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EXECUTIVE	 SUMMARY:	 Listeria	 monocytogenes	 (Lm),	 a	 microorganism	 causing	 a	 wide	 range	 of	
infections	in	humans,	continues	to	be	a	recurring	issue	in	food	production	environments	and	ready-to-eat	
products	even	after	a	decade	of	interventions	and	increased	efforts	to	improve	food	safety.	The	challenge	
of	keeping	these	bacteria	out	of	the	food	chain	comes	from	the	ability	of	Lm	to	form	biofilms	and	survive	a	
wide	range	of	stress	conditions,	such	as	refrigeration	temperatures,	and	also	their	ability	to	resist	a	variety	
of	 antimicrobials	 used	 in	 food	 production.	 In	 addition	 to	 widely	 used	 chemical	 sanitizers	 in	 food	
processing,	alternatives	such	as	organic	sanitizers,	and	those	that	are	eco-friendly,	 referred	to	as	“green	
sanitizers”,	 are	 increasingly	emerging.	 The	ability	of	 these	 sanitizers	 to	effectively	 control	Lm,	 especially	
when	used	on	food-contact	surfaces	found	in	raw	agricultural	commodity	packinghouses	(e.g.	wood,	and	
painted	 metal	 surfaces),	 and	 the	 impact	 of	 temperature	 on	 their	 efficacy	 is	 lacking,	 and	 not	 well	
documented.	 The	aim	of	 the	proposed	 research	project	 is	 to	 investigate	 the	effectiveness	of	 traditional	
chemical	 sanitizers	 (e.g.	 quaternary	 ammonium	 compounds	 [QAC],	 peracetic	 acid	 alone	 and	 in	
combination	 with	 fatty	 acids)	 and	 non-traditional	 “green”	 and	 organic	 sanitizers	 applied	 at	 different	
temperatures,	against	diverse	Lm	isolates	grown	in	broth	and	on	surfaces,	and	the	potential	for	Lm	growth	
in	the	presence	of	sub-lethal	concentrations	of	those	sanitizers.		

OBJECTIVES:	
1) Determine	the	minimum	inhibitory	concentrations	(MICs)	of	three	traditional	chemical	sanitizers	

and	 three	 non-traditional	 green	 and	 organic	 sanitizers	 against	 15	 Lm	 strains	 recovered	 from	
various	 food	 production	 environments	 in	 the	 PNW	 (e.g.,	 dairy,	 meat,	 nuts,	 produce,	 seafood),	
when	strains	are	grown	in	liquid	cultures	and	exposed	to	treatments	at	temperatures	ranging	from	
4	to	30°C	(39	to	86°F;	to	mimic	potential	sanitizer	and	production	temperatures).		

2) Assess	the	efficacy	of	three	traditional	chemical	sanitizers	and	three	non-traditional	sanitizers	used	
in	organic	operations,	or	“green”	sanitizer	compounds	against	Lm	strains	(n=5)	with	highest	MICs	
from	Objective	1	data,	when	strains	are	grown	on:	(i)	stainless	steel	coupons,	(ii)	wooden	coupons,	
(iii)	 glass,	 and	 (iv)	 plastic	 surfaces	 and	 exposed	 to	 manufacturer	 recommended	 sanitizer	
concentrations	at	temperatures	ranging	from	4	to	30°C	(39	to	86°F).	

3) Evaluate	growth	rates	of	Lm	 (n=15)	 in	the	presence	of	sub-lethal	concentrations	of	sanitizers,	 to	
mimic	potential	inadequate	sanitation	practices	that	may	occur	in	food	production	environments.		

	
	 	



PROCEDURES:		
Objective	1	experimental	design.	MICs	will	be	determined	using	a	slightly	modified	agar	dilution	method	
(e.g.,	 for	 QACs)	 described	 by	 Elhanafi	 et	 al.,	 2010,	 and	 a	 broth	 microdilution	 protocol	 described	 by	
Kovacevic	et	al.,	2013.	Briefly,	for	the	agar	dilution	method,	strains	will	be	grown	on	Mueller-Hinton	agar	
(MHA-B)	 (1.2%	 agar;	 Difco)	 supplemented	 with	 5%	 defibrinated	 sheep	 blood	 and	 incubated	 at	 35°C	
overnight.	Two	colonies	will	be	 transferred	 to	200	μl	of	Mueller-Hinton	broth	 (MHB;	Difco),	 and	5	μl	of	
suspension	 will	 be	 spotted	 in	 duplicate	 onto	 MHA-B	 plates	 containing	 appropriate	 concentrations	 of	
sanitizer	compounds,	and	 incubated	at	4,	7,	15,	23	and	30°C.	Following	48	h	of	 incubation,	MICs	will	be	
determined	 as	 the	 lowest	 assessed	 concentrations	 that	 prevented	 confluent	 growth.	 For	 the	 broth	
microdilution	 method,	 sanitizers	 will	 be	 added	 (100	 μl)	 to	 96-well	 microtiter	 plates	 containing	 95	 μl	
trypticase	 soy	 broth	 (TSB)	 and	 5	 μl	 of	 overnight	 grown	 Lm	 culture	 in	 TSB	 (1:100	 dilution;	 final	
concentration	 corresponding	 to	 2-4	 x	 105	 CFU	 [colony	 forming	 units]/ml).	 Microtiter	 plates	 will	 be	
incubated	at	4,	7,	15,	23	and	30°C	for	24	h.	Additionally,	cultures	from	each	well	of	the	microtiter	plate	will	
be	applied	with	a	sterile	loop	onto	trypticase	soy	agar	(TSA)	plates	and	incubated	overnight	at	35°C	(95°F)	
to	 confirm	 the	 presence	 or	 absence	 of	 bacterial	 growth.	 In	 each	microtiter	 plate,	 sterility	 and	 positive	
controls	will	also	be	included.	All	assays	will	be	run	in	duplicate	and	performed	at	least	three	times.		

Objective	 2	 experimental	 design.	 To	 determine	 the	 efficacy	 of	 sanitizers	 (n=6;	 2	 QAC-based,	 1	
peroxyacetic	acid-based,	3	alternative	compounds	used	in	organic	production	and/or	considered	“green”	
sanitizer	compounds),	five	Lm	strains	with	highest	MICs,	as	determined	in	Objective	1,	will	be	grown	in	TSB	
at	 35°C	 overnight,	 serially-diluted	 in	 TSB,	 and	 inoculated	 onto	 coupons	 (made	 of	 stainless	 steel,	 wood,	
glass	or	plastic)	in	sterile	24-well	microtiter	plates.	Plates	will	be	incubated	at	35°C	for	24	h,	rinsed	three	
times,	 and	 exposed	 to	 sanitizers	 at	 manufacturer	 recommended	 concentrations/exposure	 times,	 and	
temperatures	 of	 4,	 7,	 15,	 23	 and	 30°C	 (Figure	 1).	 Following	 exposure,	 coupons	will	 be	 transferred	with	
sterile	forceps	into	Dey/Engley	neutralizing	broth	(DEB)	to	neutralize	sanitizers,	and	incubated	at	35°C	for	
24-48	 h.	 Growth	 will	 be	 confirmed	 by	 color	 change	 (from	 purple	 to	 yellow),	 and	 also	 by	 transferring	
cultures	onto	TSA	plates	(35°C	for	24h).	In	each	microtiter	plate,	sterility	and	positive	controls	will	also	be	
included.	All	assays	will	be	run	in	duplicate	and	performed	at	least	three	times.		

	

	 	

Fig.	1.	Experimental	design	to	test	sanitizer	efficacy.	TSB,	trypticase	soy	broth;	DEB,	Dey/Engley	neutralizing	
broth.		
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Objective	3	experimental	design.	 	Growth	of	Lm	 (n=15)	 in	 the	presence	of	 sub-lethal	 concentrations	of	
sanitizers	 (n=6)	will	 be	 assessed	using	 a	 SpectraMax	plate	 reader	 (Molecular	Devices,	 Sunnyvale,	 CA)	 at	
30°C.	Briefly,	single	colonies	will	be	inoculated	into	5	ml	of	TSB	and	incubated	at	30°C	with	shaking	(200	
rpm).	 Following	 16	 h	 of	 incubation,	 cultures	 will	 be	 diluted	 1:100	 in	 TSB	 containing	 appropriate	
concentrations	of	sanitizer	compounds.	Aliquots	(200	μl)	for	each	strain	and	treatment	will	be	transferred	
in	duplicate	into	a	96-well	plate.	The	optical	density	(OD600)	levels	will	be	monitored	at	30-min	intervals	for	
24	 h.	 The	OD600	 data	will	 be	 fitted	 to	 growth	 curves	 to	 obtain	 the	 lag-phase	 duration	 (LPD),	maximum	
growth	 rate	 (MGR),	 and	 maximum	 density,	 using	 the	 DMFit	 3.0	 Excel	 add-in	 program	 (ComBase;	
Computational	 Microbiology	 Research	 Group,	 Institute	 of	 Food	 Research,	 Colney,	 Norwich,	 United	
Kingdom),	 based	on	 the	models	 of	 Baranyi	 and	Roberts	 (1994).	 Experiments	will	 be	 performed	 at	 least	
three	times.	With	each	run,	blank	controls	containing	TSB	only	or	TSB	with	appropriate	concentrations	of	
the	 tested	 sanitizer	 will	 be	 included,	 and	 their	 values	 will	 be	 subtracted	 from	 those	 for	 the	 strains	
containing	the	respective	treatments.	The	correspondence	between	the	OD600	values	and	viable	cell	counts	
will	be	examined	by	plating	onto	TSA	at	seven	time	points	(i.e.,	0,	1,	3,	5.5,	8,	10,	and	24	h)	representing	
the	early	logarithmic,	late	logarithmic,	and	late	stationary	growth	phases	at	30°C.		

	
SIGNIFICANT	ACCOMPLISHMENTS	TO	DATE:	
	
Start	 of	 the	 project	 was	 delayed	 by	 approximately	 six	months	 due	 to	 delays	 in	 the	 construction	 and	
certification	of	 the	biosafety	 level	2	 laboratory	at	 the	Food	 Innovation	Center.	 	Since	 the	beginning	of	
the	project	in	July	2017,	progress	has	been	done	on	both	objectives	1	and	2,	and	an	abstract	to	present	a	
poster	at	the	International	Association	for	Food	Protection	(IAFP)	Annual	Conference	in	July	2018,	in	Salt	
Lake	City,	Utah,	was	submitted.	
	
Review	 of	 existing	 literature	 and	 EPA	 standards	 for	 sanitizers	 approved	 for	 use	 in	 food	 industry	 was	
performed.	 A	 total	 of	 six	 sanitizers	 were	 selected	 for	 use	 in	 the	 study,	 including	 three	 sanitizers	
traditionally	 used	 in	 the	 food	 industry:	 two	 QACs	 (Lysol	 and	 SterBac)	 and	 a	 chlorine-based	 sanitizer	
(SparCHLOR).	We	also	 included	a	 third	QAC,	benzalkonium	chloride	 (BAC),	which	has	been	 commonly	
used	 in	 studies	 that	 investigated	 susceptibility	 of	 strains	 to	QACs,	 and	 is	 frequently	 used	 to	 compare	
sanitizer	susceptibilities	of	strains	among	different	studies.	The	“green”	sanitizers	were	chosen	based	on	
their	 active	 ingredients	 found	 on	 the	 EPA’s	 Design	 for	 the	 Environment	 program’s	 list	 of	 approved	
ingredients.	These	 included	peracetic	acid-based	(Tsunami	100),	a	citric	acid-based	(Pro-San	L),	and	an	
alcohol-based	sanitizer	(Purell	Food	Service	Surface	sanitizer).		
	
We	have	determined	 the	MICs	of	BAC	 for	 six	Lm	 isolates	using	 the	agar	dilution	method	described	 in	
Objective	 1	 experimental	 design,	 above.	We	have	 also	 begun	 to	 collect	MIC	 data	 for	 the	 SparCHLOR,	
Purell,	and	Pro	San	L	sanitizers	using	the	broth	microdilution	method,	as	described	above.	
	
The	results	from	the	agar	dilution	assay	revealed	that	all	six	Lm	 isolates	are	susceptible	to	BAC.	Strains	
susceptible	 to	 BAC	 are	 typically	 regarded	 as	 those	 with	 MICs	 below	 10	 μg/ml,	 and	 the	 highest	 MIC	
observed	was	3	μg/m.	Additionally,	a	potential	effect	of	temperature	on	the	efficacy	of	BAC	was	noted.	



Lm	has	an	optimum	growth	 temperature	 range	between	30	–	37oC.	As	such,	 it	was	expected	 that	 the	
susceptibility	would	 decrease	 as	 temperature	 approaches	 this	 range.	Our	 results	 confirmed	 this,	with	
the	 highest	MIC	 values	 observed	 at	 30oC.	 Using	 the	 broth	microdilution	method,	MIC	 data	 for	 three	
sanitizers	(SparCHLOR,	Purell,	and	Pro	San	L)	were	also	collected	at	an	incubation	temperature	of	30oC.	
The	results	from	this	preliminary	assay	show	that	strains	are	most	susceptible	to	SparCHLOR,	one	of	the	
traditional	chemical	sanitizers.	Both	assays	revealed	varying	MIC	values	across	isolates.	
		
Moving	forward,	we	will	continue	to	use	the	agar	dilution	and	broth	microdilution	methods	to	measure	
the	MICs	for	additional	sanitizers.	We	are	also	in	the	process	of	acquiring	additional	Lm	strains	to	include	
in	 the	 study.	We	 have	 acquired	 coupons	 and	 different	 growth	 surfaces	 for	 objective	 2	 experiments,	
which	will	start	in	February	2018.		
	
--------------	
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Title:	Minimum	Inhibitory	Concentrations	of	Eco-Friendly	and	Traditional	Sanitizers	against	Listeria	
monocytogenes	

Cara	Boucher,	Joy	Waite-Cusic,	David	Stone	and	Jovana	Kovacevic	

Introduction:	Effective	cleaning	and	sanitation	programs	are	essential	for	controlling	Listeria	
monocytogenes	(Lm)	in	food	processing	environments.	As	part	of	the	Design	for	the	Environment	
initiative	by	the	U.S.	Environmental	Protection	Agency,	more	antimicrobials	with	eco-friendly	
designations	are	becoming	available.	However,	little	is	known	about	the	ability	of	these	antimicrobials	to	
effectively	control	Lm.	

Purpose:	To	investigate	the	minimum	inhibitory	concentrations	(MIC)	of	eco-friendly	and	traditional	
sanitizers	against	Lm,	and	the	effect	of	temperature	on	the	efficacy	of	a	quaternary	ammonium	
compound	(QAC)-based	sanitizer.	

Methods:	Six	Lm	strains	(Scott	A,	OS4-328,	Ohio,	California,	ATCC	19115,	ATCC	19116)	were	exposed	to	
QAC	benzalkonium	chloride	(BAC),	and	three	commercially	available	sanitizers:	two	eco-friendly	
(alcohol-[ALB],	and	citric	acid-based	[CAB]),	and	one	traditional	(chlorine-based	[CLB]).	BAC	MICs	were	
measured	by	agar	dilution	method	(blood	agar	plates	with	1-30	μl/ml	BAC;	incubated	at	4°C/7	days,	
15°C/72h,	or	30°C/48h).	Microbroth	two-fold	dilution	method	in	tryptic	soy	broth	was	used	to	measure	
MICs	for	ALB	(1.15–147	μl/ml),	CAB	(0.025–3.3	μl/ml),	and	CLB	(3.91	x	10-4–0.025	μl/ml)	at	30°C/48h.	
Inoculum	levels	were	6-7	log	CFU/ml.	

Results:	All	strains	exhibited	similar	MICs	for	ALB	(30.6-49	μl/ml),	BAC	(<1-3	μl/ml),	and	CLB	(0.003	
μl/ml).	Lm	Ohio	was	more	susceptible	to	CAB	(MIC	0.31	μl/ml)	compared	to	other	strains	(MICs	1.4-2.2	
μl/ml).	MICs	were	lower	than	the	manufacturer	recommended	concentrations	(MRC)	for	ALB	(6-10x),	
CAB	(3-10x),	and	CLB	(33x).	CLB	was	the	most	effective	at	controlling	Lm	growth.	Lower	BAC	MICs	were	
observed	at	4-15°C	for	all	strains	compared	to	30°C.	



Significance:	All	tested	Lm	showed	susceptibility	to	eco-friendly	and	traditional	sanitizers	at	
concentrations	below	MRCs.	Notably,	BAC	was	more	effective	at	lower	temperatures.	This	study	
highlights	the	importance	of	sanitizer	selection	and	temperature	application	as	considerations	in	
sanitation	programs	in	food	industry.		

	
ADDITIONAL	FUNDING	RECEIVED	DURING	PROJECT	TERM:	None.	
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