PURDUE xENWO@

Sanitizer Application for Biofilm R emoval
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Objectives

9 Determinecocktailculture concentration

1 Biofilm formationon stainless steel coupons

9 Sanitizer application and evaluation

1 CryoSEM confirmatiorfor presence of biofilmand impact on biofilm removal following treatment

Culture concentration:

The strains of bacteria used in this study wei®almonella entericas.v Typhimurium, Listeria
monocytogenegandE. coli O157H7. E coli O157:H7and SalmonellaTyphimuriumwere grownin LB
brothandListeria monocytogenesas grownin BHI broth toa final concentration ofl0°to 1 CFU/ml
after 24 hours of incubatiowith rotationat 37 C. Liquid cultureswere washed three timegth 0.1 M
phosphate buffer, pH 7.0 (PB) to remove the growing mediygentrifugingthe sample$6,000rpm, 5
min). The bacteria were resuspended in PB and mixed to form a caxfkéanhilar concentration of each
bacteriunmfor biofilm formation.

Biofilm formation and detachment

For biofilm formation on stainless steel coupanslti-well plates were filled with InL of inoculum mix
culture and thestainlesssteelcoupors were plaedinto eachwell (Figure J). Plates were incubatenwith
shakingat 50 rprmat 32C for 5 days, addin@.5mL of LB brothevery 24 hoursThe coupons wenemoved
from the multiwell plate andwashed with ImL of distilled water to removany unattachedells. The
coupons wer¢hendried at room temperatufer 5-10 minutes. To remove the biofilm from the stairless
steel coupons, each coupmasimmersed intsteriletubes containing InL PB, sonicated for 5 minutes
andthenvortexed for 2GecondsThesamples were serially diluted usiB§ and spreaglated on selective
media forE. coli (MacConkey Agar)SalmonellaXLT4 Agar) andListeria (Modified Oxford Medium)
The bacteria werenumeratedollowing incubationat 37°C for 48 hours

coupons
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Table 2. Enumeration obacteria(CFU/mL; SD = Standard Deviation) from stainless steel coupons
phosphate buffer

BIOFILM FORMATION ON STAINLESS STEEL COUPONS
Replicate E. coli Salmonella| Listeria

1 4.00E+07| 1.00E+07 | 5.00E+06

2 8.00E+07| 7.00E+07 | 2.00E+06

3 6.00E+07| 5.00E+07 | 7.00E+06

4 3.00E+07| 1.00E+07 | 5.00E+06

5 1.10E+08| 2.00E+07 | 1.00E+07
AVERAGE | 6.40E+07| 3.20E+07 | 5.80E+06
SD 2.87E+07| 2.40E+07 | 2.64E+06

Table 3.Enumeration of the bacteria in biofilms (CFU/mL; SD = Standard Deviation) from stainless steel
coupons after water applicatiéor 10 minutes

WATER TREATMENT CONTROL(PHOSPHATE)

Replicate E. coli Salmonella | Listeria
1 5.00E+05| 3.00E+04| 3.00E+04
2 2.00E+05| 2.00E+05| 1.00E+05
3 3.00E+05| 3.00E+05| 1.00E+05
4 1.00E+05] 1.00E+05| 2.00E+04
5 3.00E+04| 2.00E+05| 1.00E+05
AVERAGE | 2.26E+05| 1.66E+05 | 7.00E+04
SD 1.65E+05| 9.29E+04 | 3.69E+04

LOG reducton 2.45 2.29 1.92

Table3 represents the concentration of bacteria aftdminutewater application to remove biofilm.
The water treatment achieved afl teg reduction in the concentration\déble Salmonella, E. coland
Listeria cellsthat were presermn thestainlesssteelcoupon

Sanitizers application

After biofilm formation,the stainlessteel couponwere immersed inteachsanitizer EnviroTech Perasan
A and Perafoam was applietlroom temperature f& minutesatthree differentoncentrationsT he first
treatmenthad afinal concentration of 500 ppm PA&ZB21 ppm hydrogen paxide, and 1&€00 ppm
Perafoam); lie second treatment was000ppm PAA (9109ppm lydrogen peroxide and,B)0ppn
Perafoant andthe third treatmentwas 3,000ppm PAAsolution, (13663ppm hydrogen peroxide and
8,200ppm Perafoam) A final set of coupons containing bacterial biofilms were exposed to theeSteril
sanitizer (equal volumes ob#ition 1 andSolution 2 (12.8 ouncesin 1 gallon of watérfor 10 minutes at
room temperature To remove thebiofilm from the stainlesssteel couponsfollowing treatment each
coupon wasmmersed into sterile tubes containing 1B and sonicated for 5 minutes and vortexed for
20 seconds. The samples were serially diluted UBBignd spread plated on selective mediaEocoli
(MacConkey Agar)SalmonellaXLT4 Agar) andListeria (Modified Oxford Medium). The bacteria were
enumerated following incubaticat 37°C for 48 hours.
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Table 4.Bacterial concentration aftérminutes of Perasan and Perafoapplication(500ppm PAA)

ETNQ/(I;O PERASAN+PERAFOAM
Replicate E. coli Salmonella Listeria
1 0.00E+00| 0.00E+00 0.00E+00
2 0.00E+00| 0.00E+00 0.00E+00
3 0.00E+00| 0.00E+00 0.00E+00
4 0.00E+00| 0.00E+00 0.00E+00
5 0.00E+00| 0.00E+00 0.00E+00
AVERAGE 0.00E+00| 0.00E+00 0.00E+00
SD 0.00E+00| 0.00E+00 0.00E+00
LOG red NTC 7.81 7.51 6.76
LOG red WTC 5.35 5.22 4.85

No viablebacteria were detected following treatment Vi@ ppm PAA (2,321 ppm hydrogen peroxide,
and 16,200 ppm Perafoam; Table Bherefore, application of treatment 2 and 3 (2000 and 3000 ppm of
PPA, respectively) were focedon only the cryeSEM imagingfor examination othe extent obiofilm
removal(SBEM images below).

Table 5.Bacterial concentration aftéHtra Disinfectaniphosphatéuffer) application

STERILEX ULTRA DISINFECTANT
Replicate E. coli Salmonella Listeria
1 0.00E+00[ 0.00E+00 0.00E+00
2 0.00E+00[ 0.00E+00 0.00E+00
3 0.00E+00| 0.00E+00 0.00E+00
4 0.00E+00[ 0.00E+00 0.00E+00
5 0.00E+00| 0.00E+00 0.00E+00
AVERAGE | 0.00E+00| 0.00E+00 0.00E+00
SD 0.00E+00| 0.00E+00 0.00E+00
LOG red NTC 7.81 7.51 6.76
LOG red WTC 5.35 5.22 4.85

No viable bacteria3almonellal'yphimurium E. coliO157:H7, olListeria monocytogess) were recovered
following treatment witHJltra Disinfectanfor 10 minutes at room temperature.
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CryoSEM Images:

Fig 2. Representative crySEM Images obiofilm formation onstainless steel pangNTC).

—5pym—

eel panels after water application (WTC)
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Fig 4. Representative crySEM Images of biofilm on stainless steel panels after applicafi&B@0 ppm
Perasan anBerdoam.

Fig 5. Representative cry8EM Images of biofilm on stainless steel panels after applicati2ip00 ppm
Perasan and Perafoam.
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Fig 6. Representative cry8EM Images of biofilm on stainless stpahels after applicatioof 3,000 ppm
Perasan and Perafoam.



