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1. Executive Summary 

A comparative trial was performed to assess the effectiveness of the GreenTeck Global Ltd. Enozo SB100 

Ozone Generating Spray Bottle on a solution containing ~108 cfu/ml Staphylococcus aureus. 

A test solution composed of the bacterial inoculum together with an interfering substance was dispensed 

in two sets of sterile tubes. These were then filled by either the ozone water generated by the SB100 bottle 

or sterile water, constituting respectively the test and control samples. The tubes were subsequently 

incubated for 5 minutes and then neutralised and tested. 

The trial recorded a difference of 5.31 LOG10 cfu/ml between the test and control samples equivalent to a 

reduction of the Staphylococcus aureus load of 99.9989 %. 
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2. Rationale and Overview 

Ozone water is used in a wide range of applications, such as the sterilization of medical instruments, the 

oxidation and detoxification of wastewater, the deodorization and decolouration of well water, the cleaning 

of electronic components, surface disinfection and food treatment. OH radicals produced by ozone 

decomposition in water are the second strongest oxidizers after fluorine. OH radicals can kill various 

bacteria, such as Escherichia coli (including E. coli O157:H7), Staphylococcus aureus (including MRSA), 

Pseudomonas aeruginosa, Bacillus subtilis, Bacillus anthracis, Bacillus cereus and Legionella pneumophila. 

The GreenTeck Global Ltd. Enozo SB100 Ozone Generating Spray Bottle incorporates a portable, low-voltage 

catalytic cell that produces ozone water on demand from mains water at a concentration of 0.5 – 2 ppm. 

Staphylococcus aureus is a Gram-positive, round-shaped bacterium that is a member of the normal flora of 

the human body, frequently found in the nose, respiratory tract and on the skin. It is an opportunistic 

pathogen and is considered the industry standard indicator for operator and process hygiene. 

A trial based on a modified version of BS EN 1276 was requested to assess the effects (if any) of the ozone 

water produced by the GreenTeck Global Ltd. Enozo SB100 Ozone Generating Spray Bottle on a solution of 

Staphylococcus aureus. 

According to the requested procedure, to prepare the inoculum at the desired concentration, the chosen 

organism was cultivated in an appropriate medium, washed, concentrated and re-suspended. Sterile vessels 

were then filled with the bacterial inoculum together with an interfering substance constituting the final test 

matrix. Sterile reverse osmosis (RO) water and ozone water from the GreenTeck Global Ltd. Enozo SB100 

Ozone Generating Spray Bottle (filled with sterile RO water) were then added to the control and test vessels 

respectively and at the end of the specified contact time, the solutions were neutralised. Appropriate aliquots 

were taken and tested and the relevant enumeration tests assessed at the end of their incubation periods. 

This report details the validation trial of the GreenTeck Global Ltd. Enozo SB100 Ozone Generating Spray 

Bottle against Staphylococcus aureus based, carried out by the Bespoke Microbiology Team, Specialist 

Microbiology Department at ALS Rotherham, which operates under ISO 17025 regulations, in April 2020 on 

the request of David Thurston, GreenTeck Global Limited. 
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3. Analytical Procedure 

3.1 Test Matrix preparation 

A test matrix (i.e. inoculum) was prepared with the organism(s) and at a concentration specified in Table 1 

according to the methodology below. 

Organism Details Source Initial Concentration 

Staphylococcus aureus NCTC 12981 Type Strain ~108 cfu/ml 

Table 1 - Details of the organism used for the trial 

3.1.1  Culture preparation 

Test organisms are routinely stored in the Specialist Microbiology Department’s Challenge Testing Organism 

Bank on cryogenic beads. After selecting the suitable organisms for the trial (Table 1) a cryogenic bead 

containing frozen bacterial cells was selected and placed in a 10ml tube of brain heart infusion (BHI) and 

left to grow for 24±2h at 37±1°C.  

The following day, after recording growth in the BHI medium (turbidity) a 10 µl aliquot of the BHI broth was 

streaked out for single colonies on a nutrient agar (NA) plate, in turn incubated at 37±1°C for 24±2h. 

Following incubation and recording of single colonies, two well isolated colonies were used to aseptically 

inoculate two 5 ml culture tubes containing Nutrient Broth (NB). The NB tubes were then incubated at 37±1°C 

for 24±2h. 

3.1.2  Culture harvesting  

For each 5 ml NB tube, aliquots were transferred to sterile one ml SafeLock® tubes until all liquid had been 

transferred (12 SafeLock® tubes in total). The SafeLock® tubes were subsequently centrifuged at 8000 rpm 

on an Eppendorf MiniSpin centrifuge (equivalent to 4430 rcf) for 5 minutes. 

After centrifugation, on obtaining a defined pellet, the supernatant was removed and the pellet suspended 

in one ml of phosphate buffered saline solution (PBS).  This centrifugation and re-suspension process was 

repeated twice for a total of three wash steps.  

The pellets were finally re-suspended in one ml of PBS ready for the next step of the procedure. 
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Figure 1 - the bacterial inoculum harvesting and preparation. The culture tubes containing the trial organism and 

SafeLock® tubes ready to be filled with the NB broths (top). The SafeLock® tubes just after centrifugation (bottom left) 

and the pellet formed by the bacterial cells ready to be harvested (bottom right). 
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3.1.3  Test matrix preparation 

The suspended pellets were combined in a sterile vessel and volume of the solution was adjusted to 10 ml 

with addition of sterile PBS. This constituted the test matrix. 

The concentration of the test matrix was assumed to be ~108 cfu/ml by the laboratory based on historical 

and reported data.  

3.2 Test Procedure 

3.2.1  Sample Preparation 

One ml of the test matrix (defined at point 3.1.3) was added to a sterile 15ml test tube then one ml of PBS 

was added to the same sterile tube as the interfering substance. This was the final test solution for both the 

test and control samples. Testing was performed in triplicate as stipulated by good laboratory practice, the 

ANSES EURL Lm Technical Guidance Document and the ANSES EURL Lm Guidance Document to evaluate the 

competence of laboratories implementing challenge tests […]. 

                    

Figure 2 – The prepared test matrix (left) and the test and control samples immediately before testing (right) 



  

 

VAL00027 – GreenTeck Global Ltd., Enozo SB100 S. aureus validation report P7 of 12 

Right Solutions • Right Partner www.alsglobal.eu   

 

3.2.2  Control Samples Procedure 

Sterile reverse osmosis water (RO) was added to the three control tubes in succession until reaching the 10 

ml mark. 

The control tubes were placed on a rotator during the 5 minutes test time and, at the end of the application 

time, the control solutions were neutralised by adding them to three prepared sterile 90ml DE broth aliquots. 

These constituted the neutralised control solutions. 

 

Figure 3 - prepared DE broth containers used to neutralise the samples after the incubation time 

3.2.3  Test Samples Procedure 

Sterile RO water was added to the GreenTeck Global Ltd. Enozo SB100 bottle’s reservoir then the SB100 

bottle was sprayed for ~10 seconds to purge the dead volume present in the system and ensuring fresh 

ozone water was used for the trial.  
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The ozone water produced after purging the bottle was tested as recommended in the manufacturer’s 

instructions resulting in an estimated O3 concentration of ~1 ppm. 

 

Figure 4 - check as recommended by the manufacturer indicating ~1 ppm concentration of O3 

The stream of ozone water was then directed into the test samples’ three tubes and dispensed until the 10 

ml mark is reached in succession. A five minutes timer was started concurrently to the beginning of this 

procedure. 

The test tubes were placed on a rotator during the 5 minutes test time and, at the end of the application 

time, the test solution was neutralised by adding it to a prepared sterile 90ml DE broth aliquot. These 

constituted the neutralised test solutions. 

3.2.4  Testing aliquots 

A 0.5 ml aliquot for each test and control neutralised solutions (6 in total) were diluted appropriately (up to 

10-9) in Maximum Recovery Diluent (MRD) and plated for the test detailed in Table 2 below. 
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3.3 Microbiological Testing 

The method used for all microbiological testing is listed below 

Target Organism Method Method Details 
ALS 

method  

Limit of 

Detection 

Staphylococcus 

aureus 

(enumeration) 

Enumeration of Staphylococcus 

aureus (coagulase positive 

Staphylococci) in food, animal 

feeding stuffs and swabs  

Based on BS ENO ISO 6888-

1:1999, and Marks & Spencer 

Manual of Microbiological 

Methods, Method 4.1 (June 2015) 

ESGMM307 ≥20 cfu/g 

Table 2 - The method used for the trial its details and method reference (the method is in routine use and is UKAS 

accredited) 

The details and method extract for the method used have not been included in this report however they are 

available on request. 

4. Results 

4.1 Raw data 

Staphylococcus aureus 

  cfu/ml 
Average 

cfu/ml 
LOG cfu/ml 

Average LOG 

cfu/ml 

Standard 

Deviation  

Blank  

(positive control) 

2.70E+07 

2.49E+07 

7.43 

7.39 

  

2.20E+07 7.34 0.05 

2.56E+07 7.41   

Test 

7.20E+02 

2.73E+02 

2.86 

2.08 

  

6.00E+01 1.78 0.68 

4.00E+01 1.60   

Table 3 - raw counts for the Staphylococcus aureus trial and basic statistical information. 

4.2 Calculated Results 

Staphylococcus aureus 

  
LOG 

cfu/ml 

Average LOG 

cfu/ml 

Δ in average log10 cfu/g between 

blank and test samples  

Δ in % average log10 cfu/g 

between blank and test samples 

Blank  

(positive 

control) 

7.43 

7.39 

  

  7.34 

7.41 

Test 

2.86 

2.08 

  

99.9989% 1.78 5.31 

1.60   

 Table 4 - Calculated results for the Staphylococcus aureus trial based on the raw data including standard industry 

indicators such as average LOG10 cfu/ml and the Δ LOG10 and % bacterial levels relative to the control. 
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5. Discussion 

During a microbiological challenge investigation, median or average levels of the challenge organisms within 

±0.5 log10 of the initial (control) level are classified as no significant change. Increases of > 0.5log10 cfu/cm2 

from the initial level are indicative of growth and decreases of >0.5 log10 cfu/cm2 are indicative of die-off.  

The raw results in colony forming units (cfu) obtained from the trial were tabulated and processed to obtain 

the cfu/ml value and subsequently the Log10 cfu/ml values. This is due to the unit Log10 cfu/ml being the 

industry standard measurement of bacterial concentration in solutions. 

The control samples (untreated) recorded an average value of 2.49·107 cfu/ml Staphylococcus aureus 

concentration, equivalent to 7.39 LOG10 cfu/ml. 

The test samples recorded and average value of 273 cfu/ml Staphylococcus aureus concentration, equivalent 

to 2.08 LOG10 cfu/ml or 0.00110 % of the control value.  

The assessment of the difference between the average LOG10 cfu/ml of test and control samples (Δ) and 

the percentage value difference between their average cfu/ml values (Δ%) are as follows: 

A Δ of 5.31 average LOG10 cfu/ml was recorded, this was equivalent to a reduction of 99.9989% of the 

concentration of Staphylococcus aureus recorded in the control samples. 
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Figure 5 - control (left) and test (right) Staphylococcus aureus plates clearly showing the reduction 

recorded during the trial 

 

Figure 6 – Graph showing the average values of Log10 cfu/ml and the trials’ results trendline 

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

Blank (positive control)

A
ve

ra
ge

 L
O

G
1

0
 c

fu
/m

l

Staphylococcus aureus

Average LOG cfu/ml Linear (Average LOG cfu/ml)



  

 

VAL00027 – GreenTeck Global Ltd., Enozo SB100 S. aureus validation report P12 of 12 

Right Solutions • Right Partner www.alsglobal.eu   

 

6. Conclusion 

The validation project detailed in this report was aimed at assessing the effectiveness of the ozone water 

produced by the GreenTeck Global Ltd. Enozo SB100 Ozone Generating Spray Bottle against Staphylococcus 

aureus. 

In this controlled trial the ozone water produced by the GreenTeck Global Ltd. Enozo SB100 Ozone 

Generating Spray Bottle was found to have caused a decrease of the Staphylococcus aureus concentration 

of 5.31 LOG10 cfu/ml equivalent to a reduction of the bacterial load of 99.9989 %. 
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8. Final Details 

This report was created by Matteo Capocefalo, Technical Project Manager, Specialist Microbiology 

Department at ALS Rotherham, Units 7&8 Aspen Court, Bessemer Way, Rotherham S60 1FB UK. This report 

was finalised as dated on the front page of this report and a copy will be held on file.  

The Microbiology Specialist Team can be reached on 01709 777329 or EURTH_Specials@alsglobal.com 
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