Table 1. Molecular and epidemiological characteristics of Avian Pathogenic Escherichia coli (APEC) strains isolated from laying hens with colibacillosis and used in this study.
	APEC strains
	Serotype
	Avian tissue source 
	Year of isolation

	ECL 24324
	O78:H9
	Pericardium
	2019

	ECL 21752
	O78:H9
	Spleen
	2017

	ECL 20552
	O78:H4
	Pericardium
	2015

	ECL 24206
	O78:H4
	Liver
	2019

	ECL 23136
	O78:H9
	Liver
	2018

	ECL 19808
	O78:H4
	Spleen
	2014

	ECL 22860
	O78:H4
	Heart 
	2018

	ECL 24026
	O78:H9
	Pericardium
	2019

	ECL 15813
	O25:H4
	Heart 
	2008

	ECL 25364
	O25:H4
	Heart surface area
	2020

	ECL 25618
	O78:H4
	Liver
	2020

	ECL 20719
	O78:H9
	Liver
	2015

	ECL 25149
	O78:H9
	Peritoneal fluid
	2020

	ECL 21813
	O25:H4
	Liver
	2017

	ECL 23871
	O25:H4
	Pericardium
	2019

	ECL 20423
	O78:H4
	Pericardium
	2015












Table 2. Composition and botanical names of the plant-derived compounds included in the commercial product evaluated in this study. 
	Main bioactive component
	Proportion in the formulation 
(µg/mL) 

	Cinnamaldehyde
	49 500

	Carvacrol
	13 000

	Thymol
	4 900

	Eugenol
	9 200

	Organosulfides 
	8 000

	Punicalagins
	4 000

	Artepillin C
	18 000












Table 3. Phylogenetic group, multilocus sequence type (MLST), and serotype of the selected APEC strains used in the combination assays. 
	APEC strains
	Phylogenetic group 
	Sequence type (ST)
	Serotype

	ECL 24324
	C
	23
	O78:H9

	ECL 21752
	C
	23
	O78:H9

	ECL 20552
	G
	117
	O78:H4

	ECL 24026
	C
	23
	O78:H9 

	ECL 20719
	C
	9862
	O78:H9

	ECL 23871
	B2
	131
	O25:H4
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Table 4. Phenotypic antimicrobial susceptibility and genotypic resistance determinants of individual APEC strains (n=16). 
	 
	Beta-lactams
	Aminoglycoside
	Folate pathway inhibitor
	Fluoroquinolones
	Quinolones
	Tetracycline

	APEC strains
	Ceftiofur
	Gene
	Ampicillin
	Gene
	Gentamicin
	Gene
	Tobramycin
	Gene
	Streptomycin
	Gene
	Kanamycin
	Gene
	Trimethoprim-Sulfamethoxazole 
	Gene
	Ciprofloxacin
	Gene
	Nalidixic acid
	Gene
	Oxytetracycline
	Gene

	ECL 24324
	S
	 
	R
	blaTEM1B
	R
	aac(3)IId
	R
	aac(3)IId
	S
	 
	R
	 
	S
	 
	S
	 
	S
	 
	S
	 

	ECL 21752
	S
	 
	R
	blaTEM1B
	R
	aac(3)IId
	R
	aac(3)IId
	I
	aadA1
	R
	 
	R
	sul1 ; dfrA15
	S
	 
	I
	 
	R
	tet(A)

	ECL 20552
	S
	 
	S
	 
	S
	aac(3)-VIa
	S
	 
	R
	aadA1
	S
	 
	S
	sul1
	S
	 
	I
	 
	R
	tet(A)

	ECL 24026
	S
	 
	S
	 
	S
	 
	S
	 
	S
	 
	S
	 
	S
	 
	S
	 
	S
	 
	R
	tet(A)

	ECL 20719
	I
	blaCMY2
	R
	blaTEM1B
	R
	aac(3)-VIa
	R
	aac(3)IId
	R
	aadA1
	S
	 
	S
	sul1
	S
	 
	S
	 
	S
	 

	
	
	
	
	 blaCMY2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ECL 23871
	S
	blaCMY2
	R
	blaCMY2
	S
	 
	S
	 
	S
	 
	S
	 
	S
	 
	S
	 
	S
	 
	S
	 

	ECL 24206
	S
	 
	S
	 
	S
	 
	S
	 
	R
	aph(6)Id
	R
	aph(3')Ia
	R
	sul2
	S
	 
	S
	 
	R
	tet(B)

	
	
	
	
	
	
	
	
	
	
	 aph(3")Ib
	
	
	
	
	
	
	
	 
	
	

	ECL 23136
	S
	 
	R
	blaTEM1B
	R
	aac(3)IId
	R
	aac(3)IId
	S
	 
	S
	 
	S
	 
	S
	 
	S
	 
	S
	 

	ECL 19808
	S
	 
	S
	 
	R
	aac(3)-VIa
	S
	 
	R
	aadA1
	S
	 
	S
	sul1 ; sul2
	S
	 
	S
	 
	S
	 

	ECL 22860
	S
	 
	S
	 
	R
	aac(3)Vla
	S
	 
	R
	aadA1
	S
	 
	S
	sul1 ; sul2
	S
	 
	S
	 
	S
	 

	ECL 15813
	S
	 
	S
	 
	R
	aac(3)-VIa
	S
	 
	R
	aadA1
	S
	 
	S
	sul1
	S
	 
	S
	 
	R
	tet(A)

	ECL 25364
	S
	 
	S
	 
	S
	 
	S
	 
	R
	aph(6)Id
	R
	aph(3')Ia
	S
	sul2
	S
	 
	S
	 
	R
	tet(B)

	
	
	
	
	
	
	
	
	
	
	 aph(3")Ib
	
	
	
	
	
	
	
	
	
	

	ECL 25618
	S
	 
	S
	 
	S
	 
	S
	 
	S
	 
	R
	aph(3')Ia
	S
	 
	S
	 
	I
	 
	R
	tet(A)

	ECL 25149
	S
	 
	R
	blaTEM1B
	R
	aac(3)IId
	R
	aac(3)IId
	S
	 
	S
	 
	S
	 
	S
	 
	I
	 
	S
	 

	ECL 21813
	S
	 
	R
	blaTEM1B
	R
	aac(3)IId
	R
	aac(3)IId
	S
	 
	S
	 
	S
	 
	S
	 
	R
	 
	S
	 

	ECL 20423
	S
	blaCMY2
	R
	blaCMY2
	R
	aac(3)-VIa
	S
	 
	R
	aadA1
	S
	 
	S
	sul1 ; sul2
	S
	 
	S
	 
	S
	 


Resistant: red (R); Susceptible: green (S); Intermediate: orange (I). The quality-control strain, ATCC 25922, was susceptible to all the tested antimicrobials.

Table 5. Minimum inhibitory concentrations (MICs) of the plant-derived product against APEC with different antimicrobial resistance genotypes under pure and complex matrix conditions 
	APEC 
strains
	MIC under pure culture conditions (µg/mL)
	MIC in complex cecal matrix (µg/mL)
	Phenotypic AMR Profile (Resistant) 
	ARGs identified by Resfinder

	ECL 24324
	7800
	15625
	AMP, GMN, TMN, KMN, NAL
	blaTEM1B, aac(3)IId

	ECL 21752
	7800
	15625
	AMP, GMN, TMN, KMN, SXT, OT
	blaTEM1B, aac(3)IId, aadA1, sul1, dfrA15, tet(A)

	ECL 20552
	7800
	15625
	SMN, OT
	aac(3)-VIa, aadA1, sul 1, tet(A)

	ECL 24026
	7800
	15625
	OT
	tet(A)

	ECL 20719
	7800
	15625
	AMP, GMN, TMN, SMN,
	blaCMY2, blaTEM1B, aac(3)VIa, aac(3)IId, aadA1, sul1

	ECL 23871
	7800
	15625
	AMP,
	blaCMY2

	ECL 24206
	7800
	NA
	SMN, KMN, SXT, OT
	aph(6)Id,  aph(3")Ib, aph(3')Ia, sul2, tet(B)

	ECL 23136
	7800
	NA
	AMP, GMN, TMN,
	blaTEM1B, aac(3)IId

	ECL 19808
	7800
	NA
	GMN, SMN,
	aac(3)-VIa, aadA1, sul1, sul 2

	ECL 22860
	7800
	NA
	GMN, SMN,
	aac(3)-VIa, aadA1, sul1, sul 2

	ECL 15813
	7800
	NA
	GMN, SMN, OT
	aac(3)-VIa, aadA1, sul1, tet(A)

	ECL 25364
	7800
	NA
	SMN, KMN, OT
	aph(6)Id,  aph(3")Ib, aph(3')Ia, sul2, tet(B)

	ECL 25618
	7800
	NA
	KMN, OT
	aph(3')Ia, tet(A)

	ECL 25149
	7800
	NA
	AMP, GMN, TMN,
	blaTEM1B, aac(3)IId

	ECL 21813
	7800
	NA
	AMP, GMN, TMN, NAL
	blaTEM1B, aac(3)IId

	ECL 20423
	7800
	NA
	AMP, GMN, SMN,
	blaCMY2, aac(3)VIa, aadA1, sul1, sul2

	ATCC 25922
	7800
	15625
	NA
	 NA


AM: ampicillin; GMN: gentamicin; TMN: tobramycin; SMN: streptomycin; KMN: kanamycin; SXT: trimethoprim-sulfamethoxazole; NAL: nalidixic acid; OT: oxytetracycline; MIC: minimum inhibitory concentrations; AMR: Antimicrobial resistance; ARGs: Antimicrobial resistance genes. 

Table 6. Minimum inhibitory concentrations (MICs) and fractional inhibitory concentration indices (FICIs) of essential oils tested in combination with pomegranate extract against selected antimicrobial-resistant APEC strains.
	Cinnamon / Pomegranate
	MIC A (alone) (µg/mL)
	MIC B (alone) (µg/mL)
	MIC A (in the presence of B) (µg/mL)
	MIC B (in the presence of A) (µg/mL)
	FICA
	FICB
	FICI
	Interaction

	ATCC25922
	3900
	10000
	3900
	7800
	1,0
	0,8
	1,8
	No interactive

	ECL24324
	3900
	15625
	2000
	7800
	0,5
	0,5
	1,0
	Additive

	ECL21752
	3900
	15625
	3900
	10000
	1,0
	0,6
	1,6
	No interactive 

	ECL20552
	3900
	20000
	2000
	15625
	0,5
	0,8
	1,3
	No interactive

	ECL24026
	3900
	15625
	3900
	10000
	1,0
	0,6
	1,6
	No interactive

	ECL20719
	3900
	20000
	200
	15625
	0,1
	0,8
	0,8
	Additive

	ECL23871
	3900
	20000
	2000
	15625
	0,5
	0,8
	1,3
	No interactive

	Oregano / Pomegranate
	

	ATCC25922
	3900
	10000
	3900
	10000
	1,0
	1,0
	2,0
	No interactive

	ECL24324
	3900
	15625
	3900
	31300
	1,0
	2,0
	3,0
	No interactive

	ECL21752
	3900
	15625
	3900
	31300
	1,0
	2,0
	3,0
	No interactive

	ECL20552
	3900
	20000
	3900
	20000
	1,0
	1,0
	2,0
	No interactive

	ECL24026
	3900
	15625
	3900
	31300
	1,0
	2,0
	3,0
	No interactive

	ECL20719
	3900
	20000
	3900
	20000
	1,0
	1,0
	2,0
	No interactive

	ECL23871
	3900
	20000
	3900
	20000
	1,0
	1,0
	2,0
	No interactive

	Clove / Pomegranate
	

	ATCC25922
	0,0156
	10000
	7800
	10000
	0,5
	1,0
	1,5
	No interactive

	ECL24324
	0,0156
	15625
	7800
	7800
	0,5
	0,5
	1,0
	Additive

	ECL21752
	0,0156
	15625
	7800
	7800
	0,5
	1
	1,0
	Additive

	ECL20552
	0,0156
	20000
	7800
	20000
	0,5
	1,0
	1,5
	No interactive

	ECL24026
	0,0156
	15625
	7800
	7800
	0,5
	0,5
	1,0
	Additive

	ECL20719
	0,0156
	20000
	7800
	20000
	0,5
	1,0
	1,5
	No interactive

	ECL23871
	0,0156
	20000
	7800
	20000
	0,5
	1,0
	1,5
	No interactive


MIC: minimum inhibitory concentrations in µg/mL; FIC: fractional inhibitory concentration; FICI: fractional inhibitory concentration index. synergistic (FICI ≤ 0.5), partial synergy (0.5 < FICI ≤ 0.75), additive (0.75 < FICI ≤ 1.0) in green, indifferent (1.0 < FICI ≤ 4.0) in orange, or antagonistic effect (FICI > 4.0).

