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Supplementary Data 1: Fluorophores’ stock and working solutions.  

Fluorophores 

SYTO62: As it was mentioned above, SYTO62 cell-permeant nucleic acid stain was used for 

discriminating between the cells of interest and the debris. Working solution of SYTO62 (5 µM) was 

prepared by first warming a vial of the stock solution (5 mM; Molecular Probes, S11344, USA) and 

bringing it to room temperature. It was then briefly centrifuged (short-spin of 2-3 s) in order to 

deposit the dimethyl sulphoxide (DMSO) which could interfere with the staining of the cells. Of the 

stock solution, 10 µL was added to 9,990 µL of filter-sterilized Tris-HCl-EDTA solution (50 mM 

Tris-HCl and 1 mM EDTA). The latter was prepared by dissolving 6.057 g of Trizma® base (Tris; 

Sigma-Aldrich 93349) in 800 mL of deH2O followed by addition of 10 mL of 100 mM 

Ethylenediaminetetraacetic acid (EDTA). The pH of the solution was then adjusted to 7.5 with 1 M 

HCl (88.33 mL/L of 35% HCl; VWR 20246.298, Ireland). Finally the volume was adjusted to 1 L. 

The working solution of SYTO62 was divided into aliquots of 1 mL and stored at -18 °C until use. 

EDTA is a chelating agent and a scavenger of metal ions. It facilitates the permeabilisation of the 

outer membrane of the cells, particularly the Gram negative cells by removing the excess 

extracellular Mg2+ and Ca2+ as well as reducing the interaction between the lipopolysaccharide (LPS) 

molecules of the membrane. EDTA solution (100 mM) was prepared by dissolving 14.612 g of 

EDTA (Sigma ED, USA) in 400 mL of deH2O with vigorous mixing, adjusting the pH with 10 N 

NaOH (10 M) to 8.0 and adjusting the volume to 500 mL. It was then filter sterilized to remove the 

particulates and autoclaved at 121 °C for 15 min.  

 

PI: The cell-impermeant PI is the most commonly used dye for determining membrane 

integrity, hence viability of the cells. It binds to the DNA of cells that have lost their membrane 

integrity (dead cells) and is generally excluded from cells with an intact membrane (viable). The 

working solution of PI was prepared by dissolving 4 mg of PI powder (Sigma P4170; ) in 20 mL of 

deH2O (299.23 µM). The solution was filter-sterilized using 0.22 µm syringe filters, divided into 1 

mL aliquots and stored at 4 °C until use.  

 

BOX: The potentiometric anionic dye bis-(1,3-dibutylbarbituric acid)trimethine oxonol 

[DiBAC4(3)], also known as bis-oxonol or BOX was used in this study for detecting cells with 

depolarized membrane (i.e. injured or dead). In this study, BOX was used in combination with PI 

(i.e. triple-staining with BOX, PI and SYTO62) in order to identify three distinct subpopulations of 

healthy (PI−/BOX− negative; intact membrane integrity and membrane potential), injured (PI−/BOX+; 

intact membrane but collapsed membrane potential) and dead (PI+/BOX+; compromised membrane 

and collapsed membrane potential) cells by plotting green and red fluorescence parameters against 

each other. BOX stock solution (19.36 mM) was prepared by dissolving 25 mg of BOX (Sigma 

D8189; USA) in 2.5 mL DMSO (Sigma D8418; USA). It was then divided into 100 μL aliquots and 

stored at -20 °C until use. Stock solutions were not filter-sterilized. In order to prepare the working 

solution (19.36 μM), the stock solution was defrosted, 5 μL was added to 4,795 μL of filter-sterilized 

PBS and supplemented with 200 μL of filter-sterilized 100 mM EDTA (described above). Working 

solutions were stored for up to a week at 4 °C or at -20 °C until use.  
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TO and SYTO9: In order to further investigate the viability status of the cells, samples were 

also dual-stained with PI and either of SYTO9 or its parent compound thiazole orange (TO). Cell-

permeable green fluorescent dyes of SYTO9 and TO stain all cells regardless of their physiological 

state, to varying degrees. However, when used with PI the competition between PI with SYTO9 or 

TO for DNA binding sites in dead cells and the subsequent displacement of the latters with PI 

reduces the green fluorescence intensity of the dead cells. Consequently, this leads to identification of 

two distinct fluorescent subpopulations of green (TO+/PI− or SYTO9+/PI−; viable) and red (TO−/PI+ 

or SYTO9−/PI+; dead) when the green and red fluorescent parameters are plotted against each other. 

Working solution of TO (42 µM) was obtained from BD Biosciences (Cell Viability Kit 349483, BD 

Biosciences; Oxford, UK). Working solution of SYTO9 (250 µM) was prepared by first, warming 

the vial of stock solution (5 mM; Molecular Probes, S-34854) to room temperature. Stock solution 

(40 µL) was added to 760 µL DMSO, vortexed and stored at -20 °C for up to a year.  

 

FDA, cFDA and cFDA-SE:  

The metabolic activity of the cells within the microbiome was determined based on their 

esterase activity using FDA and its derivatives cFDA and cFDA-SE. FDA is a non-fluorescent cell 

permeant esterase substrate which is converted into fluorescent compound of fluorescein upon 

hydrolysis by intracellular esterases. The presence of carboxyl groups in cFDA and cFDA-SE 

improves their retention by the cells, making them a useful indicator of membrane integrity as well as 

esterase activity. Working solution (2.40 mM) of FDA, was prepared on the day of experiment by 

dissolving 4 mg of FDA (Sigma 7378, USA) in 4 mL of acetone (Fisher Scientific 10131560, 

Ireland). Working solution of cFDA (2.5 mM) was prepared by dissolving 10 mg of cFDA 

(Molecular Probes C195, Eugene, USA) in 8,688 µL PBS. Stock solution of cFDA-SE (1.26 µM) 

was prepared by dissolving 7 mg of cFDA-SE (Sigma 21888, Slovakia) in 10 mL DMSO. Its 

working solution (25.11 nM) was prepared by diluting the stock solution in filter-sterilized PBS in a 

1:50 ratio. Stock and working solutions of cFDA and cFDA-SE were aliquoted into 1 mL portions 

and stored at -20 °C for up to six months.   

 

SYTOX Green Dead Stain: The cell-impermeant nucleic acid stain of SYTOX Green Dead 

Cell Stain (Molecular Probes, S-34860) was used as an alternative viability dye to propidium iodide  

in order to determine the membrane integrity of the cells. SYTOX  stock solution (30 µM) was 

thawed and allowed to equilibrate to room temperature, after which it was diluted in a 1:10 ratio in 

DMSO (3 µM). The working solutions were divided it ten aliquots of 100 µL (in 0.2 mL 

microcentrifuge tubes) and stored at -20 °C until use. 

 

Hexidium iodide (HI): HI was used in combination with SYTO9 in order to determine the 

Gram characteristics of the cells. When bound the to the DNA, the maxima excitation/emission 

wavelengths for SYTO9 and HI are 485⁄498 nm and 518/600 nm, respectively. Therefore, while both 

can be excited by the green laser, the emissions of SYTO9 and HI are collected by FL1 and FL3 

detectors, respectively. SYTO9 stains most Gram-negative and Gram-positive bacteria whereas HI 

preferentially stains the Gram-positive cells. When used together, HI displaces the SYTO 9 stain 

resulting in a decrease in the green fluorescence of Gram-positive cells. Therefore, when green (FL1) 

and red (FL3) fluorescence are plotted against each other, Gram positive and negative cells could be 

identified as red and green fluorescent populations, respectively. In order to prepare the stock 
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solution of HI (10.05 mM), 5 mg of HI powder (Molecular Probes H7593, USA) was dissolved in 1 

mL DMSO, divided into 200 µL aliquots and stored at -20 °C until use. For preparing the working 

solution (25.13 µM). On the day of experiment, the working solution was prepared by diluting the 

stock solution in PBS in a 1:400 ratio and storing at 4 °C until use.  

 

CTC: CTC was used for studying the respiratory activity of the cells. CTC at its oxidized 

form is a soluble non fluorescent compound, however, upon its reduction by the electron transfer 

chain of actively respiring cells, it is converted into non-soluble crystals of red-fluorescent CTC-

formazan. The rate of intracellular accumulation of CTC-formazan could be used as a semi-

quantitative indicator of the number of healthy and non-healthy cells within the microbial population. 

Working solution (53.46 mM) of CTC was prepared on the day of experiment by dissolving 5 mg of 

CTC in 300 µL of ultrapure 0.1 µm filtered water (Sigma, W4502; USA) and stored at 4 °C until use.  

 

Staining buffer 

Immediately prior to staining, 250 µL of diluted sample (cell suspension in PBS) was 

transferred to 12×25 mm flow tubes and supplemented with 20 µL of filter-sterilized 100 mM EDTA 

and 20 µL of 0.1% (v/v in deH2O) Polyoxyethylene sorbitan monolaurate (Tween® 20) (Sigma 

P1379, USA). Therefore, the total volume of an unstained sample (with no added fluorophore) was 

290 µL containing 6.90 mM EDTA and 0.007% (v/v) Tween® 20. Tween® 20 was used as a mild 

non-ionic surfactant for improved permeabilisation of the cell membranes. In order to prepare the 0.1 

% (v/v) Tween® 20 solution, 0.1 mL of Tween® 20 was added to 95 mL of deH2O and the volume 

adjusted to 100 mL. The solution was then passed through 0.22 µm syringe-filters and stored at 4 °C 

for up to a week. 
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Supplementary Data 2: Gating strategy  

In summary, the information from P1 was passed through two plots, one representing FSC versus 

FL5 (plot a[2] and b[2]) and another one SSC versus FL5 (plot a[3] and b[3]). The ranges of FSC and 

SSC values in plots a(2)/b(2) and a(3)/b(3), respectively, were similar to those in the first plot for the 

P1 population. By comparing the contour plots of unstained and SYTO 62-stained cells (contour 

maps of 99% probability), the SYTO 62 positive cells in plots b(2) and b(3) were gated and defined 

as P2 and P3, respectively. The events present in both P2 and P3 were then passed through two plots, 

one representing FSC versus FL6 (plots a[4] and b[4]) and the other one SSC versus FL6 (plot a[5] 

and b[5]) by using the “AND” Boolean logical operator, (i.e. P2 AND P3). FL6 positive populations 

in plots b(4) and b(5) were gated and defined as P4 and P5, respectively. Using the same Boolean 

logic, events present in both P4 and P5 gates (i.e. P4 AND P5) of plots b(4) and b(5) were presumed 

as cells [minus those shown in gate P6 of plot a[6]), plotted in a separate FSC versus SSC-A plot and 

designated as gate P6. Therefore, any events shown in gate P6 (presumed cells), was also detected in 

gates P1, P2, P3, P4 and P5. In order to investigate the physiological status of the cells, depending on 

the number and the type of fluorophores used, the events within P6 were passed through a plot 

representing either FL1, FL3 or both (FL1 versus FL3).  
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Supplementary Table 1: The list of sampling points in PIF production facility. 

 
Care zone Sampling points (number of swabs) 

Low - Final product storage area (7) 

- Two changing rooms (4)* 

- Corridors (3)  

- Lorries and forklifts (3) 

- Packing (2) 

- Laboratory (1) 

Medium  - Blending and mixing areas (5) 

- Two changing rooms (4)* 

- Evaporation areas (3)  

- Control rooms (3) 

- Packaging area (2) 

- Storage area (2) 

- Corridor (1) 

High - Drying area (7) 

- Corridors (5) 

- Two changing rooms (4)* 

- Blending and mixing area (2) 

- Control rooms (2) 

- Packaging area (1) 

Notes:  

Unless specified otherwise, all samples were taken from floors and drains.  

* Two sponges were used for each changing room. One sponge was used for sampling the floor 

and another one for swabbing one random pair of shoes, one shoe for each side of the sponge.  

 

 

Supplementary Table 2: Control samples used for performing the colour compensation.  

 

Fluorophore Detector  Control Sample 

 Primary Non-primary  Negative Positive 

SYTO 62 FL5 FL1, FL3, FL6  Unstained Alive 

PI FL3 FL1, FL5, FL6  Unstained Dead 

BOX FL1 FL3, FL5, FL6  Unstained Dead 

SYTO 9 FL1 FL3, FL5, FL6  Unstained Alive 

TO FL1 FL3, FL5, FL6  Unstained Alive 

FDA FL1 FL5, FL6  Unstained Alive 

cFDA FL1 FL3, FL5, FL6  Unstained Alive 

cFDA-SE FL1 FL3, FL5, FL6  Unstained Alive 

SYTO X Green Dead FL1 FL3, FL5, FL6  Unstained Dead 

HI FL3 FL1, FL5, FL6  Unstained Alive* 

CTC FL3 FL5, FL6  Unstained Alive 

Notes: * LGG strain only 
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Supplementary Table 3: The colour compensation values used in this study. 

 

Fluorophore  

 
Spillover on 

FL1 

(530 ± 30 nm) 

Spillover on 

FL3 

(> 670 nm) 

Spillover on  

FL5 

(660 ± 20) 

Spillover on  

FL 

(780 ± 60) 

SYTO 62 - 23.05%  NC 

PI -  
1.59%(1); 

3.48%(2) 
- 

BOX  0.36% 0.42% - 

SYTO 9  0.52% 1.52% - 

TO  - - - 

FDA  NA - - 

cFDA  - - - 

cFDA-SE  - - - 

SYTO X Green Dead  - 0.40% - 

HI -  4.13% - 

CTC NA  4.51% - 

Notes: Dash sign “-“: Correction not required; NA: Not applicable; NC: Not Corrected. The 

spillover of the fluorescence of SYTO 62 on FL6 was not corrected in order to utilize this 

overspill for gating and differentiating between the cells and the debris as previously described. 

The highlighted cell indicates the primary detector for that fluorophore. (1) When used in 

combination with SYTO® 9 (PMT voltage of 450 V); (2) When used in combination with other 

fluorochromes (PMT voltage of 600 nm).    
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Supplementary Table 4: The effects of plating condition on recovery of stressed cells. 

 
   Incubation Temperature  
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21 °C  30 °C  37 °C   

L
o

w
 C

a
re

 

NA None 3.65 ± 0.10 ADG 3.71 ± 0.01 ADG 3.11 ± 0.02 BDG  

 Catalase 3.86 ± 0.09 ADEG 3.88 ± 0.06 AEG 2.92 ± 0.29 BDG  

 SP 3.98 ± 0.04 AEG 3.97 ± 0.03 AEG 3.09 ± 0.10 BDG  

M9 None 3.82 ± 0.06 ADG 3.81 ± 0.06 ADGH 3.27 ± 0.12 BDG  

 Catalase 3.88 ± 0.03 ADG 4.04 ± 0.03 BEH 3.26 ± 0.09 CDG  

 SP 3.84 ± 0.02 ADH 3.80 ± 0.04 ADH 3.23 ± 0.07 BDG  

BHI None 3.62 ± 0.11 ADG 3.80 ± 0.01 ADH 3.09 ± 0.18 BDG  

 Catalase 3.83 ± 0.09 ADEG 3.95 ± 0.08 ADGH 3.36 ± 0.18 BDG  

 SP 3.89 ± 0.05 AEGH 3.90 ± 0.05 ADGH 3.19 ± 0.03 BDG  

M
ed

iu
m

 C
a
re

 

NA None 3.76 ± 0.12 ADG 3.92 ± 0.09 ADG 3.79 ± 0.02 ADG  

 Catalase 3.89 ± 0.05 ADG 4.15 ± 0.12 ADG 4.01 ± 0.02 AEG  

 SP 3.96 ± 0.09 ADG 4.04 ± 0.09 ADG 3.88 ± 0.02 AFG  

M9 None 3.84 ± 0.13 ADG 4.02 ± 0.07 ADG 3.95 ± 0.04 ADH  

 Catalase 3.91 ± 0.14 ABDG 4.18 ± 0.01 AEG 4.01 ± 0.02 BDG  

 SP 4.08 ± 0.08 ADG 4.08 ± 0.08 ADEG 4.01 ± 0.07 ADG  

BHI None 3.90 ± 0.06 ADG 3.96 ± 0.07 ADG 3.72 ± 0.36 ADEGH  

 Catalase 3.88 ± 0.00 ADG 4.16 ± 0.01 BEG 4.07 ± 0.05 BDG  

 SP 4.14 ± 0.03 AEG 4.06 ± 0.06 ADEG 3.88 ± 0.02 BEG  

 

NA None 3.81 ± 0.02 ADG 3.84 ± 0.07 ADFG 3.81 ± 0.02 ADFG  

 Catalase 4.11 ± 0.02 ABEG 4.33 ± 0.11 AEG 4.05 ± 0.05 BEG  

 SP 3.86 ± 0.00 AFG 3.90 ± 0.05 ADFGH 3.81 ± 0.03 ADFG  

M9 None 3.86 ± 0.05 ADFG 3.91 ± 0.20 ADGH 3.83 ± 0.10 ADGH  

 Catalase 4.15 ± 0.03 AEG 4.21 ± 0.16 ADG 4.06 ± 0.09 ADG  

 SP 3.91 ± 0.02 ADFH 4.14 ± 0.12 ADG 3.96 ± 0.11 ADG  

BHI None 3.99 ± 0.00 ADH 4.14 ± 0.04 BDH 3.91 ± 0.04 CDH  

 Catalase 4.11 ± 0.03 AEG 3.96 ± 0.13 ABDEG 3.97 ± 0.04 BDG  

 SP 3.95 ± 0.00 AFI 3.72 ± 0.13 AEH 3.88 ± 0.08 ADG  

 

Notes: Samples were spread plated in duplicate on NA, M9 or BHI solid growth media (with or without 

2000 units per plate catalase or 0.03% sodium pyruvate (SP)) and incubated at either of 21 °C, 30 °C or 

37 °C. Data are the calculated mean ± SD log10 CFU per cm2 for two technical duplicate plates of the 

same sample. Unpaired Student’s t-test was performed in order to determine the effects of the change in a 

single parameter (incubation temperature, growth media or supplementation) on the aerobic plate count, 

when the other two parameters were constant. In each row, data with similar letters of A-C (comparing 

the effects of incubation temperature only on plate count) are not statistically significant (p > 0.05). 

Similarly, in each column and for each sample, data with similar letters of D-F (comparing the effects of 

supplementation only, i.e. similar incubation temperature and growth media) and G-I (comparing the 

effects of growth media only, i.e. similar incubation temperature and supplementation treatment) are not 

statistically significant (p > 0.05) (Data from sampling in May 2015) 
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Supplementary Table 5: The list of genera identified in each care zone and their contribution to the 

microbiome.  
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Supplementary Figure 1: Calculating the flow rate of the flow cytometer. The slope of the 

trendline’s linear equation was multiplied by the acquisition time to determine the volume of sample 

analyzed. The intercept of the equation is indicative of the sample volume that was retained by the 

instrument (so-called dead volume) but not analyzed.  

 


