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Different methodologies for 

probing bacterial cells



Evolution of analytical methods

doi: 10.3389/fmicb.2014.00016 



Plate count methods



The concept of plate count methods

Culture-base methods detect only bacteria that are able to replicate 

under specific condition (different from their native ecosystem!)

The plate count method is based on the premise that a single 

bacterium can growth and divide to give an entire colony



Interpretation of plate count methods

doi:10.1128/AEM.00744-11

“…certain plates in any series made from a given sample are more 

satisfactory for use in computing a total than other. 

The matter of selecting plates to be used in computing a count 

becomes a matter of considerable judgment.” 

Breed and Dotterrer, 1916 



“The amount of cells present must be listed on the label, and moreover, this 
amount has to be guarantee until the end of the shelf-life, at the specified storage 
conditions, with uncertainty of 0,5 log. It is emphasized that the analytical method of 

quantification of living bacterial cells may differ from specie to specie.”



45300 billion\dose = approx. 10.000 billion\g



Limits of plate count methods

• Time-to-results (48-72h)

• ISO relative only to few species!

• Different Internal method for the same species!! 

• Relatively narrow countable range (25-250 CFU/petri)

• Impossibility to recover viable but not-culturable (VBNC) 

cells, which are seen as dead

• Even when totally in compliance with ISO or Validated

Internal Methods difficulties arisa

• Lack of standardized microbiological references!!!  

http://dx.doi.org/10.1016/j.mimet.2014.04.012



Flow cytometry

A fast, accurate and universal tool

for bacterial enumeration 





Forward and side scattered light and fluorescence from stained cells are split into defined 
wavelengths and channeled by a set of filters and mirrors within the flow cytometer. The 
fluorescent light is filtered so that each sensor will detect fluorescence only at a specified 
wavelength. These sensors are called photo - multiplying tubes (PMTs).

Click on the picture for a youtube demo of FC

https://youtu.be/B2zreF2dnWk
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ISO 19344 IDF 232

• 15 labs (5 Countries)
• 9 different FCM models
• 10 samples (2 different batches)

• 8 pure starter cultures
• 1 blend starter culture
• 1 yoghurt sample

• 3 staining protocols
• 2 repetition per lab per strain per protocol
• 1800 tests

• SAME method for ALL the lactic bacteria!



ISO 19344 IDF 232
3 different protocols 
for enumeration of 

- AFU (Active Fluorescent Unit) and 

- TFU (total cells)

cFDA/PI SYTO/PI DiOC2

Enzymatic activity Membrane Integrity Membrane potential



Equivalency of the three staining protocol



ISO 19344 IDF 232 
Repeatability (r) and Reproducibility (R)

Collectively defined (all protocols, 15 labs, 9 
different FC equipment) 

Parametersa Product type r* R*

AFU/g Frozen and freeze-dried lactic acid bacteria 
or probiotic strains

0,06 0,45

TFU/g Frozen and freeze-dried lactic acid bacteria 
or probiotic strains

0,07 0,38

*All precision data are expressed as decadic logarithms of AFU or TFU per gram sample

Probiotical 
Repeatability (r) and Reproducibility (R)
Collectively defined (all protocols, 2 labs, 
same FC equipment)

Parametersa Product type r* R*

AFU/g freeze-dried probiotic strains 0,05 0,07

TFU/g freeze-dried probiotic strains 0,07 0,06
*All precision data are expressed as decadic logarithms of AFU or TFU per gram sample

With proper 

training 

Reproducibility 

(R) is close to 

Repeatability (r) 



Propidium iodide (PI) 
penetrates only bacteria 
with damaged 
membranes with red 
fluorescence (x axis)

Thiazole orange (TO) 
or equivalent 
penetrates all bacteria 
and stain the nucleic 
acid with green 
fluorescence (y axis)

100% density (B&W 
to better discriminate 
clouds)

33% density to 
increase 
discrimination 
between clouds and 
draw better squares 

Forward Scatter (FS) 
= dimension

Side Scatter (SS) = 
granularity and 
morphology

Cultivable + VBNC

Probiotic Enumeration Example

(membrane integrity protocol)



Strain specific antibodies



Culturable cells (plate count) + 
Viable but Not Cultivable (VBNC) 
< Active Fluorescent Unit (AFU) < 
Total Fluorescent Unit (TFU) 

Viable but not Culturable Cells



http://dx.doi.org/10.1016/j.mimet.2014.04.012

Viable But Non-Cultivable (VBNC) cells 

“Microbes exists in a variety of growth phases 

and metabolic states depending on 

environmental conditions and stressor, and 

only a subset of these involve active 

replication. The convention that viable 

microbes must be capable of forming colonies 

excludes not only dead or irreparably 

damaged organisms but also live microbes 

that have adapted to environmental stress by 

becoming dormant (VBNC state)” 

from Davis, 2014



doi: 10.3389/fpubh.2014.00103 

VBNC: Myth or reality ?

• Shigella dysenteriae in VBNC (environmental samples) produce 

biologically active Shiga toxin

• Vibrio alginolyticus e V. parahaemolyticus lose virulence in 

VBNC but after resuscitation in the mouse it is restored after 

two passage in the rat ileal loop

• Aeromonas hydrophila in VBNC lose its ability to lyse human 

erythrocytes but after temperature-induced resuscitation (5°C 

to 23°C) regain its virulence properties

• Listeria monocytogenes in VBNC due to distilled water 

exposure regain its virulence using embryonated eggs

• RpF is a resuscitation promoting factor which is a bacterial 

cytokines found in both Gram+ and Gran- bacteria



doi:10.1111/j.1365-2672.2011.05114.x

VBNC during production 

(fermentation)

• White bar = cultivable

• Grey bar = VBNC

• Black bar = damaged/dead

• Stipe bar = cells fragments



VBNC during production (stability)

Bifidobacterium longum 46 Lactobacillus acidophilus LA-5 Bifidobacterium lactis Bb-12

doi:10.1128/AEM.02897-05



After an industrial process that is stressful for the probiotic cell we seal them in a 

finished product formulation that represent a new closed system that is far away 

from the natural condition where the microorganism belong, and we count them 

with a method that put the same microorganisms in an new closed system that is as 

distant as possible to their original native one. 

But reality is different …

… even more for ANAEROBIC MICRORGANISMS!

What a stressful life!



Flow cytometry:

• Fast (30 minutes for a triplicate)

• Accurate

• Universal (same method for all the species)

• With standards (beads or absolute standard)

• Can be further developed (e. strain specific antibodies)

• It give a complete «picture» of the bacterial population (TFU 
and AFU) based on enzymatic activity, membrane integrity
and membrane polarization

• Not related to the «cultivability of the strain» thus potentially
suitable for strictly anaerobic micro-organisms

• HOWEVER No easy correlation with Plate Count (CFU) 
during stability
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