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Introduction

Probiotics are defined as living microorganisms (i.e.,
lactic acid bacteria) that benefit human health when
ingested appropriately [1, 2]. Lactic acid bacteria (LAB)
are found in various habitats, such as humans, plants,
and fermented foods [3]. Among the LAB, the
Lactobacillus genus has been used as a food additive and
starter in the dairy industry [4]. Lactobacillus also
produce bacteriocins and exopolysaccharides, which
have a protective role in fermented foods and immune-
enhancing effects on human health, respectively [5−7].

In particular, Lactobacillus acidophilus, which is often
found in human intestines, plays a critical role in
enhancing the growth of beneficial LABs and maintain-
ing intestinal flora [8, 9]. 

L. acidophilus is “generally recognized as safe”
because it is non-pathogenic and has a long history of
safe use as a probiotic in various food products such as
dairy products and fermented meat [10, 11]. However,
due to rare but adverse events caused by L. acidophilus,
such as diarrhea and bowel irritation [11, 12], the bacteria's
safety has been brought into focus [13, 14]. As a result,
the FAO/WHO had introduced a guideline for evaluating
probiotics as food in 2002. This guideline includes stan-
dardized methods for in vivo and in vitro safety assess-
ment. 

The characteristics of the commercially available
strain, L. acidophilus IDCC 3302, include 66.3% auto-
aggregation, 38.0−93.2% co-aggregation with pathogens,
51.2% hydrophobicity, 73.2% acid tolerance, 59.3% bile
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tolerances, and antipathogenic effects [15]. In this study,
L. acidophilus IDCC 3302's antibiotic resistance and
toxigenicity were investigated with whole-genome
sequence analysis. L. acidophilus IDCC 3302's phenotypes,
such as minimal inhibitory concentration, β-hemolysis,
extracellular enzyme activity, and the production of
biological amines and L/D-lactate, were investigated.
Finally, an in vivo, acute oral toxicity (AOT) test was
performed to access the bacteria's safety. Therefore, this
study is valuable to those who plan to determine the
safety of probiotics. 

Materials and Methods 

Bacterial strain and culture conditions
L. acidophilus IDCC 3302 (ATCC BAA2845TM), isolated

from infant feces, was incubated in MRS (BD Difco,
USA) medium at 37℃ in a static incubator under
anaerobic condition. As a positive control for hemolytic
activity, Staphylococcus aureus (ATCC 25923) was incu-
bated in brain heart infusion (BHI; BD Difco) medium at
37℃ and 200 rpm.

Whole-genome analysis
The whole-genome sequencing of S. thermophilus

IDCC 2201 was performed to identify its virulence and
antibiotic resistance gene. The VFDB database was
searched for virulence genes [16], and ResFider software
(ver. 3.2) with the CARD database were searched for
antibiotic resistance genes [17]. The search parameters
were set to the identity of > 80% and coverage of > 80%
for gene identification. Transposases and transferases
were annotated using the protein-protein basic local
search program (BLASTP) against the NCBI GenBank
proteins. Prophage regions were identified using
PHASTER web-based program [18]. 

Antibiotic resistance
L. acidophilus IDCC 3302 was evaluated for its sus-

ceptibility to various antibiotics, which are typically
used to treat enterococcal infections. Nine antibiotics,
ampicillin, vancomycin, gentamicin, kanamycin, strepto-
mycin, erythromycin, clindamycin, tetracycline, and
chloramphenicol were used as recommended by EFSA
(2018). The test was performed according to CLSI (Clinical
Laboratory Standards Institute) protocol. Briefly, a sin-

gle colony from a plate was inoculated in MRS broth and
pre-incubated for 16 h. The cultured cells and antibiotic
solution were mixed in a 96-well plate to achieve the ini-
tial cell density of 5 × 105 colony-forming unit (CFU)/ml
and an antibiotic concentration of 0.125−1024 µg/ml.
Then, the plate was incubated at 37℃ anaerobically in a
static incubator for 18 h. Finally, the optical density of
the cells was measured using a microplate reader
(BioTek, USA) to determine the lowest antibiotic concen-
tration that completely inhibited cell growth (minimal
inhibitory concentrations, or MICs). 

β-Hemolysis activity
Single colonies of L. acidophilus IDCC 3302 and

Staphylococcus aureus ATCC 25923, which acted as the
positive control, were incubated for 16 h. The incubated
cells were streaked on sheep blood agar plates (BBL
Microbiology Systems, USA). The plates were then incu-
bated at 37℃ for 24 h. Finally, β-hemolytic activity was
indicated by the clear zone that formed around a colony. 

Extracellular enzyme activities 
Extracellular enzymatic activities were determined

using an API-ZYM kit (BIOMÉRIUX, France). Briefly, a
single colony of L. acidophilus IDCC 3302 was inocu-
lated and incubated at 37℃ anaerobically for 16 h. The
cells were centrifuged, and cell pellets were adjusted to
1.8 × 109 CFU/ml with PBS. The cells were loaded into a
96-well plate and incubated at 37℃ for 4 h. Then, one
drop of each of ZYM-A and ZYM-B reagents were added
to each well. After 5 min, color changes were observed
and compared to the manufacturer's standard response
chart. 

Biogenic amines production
Biogenic amines (BAs) produced by L. acidophilus

IDCC 3302 were analyzed with slight modifications [19].
Five biogenic amines, i.e., tyramine, histamine,
putrescine, 2-phenethylamine, and cadaverine, were
used as standards as recommended by EFSA [20]. 

After L. acidophilus IDCC 3302 was cultured in MRS
for 16 h, 0.5 ml of supernatant from the culture was
mixed with 0.5 ml of 0.1 N HCl. Next, 200 µl of saturated
NaHCO3 (Sigma-Aldrich, USA), 20 µl of 2 M NaOH, and
0.5 ml of 10% dansyl chloride (10 mg/ml acetone) were
added to the mixture, followed by derivatization at 70℃
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for 10 min. Then, 200 µl of L-proline (100 mg/ml H2O)
was added into derivatized BAs and incubated in a dark
room for 15 min to remove unbound dansyl chloride.
Then, acetonitrile (HPLC grade; Sigma-Aldrich) was
added to bring the mixture's final volume to 5 ml.
Finally, the prepared samples were filtered with a
0.45 µm membrane filter and analyzed using high-per-
formance liquid chromatography (HPLC; LC-NetII/
ADC, United Kingdom) equipped with an Athena C18
column (4.6 mm × 250 mm, ANPEL Laboratory Tech-
nologies, China). Acetonitrile solution was used as a
mobile phase with a constant flow rate of 0.8 ml/min.
The BAs were detected by a UV detector (UV-2075 plus,
Jasco), and BAs concentrations were determined accord-
ing to the calibrated curve. 

Determination of L/D-lactate concentrations
The L-/D-lactate production of L. acidophilus IDCC

3302 was determined using the L-/D-lactate enzyme test
kit (Megazyme, Ireland). Briefly, 0.1 ml of the superna-
tant of L. acidophilus IDCC 3302 culture was mixed
with 1.5 ml of H2O, 0.5 ml of supplied buffer (pH 10.0),
0.1 ml of NAD+ solution, and 0.02 ml of glutamate-
pyruvate transaminase (GPT) and incubated at room
temperature for 3 min. Then, the absorbance of D-lactate
was measured at 340 nm. Next, 0.02 ml of 2,000 U/ml
lactate dehydrogenase (LD) was added to the above reac-
tion mixture, and the absorbance of D-lactate was
measured for 3 min until the LD reaction stopped. Then,
the absorbance of L-lactate was measured at 340 nm.
The concentrations of L-/D-lactate were calculated
according to the equations according to the manufac-
turer's instruction.

Acute oral toxicity (AOT) test in rats
Acute oral toxicity (AOT) test was performed by the

Korea Testing & Research Institute (KTR; Korea)

according to the Ministry of Food and Drug Safety and
OECD guidelines [21]. Briefly, twelve Crl:CD(SD)
female rats aged 9 to 10 weeks were divided into four
groups of three rats each. Each group was orally admin-
istrated with 300 or 2000 mg of L. acidophilus IDCC
3302 powder in 10 ml sterilized water. The rats' viabil-
ity, general symptoms, and body weight changes were
monitored for 14 days. Finally, 100-ml isoflurane injec-
tions were used to euthanize the rats, autopsied, and
visually inspect for organ abnormalities.

The animal experiments in this study were conducted
by Korea Testing and Research Institute (KTR) under
Animal protection act (no. 14651) and laboratory animal
act (no. 15278) by Korea government.

Results and Discussion

Antibiotic resistance and whole-genome analysis 
L. acidophilus IDCC 3302 was susceptible to all of the

antibiotics with MIC values at or below the EFSA cutoff
values, except for kanamycin (Table 1). The whole-
genome analysis revealed that L. acidophilus IDCC
3302 did not have any gene similar to antibiotic-
resistant genes (Table S1 and Fig. S1). Thus, the
resistance to kanamycin was regarded as an intrinsic
trait of this strain. Many Lactobacillus species are rela-
tively tolerant of aminoglycoside antibiotics, i.e., kana-
mycin [10, 22], likely due to the reduced uptake of
aminoglycosides in the absence of cytochrome-mediated
transport [23, 24]. For example, 79% out of 187 isolates
from 55 European probiotics products showed kanamycin
resistance [25]. Meanwhile, a kanamycin cutoff value
was suggested as more than 256 mg/l for all Lactobacillus

species based on MIC values of 37 strains [6].
Additionally, L. acidophilus IDCC 3302 was evaluated
for genome sequence similarities to known virulence
factors using the VFDB database [16]; it does not carry

Table 1. L. acidophilus IDCC 3302's minimum inhibitory concentrations (MIC) against a variety of antibiotics.  

AMP VAN GEN KAN STR ERY CLI TET CHL

Cutoff value (μg/ml) 1 2 16 64 16 1 4 4 4

L. acidophilus IDCC 3302 0.5/S2 0.5-1/S 4-16/S 128/R3 4/S <0.125/S 1-2/S 0.25/S 2-4/S
1EFSA (European Food Safety Authority), 2018. EFSA Journal, 16(3), 5206.
2S: susceptible, 3R: resistant. 
Abbreviations: AMP, ampicillin; CHL, chloramphenicol; CLI, clindamycin; ERY, erythromycin; GEN, gentamicin; KAN, kanamycin; STR, strepto-
mycin; TET, tetracycline; VAN, vancomycin. 
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any toxigenic gene. In conclusion, L. acidophilus IDCC
3302 was regarded as safe concerning antibiotic
resistance according to genomic evaluation and MIC
values tested in this study. 

β-Hemolytic activity
Hemolysis caused by a bacterial infection, such as

invasion, frequently triggers hemolytic symptoms,
including anemia, fever, and skin rash [26]. Thus, it is
essential to evaluate the hemolytic activity of probiotics
to ensure their safety. In this study, L. acidophilus

IDCC 3302 produced no clear or greenish zone surround-
ing the colonies, showing γ-hemolytic (non-hemolytic)
(Fig. S2). 

Extracellular enzyme activities
The extracellular enzymatic profile of L. acidophilus

IDCC 3302 was investigated using the API ZYM kit
(Fig. S3). As probiotics, lactic acid bacteria should not
produce β-glucuronidase, which indicates the formation
of potentially carcinogenic compounds, such as cycasin,
and toxic steroids, such as estrogen [27]. As expected, β-

glucuronidase activity was absent in L. acidophilus

IDCC 3302 (Table 2). On the other hand, the presence of
β-glucosidase and β-galactosidase may be advantageous
for human health (Table 2). For example, β-glucosidase
hydrolyzes glucose conjugates from various foods to gen-
erate beneficial secondary metabolites in the colon [28].
β-galactosidase, which converts lactose into glucose and
galactose, is reported to reduce lactose intolerance [29].
Meanwhile, another strain, such as L. acidophilus

MVA3, was reported to have neither β-glucosidase nor β-
galactosidase [30]. 

Biogenic amines production
Biogenic amines (BAs) derive from the decarboxyl-

ation of amino acids; they can cause toxic effects in
humans, such as headache, vomiting, and diarrhea [31].
Typically, lactic acid bacteria are considered the primary
producers of BAs in fermented foods. Thus, many stud-
ies have been focused on the safety of BA accumulation
by lactic acid bacteria [32]. Here, L. acidophilus IDCC
3302 could not produce tyramine, histamine, putrescine,
2-phenethylamine, or cadaverine (data not shown).
Among the BAs examined, tyramine and histamine are
considered the most important in food safety because
they are responsible for scombroid fish poisoning, and
food-induced migraine [33]. Some Lactobacillus strains,
such as L. sakei, L. plantarum, L. casei, L. paracasei,

and L. reuteri, were reported to produce tyramine or
histamine or both [32]. In conclusion, L. acidophilus

IDCC 3302 is determined to be safe concerning biogenic
amine production due to its lack of biogenic amine pro-
duction. 

Determination of the ratio of D- to L-lactate
The bacteria of the Lactobacillus genus can produce

lactate from the fermentation of carbohydrates. Lactate
exists in two forms, L-lactate, the levorotary enantio-
mer, and D-lactate, the dextrorotary enantiomer [34,
35]. Because humans do not metabolize D-lactate, its
production and accumulation by intestinal microflora
might trigger D-lactate acidosis and short bowel syn-
drome [36]. However, there is no research on the amount
of D-lactate produced by intestinal microflora or
whether it may trigger symptoms in humans. Although
D-lactate concentration of patients with the symptoms is
comparatively higher, the risk of D-lactate in healthy

Table 2. Enzymatic activities of L. acidophilus IDCC 3302
using the API-ZYM kit. 

Enzyme L. acidophilus IDCC 3302

Alkaline phosphate -

Esterase +

Esterase lipase -

Lipase -

Leucine arylamidase +

Valine arylamidase +

Cystine arylamidase -

Trypsin -

α-Chymotrypsin -

Acid phosphatase +

Naphthol-AS-BI-phosphohydrolase +

α-Galactosidase -

β-Galactosidase +

β-Glucuronidase -

α-Glucosidase +

β-Glucosidase +

N-acetyl-β-glucosaminidase -

α-Mannosidase -

α-Fucosidase -
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humans is extremely low [37]. In this study, quantifica-
tion of lactate produced by L. acidophilus IDCC 3302
indicated an approximate 1:4 ratio of D- to L-lactate
(6.95 ± 0.06 mg/ml of D-lactate and 23.54 ± 0.19 mg/ml of
L-lactate) (Table 3). Compared to other Lactobacillus

strains, the proportion of D-lactate produced by L.

acidophilus IDCC 3302 is relatively low. In comparison,
L. reuteri NCIMB 3053 had a 6:5 of D-/L-form ratio, L.
delbrueckii ATCC 11842 had 12:11, L. rhamnosus GG
ATCC 53103 had 3:13 [38]. 

Acute oral toxicity in rats
A single-dose acute oral toxicity test was performed in

rats to evaluate the L. acidophilus' safety in vivo. A 14-
day observation revealed that a single oral dose of 7.9 ×
109

−5.3 × 1010 CFU/g of L. acidophilus IDCC 3302 did
not cause death or toxicity in 9 to 10-week old rats. Also,
there were no significant changes in the mice's appear-
ance, such as skin, hair, behavior, weight, and feed
intake (Table 4). No significant pathological change was
found in any rat during the autopsy. Thus, there was no
evidence of any toxicity in rats receiving L. acidophilus

IDCC 3302. 
In conclusion, the safety of L. acidophilus IDCC 3302

isolated from infant feces was assessed with in vitro and
in vivo tests. The whole-genome analysis and MIC tests
showed this strain to be safe in terms of antibiotic resis-
tance. The analysis of the potential toxins produced by
L. acidophilus IDCC 3302 showed that the strain had an

extremely low probability of producing toxic compounds.
Furthermore, there was no evidence of L. acidophilus

IDCC 3302 having any toxicity in rats. Therefore, we
concluded that L. acidophilus IDCC 3302 is safe as pro-
biotics for human consumption.
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