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Abstract

Background: The application of natural antimicrobial and antioxidant agents in food and pharmaceutical products has recently
become a trend due to the high demand for them from consumers. Postbiotics are bioactive compounds that are produced when
the healthy bacteria in the gut ferment fiber.
Objectives: This study aimed to compare the antibacterial and antioxidant properties of postbiotics from 5 different lactic acid
bacteria (LAB) including Lactiplantibacillus fermentum, Lactiplantibacillus plantarum, Lactiplantibacillus rhamnosus, Lactobacillus casei,
and Lactobacillus acidophilus.
Methods: Two different methods were adopted to obtain postbiotics (M1 and M2). M1 was the simple method in which the cen-
trifugation was employed while in M2 method, ethyl acetate was used to obtain postbiotics. Agar disc diffusion, minimum inhi-
bition concentration, and minimum bactericidal concentration were used to assess the antimicrobial activity of postbiotics. The
2,2-diphenyl-1-picrylhydrazyl (DPPH) test was performed in order for investigating the antioxidant property.
Results: The best results were recorded for L. casei compared to other LABs. Highest values of the agar disc diffusion method were
obtained for L. casei. The inhibition zones for Salmonella enterica, Listeria monocytogenes, and Staphylococcus aureus, for examples,
were 22 mm, 20 mm, and 19 mm, respectively. The postbiotic of L. casei also exhibited the most potent antioxidant activity among
other probiotic bacteria. The data showed that M2 was a more effective method than the other method for acquiring postbiotics.
Conclusions: It was recommended LABs postbiotics should be applied as antioxidant, antimicrobial, and preservatives in food and
pharmaceutical industries due to their desired effects and natural characteristics.
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1. Background

Prebiotics, probiotics, and postbiotics have drawn the
close attention of researchers over the last decades (1). They
are obtained from different sources (e.g., foods (2)) and
used in many foods due to their beneficial effects. The shelf
life of foods, for instance, is improved by them (3). Pro-
biotics and prebiotics have been used for producing func-
tional foods (4).

A recent growing trend has emerged in the application
of postbiotics in various foods due to the consumers’ de-
mand for consumption of foods free from chemical preser-
vative (5). In addition, the application of postbiotics in
foods has been found to have some advantages. For exam-

ples, postbiotics are more resistant to food processing and
they can remain active for longer periods. Application of
live probiotic bacteria in food has its own limitations. Live
probiotic bacteria are extremely affected by food nature,
pH, temperature, etc (6). Currently, massive amounts of
postbiotics and postbiotics are applied in food industries
(5) in order to produce functional foods, improve shelf life,
and enhance the safety of food.

At present, Lactobacillus sp. is the most common bac-
teria used for producing postbiotics. Many Lactobacillus
bacteria (LAB) have been used in foods for various reasons.
One of the most common species of Lactobacillus bacteria
is Lactiplantibacillus plantarum, which produces several fa-
vorable metabolites in foods, such as antimicrobial com-
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pounds and vitamins (7). Other beneficial metabolites are
also produced by L. plantarum such as hydrogen peroxide,
organic acids, bacteriocins, etc. Moreover, L. plantarum
functions as an antagonist toward pathogens and spoilage
bacteria (7). Although some antibacterial compounds pro-
duced by LAB (e.g., bacteriocins) are effective against gram-
positive bacteria, other compounds (e.g., organic acids) ex-
hibit antimicrobial effects toward gram-negative bacteria.
Herein, LAB has been used for inhibiting the growth of
pathogens, such as Salmonella, in the intestine of animals
and humans (8).

The postbiotics produced by LAB are generally recog-
nized as safe compounds (GRAS) and, therefore, can be ide-
ally applied in foods (7). Toushik et al. (9) conducted a
study on LAB postbiotic to prevent the spoilage of seafood
products, and reported that LAB postbiotic significantly in-
creased the shelf life of seafood product and, therefore,
suggested that these metabolites should be used as green
preservative in seafood. In another study, LAB postbiotics
were used to increase the shelf life of chicken drumstick
(10). The researchers argued that LAB postbiotic, in addi-
tion to improving the shelf life, was effective in killing L.
monocytogenes and was able to reduce their number for 1.1
log10 CFU/g. Antimicrobial properties of postbiotics are not
only effective in improving the shelf life due to the inhibi-
tion of spoilage bacteria, but are also effective in control-
ling pathogenic bacteria and, thus, enhancing the safety of
food.

Moreover, postbiotics obtained from LAB have been re-
ported to show antioxidant activities. This antioxidant
properties are attributed to the flavonoids and phenols (11).
Incili et al. (10) revealed that some phenolic compounds
(e.g., gallic acid, vanilic acid, caffeic acid, and coumaric
acid) are the major constituent with radical scavenging ac-
tivity in postbiotics acquired from LABs.

2. Objectives

There was no earlier study investigating the antimicro-
bial and antioxidant activities of several lactic acid bacte-
ria. This study, therefore, aimed to exploit LAB metabolites
with antimicrobial and antioxidant properties by adopt-
ing 2 different methods. This study, moreover, aimed to in-
vestigate and compare the antimicrobial and antioxidant
activities of 5 different LABs.

3. Methods

3.1. Microorganism

Five different LABs including Lactiplantibacillus fermen-
tum (ATCC 9338), L. plantarum (ATCC 8014), Lactiplantibacil-
lus rhamnosus (ATCC 7469), Lactobacillus casei (ATCC 39392),

and Lactobacillus acidophilus (ATCC 4356) were purchased
from Iranian Research Organization for Science and Tech-
nology, Tehran, Iran. In order to activate the bacteria, they
were cultured anaerobically using Whitley Jar Gassing Sys-
tem device in de Man, Rogosa, and Sharpe (MRS) (Merck,
Germany) broth medium for 48 h, at 32°C.

3.2. Acquiring Lactobacillus Bacteria Postbiotics

Two different methods were used to obtain metabo-
lites from LABs. In the first method (M1), centrifugation
of culture media along with LABs was carried out for 20
m at 4000 g. In this procedure, LAB cells were precipi-
tated at the bottom and supernatant containing extracel-
lular metabolites were extracted. A 0.22 µM membrane
was used to filter the supernatant. The metabolites pro-
vided by this method are free of any LAB cells (12). In the sec-
ond method (M2) and after the incubation of LABs in Dif-
co™ Lactobacilli MRS Broth media, ethyl acetate was added
to the Erlenmeyer which was, then, placed on a shaker for
3 h to achieve 2 phases. The obtained biphasic solution
was filtered through Whatman filter paper. The filtrate was
then centrifuged at 4000 g for 20 m (13). The acquired
supernatant was transferred to a glass tube and dried at
45°C. In this method, LAB cells were lysed due to the ap-
plication of ethyl acetate (Merck, Germany), and intracel-
lular metabolites were released into the medium. In fact,
the final product contained intracellular and extracellular
metabolites of LAB.

3.3. Antimicrobial Activity of 5 Different Lactobacillus Bacteria
Metabolites

3.3.1. Agar Disk Diffusion

Agar disc diffusion method was employed to deter-
mine the antimicrobial activity of metabolites obtained
by 5 different LAB metabolites. Mueller Hinton agar
(Merck, Germany) medium was used for performing this
test, and 0.5 McFarland of pathogenic bacteria, includ-
ing Escherichia coli, Listeria monocytogenes, Bacillus cereus,
Salmonella enterica, and Staphylococcus aureus were inocu-
lated to the medium. Then 6 mm diameter filter paper disc
impregnated with 100µL of each postbiotics was placed on
the agar plates. A caliper was used to record the inhibition
zone (14, 15).

3.3.2. Minimum Inhibitory Concentration

Five pathogenic bacteria were cultured in a general
medium, such as trypticase soy broth (TSB) (Difco Labo
ratories, Detroit, Mich., USA), and used to assess the an-
timicrobial potency of different postbiotics. Minimum
inhibitory concentration (MIC) was measured using mi-
crotiter plate assay according to Sevin et al. (16). Postbi-
otic dilutions (two-fold) ranging from 1.024 to 0.25 mg/mL
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were used. One hundred microliter of pathogenic bacteria
(107 CFU/mL) was added to the postbiotic and placed at 32°C
for 24 h. The positive control was pathogenic bacteria with-
out postbiotic, and the negative control was culture media
without bacteria and postbiotic. The lowest concentration
of each postbiotic preventing the growth of bacteria was
considered as MIC.

3.3.3. Minimum Bactericide Concentration

The minimum bactericide concentration (MBC) was
carried out according to Torabi Chafriji et al. (17). The an-
timicrobial characteristic of each postbiotics was tested
against 5 different bacteria including E. coli, L. monocyto-
genes, B. cereus, S. enterica, and S. aureus. The incubation was
carried out at 37°C for 24 h. The lack of microbial growth
was considered as bactericidal activity after the incuba-
tion.

3.4. 2,2-diphenyl-1-picrylhydrazyl Test

Antioxidant properties of each postbiotic was investi-
gated adopting the method proposed by Alkan Turkucar et
al. (18). Aliquot 2.5 mL 2,2-diphenyl-1-picrylhydrazyl (DPPH)
(1 mM in methanol) was added to 0.5 mL of each postbiotic
and shaken. The glass tubes were then placed at 4°C with-
out any light for 1 h. The 517 nm wavelength was used to
measure the absorbance. BHT was used as blank. DPPH was
calculated using the following formula:

(1)DPPH =
Ablank −Asample

Ablank
× 100

3.5. Statistical Analysis

Statistical analysis of data, such as means ± standard
deviation (SD) and one-way analysis of variance of data,
was performed using SPSS (SPSS Statistics Software, version
18, Chicago, IL, USA) and MS Excel software. All analyses
were performed in 3 replicates.

4. Results

4.1. Agar Disc Diffusion Method

Antimicrobial activity of postbiotics obtained from 5
different LAB were investigated by adopting agar disc dif-
fusion method. Salmonella enterica was the most suscepti-
ble bacteria, and 22 mm inhibition zone was recorded due
to the postbiotic acquired from L. casei. Overall, L. casei
showed the highest antibacterial characteristics. However,
L. plantarum was unable to prevent any pathogenic bacte-
ria in the current study. The data obtained by the agar disc
diffusion method are presented in Figure 1.

4.2. Minimum Inhibitory Concentration

The MIC is another method to assess the antimicro-
bial potency of antibacterial agents. The lowest values of
MIC were recorded for postbiotics of L. casei, indicating the
highest antimicrobial activity. The highest amounts of MIC
were determined for L. plantarum, which were unable to in-
hibit bacterial growth for any pathogen. The data obtained
by the MIC method are displayed in Figure 2.

4.3. Minimum Bactericidal Concentration

The MBC for postbiotics are depicted in Figure 3. Lacto-
bacillus acidophilus and L. plantarum were unable to elimi-
nate the pathogenic bacteria even at highest doses of post-
biotics (1.024 µL/mL). However, L. casei and L. rhamnosus
postbiotics exhibited excellent antimicrobial activity, es-
pecially toward E. coli, L. monocytogenes, and S. enterica.
Herein, L. casei postbiotic exhibited more antibacterial ac-
tivity than other bacteria.

4.4. Antioxidant Activity of the Postbiotics

As shown in Figure 4, L. casei was the most potent
postbiotic, followed by L. rhamnosus, L. fermentum, L. aci-
dophilus, and L. plantarum. Lactiplantibacillus plantarum al-
most showed no effect and exhibited the weakest antioxi-
dant properties.

5. Discussion

Postbiotics acquired from probiotic bacteria have re-
cently attracted the close attention of the researchers due
to their desirable effects with minimum number of ad-
verse effects. These compounds are natural and pose no
risk of bacteremia for immunocompromised individuals
(19, 20). Therefore, they have great potential for indus-
trial application associated with food and pharmaceutical
products. In the present study, 2 different methods were
used to produce postbiotic from 5 different LAB, and their
antioxidant and antimicrobial effects were evaluated.

In this study, 3 different tests were carried out to assess
the antimicrobial activity of the postbiotics. The postbiotic
obtained from L. casei showed the best results for gram-
positive and gram-negative bacteria, such as L. monocyto-
genes and S. enterica. The inhibition zones for L. casei post-
biotics were determined to be 20 mm and 22 mm against L.
monocytogenes and S. enterica, respectively. Moreover, L. ca-
sei postbiotics also showed excellent antimicrobial activity
against S. aureus (19 mm) and B. cereus (18 mm). The MIC
and MBC generated similar results in the agar disc diffu-
sion test. The lowest amounts of MIC were recorded for L.
casei postbiotics toward L. monocytogenes, B. cereus, S. en-
terica, and S. aureus. These results recorded for postbiotics
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Figure 1. Antimicrobial activity of postbiotics from 5 different lactic acid bacteria against 5 different pathogenic bacteria (M1: First method to obtain postbiotics, M2: Second
method to obtain postbiotics)
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Figure 2. Minimum inhibitory concentration recorded for postbiotics of 5 different lactic acid bacteria against 5 different pathogenic bacteria (M1: First method to obtain
postbiotics, M2: Second method to obtain postbiotics)

of M2 proved the efficiency of the second method. Similar
results were observed in MBC analysis. The best results in
MBC test were reported for postbiotics of L. casei acquired
by the second method against L. monocytogenes, B. cereus,
S. aureus, and S. enterica (MBC = 0.33 µL/mL). The data ob-
tained by this study revealed that L. plantarum and L. aci-
dophilus were unable to inhibit the growth of pathogenic
bacteria, and also exhibited no potential to eliminate the
pathogenic bacteria.

Our study results were consistent with the findings
from a survey carried out by Azami et al. (21), which re-

ported excellent antibacterial properties of L. casei. More-
over, Campana et al. discovered the exquisite antibacte-
rial activity of L. casei postbiotic (22). They cultivated L.
casei in microaerophilic conditions, obtained cell-free su-
pernatant (postbiotic), and investigated its antimicrobial
properties against Cronobacter sakazakii. They also argued
that L. casei postbiotic was able to eliminate 99% of C.
sakazakii after 2 hours, indicating strong antimicrobial ac-
tivity of the given postbiotics. In contrast, a study on the
antibacterial effects of 3 different postbiotics from L. casei,
L. salivarius, and L. acidophilus revealed that L. casei was the
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Figure 3. Minimum bactericidal concentration determined for postbiotics of 5 different lactic acid bacteria against 5 different pathogenic bacteria (M1: First method to obtain
postbiotics, M2: Second method to obtain postbiotics)
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Figure 4. Antioxidant activity assessed for postbiotics of 5 different lactic acid bacteria against 5 different pathogenic bacteria (M1: First method to obtain postbiotics, M2:
Second method to obtain postbiotics)

weakest postbiotic compared to other LABs (6).

The most resistant pathogenic bacterium to L. ca-
sei postbiotic was E. coli, which is the most important
pathogenic bacteria in foods. Incili et al. (23) conducted a
study to investigate the antimicrobial activity of LAB post-
biotics against E. coli, and reported that a combination of
chitosan and LAB postbiotics had the potential to exert
excellent antibacterial effect on E. coli. In another study,
postbiotic of L. casei was found effective in controlling

pathogens and reducing 99% of E. coli (24).

There are several studies in the literature reporting the
antibacterial activity of L. rhamnosus. Shi et al. (25) re-
ported significant antibacterial effect of L. rhamnosus post-
biotic on S. enteritidis. They also introduced postbiotics
as the next possible generation of antibiotics. Herein, an-
other study revealed the antibacterial effect of L. rhamno-
sus postbiotics on S. typhimurium (26). Rezaei et al. (27) also
demonstrated the antibacterial effects of L. rhamnosusi on
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L. monocytogenes and Pseudomonas aeruginosa. De Keers-
maecker et al. (26) conducted an interesting study to re-
veal the causality of antibacterial activity of L. rhamnosus
postbiotics, and discovered that antibacterial agent pro-
duced by L. rhamnosus was non-proteinaceous and heat sta-
ble. They also found that this agent acted in acidic pH and
was disabled in pH = 6.6. Therefore, they concluded that an-
tibacterial agent of L. rhamnosus present in postbiotic was
lactic acid.

Several researchers investigated the desirable effects
of postbiotics. Dunand et al. (28), for instance, explored
the antibacterial effects of postbiotics and found that fer-
mented milk containing postbiotics of LAB was able to pro-
tect mice from S. enterica serovar Typhimurium. Further-
more, Hamad et al. (29) applied postbiotic of L. rhamnosus
on poultry meat to inhibit the Clostridium perfringens and
documented the significant antibacterial effect of L. rham-
nosus postbiotic, concluding that its application on poul-
try meat may have limited the growth of C. perfringens.

In addition, comparing the first and second methods
of obtaining postbiotics revealed that the inhibition zone
for each pathogenic bacterium was increased from first
method to second method. This may have been due to
the additional compounds released from the cytoplasm of
lactic acid bacteria. These additional compounds can be
bacteriocin-like products and/or peptides with antibacte-
rial activity. Also, the antimicrobial effects of postbiotics
obtained by the second method may have been attributed
to the presence of hydrogen peroxide and/or organic acids
(26).

In the current study, 5 different LABs were used to ob-
tain postbiotics with favorable attributes, such as antimi-
crobial and antioxidant properties. Antioxidant proper-
ties of different postbiotics were analyzed by employing
DPPH method. The best results were observed for L. ca-
sei, followed by L. rhamnosus, L. fermentum, L. acidophilus,
and L. plantarum. Antioxidant activity of LABs had been
reported previously. Hamad et al. (29) studied the an-
tioxidant activity of postbiotics obtained from 4 LABs, in-
cluding L. fermentum, L. rhamnosus, L. acidilactici, and L. del-
brueckii, and found the higher antioxidant activity of L.
rhamnosus compare to other bacteria. Although Hamad et
al. (29) did not assess the antioxidant activity of L. casei,
their results were consistent with our study findings. Ku-
mari et al. (30) isolated LABs postbiotics from beetroot and
reported antioxidant activity for them. The postbiotics of
LABs are the source of antioxidant compounds with differ-
ent mechanisms of action with radical scavenging poten-
tial. Higher antioxidant properties of L. casei in our study
may have been due to the higher content of phenolic com-
pounds in its postbiotic. Another possibility is the pres-
ence of significantly higher total flavonoids content (29). It

has been demonstrated that LABs are capable of producing
flavonoid and phenolic compounds, which is strain depen-
dent (31). Production of several phenolic compounds, such
as quercetin, ferulic, vanillin, and gallic acid have been re-
ported for LABs (31).

5.1. Conclusions

In this study, 5 different LABs including L. fermentum,
L. plantarum, L. rhamnosus, L. casei, and L. acidophilus were
selected, and analyzed to determine their antimicrobial
and antioxidant activities. To this end, 2 different meth-
ods were adopted to obtain postbiotics (M1 and M2). Three
different antimicrobial assay methods were implemented
(i.e., agar disc diffusion, minimum inhibition concentra-
tion, and minimum bactericidal concentration) and DPPH
test was performed for investigating the antioxidant prop-
erty. The data showed that the best postbiotic with an-
timicrobial and antioxidant characteristics was the one ob-
tained by M2 for L. casei. However, it was recommended
that further studies should be conducted in order to de-
termine the antimicrobial and antioxidant compounds in
produced postbiotics. It was also suggested that postbi-
otics should be introduced and applied as the modern an-
tibiotics with minimum adverse effects, which may have
been used in food and pharmaceutical industries.
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