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FLORPRO project: Selection of beneficial bacteria from chilled 
food products to protect them from bacterial spoilage and increase 

their shelf life 

The	main	 goal	 of	 FLORPRO	project	 is	 to	 enable	 industrial	 partners	 to	 provide	 on	 the	
market	products	with	a	perfect	sensory	and	microbiological	control.	In	order	to	do	so,	
we	intend	to	act	at	several	levels,	either	in	the	recipe	of	the	product,	or	in	its	packaging,	
but	 especially	 in	 its	 microbiological	 composiKon.	 Several	 chilled	 food	 products	 were	
selected	from	different	sectors	of	the	food	industry.	Thus,	thorough	studies	concerning	
these	 food	 products	 and	 their	 changes	 during	 aging	 were	 realized.	 Through	 this	
knowledge,	we	were	able	to	select	part	of	their	microbiota	with	no	organolepKc	impact	
in	order	to	protect	them	from	bacterial	spoilage	and	extend	their	shelf	life.		

Food	 industry	 players	 are	 subject	 to	 a	 high	 compeKKon.	 In	 this	 way,	 their	 food	
products	have	to	meet	 the	requirements	 in	 terms	of	quality	and	safety	coming	 from	
regulaKon,	 food	sector,	and	consumers.	To	do	 that,	 it	 could	be	 interesKng	 to	add	to	
food	 products	 a	 logisKcal	 flexibility	 or	 an	 ecological	 added	 value	 (Clean	 Label).	
Meanwhile,	microbial	food	spoilage	has	become	a	major	issue	in	the	food	industry.	It	
has	been	esKmated	to	be	responsible	for	25	%	of	the	world’s	food	supply	losses.	In	this	
context,	the	need	for	 innovaKve	and	natural	soluKons	to	protect	food	products	have	
become	stronger	and	microbial	biopreservaKon	prove	to	be	a	promising	alternaKve.	

		Food	products		
		characterisa/on		

		Methodology		
		development	

Process	valida/on		
in	pilot	plant	 			Industry	trial	

Microbiology:	Pseudomonas,	
yeast	&	mould,	total	mesophilic	
bacteria	count,	Brochothrix	
thermosphacta,	lacKc	acid	
bacteria,	Enterobacteriaceae.	
Metagene/cs:	Day	0	&	end	of	the	
shelf	life	
Physico-chemistry:	pH,	gaz,	lipid	
&	protein	alteraKon	(biogenic	
amine,	aldehyde,	etc.)	

•  IsolaKon	of	dominant	bacteria	
•  CharacterisaKon	of	bacteria	of	

interest	
ü  BioscreenTM	

ü  RAPD	
•  InoculaKon	method	of	the	

selected	bacteria	
•  Monitoring	of	the	inoculated	

bacteria	
ü  qPCR	
ü  MetageneKcs	
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Unclassified	
Other	
Acinetobacter	lwoffii	
Carnobacterium	maltaromaKcum	
SerraKa	sp.	
Lactobacillus	sp.	
Raoultella	sp.	
Staphylococcus	gallinarum	
Exiguobacterium	sp.	
Klebsiella	sp.	
Enterobacter	sp.	
Rahnella	sp.	
Aeromonas	sp.	
Propionibacterium	acnes	
Leuconostoc	citreum	
Pseudomonas	sp.	
Pantoea	sp.	
Leuconostoc	mesenteroides	
Acinetobacter	sp.	
Leuconostoc	kimchii	
Pseudomonas	sp.	
Lactococcus	sp.	
Lactococcus	lacKs	
Ralstonia	sp.	
Leuconostoc	sp.	
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Unclassified	
Others	
Psychrobacter	aquimaris	
Rahnella	aquaKlis	
Psychrobacter	sp.	
Bifidobacterium	animalis		
Lactobacillus	sakei	
Xanthomonas	citri	
Erwinia	sp.	
Kosakonia	cowanii	
Myroides	odoraKmimus	
Enterobacter	cloacae	
Corynebacterium	flavescens	
Acinetobacter	sp.	
Enterobacter	sp.	
Pseudomonas	extremorientalis	
Leuconostoc	citreum	
Ralstonia	solanacearum	
Lactobacillus	algidus	
Janthinobacterium	sp.	
Leuconostoc	mesenteroides	
Pantoea	sp.	
Lactobacillus	acidophilus	
Lactobacillus	sp.	
Pseudomonas	sp.	
Carnobacterium	maltaromaKcum	
Lactobacillus	fuchuensis	
Lactobacillus	sakei	
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Unclassified	
Others	
Lactobacillus	nenjiangensis	
Rahnella	sp.	
Weissella	minor	
Lactobacillus	sakei	
Lactobacillus	ultunensis	
Eubacterium	moniliforme	
Lactobacillus	crispatus	
Psychrobacter	cibarius	
SerraKa	sp.	
Psychrobacter	sp.	
Ralstonia	pickeii	
Acinetobacter	sp.	
Lactobacillus	amylolyKcus	
Hafnia	paralvei	
Lactobacillus	vaginalis	
Yersinia	kristensenii	
Lactobacillus	oligofermentans	
Peptostreptococcus	russellii	
Lactobacillus	acidophilus	
Leuconostoc	mesenteroides	
Brochothrix	sp.	
Lactobacillus	brevis	
Lactobacillus	reuteri	
Pseudomonas	sp.	
SerraKa	grimesii	
Lactobacillus	curvatus	

•  InoculaKon	of	bioprotecKve	
strains	
ü  Alone	or	in	mix	
ü  Different	concentraKons	

•  Modified	atmosphere	packaging	
ü  RaKo	CO2	/	02	/	N2	
ü  RaKo		weigh	/	volume	/	gaz	

•  Aging	
•  Microbiological,	physico-

chemical,	metageneKc	and	
sensory	analysis	at	Day	0	and	at	
the	end	of	the	shelf-life	

•  ImplementaKon	of	inoculaKon	methods	in	pracKcal	condiKons	of	use	
ü  Beef	paies:	into	the	food	matrix	
ü  Precooked	passta	(w/o	egg):	into	the	surface-added	oil	
ü  White	pudding:	spraying	on	the	surface	

•  Real	packaging	
•  Aging	
	
•  Shelf-life	analysis	

ü  16S	rDNA	metageneKcs	à	Technology:	Illumina	(MiSeq)	;	Processing	data:	Mothur	
ü  Sensory	analysis	à	Untrained	panel	(6	to	8	members)	;	Raw	samples	and/or	

cooked	samples	;	3	aoributes	(appearance,	odor,	and		flavor)	;	Scoring	from	
1(=	dislike)	to	5	(=	like)	;	ANOVA	with	post-hoc	Tukey	HSD	

To	 conclude,	 these	 results	 show	 that	 the	 strategy	 developed	 in	 the	
FLORPRO	project,	which	involves	the	selecKon	of	bacteria	naturally	present	
in	the	product	for	a	biopreservaKve	purpose,	seems	to	be	a	very	promising	
way	 to	 enhance	 food	 products.	 Thus,	 the	 selected	 cocktails	 have	 parKally	
inhibited	 the	 development	 of	 potenKally	 spoilage	 bacteria	 such	 as	
Leuconostoc	 sp.	 and	 Serra9a	 sp..	 These	 cocktails	 have	 also	 protected	 the	
tray	 from	 swelling	 (white	 pudding)	 and	 stabilised	 the	 sensory	 evaluaKon	
aqer	the	end	of	the	shelf	life	(Data	not	shown).	Currently,	the	assessment	of	
the	 bioprotecKve	 effect	 of	 this	 cocktail	 against	 pathogens	 is	 being	
undertaken.	 Moreover,	 this	 strategy	 is	 being	 carried	 out	 on	 other	 food	
products.	
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Fig.	1	Sensory	analysis	of	raw	white	
pudding	(odor)	

Fig.	2	16S	rDNA	metageneKc	
analysis	of	white	pudding	

Fig.	3	Sensory	analysis	of	precooked	
pasta	(odor)	

Fig.	4	16S	rDNA	metageneKc	
analysis	of	precooked	pasta	

Fig.	5	Sensory	analysis	of	raw	and	
cooked	beef	paies	(odor	and	flavor)	

Fig.	6	16S	rDNA	metageneKc	
analysis	of	beef	paies	

Inoculated	strain	1	
Lb.	sakei	
Inoculated	strain	2	
Lb.	fuchuensis	
Inoculated	strain	3	
C.	malataroma9cum	

MetageneKc	analysis	(Fig.	2)	show	that	at	Day	0,	white	puddings	are	contaminated	with	different	dominant	species	such	as	several	
Lactobacillus	species,	Brochothrix	sp.,	and	Pseudomonas	sp..	While	for	the	 inoculated	sample,	the	3	 inoculated	strains	are	found:	
Lb.	curvatus	(15	%)	;	Lb.	oligofermentans	(9	%)	and	Lb.	nenjiangensis	(1	%).	At	the	end	of	the	shelf	life,	the	blank	is	dominated	by	
Serra9a	grimessi	up	to	around	40	%	of	the	total	microbiota	but	also	with	other	species	known	to	be	potenKally	involved	in	spoilage	
such	as	Leuconostoc	mesenteroides,	Hafnia	paralvei	and	Serra9a	sp.	For	the	inoculated	sample,	Lb.	curvatus	is	dominant	(93	%)	and	
all	the	other	species	are	kept	below	1	%	except	for	Lb.	nenjiangensis	(1.5	%).	Concerning	the	sensory	analysis	(Fig.	1)	of	raw	white	
pudding	 (odor),	 it	 indicates	 that	 inoculated	 sample	 is	 beoer	 quoted	 (p<0.05)	 than	 blank	 at	 the	 end	 of	 the	 shelf	 life	 with	 no	
difference	at	Day	0	and	for	appearance	(data	not	shown).	
	

MetageneKc	analysis	 (Fig.	6)	 show	that	at	Day	0,	beef	paies	are	contaminated	with	different	species	such	as	Pseudomonas	 sp.,	
Pantoea	sp.,	and	Leuconostoc	mesenteroides.	While	for	the	inoculated	sample,	the	3	inoculated	strains	are	found	to	be	dominant	
(about	70	%	of	the	microbiota)	:	Lb.	sakei	(23	%)	;	Lb.	fuchuensis	(16	%)	and	C.	maltaroma9cum	(28	%).	At	the	end	of	the	shelf	life,	
the	blank	 is	dominated	by	Lactobacillus	species	up	to	around	90	%	of	the	total	microbiota,	especially	L.	sakei	 (80	%,	without	the	
ability	to	determine	whether	this	strain	is	different	from	inoculated	one).	For	the	inoculated	sample,	Lb.	sakei	 is	dominant	(49	%)	
with	Lb.	fuchuensis	(41	%)	 	and	all	the	other	species	are	kept	below	1	%	except	for	another	Lactobacillus	species	(4	%).	Concerning	
the	sensory	analysis	(Fig.	5)	of	raw	and	cooked	beef	paies	(odor	and	flavor),	it	 indicates	that	inoculated	sample	is	beoer	quoted	
(p<0.05)	than	blank	at	the	end	of	the	shelf	life	with	no	difference	at	Day	0	and	for	appearance	(data	not	shown).	
	

MetageneKc	analysis	(Fig.	4)	show	that	at	Day	0,	precooked	pasta	are	contaminated	with	different	species	such	as	Leuconostoc	sp.,	
Ralstonia	sp.,	and	Pseudomonas	sp.	While	for	the	inoculated	sample,	the	inoculated	strain	is	found:	Lc.	lac9s	(23	%).	At	the	end	of	
the	shelf	life,	the	blank	is	dominated	by	several	species	of	Leuconostoc	spp.	up	to	around	85	%	of	the	total	microbiota,	this	genus	is	
known	to	be	potenKally	involved	in	spoilage.	For	the	inoculated	sample,	Lc.	lac9s	is	dominant	(80	%)	and	Leuconostoc	spp.	is	kept	
below	5	%.	Concerning	 the	 sensory	 analysis	 (Fig.	 3)	 of	 raw	precooked	pasta	 (odor),	 it	 indicates	 that	 inoculated	 sample	 is	 beoer	
quoted	than	blank	at	the	end	of	the	shelf	life	with	no	difference	at	Day	0	and	for	appearance	(data	not	shown).	
	


