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WHAT CULTURE-BASED ANALYSES DON’T TELL AND FLOW CYTOMETRY DOES ABOUT VIABLE BUT NON-CULTURABLE MICROORGANISMS

Purpose
An accurate detection of microorganisms is essential for limiting bacterial contamination in food. The viable but non-
culturable (VBNC) state of microorganisms cause a great threat to food safety and public health as the use of
traditional culture-based microbiological methods might direct to a risky under-appreciation of a food
contamination. New fast and accurate analytical methods for VBNC bacteria are needed to assess the effectiveness
of treatments to ensure healthy food preservation. We have investigated flow cytometry (FCM) as a fast and
consistent method to evaluate the induction of E. coli ATCC 25922 strain into a VBNC state in vitro analysis and in vivo
microbial challenge test on fruit juices after mild heat treatment in combination with Origanum essential oil (OEO).

Methods
In vitro E. coli ATCC 25922 was grown in Brain Hearth Infusion (BHI) medium at 37 °C for 0-4-24 h after treatment at
55 °C, 60 °C and 65 °C for 5 and 30 min with and without OEO and the survival ratio was estimated using culture-
based and FCM methods (SYBR Green I 10x/PI (1μg /μl) double-staining). For FCM analysis (CytoFLEX S, Beckman
Coulter USA) and flow cell sorting (FACS Vantage SE, Becton Dickinson, USA), regions of interest were defined on
positive and negative controls. 50-100K particles per well were analysed in triplicates, using the blue laser (ex 488)
and fluorescence filters (em. at BP525/10 and BP610/20; SYBER and PI, respectively). Flow sorting was performed
with a single cell deposition unit (ACDU, Becton Dickinson, USA) allowing precise counting and sorting of cells of
interest per single well.
In vivo Microbial challenge test was performed by artificially contaminating commercial and organic fruit juices with
E. coli ATCC 25922 strain at 105 CFU/ml. The combination of mild heat treatment (65 °C) for 5 min and OEO (50 and
100 ppm) was applied, and samples were stored at 37 °C up to 48h. Bacterial survival ratio was estimated using
culture-based and FCM methods and cell sorting using a single cell approach as above.

Results
FCM analysis allowed to evaluate the induction of E.Coli VBNC state after thermal treatment. This method appears as
quite sensitive as we could appreciated the migration of the population from the green zone (alive cells) to the red
zone (dead cells) with the rise of treatment temperature (Fig.1). The single cell analysis clearly revealed that cells
from the alive region of untreated samples were showing more growth percentage compared to heat treated alive
cells. E. coli inactivation curve at different thermal treatment with both tested methods showed an overestimation of
the microbial inactivation by using the culture-based method (Fig.2).
Results obtained in vitro revealed that the samples after the combined treatments at 55 °C for 30 min with OEO (50
and 100 ppm) displayed a long-term inactivation of bacterial growth, although a fraction of damaged cells is able to
recover growth activity at the strain optimum temperature (Fig. 3a) . Instead, combined treatments at 65°C for 5 min
led only to a temporary reducing effect of the alive population; indeed, it was found to be ineffective to stop long-
term contaminations (Fig.3b).
Results obtained in vivo confirmed the greater sensitivity of FCM analysis compared to culture-based assay. We
observed a decrease in growth of the challenge microorganism that was higher as the intensity of the treatment
increased (Fig.4). Supplementation of fruit juices with OEO increased the efficiency of mild heat treatment, while low
thermal treatment alone might be considered as a VBNC inducing factor.

Conclusions
The study highlighted the importance of combining traditional culture-based analytical methods with fast and high
throughput ones for applications aimed at monitoring food safety. The FCM technique proved to be able of providing
information on a large number of cells during changeable phases of their growth, going over the limitation of the
traditional culture -based methods, which, on the other hand, underestimated bacterial growth. Our FCM results
show adding OEO to fruit juice rise the efficiency of mild heat treatment, and low thermal treatment alone can be
considered as a VBNC inducing factor.
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Fig.2 Estimation of the residual E. coli alive population using culture-

based (CFU) and flow cytometry (SYBER/PI labelling) methods

Fig.3 Flow cytometryc analysis of the fluorescence emissions of stained cells after application of combined treatments at 0-4-24hrs: (a) OEO (50 ppm
and 100 ppm) and 55 °C for 30’ thermal treatment; (b) OEO (50 ppm and 100 ppm) and 65 °C for 5’ thermaltreatment. Dead (P1, red), alive (P2,
green) and damaged (P3, orange) cells are identified, respectively. 575 nm 2.5 μm microspheres were used as reference standard in each sample
analyzed.

Fig.4 Dot plots obtained by the application of combined treatments on organic (a) and commercial (b) fruit juice artificially contaminated with E.coli
ATCC 25922 strain. Treatments were as follows: OEO (50 ppm and 100 ppm) and 65 °C for 5’ thermal treatment at T0; positive control sample (fruite
juice and 0 ppm). In green (P1) and red (P2) alive and dead cells are identified and defined on positive and negativecontrol, respectively.

Fig.1 Comparison of inactivation level of E. coli diluted in PBS buffer after 30

min at 55, 60 and 65°C
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