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Physicochemical Analysis of Yogurt Produced by 
Leuconostoc mesenteroides H40 and Its Effects on 
Oxidative Stress in Neuronal Cells  
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Department of Food Science and Biotechnology of Animal Resources,  
Konkuk University, Seoul 05029, Korea 

Abstract  Leuconostoc mesenteroides H40 (H40) was isolated from kimchi, and its 
probiotic properties and neuroprotective effect was evaluated in oxidatively stressed SH-
SY5Y cells. H40 was stable in artificial gastric conditions and can be attached in HT-29 
cells. In addition, H40 did not produce β-glucuronidase and showed resistant to several 
antibiotics. The conditioned medium (CM) was made using HT-29 cells refined with 
heat-killed probiotics (Probiotics-CM) and heated yogurts (Y-CM) to investigate the 
neuroprotective effect. Treatment with H40-CM not only increased cell viability but also 
significantly improved brain derived neurotropic factor (BDNF) expression and reduced 
the Bax/Bcl-2 ratio in oxidatively stress-induced SH-SY5Y cells. Besides, probiotic Y-
CM significantly increased BDNF mRNA expression and decreased Bax/Bcl-2 ratio. The 
physicochemical properties of probiotic yogurt with H40 was not significantly different 
from the control yogurt. The viable cell counts of lactic acid bacteria in control and 
probiotic yogurt with H40 was 8.66 Log CFU/mL and 8.96 Log CFU/mL, respectively. 
Therefore, these results indicate that H40 can be used as prophylactic functional dairy 
food having neuroprotective effects. 
  
Keywords  probiotics, Leuconostoc mesenteroides, neuroprotective effect, probiotic yogurt, 
oxidative stress 

Introduction 

Probiotics are living microbes that deliver health benefits to the host when ingested 

in adequate amounts by the FAO/WHO (Chambers et al., 2019). The common probiotic 

strains mainly belong to the Lactobacillus, Leuconostoc, Pediococcus, and 

Bifidobacterium species and are widely used in many probiotic products (O’Toole et 

al., 2017). Probiotics have many reported health benefits such as improvement of 

cognitive function (Ton et al., 2020), antioxidant (Jang et al., 2018; Yu et al., 2019b), 

anti-inflammatory (Yu et al., 2019c), antihypertensive (Klippel et al., 2016), or 

cholesterol lowering (Ishimwe et al., 2015) activities. To utilize this functionality,  
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probiotics are also used as medical or food additives. 

The brain, which is rich in phospholipids, is an organ with high oxygen demand and is vulnerable to the effects of reactive 

oxygen species (ROS) (Dussert et al., 2006). ROS is an essential byproduct of aerobic metabolism (Wang and Michaelis, 

2010). However, excessive ROS levels cause cell damage by oxidizing cellular biomolecules, including nucleic acids, 

proteins, and lipids (Lobo et al., 2010). ROS can contribute to pathologies, such as cancer (Lee et al., 2014), cardiovascular 

disease (Elahi et al., 2009), diabetes, and aging (Pamplona and Barja, 2006). 

The bidirectional signaling connecting the brain and the gastrointestinal tract is crucial for maintaining homeostasis and is 

regulated the neural, hormonal, and immunological levels (Ghaisas et al., 2016; Wang and Kasper, 2014). Probiotics have 

recently become a target as live bacterial cell biotherapies for neurodegenerative disease (Quigley, 2017; Wang et al., 2016). 

Clostridium butyricum can exert neuroprotective effects against ischemia/reperfusion injury mice through antioxidant and 

anti-apoptosis mechanisms (Sun et al., 2016). Lactobacillus buchneri KU200793 showed neuroprotective effect using SH-

SY5Y cells induced with 1‐methyl‐4‐phenylpyridinium (MPP+) (Cheon et al., 2020).  

Brain derived neurotropic factor (BDNF) expression occurs in the brain, and low secretion of BDNF influences human 

memory and hippocampal functions (Egan et al., 2003). BDNF is medicated by extracellular signal-regulated kinase (ERK) 

1/2, ERK5, and phosphatidylinositol-3 kinase (PI3k) pathways in cortical neurons to promote neuronal survival (Liu et al., 

2003). Oxidative stress may induce mitochondrial dysfunction and deficiency in protein aggregation and ultimately cause 

nerve cell death (Lobo et al., 2010). The mitochondrial apoptotic pathways are mediated through the Bcl-2 family proteins, 

which include Bax that promotes pro-apoptotic mitochondrial permeability and anti-apoptotic Bcl-2 that inhibits apoptotic 

effects (Azmi et al., 2013). The Bax/Bcl-2 ratio is a determining factor in the regulation of apoptotic cell death.  

Leuconostoc mesenteroides is bacteria sometimes related to fermentation under salinity and low temperature in fermented 

foods (Yoon et al., 2018). L. mesenteroides is an obligate heterofermentative lactic acid bacterium that is mostly used in dairy 

fermentation. L. mesenteroides has been studied as a probiotic strain that facilitates the removal of Pb (II) toxicity (Yi et al., 

2017) and inhibits biofilm formation against Listeria monocytogenes (Shao et al., 2019). However, the neuroprotective effects 

of L. mesenteroides have not been studied. Therefore, the aims of this study were to demonstrate the probiotic properties and 

neuroprotective effect of L. mesenteroides H40 isolated from kimchi and confirm this effect in yogurt fermented using L. 

mesenteroides H40. 

 

Materials and Methods 

Bacterial strains and culture condition 
Lactobacillus fermentum KU200060, Lactobacillus brevis KU200080, and Leuconostoc mesenteroides H40 were isolated 

from kimchi with salted water, mustard leaf (Brassica juncea) kimchi, and Chinese cabbage kimchi using lactobacilli MRS 

medium (MRS; BD Biosciences, Franklin Lakes, NJ, USA) and identified by 16S rRNA analysis (Bionics, Seoul, Korea). 

Lactobacillus rhamnosus GG (Cell Biotech., Gimpo, Korea) was used as a control strain. Bacteria were propagated and 

maintained in MRS medium at 37℃ for 24 h.  

 

Cell culture condition  
The HT-29 (human colon adenocarcinoma, KCLB 30038) and SH-SY5Y (human neuroblastoma, KCLB 22266) cells were 

used for this study. The cells were grown in Roswell Park Memorial Institute (RPMI) 1640 medium (Gibco, Grand Island, 



Neuroprotective Effects of Leuconostoc mesenteroides and Its Probiotic Yogurt 

263 

NY, USA) and Dulbecco’s Modified Eagle’s Medium (HyClone Laboratories, Logan, UT, USA), respectively. All media 

were accompanied with 10% (v/v) fetal bovine serum (Gibco) and 1% (v/v) penicillin/streptomycin (Gibco). The cells were 

maintained at 37℃ in 5% CO2. The cultured cells were maintained to monolayer. 

 

Tolerance to artificial gastric conditions  
To measure the stability against gastric conditions, artificial gastric juice and bile salts were followed the methods by Yang 

et al. (2019). The tested strains were incubated in MRS broth at 37℃ for 18 h. Initial cells were inoculated at the 

concentration of 7 Log CFU/mL. Artificial gastric conditions were dealt on 0.3% pepsin (Sigma-Aldrich, St. Louis, MO, 

USA) adjusted to pH 2.5 at 37℃ for 3 h. Artificial bile conditions were used 0.3% oxgall (BD Biosciences) at 37℃ for 24 h. 

After incubation, the survival rate was determined by calculating viable cells on MRS plates. 

 

Adhesion ability to HT-29 cells  
The adhesion ability of isolated strains was examined using HT-29. HT-29 cells (1×105 cells/mL) was planted in a 24-well 

cell culture plate and incubated at 37℃ (Lee et al., 2015). After 24 h, isolated strains (1×107 CFU/mL) were inoculated and 

incubated in HT-29 cells at 37℃ for 2 h. Non-adherent bacteria were washed three times using PBS buffer (Gibco), 1% 

Triton X-100 (Sigma-Aldrich) solution was used for separate the adherent bacteria. The number of adherent bacteria was 

determined by dilution and plating on MRS plates.  

 

Enzyme production  
To measure of enzyme production, the API ZYM kit (BioMerieux, Lyon, France) were used as manufacture’s guideline. 

Each strain at 6 Log CFU/mL was put in each cupule and incubated at 37℃ for 4 h. After incubation, zym A and B reagents 

put in each cupule, and represented as production concentration (between 0 and ≥40 nM).  

 

Antibiotic resistance 
Antibiotic resistance was followed Clinical and Laboratory Standards Institute guideline (CLSI, 2012). One hundred 

microliters of each lactic acid bacteria (LAB) strains (7 Log CFU/mL) was inoculated onto MRS agar and paper disc were 

put on agar plate. Used antibiotics were ampicillin (10 μg), gentamycin (10 μg), kanamycin (30 μg), ciprofloxacin (5 μg), 

chloramphenicol (30 μg), streptomycin (10 μg), tetracycline (30 μg), and doxycycline (30 μg). After incubation at 37℃ for 24 

h, the inhibitory diameter zone was calculated and compared to the cut-off value (>20 mm, susceptible; 15–19 mm, 

intermediate; ≤14, resistant) by represented in CLSI.  

 

Conditioned medium (CM) from HT-29 cells 
The CM was prepared using HT-29 cells following the method of Park et al. (2017) with minor modifications. For CM 

preparation, each sample of LAB strains and yogurt was heated at 121℃ for 15 min and stored at –80℃ upto use. HT-29 

cells were inoculated into 6-well plates to 1.0×106 cells/well and incubated to a confluent monolayer. After incubation, cells 

were handled with heat-killed LAB (8 Log CFU/mL) or heated yogurt for 24 h. CM treated PBS (Gibco) instead to samples 

were used as control. The mixture was centrifuged (12,000×g, 10 min) and the supernatant was assembled using a syringe 

filter (0.45 μm pore size, Millipore Sigma, Burlington, MA, USA).  
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Protective effect on oxidative stress-induced apoptosis 
To confirm the protective effect on oxidative stress-induced apoptosis, oxidative stress was induced utilizing H2O2 (Junsei 

Chemical, Tokyo, Japan) or NaAsO2 (Sigma-Aldrich). The SH-SY5Y cells (100 μL, 1.0×105 cells/well) were inoculated in 

96-well plate with of 50 μM H2O2 (20 μL) or 10 μM NaAsO2 (20 μL) for 20 h after pretreatment with 80 μL of sample (CM) 

for 4 h. After incubation, the media were eliminated, and the cells were incubated with 5 mg/mL MTT solutions (100 μL) for 

1 h. After incubation, the liquid was removed and DMSO (100 μL) was added to each well. Absorbance was gauged at 540 

nm utilizing microplate reader. The cell viability (%) was calculated as follows: 

   Cell viability (%) = Absorbance of sampleAbsorbance of control × 100 

 

Yogurt production, physicochemical composition, and viable cell counts of LAB 
Yogurt was prepare from whole milk (Seoul Milk, Seoul, Korea) purchased from a local market. The milk was heated at 

90℃ for 10 min and cooled to 40℃ using water bath. An overnight culture of L. mesenteroides H40 was centrifuged 

(14,000×g, 10 min, 4℃) and the cells were washed twice with PBS (Gibco). Then, the pasteurized milk was inoculated with 

ABT-B commercial yogurt starter culture containing Lactobacillus acidophilus, Lactobacillus delbrueckii subsp. bulgaricus, 

Bifidobacterium longum, and Streptococcus thermophilus (Samik Dairy, Gimje, Korea) or a mixed culture (1:1) of L. 

mesenteroides H40 and ABT-B commercial yogurt starter culture. The inoculated mixture was incubated at 40℃ to pH 4.5. 

Then, the yogurt samples fortified with L. mesenteroides H40 were ripened for 24 h in the refrigerator, and its 

physicochemical properties were analyzed. Composition and pH of yogurt was analyzed using Milko Scan Minor (Foss, 

Hillerod, Denmark) and a pH-meter (WTW inoLab 7110, Weilheim, Germany), respectively. Titratable acidity was assessed 

according to AOAC International (1999) by titration with sodium hydroxide using phenolphthalein. Measurements of 

viscosity were performed with Brookfield DV-E Viscometer (Brookfield Eng. Lab, Middleboro, MA, USA) using spindle 

No. 3. Viable cell counts of LAB in yogurt samples was confirmed using decimal dilutions, spread-plated on MRS medium, 

and incubation at 37℃ for 48 h.  

 

BDNF, Bax, and Bcl-2 expression on oxidative stress-induced apoptosis in SH-SY5Y cells 
SH-SY5Y cells (1.0×106 cells/well) were seeded on 6-well plate and incubated to form a confluent monolayer. After 

incubation, the cells were treated with 800 μL of CM for 4 h. To induce oxidative stress, 200 μL of H2O2 (50 μM) or NaAsO2 

(10 μM) was added for 20 h. Total RNA was isolated using the RNeasy Mini total RNA isolation kit (Cheon et al., 2020; Park 

et al., 2017). 

 

Real-time polymerase chain reaction 
The RNA quality was quantified using microplate reader (MultiscanTM Go, Thermo Fisher Scientific, Waltham, MA, USA). 

cDNA was manufactured using cDNA synthesis kit (Thermo Fisher Scientific). Semi-quantitative real-time PCR was 

performed according to the PikoReal 96 system (Thermo Fisher Scientific). The reactants contained SYBR Green master 

mix, primer (Table 1), cDNA, and RNase free water. Further, 20 µL of the mixture was amplified as 95℃ for 2 min as initial 

denaturation; 40 cycles of 95℃ for 5 s as denaturation; 60℃ for 15 s as annealing and extension. The results were analyzed 

by ∆∆Ct method using the melt curve analysis method.  
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Statistical analysis 
All tested data are represented as mean±SD by three replicates. One-way analysis of variance (ANOVA) was utilized to 

verify significant differences. The mean values were used for the Duncan’s multiple range test to perform post-hoc 

verification (p<0.05). 

 

Results and Discussion 

Tolerance to artificial gastric conditions and adhesion to HT-29 cells 
L. fermentum KU200060, L. brevis KU200080, and L. mesenteroides H40 was isolated from various kimchi for probiotic 

use. L. rhamnosus GG, L. fermentum KU200060, L. brevis KU200080, and L. mesenteroides H40 was confirmed probiotic 

properties (Table 2; p<0.05). These strains showed high tolerance to artificial gastric conditions. L. rhamnosus GG and L. 

mesenteroides H40 decreased to 8.51 Log CFU/mL and 7.17 Log CFU/mL in acidic conditions, however increased to 8.58 

Log CFU/mL and 8.26 Log CFU/mL in bile conditions, respectively. L. fermentum KU200060 and L. brevis KU200080 

showed strong acid tolerance having 8.29 Log CFU/mL and 7.91 Log CFU/mL, however decreased to 7.41 Log CFU/mL  

and 7.75 Log CFU/mL in bile conditions, respectively. L. plantarum Ln1 and KCTC 3108 showed similar trends having 

decrease in acidic conditions and remaining in bile conditions (Jang et al., 2018).  

L. rhamnosus GG, L. fermentum KU200060, L. brevis KU200080, and L. mesenteroides H40 showed 2.34%, 1.18%, 

3.42%, and 2.86% adhesion rate to HT-29 cells. Especially, L. brevis KU200080 and L. mesenteroides H40 showed a higher 

adhesion rate than L. rhamnosus GG. Jang et al. (2018) showed lower 2.19% adhesion rate of L. plantarum KCTC 3108. 

Adhered probiotic strains may be temporary colonization and influence host health trough adjustment of intestinal microflora 

(Jang et al., 2019; Yu et al., 2019a). 

 

Enzyme production  
β-Glucuronidase can be produced by the human intestine microbiota and liberate toxin and mutagen in liver (Dabek et al., 

2008). Therefore, isolated strains were confirmed nonproduction of β-glucuronidase using API ZYM kit (Table 2). L. 

rhamnosus GG produced 30 nM of leucine aryamidase, 30 nM of valine arylamidase, 20 nM of naphthol-AS-BI-

phosphohydrase, 20 nM of β-galactosidase, and 30 nM of β-glucosidase. L. fermentum KU200060 produced 30 nM of α-

Table 1. Primer sequence for neuroprotective effect used in semi-quantitative real-time PCR

Gene  Primer sequence References 

GAPDH Forward 5' GAGTCAACGGATTTGGTCGT 3' Park et al., 2017 

Reverse 5' GACAAGCTTCCCGTTCTCAG 3'  

BDNF Forward 5' CAAACATCCGAGGACAAGGTGG 3'  

Reverse 5' CTCATGGACATGTTTGCAGCATCT 3'  

Bax Forward 5' GTGGTTGCCCTCTTCTACTTTGC 3'  

Reverse 5' GAGGACTCCAGCCACAAAGATG 3'  

Bcl-2 Forward 5' CGGCTGAAGTCTCCATTAGC 3'  

Reverse 5' CGGCTGAAGTCTCCATTAGC 3'  

BDNF, brain-derived neurotrophic factor; Bax, Bcl-2-associated X protein; Bcl-2, B-cell lymphoma.
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galactosidase and ≥40 nM of β-galactosidase. L. brevis KU200080 produced 20 nM of β-galactosidase, 30 nM of β-

glucosidase, and 30 nM of leucine arylamidase. L. mesenteroides H40 produced 20 nM of α-glucosidase and 30 nM of β-

glucosidase. α-Galactosidase and β-galactosidase can act the use of indigestible carbohydrates of raffinose family 

oligosaccharides and milk products, respectively. In addition, β-glucosidase may influence bioavailability by the cleavage of 

glycosidic bonds in ginsenoside, isoflavone, and phenolic compounds (Son et al., 2018). Produced enzyme by these isolated 

strains may be useful for carbohydrate digestion. 

 

Antibiotic resistance  
L. fermentum KU200060 and L. mesenteroides H40 are resistant to gentamycin, kanamycin, and ciprofloxacin. L. 

rhamnosus GG and L. brevis KU200080 are resistant to gentamycin, kanamycin, streptomycin, and ciprofloxacin. Among 

tested antibiotics, most Lactobacillus sp. are intrinsically resistant to aminoglycoside (gentamycin, kanamycin, and 

streptomycin), inhibitors of nucleic acid synthesis (ciprofloxacin) (Campedelli et al., 2015). Therefore, isolated strains 

showed a potential of safe probiotic strains in a view of antibiotic resistance. 

 

Protective effects of probiotics-CM on oxidative stress-induced apoptosis in SH-SY5Y cells  
H2O2 and NaAsO2 converts to a highly reactive toxic hydroxyl radical (Pardillo-Díaz et al., 2016), causing damage by 

reducing antioxidant enzymes in brain (Herrera et al., 2013). Additionally, gut microbiota influence the neurophysicals at the 

base of the gut-brain axis (Park et al., 2017). The modulatory effect of probiotics in intestinal microbiota was demonstrated 

by increased a ratio of Firmicutes to Bacteriodes and it can relieve inflammation by cytokine expression (Martin et al., 2018). 

Therefore, the CM using HT-29 cells with probiotics was used for neuroprotective effects. 

Oxidative stress was induced in SH-SY5Y cells using H2O2 or NaAsO2, and cell viability was confirmed by MTT assay 

(Fig. 1). During the induction of oxidative stress by H2O2, the cell viability of SH-SY5Y cells was 53.5% (Fig. 1A; p<0.05). 

The cell viability of the probiotics-CM for L. rhamnosus GG, L. fermentum KU200060, L. brevis KU200080, and L. 

mesenteroides H40 was 70.7%, 49.7%, 65.0%, and 69.9%, respectively. L. rhamnosus GG, L. brevis KU200080, and L. 

mesenteroides H40 showed a protective effect compared to H2O2 treated cells (53.5%).  

Table 2. Probiotic properties of isolated strains 

Treatment LGG1) 200060 200080 H40 

Tolerance to artificial gastric conditions [Viable cell number (Log CFU/mL)] 

Initial cell number 8.55±0.01a 8.26±0.01b 7.79±0.01c 8.17±0.03b 

0.3% (w/v) pepsin, pH 2.5, 3 h 8.51±0.05a 8.29±0.01ab 7.91±0.00b 7.17±0.01c 

0.3% (w/v) oxgall, 24 h 8.58±0.03a 7.41±0.01bc 7.75±0.02b 8.26±0.01a 

Adhesion rate (%)2) 2.34±0.26c 1.18±0.08d 3.42±0.49a 2.86±0.16b 

β-Glucuronidase (nM) 0 0 0 0 

Antibiotic resistance 
 
 
 

Gentamycin, 
kanamycin, 

streptomycin, 
ciprofloxacin 

Gentamycin, 
kanamycin, 

ciprofloxacin 
 

Gentamycin, 
kanamycin, 

streptomycin, 
ciprofloxacin 

Gentamycin, 
kanamycin, 

ciprofloxacin 
 

Data are represented as the mean±SD of triplicate experiments. Means within a row with same superscript differ (p<0.05). 
1) LGG, L. rhamnosus GG; 200060, L. fermentum KU200060; 200080, L. brevis KU200080; H40, L. mesenterodies H40. 
2) Adhesion rate=(adhered bacteria to HT-29 cells after 2 h)/(initial bacteria)×100.
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During induction of oxidative stress by NaAsO2, the cell viability of SH-SY5Y cells was 55.8% (Fig. 1B; p<0.05). The cell 

viability of the probiotics-CM of L. rhamnosus GG, L. fermentum KU200060, L. brevis KU200080, and L. mesenteroides 

H40 was 55.3%, 49.2%, 55.3%, and 70.7%, respectively. Only L. mesenteroides H40 showed a protective effect compared to 

NaAsO2 treated cells (55.8%). 

Among these strains, L. mesenteroides H40 has highest cell viability in SH-SY5Y cells using both H2O2 and NaAsO2. 

Cheon et al. (2020) showed the cell viability of L. rhamnosus GG (72.0%), L. fermentum KU200060 (60.2%), Lactobacillus 

delbrueckii KU2000171 (66.8%), and L. buchneri KU200793 (73.4%) with MPP+ as Parkinson-inducing toxin having 

oxidative phosphorylation. Therefore, L. rhamnosus GG and L. mesenteroides H40 was demonstrated neuroprotective effects 

against oxidative stress. 

 

BDNF mRNA expression and anti-apoptotic effects of probiotics-CM on oxidative stress-induced apoptosis in 

SH-SY5Y cells 
The gut-brain axis (GBA) is bi-directional communication network encompassing the autonomic nervous system (ANS), 

the central nervous system (CNS), and the enteric nervous system (ENS). These complex network was influenced by 

gastrointestinal tract (Kennedy et al., 2016; Ranuh et al., 2019). Among serum response factor, BDNF have known as 

regulator of the synaptic protein and precursors for appropriated neuronal function, survival, and apoptosis (Numakawa et al., 

2010). Decreased BDNF mRNA expression confirms brain related diseases such as Alzheimer’s disease, Parkinson’s disease, 

and depression. Increased ratio of Bax/Bcl-2 induced apoptosis.  

BDNF mRNA expression and Bax/Bcl-2 ratio is shown in Fig. 2. Treatment with H2O2 reduced BDNF mRNA expression 

by 0.73-fold compared with that in H2O2 nontreated cells (Fig. 2A; p<0.05). L. rhamnosus GG and L. mesenteroides H40 

showed 0.80- and 0.85-fold BDNF mRNA expression, respectively. The Bax/Bcl-2 ratio in H2O2 nontreated cells was 1.00-

fold, whereas H2O2 increased the ratio of 2.69-fold (Fig. 2B; p<0.05). Treatment with L. rhamnosus GG and L. mesenteroides 

(A)                                               (B) 

   
Fig. 1. Cell viability of conditioned medium using lactic acid bacteria (LAB-CM) in SH-SY5Y cells with oxidative stress induced by (A) 
H2O2 (50 μM) and (B) NaAsO2 (10 μM). LGG, L. rhamnosus GG; 200060, L. fermentum KU200060; 200080, L. brevis KU200080; H40, L. 
mesenteroides H40. Error bars indicate standard deviation from three independent experiments. Different letters on each bar represent 
significantly different (p<0.05). LAB, lactic acid bacteria; CM, conditioned medium. 
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H40 reduced the Bax/Bcl-2 ratio to 2.24- and 2.03-fold, respectively.  

Treatment with NaAsO2 reduced 0.76-fold BDNF mRNA expression compared with that in the control without NaAsO2 

treatment (Fig. 2C; p<0.05). L. rhamnosus GG and L. mesenteroides H40 represented 0.95- and 1.08-fold BDNF mRNA 

expression, respectively. The Bax/Bcl-2 ratio in NaAsO2 nontreated cells was 1.00-fold, while NaAsO2 increased 2.24-fold in 

NaAsO2 treated cells. Treatment with L. rhamnosus GG increased 2.61-fold, while treatment with L. mesenteroides H40 

reduced 1.46-fold (Fig. 2D; p<0.05).  

L. mesenteroides H40 can increase BDNF mRNA expression and reduce apoptosis of SH-SY5Y cells oxidatively stressed 

using both H2O2 and NaAsO2. The difference of neuroprotective effect of L. rhamnosus GG and L. mesenteroides H40 

depends on strain and oxidant.  

(A)                                               (B) 

 
(C)                                               (D) 

Fig. 2. mRNA expression levels of BDNF and apoptosis-related genes on oxidatively stressed SH-SY5Y cells treated with conditioned 
medium using lactic acid bacteria (LAB-CM). (A) BDNF mRNA expression and (B) Bax/Bcl-2 ratio in oxidative stress-induced SH-SY5Y cells
induced by H2O2 (50 μM). (C) BDNF mRNA expression and (D) Bax/Bcl-2 ratio in oxidatively stress-induced SH-SY5Y cells induced by 
NaAsO2 (10 μM). LGG, L. rhamnosus GG; H40, L. mesenteroides H40. Error bars indicate standard deviation from three independent
experiments. Different letters on each bar represent significantly different (p<0.05). LAB, lactic acid bacteria; CM, conditioned medium. 
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Physicochemical property and LAB cell counts of control and probiotic yogurt 
Yogurt is a major probiotic carrier to consumers without side-effect. Each yogurt was manufactured using the following: 1) 

ABT-B commercial starter culture (control yogurt) and 2) ABT-B commercial starter mixed with L. mesenteroides H40 

(probiotic yogurt). The fat, protein, lactose, total solids, and acidity content are shown in Table 3 (p<0.05). Probiotic yogurt 

made using L. mesenteroides H40 had 2.96% fat, 3.23% protein, 6.16% lactose, and 27.33% total solids. In addition, 

probiotic yogurt was not significantly different from control yogurt. However, probiotic yogurt exhibited significantly higher 

viscosity than control yogurt. Texture of stirred yogurt is the result of both acid aggregation of casein micelles by ropy strains 

during incubation (Zhao et al., 2016). The viable cell counts of lactic acid bacteria in control and probiotic yogurt with H40 

was 8.66 Log CFU/mL and 8.96 Log CFU/mL, respectively (data not shown).  

 

Protective effects of Y-CM oxidative stress-induced apoptosis in SH-SY5Y neuroblastoma cells 
Y-CM was manufactured with HT-29 cells and yogurt, and its neuroprotective effect was assessed in SH-SY5Y cells 

(Table 4; p<0.05). The treatment of H2O2 reduced cell viability of SH-SY5Y cells to 55.5%. However, cell viability of control 

yogurt CM (CY-CM) and probiotic yogurt CM (PY-CM) was 72.2% and 114.8%, respectively. Under treatment with 

NaAsO2, cell viability of positive control was 51.4% and that of CY-CM and PY-CM was 49.9% and 109.5%, respectively. 

The PY-CM using L. mesenteroides H40 showed high cell viability in oxidatively stressed SH-SY5Y cells in both H2O2 and 

NaAsO2 treatment. When compare Fig. 1 and Table 4, PY-CM showed higher cell viability than L. mesenteroides H40. These 

results showed that the PY-CM effectively protected the cells from oxidative damage caused by H2O2 and NaAsO2.  

H2O2 treatment resulted in a 0.73-fold increase in BDNF mRNA expression compared with that in the H2O2 nontreated 

cells (Table 4; p<0.05). CY-CM and PY-CM increased BDNF mRNA expression by 0.78- and 1.05-fold, respectively. The 

ratio of Bax/Bcl-2 ratio in H2O2 nontreated cells was 1.00, while H2O2 increased to 2.69-fold. The treatment with CY-CM and 

PY-CM reduced the Bax/Bcl-2 ratio to 2.05- and 1.24-fold, respectively.  

The treatment with NaAsO2 reduced BDNF mRNA expression by 0.76-fold compared to that in NaAsO2 nontreated cells 

(Table 4; p<0.05). CY-CM and PY-CM treatment resulted in a 1.03- and 1.18-fold BDNF mRNA expression, respectively. 

The ratio of Bax/Bcl-2 ratio in NaAsO2 nontreated cells was 1.00-fold, while NaAsO2 treatment increased this to 2.25-fold in 

Table 3. Physicochemical properties of control and probiotic yogurt

Physicochemical properties 
Yogurt type 

Control yogurt1) Probiotic yogurt2) 

Fat (%) 2.96±0.05a 2.96±0.20a 

Protein (%) 3.16±0.20a 3.23±0.11a 

Lactose (%) 6.23±0.11a 6.16±0.15a 

Total solid (%) 27.66±0.15a 27.33±0.28a 

Titratable acidity 0.82±0.01a 0.81±0.01a 

pH 4.33±0.04a 4.26±0.03a 

Viscosity (cP) 1,724.20±15.60a 2,048.30±7.30b 

Data are represented as the mean±SD of triplicate experiments. Means within a row with same superscript differ (p<0.05). 
1) Control yogurt, yogurt manufactured by ABT-B starter. 
2) Probiotic yogurt, yogurt manufactured by ABT-B starter and L. mesenteroides H40. 
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NaAsO2 treated cells. The treatment with CY-CM and PY-CM reduced to 1.88- and 1.32-fold, respectively. Thus, PY-CM 

can reduce apoptosis of H2O2 or NaAsO2 stressed SH-SY5Y cells.  

The treatment with PY-CM significantly increased BDNF mRNA expression and reduced apoptosis on SH-SY5Y mRNA. 

In addition, mRNA expression was markedly higher based on the yogurt type than with the strain alone or with the yogurt and 

probiotic strain. These synergistic effects originate from whey protein containing methionine, lysine, and proline, which are 

associated with apoptosis (Lee and Hur, 2019). Therefore, PY-CM using L. mesenteroides H40 has potent neuroprotective 

effect in preventing the oxidative stress induced by H2O2 and NaAsO2. 

 

Conclusion 

L. mesenteroides H40 was isolated from kimchi and its probiotic property was demonstrated through stability in gastric 

conditions, adhesion to intestinal cells, enzyme production, and safe antibiotic resistance. For neuroprotective effect, L. 

mesenteroides H40-CM confirmed an increase of cell viability with increase of BDNF mRNA expression and decrease of the 

Bax/Bcl-2 ratio in oxidatively stress-induced SH-SY5Y cells. Compared to probiotic strain and yogurt type, the probiotic 

yogurt showed a higher neuroprotective effect than the strain alone. Therefore, these results suggested a potential of 

prophylactic therapy as probiotics and functional dairy products. In addition, the cognitive function-related experiments will 

need to be performed in humans for efficacy verification. 

 

Table 4. Neuroprotective effect of control and probiotic yogurt

Characteristics 
Oxidant 

H2O2 (50 μM) NaAsO2 (10 μM) 

Cell viability (%)  

Non-treatment 100±5.43c 100±11b 

Control 55.45±0.78a 51.37±3.5a 

CY-CM1) 72.21±1.55b 49.92±1.50a 

PY-CM2) 114.76±9.30d 109.5±11.5b 

BDNF expression (fold of control) 

Non-treatment 1.00±0.06b 1.00±0.07b 

Control 0.73±0.02a 0.76±0.03a 

CY-CM1) 0.78±0.12a 1.03±0.02b 

PY-CM2) 1.05±0.05b 1.18±0.02b 

Bax/Bcl-2 ratio 

Non-treatment 1.00±0.08a 1.00±0.07a 

Control 2.69±0.08c 2.25±0.04b 

CY-CM1) 2.05±0.07b 1.88±0.21b 

PY-CM2) 1.24±0.13a 1.32±0.17a 

Data are represented as the mean±SD of triplicate experiments. 
Means within same characteristics a row with same superscript differ (p<0.05). 
1) CY-CM, conditioned medium using yogurt manufactured by ABT-B starter. 
2) PY-CM, conditioned medium using yogurt manufactured by ABT-B starter and L. mesenteroides H40. 
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