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Abstract

:

Lactic acid bacteria (LAB) play an important role as natural food preservatives. However, the characterization of the variety of their metabolites is limited. The objective of this study was to determine the production of specific metabolites of Lacticaseibacillus rhamnosus, Levilactobacillus brevis and Lactiplantibacillus plantarum by an optimized liquid chromatography with an ultraviolet/diode detection (HPLC-UV/DAD) method and to investigate their potential antimicrobial activity against specific food pathogens. Based on the results of this study, the main metabolites detected in Levilactobacillus brevis were 103.4 μg mL−1 DL-p-Hydroxyphenyllactic acid (OH-PLA) and 2.59 μg mL−1 vanillic acid, while 216.2 μg mL−1 OH-PLA, 19.0 μg mL−1 salicylic acid, 3.7 μg mL−1 vanillic acid, 6.9 μg mL−1 ferulic acid, 4.2 μg mL−1 benzoic acid and 1.4 μg mL−1 4-Hydrocinnamic acid were identified in the Lactiplantibacillus plantarum strain and 147.6 μg mL−1 OH-PLA and 4.9 μg mL−1 ferulic acid were identified in Lacticaseibacillus rhamnosus. This study provides alternative approaches for the molecules involved in the antimicrobial activity of food microorganism fermentation. These molecules may be used as antimicrobial ingredients in the food industry instead of conventional chemical preservatives.
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1. Introduction


Innovative approaches and new data are created in the food technology sector for the quality improvement and safety assurance of produced foods. To date, the complete genomes of several probiotic LAB species have been sequenced and reported in the literature [1,2,3]. This information has notably facilitated an explanation of the functionality and technological attributes of these species. The current trend of reducing the consumption of ‘processed’ food has resulted in the replacement of conventional processing methods with alternatives, including the incorporation of microorganisms such as lactic acid bacteria (LAB) and antimicrobial compounds such as bacteriocins produced in food matrices [4,5,6,7,8,9].



LAB biopreservation is an alternative way to replace chemical preservatives in food. It is widely studied because of the role and the long history of the application of LAB in fermented foods [10,11,12,13,14]. The use of LAB and their metabolic products is an effective way to extend the shelf life and safety of a food. In this way, the action of spoilage and pathogenic microorganisms are inhibited, without modifying the desired organoleptic characteristics and nutritional value of the food [15,16,17,18,19].



Probiotics are live microorganisms that, when administered in adequate quantities, confer beneficial effects on human health by regulating the microbial balance in the gastrointestinal tract [20]. These bacteria prevent gastrointestinal illness by enhancing the growth of beneficial microorganisms and by inhibiting the multiplication mechanisms of pathogens [21,22].



The aim of this study was to determine specific metabolites produced by Lacticaseibacillus rhamnosus, Levilactobacillus brevis and Lactiplantibacillus plantarum and to investigate their potential antimicrobial activity against common food pathogens. Considering that LAB exhibit similar effects in vitro and the fact that their metabolites may target and play a role in the competitive exclusion of pathogens, the present study aimed to screen bacteria that produce numerous antimicrobial peptides and acids that may be effective biopreservatives for food products.




2. Materials and Methods


2.1. Bacterial Cultures


Lacticaseibacillus rhamnosus GG ATCC53103, Levilactobacillus brevis ATCC8287 and Lactiplantibacillus plantarum ATCC14917 (LAB) were grown in MRS broth (De Man Rogosa Sharp) and incubated at 37 °C for 48 h under anaerobic conditions prior to each experiment. The stock cultures were kept at −80 °C in MRS broth containing 20% (v/v) sterile glycerol.




2.2. Pathogenic Microorganisms


The pathogenic microbial species Salmonella enterica ATCC14028, Staphylococcus aureus ATCC 29213, Escherichia coli ATCC 25922 and Klebsiella pneumoniae ATCC 700603 were used in order to study the antimicrobial activity of the metabolites of the selected lactic acid bacteria.




2.3. Preparation of Standards


The standard solutions (Table 1) were prepared at known concentrations (100 ppm) in 90/10 (H2O/Methanol). The calibration curve standards were prepared at 1, 5, 10, 15 and 20 ppm and stored in vials (1.5 mL) supplemented with 90/10 (H2O/Methanol). The selection of the standard compounds was based on literature [23,24,25,26].




2.4. Extraction Procedures


The LAB strains were grown in MRS broth at 37 °C for 48 h under anaerobic conditions. The broths were centrifuged at 13,000× g for 7 min and the supernatants were filtered (filter pore size 0.22 μm) to prepare cell-free supernatants (CFSs). A non-inoculated MRS broth medium (no bacteria added) was used as a blank matrix (negative control).




2.5. Liquid Liquid Extraction (LLE)


Ten milliliters CFSs were added to 10 mL ethyl acetate, 1 g NaCl and 4 g Na2SO4 in 50 mL conical tubes and centrifuged at 4000× g for 10 min. Subsequently, 5 mL of the organic phase was collected by adding 100 μL of dimethyl sulfoxide (DMSO) and dried in a rotary evaporator. The dry phase was reconstituted (90% water and 10% methanol). The samples were filtered (0.22 μm) and aliquoted in two different vials. The 14 standards of known concentration were added in the first aliquot as internal controls in order to exactly identify the retention time and the wavelength of each peak. Both aliquots (with and without the internal controls, respectively) were analyzed by HPLC-UV/DAD. The optimum separation conditions are described below. A blank MRS broth was treated accordingly [23,24,25,26].




2.6. Instrumentation and Analytical Conditions


2.6.1. Chromatographic Conditions (HPLC-UV/DAD)


A Hitachi LaChrom Elite HPLC system with diode array detector (L-2455) achieved separation of standard compounds on an SVEA C18 Gold column (150 × 4.6 mm 5 µm, Sweden). The column was maintained at 30 °C. The injection volume was 20 μL and λmax = 280 nm with a λ range of 210–325 nm. Elution was performed using a gradient flow from water containing 0.1% formic acid (solvent A) and methanol containing 0.1% formic acid (solvent B). Initial conditions were optimized (10% for 0 min (B); 30% for 10 min (B); 40% for 20 min (B); 40% for 25 min (B); 100% for 40 min (B); 100% for 45 min (B); 90% for 50 min (B); 10% for 55 min (B)) at a flow rate of 0.500 mL/min−1 [24].




2.6.2. Precision of Standard Calibration Curves


Linear calibration curves were determined by generating a standard curve, in which serial 2-fold dilutions of standards were analyzed. The standard curve was generated by plotting the absorbance of each dilution against the known concentrations of standards. The resulting slope showed a linear relationship over 5 orders of magnitude, ranging from 1.25 to 20 mg/mL with a correlation coefficient R2 > 0.99. The detection rate was 100% for up to 1 mg/mL.





2.7. Antimicrobial Activity Assay


Four standardized ATCC strains from laboratory stock cultures were used in the evaluation of the antimicrobial activity of the CFSs, i.e., Salmonella enterica ATCC14028, Staphylococcus aureus ATCC 29213, Escherichia coli ATCC 25922 and Klebsiella pneumoniae ATCC 700603. Testing media (Selective Chromoagar for each pathogen) and Mueller–Hinton Agar (MHA) were used in order to evaluate the antimicrobial activity. The antimicrobial activity of CFSs filtrate was determined against the pathogen’s organisms. The CFSs incubated for 30 days at 37 °C. Fifty microliters of the incubated CFSs was removed on different days in order to find the best antimicrobial activity. One hundred microliters of microbial culture of an approximate inoculums size of 1.0 × 108 CFU/mL was added to all wells. Fifty microliters of the CFSs, on different days of incubation, were loaded into the microtiter plate containing each of the tested microbial strains. The plate was then incubated at 37 °C for 24 h. The lowest effective dose of each selected supernatant, which still significantly inhibited the growth of target pathogens, was determined as described in Table 4. The antimicrobial activity was confirmed using selective agar plates for each pathogen, as shown in Figure 1, Figure 2, Figure 3 and Figure 4. All measurements were performed in triplicate [27].





3. Results and Discussion


Lactic acid bacteria occur naturally in various foodstuffs; either their growth is enhanced, or they are added deliberately to produce a range of fermented foods. These include fish, meat, various dairy products, cereals, fruits and vegetables, including legumes. This important group of starter cultures is used in the production of a wide range of fermented foods; they contribute to the enhancement of the characteristics of food, and they have been recognized as contributing to the microbial safety of fermented food [6,8]. LAB have an important antimicrobial function due to their production of certain metabolites, such as organic acids [28,29,30,31,32]. Certain strains of L. plantarum from sourdough have been reported to produce 3-(4-hydroxyphenyl)lactic acid (HPLA) and PLA and have been reported to be antifungal compounds. Many reports have suggested that antifungal activity is a combination of organic acids such as lactic, acetic, phenyllactic acids or bacteriocins and low-molecular-weight antimicrobial agents and peptides [26,33].



The objective of this study was to optimize the HPLC-UV/DAD method for the qualitative and quantitative determination of 14 different LAB metabolites. Sample preparation (extraction and clean-up) is a prerequisite for analyzing the majority of food matrices, and in the area of LAB, this process is appropriate. The high accuracy, the time and the cost of our method in this article were the same compared to an earlier study undertaken by Brosnan [23,24]. According to Brosnan et al., 2014, HPLC-UV/DAD, GC-MS and LC-MS were used to identify LAB-producing compounds. These methods allow the compounds to be determined in a single chromatographic test. Τhe retention time of these methods is about 40 min. Elution was performed using a gradient flow of water containing formic acid (solvent A) and acetonitrile containing formic acid (solvent Β). The cost of analysis for all methods mentioned above is the same price for every single run. The solvents are quite economical, but the standards compounds are expensive.



The identification of standards, the wavelengths and the retention time of each compound are shown in Table 1. The response intensity and retention time of the chromatographic peaks from the three analyses almost overlap, which shows limited variations due to instrument errors.



The chromatographic method was optimized for the quantitative analysis of 14 compounds in LAB strains within a run period of 60 min. Based on the results, the three standards (phenyllactic acid (28 min); hydrocinnamic acid (38 min); 3,4-Dihydroxyhydrocinnamic acid (45.3 min)) were identified at 255 nm (Figure 1 and Figure 2). Compared to phenyllactic acid and 3,4-dihydroxyhydrocinnamic acid, all the tested standards showed higher absorbance at 255 nm.



The main metabolites that were detected in the tested LAB strains are presented in Table 2. Lactiplantibacillus plantarum was a unique strain that produced all six detected metabolites (Figure 3, Figure 4 and Figure 5). DL-p-Hydroxyphenyllactic acid (OH-PLA) was identified in the metabolites of three of the tested LAB. The highest concentration (217.8 ppm) was found in Lactiplantibacillus plantarum and the lowest (103.4 ppm) in Levilactobacillus brevis (Table 2). A similar quantity of vanillic acid range (2.6–3.4 ppm) was identified in Levilactobacillus brevis and Lactiplantibacillus plantarum, respectively. Ferulic acid was isolated in different concentrations in Lacticaseibacillus rhamnosus and Lactiplantibacillus plantarum ranged from 4.9 to 6.4 (Table 2).



It was observed that the metabolites produced by the tested LAB species in the broth medium remained the same over a period of 30 days while the concentrations increased in the broth (Table 3). Thus, metabolites could be identified from the first day of incubation of the microorganism. None of these compounds was detected in the blank MRS broth.



The analysis was implemented during a 30 day period. The concentration of each metabolite was determined at a 5 day interval, as shown in Table 3. In the present study, the concentration of metabolites increased until the 10th day. Afterward, the metabolites’ concentrations followed a stable pattern [27].



Axel [28] et al., (2015), investigated the antifungal activity of L. reuteri R29 and the production of antifungal carboxylic acids in wheat sourdough. The results of the study showed that L. brevis R2D produced ferulic acid (22 mg/mL), salicylic acid (1 mg/mL), vanillic acid (8 mg/mL) and 3-phenylacetic acid (8 mg/mL). Brosnan et al. (2014), studied the case of Lactiplantibacillus plantarum for the potential production of antimicrobial compounds. The results showed that the metabolic compounds identified in L. plantarum were 4.8 mg/mL of OH-PLA, 1.03 mg/mL of 4-hydroxybenzoic acid, 0.04 mg/mL of caffeic acid, 43 mg/mL of phenyllactic acid, 0.46 mg/mL of coumaric acid, 0.13 mg/mL of 3-(4-hydroxy-3-methoxyphenyl) propanoic acid, 0.29 mg/mL of benzoic acid and 1.2 mg/mL of ferulic acid.



The present study investigated the antimicrobial activity of the obtained CFSs after 30 days incubation of the three LAB strains against pathogenic microbial species (Salmonella enterica ATCC14028; Staphylococcus aureus ATCC 29213; Escherichia coli ATCC 25922; Klebsiella pneumoniae ATCC 700603).



The inhibition of active antimicrobial substances produced by different LAB species after incubation at 37 °C and against pathogens appeared to be similar, as shown in Table 4 and in Figure 6, Figure 7, Figure 8 and Figure 9. All obtained CFSs from LAB cultures showed significant inhibitory effects on the tested Gram-negative and -positive pathogens. The isolated LAB inhibited the growth of the tested pathogenic strains successfully, indicating that the addition of LAB strains in commercial food products may provide effective protection against infections caused by specific pathogens. All the metabolites produced from the three LAB species that were incubated for 5 days at 37 °C inhibited all the pathogen microorganisms. The potential application of LAB for the control of the proliferation of undesirable microorganisms has been reported for different food products of plant or animal origin [29,30,31].



In future studies, it would be desirable to conduct targeted assays for antifungal molecule identification and quantification by combining different extraction and analysis methods, such as LC-MS/MS or GC-MS.




4. Conclusions


LAB are the most commonly used microorganisms for the fermentation and preservation of foods. Their importance is mainly associated with their safe metabolic activity while growing in foods; utilizing available sugar for the production of organic acids and other metabolites. The increasing societal demand for less processed food products, while conserving those products’ quality, safety and shelf-life, has raised the question of chemical preservative replacement. In this context, the lactic acid bacteria, as well as their metabolites, are alternatives of interest for use in food as bioprotective tools to fight microbial pathogen growth answering to consumer demands. These components may be applied to a wide range of perishable foods with limited shelf life, such as meat and poultry, dairy products, fish and seafood, with the aim to control the proliferation of undesirable microorganisms. The HPLC-UV/DAD method has been optimized, allowing the separation and quantification of 14 natural antimicrobial compounds derived from LAB. However, only six natural antimicrobial compounds were detected and quantified in the obtained CFSs. From the resulting spectra (Figure 3, Figure 4 and Figure 5), several peaks were observed that have not been previously identified. The optimization of the analytical assays may provide powerful tools for the identification of currently unknown compounds produced by LAB strains, which are involved in the antimicrobial mechanisms against different food pathogens and spoilage microorganisms. This may include the validation of the proposed analytical method on real food systems, and testing the antibacterial activity not only on inoculated bacteria, but also on the natural microflora of different food matrices.
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Figure 1. Chromatogram at 255 nm of 14 standard mixes (50 ppm; 10 mL injection) of previously reported antifungal compounds from LAB prepared in water–methanol (90/10) and MRS broth (filtered 0.22 μm; LLE extraction; 20 μL direct injection). (A) 4-hydroxybenzoic acid (19.3 min); (B) DL-p-Hydroxyphenyllactic acid (16.3 min); (C) Phenyllactic acid (28 min); (D) 3-(4-Hydroxyphenyl) propionic acid (26.4 min); (E) Hydrocinnamic acid (38 min); (F) Methylcinnamic acid (41.3 min); (G) Salicylic acid (36 min); (H) 1,2-Dihydroxybenzene (15.7 min); (I) 3,4-Dihydrocinnamic acid (21.7 min); (J) Vanillic acid (21.3 min); (K) 3,4-Dihydroxyhydrocinnamic acid (45.3 min); (L) Ferulic acid (28.7 min); (M) salicylic acid (34.2 min); (O) 4-Hydrocinnamic acid (27.4 min). 
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Figure 2. Chromatogram at 280 nm of 11 standard mixes (50 ppm; 10 mL injection) of previously reported antifungal compounds from LAB prepared in water–methanol (90/10) and MRS broth (filtered 0.22 μm; LLE extraction; 20 μL direct injection). (A) 4-hydroxybenzoic acid (19.3 min); (B) DL-p-Hydroxyphenyllactic acid (16.3 min); (D) 3-(4-Hydroxyphenyl) propionic acid (26.4 min); (F) Methylcinnamic acid (41.3 min); (G) Salicylic acid (36 min); (H) 1,2-Dihydroxybenzene (15.7 min); (I) 3,4-Dihydrocinnamic acid (21.7 min); (J) Vanillic acid (21.3 min); (L) Ferulic acid (28.7 min); (M) salicylic acid (34.2 min); (O) 4-Hydrocinnamic acid (27.4 min). 
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Figure 3. Chromatographic profile of Levilactobacillus brevis ATCC8287 showing antimicrobial activity. High mass accuracy spectrum of compound (B) OH-PLA (16.3 min); high mass accuracy spectrum of compound (J) Vanillic acid (21.3 min). 
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Figure 4. Chromatographic profile of Lacticaseibacillus rhamnosus GG ATCC53103 showing antimicrobial activity. High mass accuracy spectrum of compound (B) OH-PLA (16.3 min); high mass accuracy spectrum of compound (L) Ferulic acid (28.7 min). 
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Figure 5. Chromatographic profile of Lactiplantibacillus plantarum ATCC14917 showing antimicrobial activity. High mass accuracy spectrum of compound (B) OH-PLA (16.3 min); high mass accuracy spectrum of compound (J) Vanillic acid (21.3 min); high mass accuracy spectrum of compound (O) 4-Hydrocinnamic acid (27.4 min); high mass accuracy spectrum of compound (L) Ferulic acid (28.7 min); high mass accuracy spectrum of compound (M) Benzoic acid (34.2 min); high mass accuracy spectrum of compound (G) Salicylic acid (36 min). 






Figure 5. Chromatographic profile of Lactiplantibacillus plantarum ATCC14917 showing antimicrobial activity. High mass accuracy spectrum of compound (B) OH-PLA (16.3 min); high mass accuracy spectrum of compound (J) Vanillic acid (21.3 min); high mass accuracy spectrum of compound (O) 4-Hydrocinnamic acid (27.4 min); high mass accuracy spectrum of compound (L) Ferulic acid (28.7 min); high mass accuracy spectrum of compound (M) Benzoic acid (34.2 min); high mass accuracy spectrum of compound (G) Salicylic acid (36 min).



[image: Applsci 12 00660 g005]







[image: Applsci 12 00660 g006 550] 





Figure 6. The results of the antimicrobial activity of CFCs (after 5 days incubation) of three LAB species (Levilactobacillus brevis, Lactiplantibacillus plantarum, Lacticaseibacillus rhamnosus) against pathogenic bacteria Salmonella enterica ATCC14028. 
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Figure 7. The results of the antimicrobial activity of CFCs (after 5 days incubation) of three LAB species (Levilactobacillus brevis, Lactiplantibacillus plantarum, Lacticaseibacillus rhamnosus) against pathogenic bacteria Kl. Pneumoniae ATCC700603. 






Figure 7. The results of the antimicrobial activity of CFCs (after 5 days incubation) of three LAB species (Levilactobacillus brevis, Lactiplantibacillus plantarum, Lacticaseibacillus rhamnosus) against pathogenic bacteria Kl. Pneumoniae ATCC700603.



[image: Applsci 12 00660 g007]







[image: Applsci 12 00660 g008 550] 





Figure 8. The results of the antimicrobial activity of CFCs (after 5 days incubation) of three LAB species (Levilactobacillus brevis, Lactiplantibacillus plantarum, Lacticaseibacillus rhamnosus) against pathogenic bacteria E. coli ATCC 25922. 
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Figure 9. The results of the antimicrobial activity of CFCs (after 5 days incubation) of three LAB species (Levilactobacillus brevis, Lactiplantibacillus plantarum, Lacticaseibacillus rhamnosus) against pathogenic bacteria S. aureus ATCC 29213. 
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Table 1. Maximum absorbance (λmax) of 14 standard compounds determined by HPLC-UV/DAD.
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	Standard Compounds
	UV (nm)
	Retention Time (min)





	(A) 4-Hydroxybenzoic acid
	251, 269, 344
	19.3



	(Β) DL-p-Hydroxyphenyllactic acid
	228, 274, 395
	16.3



	(C) Phenyllactic acid
	216, 255, 394
	28



	(D) 3-(4-Hydroxyphenyl) propionic acid
	235, 277, 342
	26.4



	(E) Hydrocinnamic acid
	220, 255, 315
	38



	(F) Methylcinnamic acid
	251, 270, 293
	41.3



	(G) Salicylic acid
	235, 302, 386
	36



	(H) 1,2-Dihydroxybenzene
	229, 271, 390
	15.7



	(I) 3,4-Dihydrocinnamic acid
	222, 324, 314
	21.7



	(J) Vanillic acid
	253, 268, 294
	21.3



	(K) 3,4-Dihydroxyhydrocinnamic acid
	222, 255, 323
	45.3



	(L) Ferulic acid
	225, 234, 322
	28.7



	(M) Benzoic acid
	230, 273, 388
	34.2



	(O) 4-Hydrocinnamic acid
	227, 239, 310
	27.4
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Table 2. Concentration (in ppm) of the 14 tested compounds determined in Levilactobacillus brevis, Lactiplantibacillus plantarum and Lacticaseibacillus rhamnosus cultures.






Table 2. Concentration (in ppm) of the 14 tested compounds determined in Levilactobacillus brevis, Lactiplantibacillus plantarum and Lacticaseibacillus rhamnosus cultures.





	Name of Standard
	Levilactobacillusbrevis (ppm)
	Lactiplantibacillusplantarum (ppm)
	Lacticaseibacillusrhamnosus (ppm)





	(A) 4-Hydroxybenzoic acid
	-
	-
	-



	(Β) DL-p-Hydroxyphenyllactic acid
	103.4
	217.8
	147.6



	(C) Phenyllactic acid
	-
	-
	-



	(D) 3-(4-Hydroxyphenyl) propionic acid
	-
	-
	-



	(E) Hydrocinnamic acid
	-
	-
	-



	(F) Methylcinnamic acid
	-
	-
	-



	(G) Salicylic acid
	-
	1.8
	-



	(H) 1,2-Dihydroxybenzene
	-
	-
	-



	(I) 3,4-Dihydrocinnamic acid
	-
	-
	-



	(J) Vanillic acid
	2.6
	3.4
	-



	(K) 3,4-Dihydroxyhydrocinnamic acid
	-
	-
	-



	(L) Ferulic acid
	-
	6.4
	4.9



	(M) Benzoic acid
	-
	4.6
	-



	(O) 4-Hydrocinnamic acid
	-
	1.4
	-
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Table 3. Concentration (in ppm) of metabolites produced by Levilactobacillus brevis, Lactiplantibacillus plantarum and Lacticaseibacillus rhamnosus.
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Name Strain

	
Cfu/mL

	
Incubation Time (Days)

	
DL-p-Hydroxy-Phenyllactic Acid

	
Salicylic Acid

	
Vanillic Acid

	
Ferulic Acid

	
Benzoic Acid

	
4-Hydro-Cinnamic Acid






	
Levilactobacillus brevis (ppm)

	
108

	
5

	
80.2

	
-

	
1.5

	
-

	
-

	
-




	
105

	
10

	
98.3

	
-

	
2.4

	
-

	
-

	
-




	
105

	
15

	
100.2

	
-

	
2.4

	
-

	
-

	
-




	
104

	
20

	
102.3

	
-

	
2.5

	
-

	
-

	
-




	
104

	
25

	
103.4

	
-

	
2.6

	
-

	
-

	
-




	
102

	
30

	
103.4

	
-

	
2.6

	
-

	
-

	
-




	
Lactiplantibacillus plantarum (ppm)

	
108

	
5

	
150.3

	
1.0

	
2.2

	
4.8

	
3.2

	
1.0




	
105

	
10

	
200.10

	
1.6

	
3.2

	
6.05

	
3.8

	
1.25




	
105

	
15

	
214.3

	
1.6

	
3.3

	
6.35

	
3.9

	
1.3




	
103

	
20

	
216.8

	
1.72

	
3.35

	
6.40

	
4.4

	
1.35




	
102

	
25

	
217.5

	
1.8

	
3.4

	
6.40

	
4.55

	
1.40




	
101

	
30

	
217.8

	
1.8

	
3.4

	
6.4

	
4.6

	
1.4




	
Lacticaseibacillus rhamnosus (ppm)

	
108

	
5

	
123.2

	
-

	
-

	
3.85

	
-

	
-




	
105

	
10

	
138.0

	
-

	
-

	
4.45

	
-

	
-




	
105

	
15

	
142.3

	
-

	
-

	
4.55

	
-

	
-




	
104

	
20

	
145.4

	
-

	
-

	
4.85

	
-

	
-




	
104

	
25

	
147.6

	
-

	
-

	
4.90

	
-

	
-




	
102

	
30

	
147.6

	
-

	
-

	
4.90

	
-

	
-
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Table 4. The inhibition of pathogens’ growth by active antimicrobial substances produced by Levilactobacillus brevis, Lactiplantibacillus plantarum and Lacticaseibacillus rhamnosus.






Table 4. The inhibition of pathogens’ growth by active antimicrobial substances produced by Levilactobacillus brevis, Lactiplantibacillus plantarum and Lacticaseibacillus rhamnosus.





	
Name of Pathogen Strain

	
Metabolites of L. brevis

	
Metabolites of L. plantarum

	
Metabolites of L. rhamnosus




	
1

	
2

	
3

	
1

	
2

	
3

	
1

	
2

	
3






	
Salmonella enterica ATCC14028 (cfu/mL)

	
108

	
103

	
0

	
108

	
102

	
0

	
108

	
103

	
0




	
Staphylococcus aureus ATCC29213 (cfu/mL)

	
108

	
103

	
0

	
108

	
102

	
0

	
108

	
103

	
0




	
Escherichia coli ATCC25922 (cfu/mL)

	
108

	
103

	
0

	
108

	
102

	
0

	
108

	
103

	
0




	
Klebsiella pneumoniae ATCC700603 (cfu/mL)

	
108

	
103

	
0

	
108

	
102

	
0

	
108

	
103

	
0








1. Incubation time (1 day); 2. Incubation time (3 days); 3. Incubation time (5 days).
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