic 
reaction

Excitation

Green 
fluorescence

Non-fluorescent 
substrate

Green fluorescent
product

Bacteria

Dead cell

No fluorescence 
of dead cells

Mold

Sample preparation and data aquisition

NOTE: Detailed information for the sample preparation and 
data aquisition are available in the CyStain™ VitalCount 
Package Insert [1] and in the CyStain™ VitalCount – Quality 
Check Manual [2].

The sample preparation includes a preliminary dilution 
of the collected sample, a centrifiltration to pelletize the 
microbes, followed by quenching and staining with the 
CyStain VitalCount kit. The standardized and automated 
analysis with the Cube 6 V2m ensures objective clear-cut 
results.

Collect sample

Centrifiltrate 
sample

Analyse by 
Cube 6 V2m

Report 
the results

Quench and  
stain using the 

CyStain 
VitalCount
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Fig. 5: Microbial analysis of a smoothie (1), juice concentrate drink (2), ice tea (3) and apple spritzer (4) during the production at a German beverage 
producer (riha WeserGold Getränke GmbH & Co. KG.). (A+B): Dot plot showing green fluorescence vs. red fluorescence. All vital microorganisms 
are located and automatically counted within the predefined blue region. (C+D): Dot plot with forward scatter (FCS) vs. green fluorescence showing 
discrimination between small (red region) and large (green region) microorganisms. (A+C): Microbial count of all vital microorganisms before 
pasteurization (left no incubation, right 24h pre-incubation). (B+D): Microbial count of all vital microorganisms directly after pasteurization.

Results
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Fig. 6: Microbial analysis of apple juice (1) and carrot juice (2) during the production at a German beverage producer (riha WeserGold Getränke GmbH 
& Co. KG.). (A+B): Dot plot showing green fluorescence vs. red fluorescence. All vital microorganisms are located and automatically counted within the 
predefined blue region. (C+D): Dot plot with forward scatter (FCS) vs. green fluorescence showing discrimination between small (red region) and large 
(green region) microorganisms. (A+C): Microbial count of all vital microorganisms before pasteurization (left no incubation, right 24h pre-incubation). 
(B+D): Microbial count of all vital microorganisms directly after pasteurization. 
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The microbial analysis of various beverage types 
was performed during the manufacturing process in 
cooperation with riha WeserGold Getränke GmbH 
& Co. KG. Beverages were taken before and after 
pasteurization and the microbial load was quantified 
using the CyStain VitalCount test system. In addition, 
samples before pasteurization has been incubated 
for 24  h at 30 °C to detect also lowest amounts of 
contaminations. 

Low concentrations of vital microorganisms were 
detected in all tested beverages except the juice 
concentrate drink, which stayed negative also after 24 h 
of preincubation. All other drinks tested showed the 
expected increase in microbial counts (Fig. 5A and Fig. 
6A). The pasteurization was successful in all beverages – 
no more microorganisms were detected in these samples 
(Fig. 5B and 6B). 

Additionally, the microbiological analysis with the 
CyStain VitalCount kit enables the discrimination of small 
and large vital microorganisms. This gives deeper insights 
into the microbial contamination within your sample. 
Fig.  6.1C shows that mainly larges vital microbes (likely 
yeast) were detected in apple juice before pasteurizing. 
On the other hand, in carrot juice before pasteurization, 
mainly small vital microbes (likely bacteria) were 
observed (Fig. 6.2C).

The report of the VitalCount test system shows 
whether a sample has a microbial contamination or 
not (Fig. 7). The following criteria determine whether a 
microbiological contamination is present or not: 

Conclusion

The results clearly show the suitability of VitalCount for 
the detection of microorganisms in very different types 
of beverages. Please note, that the separation of living 
organisms from background works perfectly well also
for challenging samples like apple- (Fig. 6.1A) and carrot 
juice (Fig. 6.2A) after 24 h of incubation, independent of

Beverage Type Examples 

Fruit Juice

Apple Juice

Orange Juice

Banana Juice

Multivitamin Juices

Carbonated soft drink

Cola

Orange limonade

Energy drinks

Isotonic / sport soft drinks
apple spritzer 

Non-carbonated soft drink Juice concentrate drinks

Ice Tea
Black, peach & hibiscus

Green, lime & mint

Coffe drinks Prepackaged coffe drinks

Fermented Drinks
Kombucha

Organic fermented 
beverages

Alcoholic 
Alcopops

Hard Seltzer

Other

Flavored Water 

Smoothies

Coconut Water

Tab. 1: Exemplary beverage types sucessfully tested with the CyStain 
VitalCount kit.

The perfect job of both, pasteurization and the 
VitalCount kit is proven by the fact that all analysed 
beverage samples show zero living organisms after 
pasteurization. The separation in small (mainly bacteria) 
and large (mainly yeast and mold) microorganisms works 
well as shown for apple- and carrot juice in Fig. 6.1C/D 
and 2C/D.

Last but not least, the explosive growth of bacteria in 
carrot juice, compared to the moderate expansion of 
yeast in apple juice during the 24h pre-incubation, is 
a good example how small problems can grow out fast, 
and the importance to be able to separate between 
different types of microorganisms. For more information 
on VitalCount, please also check the corresponding 
Application Note [3].

consistency and percentage of fruit juice. The fact that 
the crystal-clear refreshing drink apple + black currant 
stays negative at all three sampling steps (Fig. 5.2A/B), 
indicates that there is no risk for false positive results.

•	 Negative: < 500 cells / mL
•	 Unclear result, reevaluation recommended: 

between 500 cells /mL and  1000 cells / mL
•	 Positive: > 1000 cells / mL
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Application Note APN_019_A_Microbial QC in beverage production, faster than ever     

Manufacturer: Sysmex Partec GmbH
Arndtstraße 11 a-b, 02826 Görlitz, Germany · Phone +49 3581 8746-0 · info@sysmex-partec.com · www.sysmex-partec.com
You will find your local Sysmex representative’s address under www.sysmex-partec.com

Troubleshooting

References
1.	 Sysmex Partec GmbH, 2021. CyStain™ VitalCount. 

Package Insert

2.	 Sysmex Partec GmbH, 2021. CyStainTM VitalCount 
reagents. Quality Check Manual

3.	 Sysmex Partec GmbH, 2021. State-of-the-art microbial 

QC in soft drinks. Application Note

If the error you are experiencing is not described or the 
remedy could not solve your problem, please contact 
your local Sysmex representative.

Reason Remedy

QC material poorly 
mixed

Shake the QC material vigorously (e.g. by 
vortexing) and repeat QC procedure

Check the date of expiry of the QC 
material

Perform a priming procedure and repeat 
QC procedure

LOT NO° mismatch of 
QC material

Make sure to use a matching FCS 
ExpressTM template and QC material LOT 
NO°

Error #1: QC procedure “invalid”

Error #2: Population(s) of viable cells outside of 
                        predefined gate

Reason Remedy

Air bubbles inside the 
device

Perform a priming procedure, repeat 
sample preparation and measurement

Error #3: No separation between small 
                    microorganisms and background signal 

Reason Remedy

Cell number too high
Dilute sample with filtered (0.22 μm 
filter) Dilution Buffer, repeat sample 
preparation and measurement

Vital Microorganisms
    --- POSITIVE ---

Small Microorganisms Large Microorganisms

NEGATIVE    POSITIVE

Vital Microorganisms
--- NEGATIVE ---    

Small Microorganisms Large Microorganisms

NEGATIVE  NEGATIVE  

Fig. 7: Exemplary section of the report for the tested apple juice                   
(A) before pasteurization (no incubation) and (B) after pasteurization.

A

B

Reason Remedy

Cell number between 
500 and 1000 / mL 

Incubate sample for another 2 hours and 
repeat measurement 

Cell number too high

Measurement after highly contaminated 
sample with more than 1x106 cells / mL 
might lead to a carry over, resulting in a 
false positive result. Repeat measurement

Error #4: Unexpected (unclear) results in analysis   
                     template


